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VAVAD

1. Main Window

When Justin is starting the Main program window appears. This window contains Main menu,
Tool and Status bars, a project and map panes as well.
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Figure 1: Main Window

Below are the terms used in this manual:
o Project — SQLite database.
Dataset — Project table that contains data for unique receiver and antenna pair.
Recordset — A query from Dataset.
Vector — An object corresponds two overlapped in time Recordsets.
Solution — A result of Vector post-processing.
Edge — A result of a Solution adjustment.
Site — An object created by import raw data file according to standalone, DGPS, RTK
solutions, header of RINEX, tag in RTCM message.
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VAVAD

1.1. Project

§ 1 Project @' Map T-_View 7 Toy
Mew...
Open..

Close

L T

+|  Settings
#  Compact

-
=

v |mport.
Impart folder...
L Exportto. >

ChJustin Manual\Project_1.jxe
Clear histery

Figure 2: Project Menu

The Project menu contains the following items:

New project creation.

Open a project that already exists.

Close a project and save it.

Settings for opened project.

Compact a project to remove empty records from database.

Import — Import observations.

Import folder — Import all raw data from a folder and subfolders.

Export to — Export program layers to most popular GIS Formats (ESRI Shape, Mapinfo
TAB, MIF/MID, DXF, KMZ/KML, PNEZD, TXT).

e History list of five recently opened projects.
Note: Some of Project menu items are duplicated in the toolbar.
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VAVAD

1.2. Map
@Map _-_View
 Zoom »>
% Select >
<7 Pan (Alt)
Ruler
View >
‘= legend

Figure 3: Map Menu

The Map menu contains the following items:

Zoom — Zoom In/Out to increase/decrease map scale.

Select — Select map feature, select map feature by rectangle, unselect map feature.
Pan (Alt) — Pan around map.

Ruler — A tool for distance and azimuth measurements.

View — View Options for map (Back, Forward, Scale, Snap disabled, Show Meridian and
Parallel, Background Map, Background Satellites and Clear map cache).

e Legend — Enable/Disable map legend.

1.3. View

View /" Tools & Program
Solutions
Kinematic Soluticns
Vectors
Edges
Recordsets
Receivers

Events

Precise Point Positioning

Figure 4: View Menu

The View menu contains the following items:

Solutions — Open Solution table.

¢ Kinematic Solutions — Open Kinematic Solutions
Vectors — Justin3 does not create vectors between data provided by receivers defined
as rovers (rover to rover).

o Edges — Open the resultant table after adjustments.
Recordsets — Open Recordsets.

e Receivers — Information and control.
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Receiver type Receiver number Serial number  Firmware version Reawver
5504R50124 Mav 5.45 / Boot 5.45 L]
TRIMBLE ALLOY 6042R40080 Mav 5.45 / Boot 5.45 Ll
TRIMBLE ALLOY 5949R40184 Mav 5.45 / Boot 6.05 Ul
TRIMELE ALLOY 6042R40135 Mav 545 / Boot 6.05 [

Figure 5: Receivers Table

Events — Events information table.

Time W Event EventType Lattude Longitude Height, m DXX DYY DZZ Asmuth RMS

P 03.08.2018 11:18:55.2285436  XA00001 XA N61° 37 54,15557" € S1°31 0,19117" 143,7338 0,906 1,730 1,65 27*3¥ 43,2995 0,509
03.08.2018 11:33:30,3618836  XADOOO2 XA N61°33 57,76697°  E 51° 31 23,9379 §71,6587 -24,742-23,186 -1,998 226°51'34,77492° 0,8023
03.08.2018 11:35:06.7042690  XADO0O3 XA N61°34 21,04345°  E 51° 37 10,02724" 618,3939 10,530 14,518 -3,042 35°S57 10,28530° 1,205
03.08.2018 11:39:11.0092268  XADO004 XA N61°35 56,51167° E 51° 34 14,37808" 619,1027 10,122 16,600 -1,632 31°27 24,28599" 1,2864
03.08.2018 11:41:35.0695017  XADQ00S XA N61®37 14,06529"  E S1° 35 5500272 616,0456 25,601 -2,658 -3,293 96°00 $8,25419" 0,872
03.08.2018 11:41:37.3894793  XADD006 XA N61°37 13,86924° E S1° 35 59,13851" 616,4914 27,513 -2,591 1,122  95°27 ,52609" 11,0717
03.08.2018 11:41:39.5393848  XAD0007 XA N61°37 13,55291" E 51°36'03,21179° 619,0711 28,235 -5830 -1,061 101°39 56,26674" 0,9973
03.08.2018 11:41:41.7095243  XAQ0008 XA N61°37 13,13813" E51°36'07,21895" 613,8308 27,648 -5603 -2,580 101°2721,53824" 10,8559

£ events |

Figure 6: Events Table

Precise Point Positioning — Opens a table of results.

St.. Name Begintime End time Timespan  Processed Latitude Longitude Height m  RMS,m Fixra.. Num.. Numu. discard.. Nu.. Num.. R.. A. Vi. Satelite Epochs
- TXBE 7/22/2022  7/22/2022 11:59.00 PM 0/23:59:30  12/20/2022 43807 PM N 28° 25 2523367" W 07" 44'07.66124" 480060 00087 0 126700 126700 O 225 0 4 B4 GPS(31)GLONASS(.. 2879
& T™XCC  7/22/2022 7/22/2022 11:59:00 PM 0/23:59:30 12/20/2022 439:28PM N 27 44° 26.86061" W 07" 26'30.04870° -104807 00085 0 124398 124398 0 44 0 M B4 GPS(31)GLONASS(.. 2879
& TPV 72202022 7/222022 11:5900PM 0235930 12/20/20224:39:31PM N 28738 17.43880° W 06" 37° 0669863 -16.6448 00101 0 126458 126458 0 224 0 M B4 Gps31)GLONASS(.. 2879
& TXPO 72202022 7/222022 11:59:00PM 0235930 12/20/2022 43932 PM N 27" 50°22.05810° W 07" 04' 11.68610° -20.8488 00087 0 128270 128270 0O 29 0 M E4 GPs@E1).GLONASS.. 2879
& TXCU 7222022 7/22/2022 11:59:00 PM 0/ 235930 12/20/2022 43%:32 PM N 29708 01.90653° W OT" 16'3476142° 526577 00101 0 128894 128894 0 41 0 M B GpPsE1.GLONASS.. 2879
¢ XTI 7/22/2022  7/22/2022 11:59:00 PM  0/23:59:30 12/20/2022 4:3%:57 PM N 28° 28" 04.91020" W 98°33°51.48809"  57.8446 0.0097 0 128908 128908 o 248 0 M 1 GPS(31)GLONASS(.. 2879

Figure 7: Precise Point Positioning Table
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VAVAD

1.4. Tools

7 Tools @il Program & He
@t  Coordinate calculator

Time converter

B

Figure 8: Tools Menu

The Tools Menu contains the following items:
e Coordinate calculator — Select a source and target coordinate system.
e Time converter — Opens the Time converter window.

& Time converter %
GPS(sec) [1355570012.287 |
GPS(Day/Sed)  [12/20/2022 v |[s0312.287 | %
GPS(Week/Sec)  [2241 [+[z23112287 |2
GPS{Day of week) [2241 [k |-
GPS(Day of year)  [2022 |2 [354 =
GPS(Date/time)  [12/20/2022 | [1:s832m 5]
UTC(Date/time)  [12/20/2022  ~|[1se14pm S]]
Local(Date / time) [12/20/2022  ~|[asenapm S]]

Figure 9: Time Converter

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 how ahead of UTC
by 22 seconds.

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

Modified Julian Date, MJD, is a modification of the Julian Date that is routinely used by
astronomers, geodesists, scientists, financiers, and even some historians. This dating
convention, designed to facilitate simplified chronological calculations, numbers all days in
consecutive fashion, beginning at a date sufficiently far into the past so as precede the historical
period. Day Number is an integer counter of the days starting at noon on January 1, 4713 B.C.,
which is Julian Day Number 0.
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VAVAD

1.5. Program

@ Program & Help

|3/ Parameters

Language >

t M

Coordinate systems
Reference points

Antennas

gl -_.) ==

Cameras

Figure 10: Program Menu

The Program Menu contains the following items:

Parameters — Contains a list of Program Parameters, further detailed below.
Language — Contains a list of available languages.

Coordinate systems — Opens the Coordinate Systems Manager.

Reference points — Opens the Reference Points Manager.

Antennas — Opens the Antenna Window.

1.5.1. Parameters

Selecting Program -> Parameters opens the tabular Program Parameters Window.
1.5.2. Common Tab

The Common Tab allows for:
e Open last project — Open last used project.

Use epoch in coordinate transformation — Apply time-dependent coordinate
transformations.

¢ Request for downloading if geoid not exists — Asks for confirmation about downloading
from JAVAD GNSS repository of Geo Data.

&2 Program parameters bt
Commen  Import Format Report Events Map CORS  Userinterface

Open last project

Use epoch in coordinate trasformation

Request downleading if geoid nat exists

[] After export open file

MNumber of threads

OK Cancel

Figure 11: Program Parameters Window: Common Tab
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VAVAD

1.5.3. Import Tab

The Import Tab allows for:
e Calculate coordinates — This will calculate coordinates for data import files.
e Don’t import nested data — This will not import any nested data within import files.

e Don’t load ephemeris from Internet — This will stop automatically loading ephemeris from
the Internet.

&9 Program parameters >

Common  Import Format Report Events Map CORS  User interface

Calculate coordinates
[ Don't impart nested data

[] Don't load ephemeris from Internet

QK Cancel

Figure 12: Program Parameters: Import Tab

1.5.4. Format Tab

The Format Tab allows for program measurement units (time, units and coordinates) to be
selected.

&3 Program parameters *
Commen  Import  Format  Report  Bwemts  Map  CORS  Userinterface
Time Coordinates
System | GPS ~ | Angle type | Degress, Minutes and Seconds b4 |
View | Date/Time | Angle label IN/SandW/E v |
Format ~ | Angle seconds precision |0.11223 v |
Units Length precision |O.1'IE2 ~ |
Length | meters w~ |
Angle | degrees ~ |

i '1] Restore default format settings
ik

QK Cancel

Figure 13: Program Parameters: Format Tab
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VAVAD

1.5.5.

Report Tab

The Report Tab shows a list of the supported report types. The supported report types are:

e Designer e Html e OpenDocCalc
e Render o Pdf e OpenDoc
o TXT e Word e Image
e Csv e Excel

&9 Program parameters *

Commen  Import Format Report Ewents Map CORS  User interface

Open report file after generated

0K Cancel

1.5.

Figure 14: Program Parameters: Report Tab

6. Events Tab

The Events Tab allows for selection of type of epoch coordinates interpolation.

&9 Program parameters

Commen  Import Format  Report  Events  Map  CORS
Event interpolation
(@ Linear
() Spline
OK Cancel

User interface

Figure 15: Program Parameters: Events Tab
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VAVAD

1.5.7. Map Tab

The Map Tab contains the cartographic data source. Alternative allows Justin 3 to search for
maps at the most popular Internet map repositories. Show grid add a grid on the map and

Show coordinates panel adds coordinates on the map.

&9 Program parameters

Commen  Import Format  Report  Events Map  CORS
Background map

(® Mapbox

() Alternative

[] Show grid

Show coordinates panel

QK Cancel

User interface

Figure 16: Program Parameters: Map Tab

1.5.8. CORS Tab

The CORS Tab allows for including/excluding the vectors created using CORS data.

&9 Program parameters
Commen  Import Format Report Ewents Map  CORS

Enable CORS to CORS vectors

OK Cancel

User interface

Pl

Figure 17: Program Parameters: CORS Tab
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VAVAD

1.5.9. Userinterface Tab

The User Interface Tab allows for customization of the process tree and checkboxes.

&9 Program parameters
Commen  Import Format Report Events Map CORS  User interface

Process tree

[] Show vector icon

Show checkboxes

[] Allow in-place editing in the object tree

QK Cancel

et

Figure 18: Program Parameters: User Interface Tab

1.6. Help

The Help Menu contains the following items:

o About — lllustrates the Program, Version, Support Email and creation date.

e User Manual — Loads this user manual from the Javad GNSS Repository.
@ Help

¥ About
el Manual

Figure 19: Help
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VAVAD

1.7. Tool Bar

The Tool Bar consists of icons across the top of the Main Window. Each Icon is further
described in the table below.

Icon Description
Open New Project window
Open Predefined File window

R
v Open Project Settings window
Li; Compact Project Database
E ‘, Import Observations File
E ,’, Export Project Data
G_'I.*J* Open Coordinate Calculator window
) Open Time Converter window
i Open Coordinate Systems Manager
Window
/*\ Open Reference Point Manager window
“?‘ Open Antenna Manager window
o Increase Map Scale
’= Decrease Map Scale
(4 Shows all program layers
2 Cursor Select in Point Mode

Cursor Select in Rectangle Mode

@ Unselect
O
,“h

Pan the Map
Distance / Azimuth Measurement

Previous Map position and scale
Initial Map position and scale; used after

Ruler Snapping Mode

Show / Hide Grid

Show / Hide Raster Map
Show / Hide Space Images
Show / Hide Legend

1] {"ll ﬁ" Id eﬁ o
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1.8. Status Bar

The Status Bar is designed for progress information of a program routine. For example, it is

active during a data import routine (shown below).

Sw 5gi12020.20d2

6/12

00:00:05

Figure 20: Active Status Bar (Data Import Routine)

The Status Bar is also active during data export, post-processing, skyplot, runtime and table

view chart creation routines.

Click & to stop the routine in progress.

Click & to expand the Status Bar, as shown below.

e"{) 00:00:06.5 00:01:38 00:02:00

Progress | Log

TXPL_0001_0001_0001_0001=>TXGZ_C 2880 95 00:00:01 Copy data...
TXSE_0001_0001_0001_0001_0001=>T? 120 95 00:00:00 Copy data...
TXSE_0001_0001_0001_0001_0001=>T% 120 10 00:00:00 Copy data...
TXSE_0001_0001_0001_0001_0001=>T% 2880 Waiting...
TXSE_0001_0001_0001_0001_0001=>T% 120 Waiting...
TXSE_0001_0001_0001_0001_0001=>T7 120 Waiting...
TXSE_0001_0001_0001_0001_0001=>T? 2880 Waiting...
£ Progress

Figure 21: Expanded Status Bar: Progress Tab

% 00:06:11.4 O00:00:00 00:07:17

Progress | Log

11:51:55: : TaAN

11:51:51: : TXaN_000=>THBE dx 73065.69 dy -68151.42 dz -103633.33 Ratic 99.00 Used 86.50 RMS 0.01
11:51:52: : THaN_000=>TxHA d« 158769.38 dy -23636.43 dz -3970.67 Ratio 96.00 Used 87.10 RMS 0.07

0001 =3 THKC_0007 d= 5995791 dy -42258.73 dz -53315.18 Ratio 100.00 Used 87.17 AMS 0.0
11:53:51: : THAN_0001=>TXKC_0001 dx 5395791 dy -42258.78 dz -53615.19 Ratio 35.00 Used 85.24 RMS 0.02
11:53:54: : THAN_0001=>TAPY dx 182953.62 dy -70487.71 dz -82778.33 Ratio 0.00 Used 87.96 RMS 0.07
11:54:26: : THAN_O001 =3 THA dx 158769, 38 dy -23636 38 dz -3970.70 Ratio 93,00 Used 82 09 RMS 0.02
11:54:300 : THCU =2 THAN_DO0T dx 122463, 27 dy 36442 B4 dz 34641 .44 Ratio 96,00 Used 87 29 RMS 0.07
11:54:51: : TXAN_D001=>THBE dx 73065.68 dy -68151.29 dz -103633.24 Ratio 100.00 Used 78.54 RMS 0.02

) Progress |

Figure 22: Expanded Status Bar: Log Tab

Click & to minimize the expanded Status Bar.

Click % to clear the window.

Page 15 of 98



VAVAD

1.9.

Project Pane

The Project Pane is designed to provide full access to program routines. There are four
operational tabs:

The available Source Tab menu options depend on Project and Sort options.

Source
Process
Adjustment
Map

S

&~ Source {z; Processl - Adiustmentl (5 MapJ

Figure 23: Project Pane Tabs

i | Project > B Files Ctrl +Alt+1
Sort. » 7 Receivers Crl+Alt+2
Import.. B Dataset Ctrl+Al+3
e e 4y Recordsets  Ctrl+Alkt+4

. By Sites Ctrl+Alt+5

_Clear proie

Figure 24: Project Pane: Source Tab
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VAVAD

2. Map Tab
The Map Tab allows for Layers, Contours and CORS elements, each is further described below.

2.1. Layers

The Map Tab provides several predefined layers to control the view of principle objects. Click
on the Map Tab to access the layer settings (shown below).

a Project
> .+ Recordset coordinates
V] . \ectars
Static
Kinematic
V] .+ Solutions

Static
Kinematic
.~ Sites
.~ Reference points
-~ Precise Point Positioning
. .~ Metwork
> .+ Events
> Countries
» [] % CORS

Figure 25: Map Tab: Layer Items
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VAVAD

Below is a list of icons and descriptions shown in this section.

Icon Description

. Recordset track — Collection of points

s Static vector — Grey line
Kinematic vector — Track, collection of
points
Static Solution — Custom colored line
Kinematic solution — track, collection of
points
Precise Point Positioning (PPP) solution
Common edge — Blue line
Blunder edge — Grey/Brown line
Adjusted PPP solution
Site on Standalone coordinates
Site on Post-Processed coordinates
Site on Adjusted coordinates
Site snapped to Reference point
Site on RTCM base coordinates
Event — Oriented blue arrow

4 Reference Point

=% ®e A\ e I\

2.2. Contours

Contours are displayed as boundary polylines allowing for several selections (shown below).
4 Countries

.~ Country

. LonedT (US)

.+ ZoneB3 (US)

.» Counties

..~ Regions (RU)

..~ CORS (contour)

.+ SOPAC (contour)

> JAVAD (contour)

.+ URALGEQ [contour)

.» HIZRI {contour)

.+ SPAIM (contour)

..» EPM {contour)

.+ TEXAS (contaur)

..~ OREGCON (contour)

. WASHIMGTOM (contour)
> CANADA (contour)

.+ UK (contour)

O

Ooo0o0OoOooboOoOoooooaoaa

Figure 26: Map Tab: Contours

The checkbox next to the items enables / disables the layer. Some layers have style settings;
click the right mouse button on the item to show available style settings.
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VAVAD

2.2.1. Contour Style Options

2.3. CORS

Continuously Operated Reference Station (CORS) options are shown below.

D Style

Track
Receiver
Visible
Begin color | Il Blue ~
End calar White ~
w (D>
Stand-alone
Visible
Begin color | M Olive ~
End calor White ~
e

oK Cancel

Default

Figure 27: Contour Style Options

4[] CoRs

- CORS_US
- SOPAC

. SPAIN
_EPN

.~ TEXAS

> AUSCORS
- MGEX
1GS

- GEONET_NZ
- CORS_US_SEC
- UNAVCO

Ooodooooooo

Figure 28: Map Tab: CORS

The checkbox next to the items enables / disables the layer. Some layers have style settings;

click the right mouse button on the item to show available style settings.
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2.3.1. CORS Style Options

|

NS

-
E[Hﬁ E% °
== Dp2] -
=1

4
1
‘! oc ve IT
J_m”r*-"tb [ l@llnllE

Figure 29: CORS Style Options?
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VAVAD

3. Source
The Source Tab is for data management (Import / Export, View, Modify).
3.1. Project
4 || |Records—- l
4 Project » & Files Ctrl+Alt+1
oAy Sort. P == Receivers Cirl+Alt+2
R TY Import.. E Dataset Ctrl+Ale+3
oAyl Import folder.. 4y Recordsets  Ctrl+Ak+4
ad Clear project %) Sites Ctrl+Alt+5
Ty v
AT Delete Recordsets
> 4p] Delete Ephemeris
LTy Delete Residuals
> VT Deleteldle
Repair Vectors
Process PRPP
Delete PPP
! Commontime Ctril+D

Figure 30: Source Tab: Project Menu

The root item may vary depending on project options. Clicking on Project allows the user to see
the main project menu items (File, Receiver, Dataset, Recordset and Site). File shows items
about imported files.

3.2. Sort
r u_]Recordsets i l
4 B7722720 A Project > |
A THE Sort... > Date
Ll LA Import... Mame
> TXE .
v Import folder... Size
> A TXE Tvne
. &k Tyl Clear project ¥p

Figure 31: Source Tab: Sort Menu

Files sorted by Date contains common time options.
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VAVAD

@ Common time x

= [
TXPV
TXPL
TXCU
TXED
TXPO
TXTI
TXFE

TXCC

TXBE

04:40:00,00 10:13:20.00 15:46:40.00 7/22/2022 9:20:00 PM
Time(GPS) (Min: 7/22/2022 | Max: 7/22/2022 )

Figure 32: Common Time

The Receiver item shows a list of receivers that provide raw data files.

Below is an example of sorting the Receiver item.

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 a dataset
that is a corresponding receiver / antenna pair. The 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 bay be represented in the
project by multiple datasets.

A Recordset is a query from Dataset. By default, every Dataset produces at least one
Recordset linked to the parent object.

The user may modify Recordsets with no risk of corruption to the 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 case of Static / Dynamic event markers, epoch
gaps, record interval changing inside raw data file and so on.

The Site is an object created by the import routine and being used as a point GIS feature.
Coordinates of Site are the standalone solution or provided by the receiver. Justin separates
Sites using tolerance.

The mentioned items may be sorted by some parameters depending on the selected item.
Sorting options also depends on the selected item.
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3.3.  Import
This option allows for importing different types of GNSS Data.
@ Import observation files - ]
() [ « Local Disk (C:) » DPOS » Johnson « [ 43 W Search sonnson 2|
— ¥ E 3
Organize « New folder =i+ i ©
& Links *  Name 2 Date Type 2
L‘ My:m,'m’"“ » 4.071151 24.07.2020 918 1S File
_ M’p.""‘ » 254 072133 23.07.2020 7:24 PSFile  |° "
= Myv':w“ ¥ 255072528 23.07.20207:32 psFile |
; M) G’:’ ¥, 256074610 23.07.2020 806 1PS File |
Sed Ganes ‘ ¥ 257.081549 23072020848 IPS File
J/ Searches £ — > l
w258 082113 23.07.2020 8:25 JPS File
Ju temp - = e = |
=% ¥ 259 082527 23.07.2020 8:30 IPS File
i ¥ 260_090356 23072020 9:10 1PS File
1% Computer T ——. .
&, Local Disk (C) ¥ 261_091035 23.07.2020 917 JPS File
A w 262 091707 2307.2020 9:20 JPS File -
o3 OVORWDrive @) « [ - m ' ’
File name: « |IPS & RINEX files -
[ Open H [ Cancel ]
— — —

Figure 33: Import Observation Files

3.4. Import Folder

The Import folder option may be used for batch process of import all valid Justin GNSS data.

3.5. Clear Project
The Clear project option is used to remove all GNSS data from a project. A confirmation is

needed.
( Confirm g

.0. Delete all data from the project?

[LoYes [N ]

Figure 34: Delete Confirmation Screen

3.6. Delete Recordsets
The Delete Recordsets option drops all items.
3.7. Delete Ephemeris

The Delete Ephemeris option may be use in case of suspicious ephemeris in original raw data
files. Just can download ephemeris data from the internet automatically.
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3.8. Delete Residuals

The Delete Residuals option frees the project from a significant number of data generated by
processes with residuals option.

3.9. Delete Idle

The Delete Idle option frees the project from GNSS data useless for Vector post-processing.
This is the data that has no overlapping time.

3.10. Repair Vectors

The Repair Vectors option may be helpful in case the program crashes.
3.11. Files
The File menu is designed for managing file objects.
4 [ |Files
4 [=]7/22/2022

d txbe2030.22
> Et}tbe.

4 tecc2030.22, W Delete Del
> = tec2030

» txfe2030.220

» bti2030.220

Import events

Figure 35: File Object Management

G B, J, R letters above the icons indicate file origin (Broadcasted ephemeris, Jps, Rinex).
The File item contains related Datasets and Recordsets items.

4 txbe?030.220
4 = tbe2030
45 TXBE

Figure 36: Datasets and Recordsets

Import external events file Ashtech (.dat), leica (.ev) formats and .csv. Event tags are File
properties.

3.12. Receivers

If the user switches the project pane to Receiver mode, the upper item contains Datasets and
Recordsets. A red exclamation mark indicates there is no antenna type specified.
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3.13. Datasets
Select Datasets option to reconfigure project tree for Datasets. A Datasets tree is shown below.

F] L.L] Datasets

4 72202022

4 Ebbe2030
O xee X

4 Stec2030 N
4 THCC

> = 02030

= 2030

= tpo2030

» = ted2030

= tecu2030

» = bpv2030

= npl2030 2

Properties  Ctrl+Enter

Delete

Merge

Thining

Solution

Make stops
Restore recordsets

Takle View

Expaort Cirl+E »

Del

3.13.1. Table View

The Table View shows raw data in detail.

Figure 37: Datasets

3.13.2. Thinning
The thinning option customizes data record interval. It may remove data from the project.

&2 Thinning dataset X
Interval
160.000 v sec
CK Cancel
Figure 39: Thinning

s
O = = x 0 O F & v O e
GPSTIME E.. EASTING NORTHING HEIGHT NUMSAT SA TChart
7/22/2022 [0 woes37'0255"  N27°50'48.05" 173478 19 2 3
7/22/2022 120... W08 37'0256"  N27°50'42.05" 173.047 19 176
7/22/2022 12:0... W98"3T0256"  N27°50'48.04" 173.682 19 175
7/22/2022 120... WO8"370256"  N27°50'48.05" 173503 19 174
7/22/2022 12:0... WO8"37'0256"  N27°50'48.05° 173.234 19 v| 173
< - > Lo
EPOCHID SVPRN SATCODE VP RANGE PHAS 171

5761 GOB G ~ || scanc Ll oA 2474774638 | 170

5761 G10 G S3/2X 12 12C (... 24747757.13 160

5761 G18 G 1 s2r2w L2 Z-tae 2474775715 168

5761 G21 G .|| $3x 1510 2474776120 167
< 5 - = 7/22/2022 7/22/2022 712272022 7/22/2022 7/23/202
£} Table view

Figure 38: Table View
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3.13.3. Restore Recordsets

The Restore Recordsets option recreates objects by default program settings (e.g., during the

import routine). Delete Dataset from the project. The appropriate file will also be deleted if that
file corresponds only to one Dataset.
Multiple Datasets selection (Shift, Ctrl) allows to merge Datasets. Typically used to merge

hourly raw data.
3.14. Recordsets

4 ._._] Recordsets
4 =7r2202022
» 45 TXBE
Y XCC 2
GV S
Y TXPO X
YTXCU -
4 TXTI
4 TXED
4 TXFE
Y TXPL %

¥ ¥y y¥y¥yy vy w¥vyyxw¥
1 -

-

> 3

B

Properties
Zoom
Delete
Visible

Ctrl+Enter

Ctrl+Space

Del

Change antenna parameters

Maotion mode
Merge

Split

PPP

Table View
Epochs

Raw data chart
Data Analizer
Comman time
Report

Export

Ctrl+F
Ctrl+F
Ctrl+D
Ctrl+R »
Ctr+E P

Figure 40: Recordsets
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3.14.1. General Tab

The General Tab allows for changes to File name, Alias, Site, Comment, Observer, Agency,
Begin time / date, End time / date, Interval and Epoch.

& TeE K

General  Receiver and Antenna  Satellites  SkyPlot

FileName |[caUsers\av.boikow\AppDataiLocaT| L. | Begin time [7/22/2022 v| 120000 aM 2]
Alias [1xze | Endtime [r22/2022 v|[11:s930 M 2]
Site [rxee | interal [z0.000 | sec
MarkerName ~ [Tx8E | Epoch  [asao |
MarkerNumber [0 | rws [1.6217 | m
Comment X¥Z BLH Grid

Source and model:"TRMS7971.00  NOP )
Latitude |N 287 25' 25.26281" |

S ] Longitude [w 97 44 07.65753" |
Observer | | | eight 484699 | m
Agency | | eocn [0.0000 |
| @ wasas v

OK Cancel

Figure 41: Properties: General Tab

3.14.2. Receiver and Antenna Tab

The Receiver and Antenna Tab allows viewing and editing of antenna parameters. Click the
search icon next to Antenna Type for the antenna list. Slant(SHMP), shown next to Type means
slant height measurement point.

@ TeE b
General  Receiver and Antenna  Satellites  SkyPlot
Receiver Antenna
Type |TRIMBLE ALLOY | Type
[TRM57971.00  NONE v .
Board | |
Serial number | | Height
Type | Vertical(ARP) ~
ID [5830R40014 | | |
) . Value IU-,DDU{J | m
Firmware version |Na\.r 545/ Boot 5.45 |
Messages Offsets
Morth |0.000'D | m
East |0.000[J | m
Vertical |0.000'[J | b
Serial number [5000117310 |

OK Cancel

Figure 42: Properties: Receiver and Antenna Tab
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3.14.3. Satellites Tab

The Satellites Tab shows GNSS Satellites and Signal information. Yellow circles mark

unhealthy satellites whereas green circles mark healthy satellites. The icon

indicates the ratio of present/absent signals.

@ TxeE

General
Satellites

~ Gps|@

Satellites  SkyPlot

Receiver and Antenna

0000000000000

A GLONASS |

CK

0000000000006 00
000000

Cancel

000000000000000O0O0 B ' E3ENEN

Signals
A GPS | g
[s1c] [s2w | ssx
A GLOMASS |
cic ] e |
SiC

Figure 43: Properties: Satellites Tab

3.14.4. Skyplot Tab

v GALLEO (]

The Skyplot Tab shows a current skyplot of along a timescale shown on the left. GPS is
indicated by green, GLONASS is indicated by red, Galileo is indicated by blue, and Beidou is
indicated by yellow. Use the timescale slide on the left to scroll between epochs.

& TXBE
General  Receiver and Antenna  Satellites  SkyPlot
(172212022 |[11:5930 F2 o
7/22/2022
04:47:54,00 A
D
07:11:51.00 A
Vs>
09:35:48.00 ¢ /"’. .
:135:48. ‘ / f};” "‘P \’ll
11:50:45.00 270 “ VI
' ,/‘[/ js N
A |||!~
14:23:42.00 ",., .. 'Ill‘
w <
10473800 ‘ 4]! ,‘.Innﬂml,,
19:11:36.00 A\ \ 77
225 ‘ "‘ 3"" XS
21:35:33.00 PR
m 7/22/2022 11:59:30 PM 180
oK Cancel

}f

23

‘\h
l}"

\

X

@ a6ps

@ GLONASS

Figure 44: Properties: Skyplot Tab
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3.14.5. Table View
The Table View shows raw data in detail.
3.14.6. Epochs

The Epoch option shows a table as follows:

Dataset  Solution type  Engine mode  Time Status Latitude Longitude Height, m RMS, m Satellite
txbe2030 Mawv 4 7/22/2022 ] N 28° 25° 25.28508° W 977 44° 07.67048" 50.2375 0.7409
txbe2030 MNawv 4 7/22/2022 12:00:30 AM 6 M 287 25" 25.27519" W 97" 44" 07.65877" 50.6493 0.7187
txbe2030 Mav 4 7/22/2022 12:01:00 AM 6 M 287 25° 25.27802" W 97" 44' 07.67166" 50.4008 0.7223
txbe2030 Mav 4 7/22/2022 12:01:30 AM 6 M 287 25" 2526604 W 97" 44 07.66377" 50.3652 a.70m
txbe2030 Mawv 4 7/22/2022 12:02:00 AM 6 M 287 25° 25.27653" W 97" 44" 07.65241" 50.7029 0.7555
txbe2030 MNav 4 7/22/2022 12:02:30 AM 6 M 28° 25° 25.27031% W 97" 44" 07.66950" 50.8253 0.6565
txbe2030 Mav 4 7/22/2022 12:03:00 AM 6 M 287 25° 25.27631" W 97" 44 07.66553" 50.8474 0.8177
txbe2030 MNawv 4 7/22/2022 12:03:30 AM 6 M 287 25" 25.26899" W 97" 44" 07.66123" 51.0678 0.5462
txbe2030 Mawv 4 7/22/2022 12:04:00 AM 6 N 287 25" 25.27295" W 97" 44" 07.65440" 50.7886 0.7174
Records count: 2880 | Selected: 1 |
& Epochs

Figure 45: Epoch Table

e Solution Type — navigational, float, fixed.
Engine — Receiver or Justin calculated coordinates.
e Status — Depends on receiver or Justin solution.

3.14.7. Raw Data Chart

The Raw Data Chart option shows base to rover single differenced GNSS signal values.
Interferometry shows satellite to satellite single differenced GNSS signal values. Statistics are
shown on the status bar.

@ Raw data: TXBE %

mBAOR RV w0

Type
20 @ Raw data

O Interferometry
Shading
Min Mex
o —
N —
Refresh

44 an
» 4 [lers
» [ [JGLoNASS

SNR P2
A . - SNR CP2
a4 . . 2 SNR C5
* ° lono
-16 Tropo correction
cP
s u
04:40:00.00 10:13:20.00 15:46:40.00 7/22/2022 9:20:00 PM L
Time(GPS) (Min: 7/22/2022 | Max: 7/22/2022 11:59:30 PM ) L5
1 v

Figure 46: Raw Data Chart
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3.14.8. Motion Mode

Justin automatically detects Recordsets type during import criterion for static in Project
properties settings and Static / Dynamic tags / events inside the file. Default criterion equals 5

meters means that all epoch positions expected withing 3*5 = 15 meters for static. Here it is
possible to change Recordsets type.

3.14.9. Split

The Split item contains two options: By time or by parts. The By time option generates new
Recordsets with a selected fixed time interval.

The By parts option generates new Recordset with the same time span.

&3 Split recordset by time X

Time span

|0/ 1:00:00 v

] From time

712272022 ~ | 12:00:00 AN 31| £
OK Cancel

Figure 47: Split Recordset by Time

&2 Split recordset by parts X
Parts
OK Cancel

Figure 48: Split Recordset by Parts
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3.14.10. Export

The export option allows for JPS or RINEX filetypes. The RINEX version (2.10, 2.11, 3.04) may

be selected as well.

>

>
>
>
>
>
>
>
>

4 [ |Recordsets
4 =]7r2202022

4 TXBE
4 THCC
4 TPV
4 TXPO
4 THCU
L TXTI

4 TXED
4 TXEE
4 THPL

>4

MAg gleelel et TuH ORW

Properties
Zoom
Delete
Visible

Change antenna parameters

Motion mode
Merge

Split

PPP

Table View
Epochs

Raw data chart
Data Analizer
Commeon time
Report

Expaort

Ctrl+Enter
Ctrl+5pace

Del

Ctrl+F
Ctrl«F
Ctrl+D
Ctl+R »
Cid+E » [ JPS

[l RINEX

>

eflece™

210
21
3.04
3.05
4.00

When exporting RINEX, several settings are available and are shown below.

Figure 49: Export Options

Page 31 of 98



000000000

@@@ ~ GLONASS | [] Disable clack offset
Q

C1C (o [] Disable occupations

Disable free events

& Export
Satellites Signals ) Settings
@ @ cnable/ Disable Al B B cEnable / Disable Al [ Fix wrong date
Old GALILEO short message offset
~ GPs @ A GPS

[] Use RINEX naming conventicn

@6@@ mmm [] Smoothed pseudoranges
@@@6@@@@@@@@@ mm Use CA phase and Doppler instead of L1 and D1
QL0000 B

(2,10 and 2.11 versions only)

A GLOMASS | M [] Add leading zeros to svn

[1 Enable known free events

2
siC Begin time [7/22/2022

v 120002,

End time  [7/22/2022

v |[1seabs] ,

Interval (30000

| sec

OK Cancel

Figure 50: Export RINEX Options

3.14.11. Report

The Report option creates a report using a Table View structure.
3.14.12. Zoom

The Zoom option focuses on Site associated with Recordset.

3.14.13.Visible
The Visible checkbox shows / hides the track of epoch positions on a map.

Figure 51: Visible Checkbox

3.14.14. Delete
This option will delete the Recordset. This will not delete the raw data.
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3.14.15.PPP

The PPP option will run a computation of Precise Point Positioning. It is recommended to use

daily data using a 30 second interval.

4 || |Recordsets
4 4pTXBE
& TxBE
A THCC
4 TXCU
40 TXED
40 TXFE

4 TXPL
4k THDO

¥ ¥ ¥y ¥y ¥ r

Properties  Ctrl+Enter

Residuals

Rename
» Delete Del
: Zoom Ctrl+5Space

Figure 52: PPP

3.14.16. Sites

Sites are created by Justin using the Recordset. If Recordsets overlap in time, they create a

vector that can be post-processed.

F L..L] Sites

4 @UTXBE

» BITHCC
4 @YU

4 (BUTHED

» (BLTXFE

4 TXBE

4 TXCU

4p TXED

Figure 53: Sites

Icon Description

e Reference Point Site

%) Standalone Site

H RTCM Base Site

Q Post-Processed Solution Site
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4. 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 importing GNSS data relative to criterion for static in the
project settings. Justin offers type editing though Recordset properties dialog.

Active 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.

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.

4.1. \Vectors

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 the solution vectors. We use band and rover indications for terminal points of a
vector.

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

4.1.1. Vector Node Options

Vector options include:
o Sort... - Initially vector’s tree is structured by date of the start of timespan. Click Base or
Solutions number option to look how they are working.
Process — Run post-processing on all unprocessed Vectors.
Settings — Open process settings window described below.
Unhide — Shows all hidden Vectors.
Delete Solutions — Delete all Solutions from a project.
Delete Residuals — Delete all solution residuals. Be aware that residuals take more room
in a project than a solution does.

4 \|Vectors
4 B4 =s2202022
4 [ 4pTxBE
4[] 4p TPV

£ S {j Process F9
# 5 % Properties Ctrl+Enter
O~ 5 Zoom Ctrl+Space

+ [ apTHCC
. & TXCU W Delete solutions Del

. &) TXED G Inverse

> W THRE = PRuntime Ctrl+R
: tlizl['} wl Differences Ctril+G
. & TXTI 'ﬁ Commoen satellites  Ctrl+H
ap TXPV »

Figure 54: Vectors Node Options
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4.1.2. Settings

&9 Process >
Static  Kinematic
Engine = Satellites
Engine type | Default hd
Engine mode Troposphere [] Use precise ephemeris
[] Save residuals
(O Fixed # | Pressure hPa [ Lift and Tilt
O Float | Humidity %
(O L1 only rd
O L2 enly Cut off mask |‘| 2° |
O LT &L2&lLs
() Wide lane rd
Default
oK Cancel

Figure 55: Vectors — Settings

4.1.2.1.1. Static Tab

Using the Static option, the default item is Engine. Regular Justin software is delivered with one
default engine. By request, additional engines may be activated.

Engine mode options include:

Auto — Auto detect best combination of base and rover overlapped data.
L1 only — Process L1 data only.

L2 only — Process L2 data only.

L5 only — Process L5 data only.

L1 & L2 &L5—Process L1, L2, and L5 data together.

Wide lane — Process L1 and L2 data in wide lane combination.

Float — Not integer processing in Auto mode.

Code — Code processing.

Troposphere options include:

Model — A list of popular Troposphere models.
Pressure, Humidity, Temperature — Input of parameters; humidity value affects altitude.

General options include:

Cut off angle — Rejection of satellite data under entered value.

Max distance — Maximum baseline length (in km). This value is a focus during batch
processing, some vectors may be skipped.

Use precise ephemeris — Process vectors using precise ephemeris if those are available
on the date of processing. Just can automatically download ephemeris from the Internet.
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e 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. The residuals chart is a main tool to control post-processing results
for data captured in a bad environment.

¢ Interpolate base -Interpolate base GNSS data if rover data sampling is different.

e Lift and Tilt — Forces processing of the Rotation Matrix (RM) message data.

Click on L= to access the line style to be shown on map.

@ style X
Lines
Fixed
width ¢ >
Color | Red ~ /
Arrow
QK Cancel Default

Figure 56: Line Style Options

The next option in the Static Window is Satellites. This option allows for the user to enable /
disable satellites.
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Process *
L)

Static  Kinematic

Engine  Satellites

@ @ cEnable/ Dissble Al
v GPSIEI

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

v seou | @)

~ IRNss| @)

oK || Cancel

Figure 57: Satellites Options

4.1.2.1.1. Kinematic Tab

Process *
@

Static  Kinematic

Engine  Satellites

Engine type | Default ~

Engine mode Troposphere [ Use precise ephemeris

[] save residuals

(O Fixed Pressure hPz [ Lift and Tikt
O Float Hurmidity %

O Code Temperature c

O L1 only

O L2 only [ Cutoffmask [iz: |

O L5 only (] Maxdistance km

O L1 &2 &LS

O Wide lane

| oK || Cancel |

Figure 58: Process Settings - Kinematic Tab
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The Kinematic tab allows the user to augment the Engine mode, data, RMS values,
constellations and several general options.

Engine mode options include:
e Code Diff — Process code only data.
e Code Diff Smoothed — Process code data smoothed by phase.
o Code Carrier Float — Float processing.
e Carrier Fixed — a priori root mean square error of code measurements.

RMS Options are important for weighting of code and phase data for outlier rejection. The RMS
Code and Carrier phase can be augmented to improve fixing in a difficult environment. RMS
options include both Code (in meters) and Carrier phase.

Data options include:
e L1 -Process L1 data only.
e L2/L2 —Process L1 and L2 data.

General options include:
¢ Elevation mask — Rejection of satellite data under entered value.
e Memory factor — weight for passing epochs. It affects how fast engine forget old data. It
is very import for high dynamic applications.
SNR threshold — Cut off data by Signal to Noise Ratio (SNR).
lono factor — Combined factor of data random noise error.
Fix level — Setup Contrast ration of integer procedure.
GPS, GLONASS - Enable / Disable GPS and/or GLONASS data.

4.1.3. Data Iltem

The Data item options include:

Process — run post-processing for all associated vectors.
Hide — Make vectors invisible.

UnHide — Make vectors visible.

Delete Solutions — Delete all solutions.

4 | Vectors
4 [A =7 .,
& B E i Process Fa

i
Aoy
| 4 W Delete solutions  Del

- =T

Figure 59: Vector Data Options
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4.1.4. Base

The next level of the Vectors tree corresponds to the base object, shown below as base site 4
and is denote by %, the static Recordset Icon.

a [ | Vectars
4 [ =7/22/2022
Fl 4 TXBE
P 45 TXPY
# Solution 1
# Solution 2
# Solution 3
r [ 4 THCC
» [ 4pTHCU

Figure 60: Vectors Tree

4.1.4.1. Base Node Options

Base node options include:

Process — Run post-processing for all unprocessed vectors.
Delete Solutions — Delete all solutions related to the base node.

r _J\)’ectcrs
4 A 722022
» [ 4p TXEE
4 Y THC"
V{;} Process F9
v N Delete solutions  Del
7
Vo e >
'7‘ LT

Figure 61: Base Node Options

4.1.5. Rover

The next level of the Vectors tree corresponds to the rover object, shown above as rover site
254 and is denoted by %#, the static Recordset Icon.

4.15.1. Rover Node Options

Rover node options include:

Process — Run post-processing if no solution exists.

Runtime — Used to get more than one solution.

Delete Solutions — Delete all Solutions.

Properties — Opens a vector properties window. View base and View rover opens
relative Recordset properties windows.
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& TXBE=>TXPV X
[ Visible on map

Base [xee |
Rover  [mxev |
Begin time [7/22/2022 v|[120000am £
End time  [7/22/2022 v|[11s030em £
Time span [0/ 23:50:34 |
Epochs  [2880 |
length  [111873.812 | m

Figure 62: Rover Node — Properties

¢ Differences — Chart of GNSS signal differences.

B Difaurna TXEE-V T

mHMAR UV |«
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rMn P
t. ] [ |
i s (T
Farress |
« B Dl
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e Common Satellites — Opens a chart.

Figure 63: Rover Node — Signal Differences
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Timeine Icormmsas SkyPfot

[ Common sateliites [l] Elevation >= 12 ]

S - W

@

Satelto

O - N Wk e

14:5520.00 14551000 15:00.00.00
Time(GPS) (Min: 23.07.2020 14:57:32 | Max: 23072020 15:00:40 )

Figure 64: Rover Node - Common Satellites Chart

¢ Inverse — Redirect vector.
Zoom — Focus on vector (on map).
e Visible — hide / unhide vector on map.

4.1.6. Solutions

The last level of the Vectors tree is for solutions. These appear under the rover node after post-
processing. Initially, the rover node is empty. Processing adds a solution to an item.

4.2. Batch Processing

Multiple vectors can be post-processed by using the vectors tree item or by selectin them from
the map using the "= or % tools.

THILPLER

HOUNLAE

lAruEa TXEDH D19
HEGHL DM

THEY A0 752 AR

]
Breysartivn. Otrl Enlun

Foom Creleipace

Dwlely srhaticsre. Du

Irvarss

Furtims il +R
Differences Carl+

Bl g BT

Comman stelites  CirlH

Figure 65: Multiple Vectors (Batch) Processing

The processing progress is shown on the bottom status bar (shown below).
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OX A

Ty... Time Remaining MName Status Pragress Complete Spead Log
00:00:55 00:00:01 TXCC=>TXED integer processing | 1% 1%/s -
& 00:00:21 00:00:01 TXCC=>TXTI phase evaluation | 1% 1%/s

& 00:00:07 00:00:01 TXCC=>TXPO phase evaluatian | 2% 2%/s

& 00:00:00 00:00:01 TXCC=>TXPL Copy data.. ] 96% 96%/s

= 00:00:00 00:00:01 TXCC=>THBE Waiting 0% 0%/s

< 00:00:33 00:00:01 TXCC=>TXFE Done ] 100% 100%/s

«F 00:00:48 00:00:01 TXCC=>TXCU Done ] 100% 100%/s

¥ 00:00:54 00:00:01 TXCC=>TXPV Done ] 100% 100%/s
Records count: 8 | Time: 00:00:55 |

& Progress

Figure 66: Batch Processing Status Bar

X
§:21:22 PM $:21:21 PM: : TXCC=>TXFE dx -1135985.110 dy 21441.447 dz 10483.50% Ratio 97% Used E82% BM3S 0.024 A
6:21:36 PM &:21:36 FM: : TXCC=>TXCU dx 25473.66E8 dy 70732.57€ dz 135787.093 Ratio 100% Used 78% RMSI 0.020
6:21:43 PM 6:21:43 PM: : TXCC=>TXPV dx 85964.068 dvy 36737.730 dz 87650.212 Ratio 9%9% Used 78% RM5 0.022
6:21:49% PM 6:21:459 FM: : TXCC=>TEPD dx 369B85.753 dy 438.425 dz 9667.594 Ratio 98% Used 88% RM3 0.017
6:22:02 PM 6:22:02 PM: : TXCC=>TXTI dx -103561.545 dy 528%2.632 dz 71122.173 Ratio 97% Used E81% RM3 0.023
6:22:0% PM ©:22:08 PM: : TXCC=>TEED dx 564%3.083 dy 54411.737 dz 115710.8%4 Ratio 100% Used &7% RM3 0.014
6:22:11 PM ©:22:11 PM: : TXCC=>TEBE dx -23%23.918 dy 39073.918 dz 66795.254 Ratioc 99% Used %1% BMS 0.018 v

Figure 67: Batch Processing - Expanded Status Bar - Log Tab

4.3. Single Vector Processing

Single vector processing can be used to further refine solutions yielded from batch processing.
Click the Vector item on the Vector tree or select from the map.

W

/ TXCC=>TXBE B i Process Fa

)3' Properties Ctrl+Enter

s Zoom Ctrl+Space
Tx ¥ Delete solutions Del

. Inverse

= FRuntime Ctrl+R

Differences Ctrl+G
Commeon satellites Ctrl+H
TXBE >

e

Figure 68: Vectors Selected - Runtime Option

Once the Runtime option is selected, the bottom pane appears (shown below).
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4 [ [[]an =0
» 4 [Gps =5 [ ]

» [A [[lGLONASS
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7/22/2022 9:20:00 PM

04:40:00.00

10:13:20.00 15:46:40.00
Time(GPS) (Min: 7/22/2022 1:53:30 AM | Mase 7/22/2022 6:30:00 PM )

€3 Runtime

Figure 69: Runtime Option Selected - Bottom Pane

. - Run post-processing
. - Run post-processing by parts. Click on it to produce multiple solutions.

&2 Process by paris X

Enter epoch number

254
Cancel

Figure 70: Process by Parts

= - Multiple or single satellite strips selection mode.
= - Erase all Selections.

= - Erase red strip.

™ - Print a chart.

Il - save chart as a raster file.

& - Show entire timeline (after zooming).

The left pane is intended for enabling / disabling satellites and the start / end times may be
edited. The settings button opens the settings tab of properties which is further described
below. The Common sats and SkyPlot were previously described.
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4.4,

Solution

The solution is accessible through the map and from the project pane.
I 7 I
‘ Solutions (3) > \ Properties  Ctrl+Enter
# TXCC=>TXBE > W Delete Del
“y Zoom Ctrl+Space
[T Disable Ctrl+D
"' Enable Ctrl+E
c
Residuals CtrieF | ——
° #  TXCC=>TXBE (1) » N Properties  Ctrl+Enter
# TXCC=>TXBE(2)  » % Delete Del
# TXCC=>TXBE (3) » , Zoom Ctrl+Space
T Disable Ctrl+D
¥  Enable Ctrl+E
Residuals Ctrl+F
& Report Ctrl+R
[l Export >

Figure 71: Solution Menu Options

4.4.1. Properties

Selection of Properties option opens the Solution Properties window. The first tab shown is the
coordinates tab (shown below).

The coordinates tab shows:
Base and Rover coordinates on epoch date of the project.

e Solution components in XYZ.
Sigma’s are diagonal elements of correlation matrix. Only coordinate systems declared

within the project are available.
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&3 TXCC - THBE / Selution 1 X
Coordinates  Statistics  Antenna  Satellites  Settings
XYZ BLH Grid X¥Z  NEU

Rover Increment
Latitude  |N 287 25 25.26473" | x [230239140 | m
Longitude W 97° 44' 07.65795" | v [z00730437 | m
Height  [43.5778 | m  z [s6795.2414 | m
EPOCH  [0.0000 |

Base Sigma
Latitude [N 27° 44' 26.90056" | x Jocoa: | m
Longitude |W 97° 26' 30.04574" | v [oois2 | m
Height  [-0.8853 | m 2 [oooss | m
EPOCH  [0.0000 |
@ wose4 v| Length [309983395 | m

Residuals Delete Close

Figure 72: Solution Properties - Coordinates Tab

The Statistics tab shows:

Fisher statistics.

Left Satellites used.
Min/km = Time span divided by length.

Begin, End time shows time tag of observation session.
Process time is post-processing time and date.

Total and left code and phase data in the solution.

Number of total and left phase ambiguities.

Time span equals epoch number multiplied by record interval.

RMS residuals = sqrt(sum(sgr(v)) / n), v — residual, n — epoch number. ¢ Fix ratio —
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& THCC - TXBE / Solution 1 *
Coordinates  Statistics  Antenna  Satellites Settings
Begin time Measurement total |‘|2680'.-' |
[7/22/2022 v|[sz1z0am  F2

i Measurement used |‘|0518'.-' |
End time
(772212022 v||11:5830PM 21| Ambiguitytotal  [161 |
Process time Ambiguity fixed |35 |
[12/20/2022 v|louzazem 2
e |Fixed | Time span 1108 min
RMS residual |l[}|,[J‘|'.-"]Ir | m it |13'53 |
Fix ratio log | =
Satellites used |33 |
Epochs |22‘|? |

Residuals Delete Close

Figure 73: Solution Properties - Statistics Tab

The Antenna tab shows:
o Type —antenna model (NGS US convention)
Height Type — antenna measurement point.

Serial — antenna serial number.

Height Value — direct distance between measurement point and ground point.
Offsets — distances between ground point and point of interest.
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& THCC - TXBE / Solution 1 *
Coordinates  Statistics  Antenna  Satellites Settings
Baze Rowver
Type Type
| "| £ | "| ’
Height Height
Type | Vertical(ARP) v|  Type |Verticaliarp) ~ |
Value |0,[JO-IJD | m Value |0,0DCHJ | m
Offsets Offsets
MNorth |0.[JD'[JD | m MNorth |D.D[JD'[J | m
East  [0.0000 | m  East  [ooooo | m
Vertical [0.0000 | m  Vertical [0.0000 | m
Serial number (30972602 | Serial number 5000117310 |
Residuals Delete Close
Figure 74: Solution Properties - Antenna Tab
The Satellites Tab shows a snapshot of the Timeline plot.
& THCC - TXBE / Solution 1 x

Coordinates  Statistics  Antenna

Satellites

Settings

TXCC - TXBE

04:40:00.00

Residualz

Delete

1/22/2022 6:33:20 PM

Time{GPS) (Min: 7/22/2022 5:31:30 AM | Mae 7/22/2022 11:5%:30 PM )

Close

Figure 75: Solution Properties - Satellites Tab
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The Settings Tab shows a snapshot of the post-processing settings window.

&3 THCC - TXBE / Solution 1

Coordinates  Statistics  Antenna  Satellites  Settings

Engine type | Default

Engine mode

@ Auto

() Fixed

() Float

() Code

) L1 only

(O L2 only

(O L5 only

O uaLzals

() Wide lane

Troposphere [] Use precise ephemeris
Madel [] Interpolate base
[] Save residuals

+ Pressure hPa [] Lift and Tilt
~ Humidity %
rd Temperature *C
e

Cut off mask  [12°

Max distance km
rd

Residusls | Delete | | Close

Figure 76: Solution Properties - Settings Window

4.4.2. Residuals

This option opens a plot displaying residual values contained in the recordset. Residual
statistics are shown in the status bar on the bottom.

@ Residuals

mEAR IR | w0

Frequency

0.09 ‘ u v

008 4 [Jan

007 » & ZJGes

0.06 4 M ]GLONASS

005 [ @GLONASS 1

one M @cLonass 3
— g 4 @GLonass 4
Tl 7 @GLONASS 5
g w & @ctonass7
3 oo [ @GLonass s
=
= O & @acLonass 9
§ -0.01 |3 4 @ GLONASS 11
s 4 @GLonass 14
g -002 =
3 M @GLonass 15
3o & @aGlonass 17
3 -00¢ M Glonass 1e

005 |- 4 @GLonass 21

006 ) % [ @ Glonass 24

007 *

-0.08

-0.09

04:40:00.00

10:13:20.00 15:46:40.00 7/22/2022 9:2000 PM
Time(GPS) (Min: 7/22/2022 | Max: 7/22/2022 11:59:30 PM )

Figure 77: Residuals Plot

Statistics for a single satellite can be displayed or exported by right-clicking on the preferred
satellite in the right pane. Select ‘View’ for a plot or ‘CSV’ to export (shown below).
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Figure 78: Display / Export Single Satellite Residual Data

4.4.3. Report

This option will open a solution report. Report options (time, time format, coordinate system, unit
type, angle type, angle and length rounding) are available (shown below).

Solution name TRCC - TXBE Solution type

Process time 12/21/2022 11:17:41 BEM Fix ratio

Begin time
End time

Measurement used

Satellites used

Used cbservations

7/22/2022 12:00:00 AM
7/22/2022 11:59:30 EM

108009 of 164629 (34%
discarded)

GPS(11)
€1 CP C2 P2 L2 C5 LS

Time span,min
Interval ,sec

RMS

Single solution report

Fixed
100%
1440
30.000

0.014 (m)

Ses=sion name txcc2030.22d.gz

Receiver TRIMBLE ALLOY
Recelver number o

Receiver ID 5B2Z6R40025

Antenna TRM57971.00 HONE
Serial number 30978602

Antenna height, (m) Vertical (ARP) 0.000

Ant. delta, (m) 0.000/0.000/0.000

Phaze center variations:

X, m -731659.096

Y, m —-5601556.947

Z, m 295110B6.103
Latitude N 27° 44" 26.87068"
Longitude W 97° 26' 30.04339"
Height, m -10.39%9

Ephemeris Broadcast Temperature, °C 20
Cut off angle,” 12 Pressure,hPa 980
Engine Default Humidity, % 50
Processing mode Auto

Point name TXCC TXBE

txbe2030.22d.g2
TRIMBLE ALLOY

]

5B30R40014
TRM57971.00 HONE
5000117310

Verticel (RRF) 0.000
0.000/0.000/0.000

—755583.017
-5562483.027
3017903.357
N 28°% 25% 25.23503"
W 97° 44' 07.65574"

48.080

Figure 79: Report
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5. Adjustments

Geodetic network adjustment uses a Weighted Least Squares method for solving over
determined linear systems (AX = L). Depending on the dimensions (2D / 3D) of the adjustment,
the design matrix A has 3n or 2n rows (where n is the number of solutions) and a structure
comprising of +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. L is an array of solution
components dX,dY,dZ. Inthe case of adjustment in geocentric linear equations, the equation

system is:
XM _XN = dX,
YM - YN = dY,

Zy — Zy = dZ, where X,Y,Z are unknown coordinates of M and N network points.

The redundancy of the network adjustment is the number of rows minus the number of columns.
This is subject to a weight matrix W. The solution of AX = L is then ATWAX = ATWL, where W
is a block diagonal matrix formed using solution covariance matrices.

The network adjustment solves two main problems:
1.) Post-processing solution accuracy estimation and outlier / blunder detection.
2.) Calculation of final ground point coordinates tied to reference points and statistics.

Solution accuracy (1.) runs in inner-constrained mode. To overcome the singularity of the
normal matrix ATWA, we use a singular value decomposition (SVD) method. The research of
networks adjusted in inner-constrained mode detects the impact of outliers / blunders in the
post-processing solution accuracy estimation.

The detection of outliers / blunders is treated using Pope’s T — test. This method computes
standardized residuals u; = \/% to detect outliers / blunders in iterations and remove suspicious
data from the design matrix. Iterations continue until outliers / blunders have been minimized
and the X? — test is passed depending on the significance level (68%, 95%, 98%) and the
degrees of freedom. g;; are diagonal elements of the cofactor matrix:

Quy = Q;; — AQ,, AT, where Qy; is a block diagonal matrix of 3x3 dimension solution and Q,,,, is

the invers of the ATWA matrix. The T — test treats the solution as an outlier / blunder if a
1
residual exceeds the T — value. %,n — m is determined in t — distribution, €z= 1 — (1—X)n,

where « is a user-defined significance level. Level 99% corresponds to minimum restrictions
whereas level 68% corresponds to maximum restrictions. Note that the t — test uses
standardized residuals for outlier / blunder detection instead of absolute values, so small
residuals can be treated as outliers / blunders as well.

The Least Squares method deals optimal results in geodetic adjustments if GNSS data post-
processing solution errors are normally distributed. The X2 — test checks if the solution errors
are normally distributed by comparing unit weight error u and X? statistics.
1
X dnm <K= g VW< X
The X? — test estimates the consistency of the solution covariance matrix, Q;, relative to a
posteriori statistic. A failed X2 — test indicates the GNSS data logging sessions were too short

and loop closures are often big with u out of limits.
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The inner-constraints adjustment runs in relative coordinate systems. To show inner adjustment
results in a cartographic window, we shap relative coordinated networks (Net) to the first listed
reference point (if it exists) or to the first listed site.

For the calculation of final ground point coordinates (2.), the network (Net) must be snapped to
the ground reference points and the final adjustment should be run under external constraints.

5.1. Net

To start the adjustment, switch to the adjustment tab in the project pane. Solutions that
complete the process procedure are subject to adjustment. The first step of the adjustment
procedure, using inner constraints (detailed above), is to evaluate loop closures. Justin
software uses the edge category to show loops. The edge category will appear as a result of
the solution adjustment. The solution is a result of vector post-processing and a special layer,
edges, represented in the map pane.

Loop closures represent additional estimates of post-processing data accuracy. Loop closures
are the sum of solution components. Loop detection is running during the network adjustment
procedure.

4 . |Metwork
4 Ay Sites
» ¢ TXFE
4 Ly TXTI
4 TXTI
¢ TXPL
W TXBE
FTHCU
¢ THPO
¢ TXPV
¢ TXED
> g TXCC
4} |Reference points
L TXBE-ref
4 | 5clutions
| Blunders
i Disabled
4 |Commen
# TXFE=>TXBE (-0.0014, +0.00
# TXFE=>TXPL (-0.0028, -0.000
# TKPO=>TXBE (+0.0044, +0.C

>
>
>
>
>
>

Figure 80: Adjustments - Net Tree

Upper items in the Adjustment tab are:
¢ Net — Main adjustment item.
e Sites — list of adjustment objects.
o Reference Points — List of control ground points with postulated coordinates using
external-constraints.
e Solutions — Subjects of adjustments
o Blunders — not passing the T — test.
o Disabled — Solutions excluded in interactive mode.
o Common — Solutions passed all tests and included in the final results.
¢ Kinematic — Kinematic solutions (detailed below “Adjustment of Kinematic Solutions”).
e Precise Point Positioning — Site precise positions.
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4 __]Netwcrrk "
4 & |Sites
» D TxFE
4 L TXT
A TXTI
» S TXPL
= 9 TXBE
L TXCU
» ¢ TXPO
> S TXRY
> P TXED
» L THCE
M Reference points
L THBE-ref
A TxeD
4 _JSqutions
[\ |Blunders THFE|171.488
[\ | Disabled
4 [ |Commen
# TXPO=>TXBE (+0.0042, =
# TXPO==TXPV (+0.0000, +
# TXTI=>TXPO (+0.0009, -0

TACUs2.732

THED|-7.0686

THPV|-16.575

TXTI57.828

354, TXEE48.077

F

95%

XPOl-20.753

Figure 81: Adjustment — Network

Sites are point objects shown on the map with cartographic signs relative to the legend. Sites
are generated from standalone raw data Recordsets solutions. The cartographic sign reflects
its origin (receiver calculated, standalone, post-processed or adjusted). The snapped sites are
green in color.
Shown above:

e TXAN is a standalone solution.

e TXTl is a post-processed solution.

e TXCU is snapped to a reference point.

Edges are linear objects created by adjustments. Edges connect to adjusted sites and from a
network as shown above. Edges are shown on a special map layer. An edge table exists in the
adjustment report to show residuals and relative error. There are several edge types:
Single-ended — Share only one site within the network (TXCU — TXHA).

Bridge — Connects Loops (TXPL — TXKC).

Blunder — Failed the t — test, colored brown by default (TXPL — TXKC).

Common — Passed the 17 — test, colored blue by default (TXKC — TXED).

Loops — A list of independent loops generated under the restriction of minimum edges quantity
in a loop. Loop closure residuals are indicated depending on adjustment mode (XYZ / NEU).
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5.1.1. Net Menu

Right-click on ‘Net’ to show Net menu items.

4 || |Networl Al
4 Bsie [ Adust F10

» @ [0 Settings  Ctrl+Alt+Enter

4 5 W Clear Alt+Del

. % Reports >

- il Export »

Figure 82: Adjustments - Net Menu

Adjust — Run a network adjustment. The last adjustment will be dropped.
Settings — Opens the adjustment settings window (detailed below).

Clear — Drops the last adjustment.

Reports — Generates a selectable popular format report.

Exports — Exports files in selectable popular formats.

Adjustment settings allow for selections of blunder rejection, constraints, loops, blunder
detection and confidence level.

&9 Process *
Static
Blunder rejection Blunder detection
(® Automatic ® Xz
() Interactive () NEU
Constraints Confitence Level
) Inner Tau test
@® Fixed Chi2 95% v |
Loops
Ehorz [00500 m Ahor opm
Evert [0.1000 m Aver opm
OK Cancel

Figure 83: Adjustments - Network - Adjustment Settings

e Blunder Rejection — This is how blunders are processed.

o Automatic Rejection — Runs adjustments in iterations where blunders are
detected and excluded step-by-step until they are minimized (batch blunder
processing).

o Interactive Rejection — Runs adjustments in an interactive dialog window (shown
below) step-by-step allowing the user to cancel a solution at each iteration (step-
by-step blunder processing).

e Blunder Detection — Blunder qualification in inner-constraints adjustment.

o XYZ - Residuals are calculated in a geocentric coordinate system.
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o NEU - Residuals are calculated in the topocentric coordinate system. There is
additional specifications of 2D / 3D to separate horizontal and vertical sources of
error. If an edge is marked as a blunder in NEU 3D mode, it follows to readjust
the network as 2D to excluded vertical error components due to data input error
(e.g. antenna height).

Confidence Level — Post-processed solutions based on GNSS data obtained in short
sessions of observation may have low absolute accuracy and small standard deviation
errors overvaluing its impact in the adjustment due to large values within the weight
matrices. Edge residuals must not exceed sigma more than 2-5 times in the case of
normal distribution or errors. Otherwise, the solution should be detected as a blunder.
Confidence level settings allow for control of the blunder detection procedure. Unit
weight error must correspond to solution accuracies. Regular u — value varies from 0.4

t0 1.6. X2 1 < p? = ﬁ(VTWV) < X? . computes more accurate limits using
>

1—o<5,n—m
the degree of freedom and confidence interval values. 99% is the weakest limit. The
blunder detection procedure will affect the X2 — test. Control of confidence levels for
both tests allow the X? — test to pass well.
Constraints

o Inner — Adjustment of a free network with no constraints. Residuals depend on
network geometry and solution quality. It is a significant preliminary network
adjustment which run automatically within a constrained network. It is
recommended to run it in advance separately to minimize blunders / outliers.
Inner-constraints adjustment computes site positions in a relative coordinate
system. The results may be similar to a fixed constraints adjustment with one
reference point.

o Fixed — Adjustment which can be completed if network sites were snapped to at
least one reference point. If not snapped to at least one reference point, Justin
will provide a warning to the user. The statistic of the accuracy of reference
points does not affect the residuals or computation but can be used for accuracy
estimation.

Loops — Constant E (in meters) and linear parameter A (in ppm) define an acceptable
limit for loop closure. An equation is AL = E(VN) + AL; where N are the number of
edges in a loop, L is the length of a loop. Loops with overpassed closure are colored red
in the left project pane.

Shown below is the interactive dialog window which appears if blunder rejection is set to
interactive.
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r =1 U o
&3 Adjust interactive IE il %
Status Name X Y Y4 Tau “ -
7 TXPL - TXGZ 0.0223 0.1373 -0.0565 8.18 w 7 Reject
/ TXPL - TXGZ -0.0142 -0.0965 0.0435 5.45 s
/ TXPL - TXGZ -0.0142 -0.0965 0.0435 5.45
/ TXGZ - TXPL 0.0169 0.0929 -0.0389 5.28 E Subnet Tau = 3.037
7 TXSE - TXPL 0.0043 -0.0431 0.0208 2.34 e
¥ / TXGZ-TXSE | -0.0023 | -0.0286 0.0091 1.97 P
| 7 TXSE - TXGZ 0.0026 0.0279 -0.0088 1.95 Chilow = 0.031
7 TXSE - TXGZ 0.0026 0.0279 -0.0088 1.95 Chi high = 2.241
/ TXPL - TXSE 0.0033 0.0182 -0.0055 1.52
| 7 TXSE - TXPL 0.0032 00170  0.0048 1.42 Chi2 test : No
| / TXSE - TXPL -0.0032 -0.0170 0.0048 1.42 [
l - 4
i |
: l Complete ‘

Figure 84: Adjustments - Network - Network Settings - Interactive Blunder Detection Dialog Window

The interactive dialog window shows a list of network edges and the X, Y, and Z components of
edge residuals along with tau statistics in a table format. The tau column shows the maximum
components of standardized residuals along the X,Y,Z/ N,E,U axes. To the right of the table
shows common network statistics:

e Common tau-value.

¢ Unit weight error (UWE).

e Low and High limits of the X2 — test for UWE.

To exclude an edge from the adjustment, select a row in the table and click ‘Reject’. Press and
hold the Ctrl or Shift button to exclude more edges at once. By clicking ‘Reject’, the ‘Restore’
button re-runs the adjustment. The dialog window will re-generate to continue. The ‘Complete’
button allows the user to end the iterative process.

The goal of interactive mode is to pass the X? — test. It is recommended to exclude edges with
the highest values in the tau column. It is not possible to reject a bridge edge as it will split the
network into two sub-networks. If attempted, Justin software will warn the user of this
impossibility. In the case were a network needs to be divided into 2 or more sub-networks, the
user should disable the edge solution prior to the adjustment process. A rejected edge is kept
in the table, but the values are excluded from the adjustment and are shown in gray. A rejected
edge may be restored by selecting it and clicking ‘Restore’.

5.1.2. Kinematic Solutions

Processing data from multiple kinematic bases generates new trajectory objects in the
Kinematic node with options:
e Adjust — This will run a kinematic solutions adjustment.
o Properties — This will show the properties of the new trajectory object within the
Kinematic node.
Zoom — This will show the entire trajectory.
e Delete — This will drop the last adjustment from the project and redraw the map.
Report — This will generate a standard report.
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4 [\ |Metwork
A -g}_]S'rtes
* I baza330685_0717¢c
F ﬁ,_] Reference points
L baza3s5065_0717¢
4 [ ]Sclutions
.__L'l Elunders
.| Disabled
ujCommcm
4 L.L] Kinematic
W merged(baza35065_0717¢)
W bort0140717¢(baza35065 07170
|| |Precise Point Position | Repert  Ctrl+R
[l Export >

Figure 85: Adjustments - Network - Kinematic Solution - Trajectory Object Menu

4 [\ |Network
4 & |Sites
» i baza35065_0717c »
4 M Reference points h

L baza35065_0717¢

4 LﬂSqutiuns
L:._]Blunders
|| Disabled
L, |Common 4 1| Vectors
4 [[JKinematic 4 [ =7/17/2021

4 by baza35065 0717¢
Fl 5 merged

. Solution 1

4 [ s bort0140717¢

»* Soluticn 1

' merged(baza33065_0717¢c)
W bort0140717¢(baza35065_0717¢)

Figure 86: Adjustments - Network - Kinematic Solution - The Kinematic Adjustment
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Figure 87: Adjustment - Network - Kinematic Solution — Trajectory

Selecting a row in the table pane generates the orange portion on the graph (shown above).

The kinematic adjustment could be running if multiple base solutions exist. In this case, only the
Kinematic node is populated. A new trajectory object is intended to control the adjustment

workflow.

Page 57 of 98



5.1.2.1.

Kinematic Settings

Kinematic settings are accessed by clicking on the kinematic item and selecting settings, this
will open the Adjustment settings window (shown below).

Figure 88: Adjustments - Network - Kinematic Solution - Kinematic Settings Window

&9 Process

Kinematic

Use fixed solution
Fixed priority

[J Use float selution

[IMaximum length of base line

x

Range |CI

0K

Cancel

Options in the Adjustment settings window include:
Use Fixed Solution — Only fixed solutions are used in the adjustment.
Fixed Priority — Ignore other solutions weaker than a fixed solution (float, ect.) if a fixed
solution exists.
Use Float Solution — Both float and fixed solutions will be used in the adjustment within
the solution covariance matrices.
Maximum Length of Base Line — Sets a maximum range parameter acceptable in the
adjustment. This is the distance between the base and rover epoch positions.

5.1.2.1.

Kinematic Report

This option will generate a standard report with kinematic settings used.

Use fixed: True FPixed priority: True

Use float: False Maximum range: 0

Recordset name: bort224_0710a(log2_0710a, trmz_0710a)
¥o Time Latitude Longitude Height, = Residual
1 2017-07-10 04:22:08.000 N 71° 01 53.22108" £ 180° 00* 00.00000% -413582 497 0.000,m
2 2017-07-10 04:22:05.000 N'71® 01" 53.22107 £ 180° 00 00.00000" -413582.506 0.000,=
3 2017-07-10 04:22:10.000 N 72" 01 s53.22120" £ 180° 00 00.00000" ~413582.522 0.000,=

Figure 89: Adjustments - Network - Kinematic Solution - Kinematic Report? No New Image
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6. Project Settings

The Project Settings are located within the main program window. Click on Project — Settings to
gain access to this option.

&9 Project information st
Filename |C:\Justin Manual\Kin-1.jxe | L Max epach gap |30'D |
Created |‘ID,.I‘&I‘ZUZ1 ~ | |5:10:23 PM = |, Min recordset size |3 |
Creator | | Criterion for static |5. 0o | m
Agency | | ® Tolerance for static |3.[]0 | m
Comment Max vector length |30{J0 | ke
Epoch |1/6/1980 v].
0K Cancel Default

Figure 90: Project Settings - Project — Settings

The left side of the Project Settings window contains:
Filename — Name of the current project file.

Created — Date and Time of project file creation.
Creator — Optional information of project file creator.
Agency — Optional information of project file agency.
Comment — Optional comment information.

The right side of the Project Setting window contains:

¢ Max epoch gap — The maximum number of skipped epochs between any two adjacent
epochs within data.

¢ Min sample size — The minimum number of epochs to process the data.

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

e Tolerance for static — The maximum distance at which the recordsets refer to the same
point.

¢ Max vector length — The maximum length of processed vectors.

e Epoch — The date of the project
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7. Coordinate Systems Manager
The Coordinate Systems Manager is accessed using the main menu program item or by clicking

the coordinate systems manager icon &

eSS

&) Coordinate systems manager

4 |_|Favorites
» . |Default

Project

O

X

4 . |Project
» _ |Default

-
>

Figure 91: Coordinate Systems Manager

The default coordinate systems are WGS84, WGS84 (ECEF), and World Mercator.

4 | |Favorites
4 [\ |Default
@ wosaa
L+ WESB4{ECEF)
225 Waorld Mercator

Figure 92: Default Coordinate Systems

Click the add subfolder “J to add a subfolder to the Favorites root item subfolder’s name.

Click on the customize the list of preferrable coordinate systems ¥ if needed.

4 -___JFavc:-rites
» [ |Default

Mew folder

Figure 93: Subfolder Addition

@ Ceoordinate systems manager

I+ 89

Pt &ﬂ GeoData Ctrl+G
! Mew Ctrl+M

# Localization  Ctri+lL
,___]J Default

Figure 94: Customize Coordinate System List
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7.1.

GeoData Database

To search in the Javad geodata database, select the preferred geodata subset.

&3 GeoData

O x

4|

Search by | Mame

-

| .

» [l |Continents
» [ |Global

[] Custom transformation

Back

MNext

Figure 95: Geodata

Click on the subset to expand the item and continue to the desired folder:

@ GeoData o X 4 GeoData - o % @ Geobata - o X
Search by [ Name ~l | .2 ® Search by [ Name ][ | . % Search by | Name ~|l | .2 ®
4 []Continents 4 [JContinents ~ 4 [[]United States (USA) ~
> [afica > [Jafica » [[JAmerican Samoa
> [Antarctica » [Antarctica » [[JSPCSINADET)
> Llasia > [asia » [[JspcsADE3 2011)
> [JEurope > [europe » [JsPCs(NADE2 2017.5)
> [ INorth America 4 [[INorth America » [JUTMNAD27)
» [ ]Oceania » [[JAntigua
» [JSouth America » [JTrinidad and Tobago
» [Giobal » [ United States (USA)
» [vi s, British
jin Y ©
[ Custom transformation [ Custom transformation
Back Next Cancel Back Next ] Back Next Cancel

Figure 96

. Iltem Expansion
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Opening the desired folder brings up the specific list of preloaded coordinate system:

@ GeoData

O

Search by | Name ~ ||

| .

X

-

4 [ ]SPCS[NADS3 2011)
221 NADS3{2011) / Alabama East
=22 NADB3(2011) / Alabama West

232NADS3(2011) / Alaska zone 1

LLL]

22 NADS3{2011) / Alaska zone 10
=52 NADB3(2011) / Alasks zone 2 -

232 NADB3(2011) / Alaska zone 3 -

LLL]

228 NADS3{20711) / Alaska zone 4 -
=22 NADB3(2011) / Alaska zone 5 -

232 NADB3(2011) / Alaska zone 6 -

.

228 NADS3{20711) / Alasks zone 7 -

228 NADS3(2011) / Arizana Central
=22 NADB3(2011) / Arizona East

222 NADS3(2011) / Arizona West

228 NADS3(2011) / Arkansas North

LLL]

sna MANRAINT Y/ Arkancae Sauth

144-141°'W
148-144° W
152-148° W
156-152° W
160-156° W
164-160° W
=22 NADE3(2011) / Alaska zone 8 - N of 54.5% N: 168-164° W

221 NADS3({2011) / Alaska Albers Equal Area Conic

232NADS3(2011) / Alaska zone 9 - M of 54.5° N; W of 168° W

~

[] Custom transformation

Back

Mext

Caneel

Figure 97: Selection of Coordinate System

If “Custom transformation” is checked, an additional window with a list of valid transformations
appears after clicking “Next”.

@ GeoData

Mame |NAD83[ZD11] [ Alabama East

»#~ Show properties selected transformation

J5 HTDP WGS84(ITRF2008) to NAD&3{2011) / SPCS83 Alabama East zone
L WES84(ITRF2008) to NADS3(2011) / SPCS83 Alabama East zone

Back

Cancel

Figure 98: Custom Transformation

Click on the search button 21 to search, then to input stored in file transformation, then “Add” or

“Back” to return.
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7.2. Create a New Coordinate System

To create a new coordinate system, either click on the " button or right-click on the Favorites
item, then select “New”:

Add coordinate system
4 | |Fave

» [ |Default

Figure 99: New Coordinate System

A new window with options of coordinate system types will appear:
@ - O X

Select type of coordinate system:

‘I-; Earth-Centered Earth-Fixed (X¥Z)
o Geodetic Datum Ellipsoid{BLH)

aEn
muE Projection(Grid)
smm

Figure 100: Coordinate System Type Selection

Select the Projection (Grid) option to specify the datum. It is possible to select on of the existing
datums or create a new one. Datum parameters correspond to the transformation from
ITRF2008(WGS84), which is the main system in Justin.

7.2.1. Specify a new Datum

Specify the ellipsoid from the drop-down menu or input new parameters:

& - O X
Select ellipsoid or enter parameters:
|wes 84 v |

Semi-major axis  |6378137.000 m
InverseFlattening |298,257223563 m

Back

Figure 101: New Datum Specification

Clicking “Next” allows for input of the 7 parameters of the Helmert transformation:
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& — O X
WGE534 to target coordinate system

Helmert Transfermation (7-param. linear)
X-axis translation
lo.000 P

Y-axis translation
lo.000 P

Z-axis translation
lo.000 | &

X-awis rotation
0° 00" 00.00000" |

Y-axis rotation
0° 00" 00.00000" |

Z-axis rotation
0° 00" 00.00000" |

Scale difference
Jo.000 | ppm

Back MNext

Figure 102: 7 Parameter Input

Clicking “Next” allows for projection selection:

& - O

Baze on
(® WiGSE4 () Current

Select a geoid or select a geoid file or skip:

EGM2008 (Earth)

p EGMO8-REDNAP (Spain)
EGMOB-REDNAP CAMARIAS (Spain)
EGM2008 (Belarus)

EGM2008 (Earth)

| EGM96 (Earth)

FIN2005MNO0 (Finland)
GAD2012 (Earth)
GCG2016 (Baden-Wirttemberg)

Figure 103: Geoid Selection

9 — O >

Select projection:

|Transverse Mercator w |
Back Mext

Figure 104: Projection Selection
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Next, specify geoid or click “Skip”. Then select ellipsoid:
[ - O X

Base on
® WGS84 () Current

Select a geoid or select a geoid file or skip:

| EGM2008 (Earth) v
File [sgm2008.db3 |L#)
Skip Back Next

Figure 105: Select Geoid or enter own Geoid

@ - o x

Transverse Mercator
Latitude of Origin
[ o° 00 00.00000" |

Central Meridian
[E 0 00 00.00000" |

Secale Factor
|o.000000 |

False Easting
|o.000 |

False Morthing
lo.000 |

Prime meridian
[E 0 00" 00.00000" |

Back Mext

Figure 106: Projection Details

Clicking “Next” allows for entering the new coordinate system name:
b — O X

Name |I'\Iew coordinate system |

Figure 107: Coordinate System Name

Clicking “Add” finishes creating a new coordinate system.
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7.3. Coordinate System Options

Selecting a coordinate system from the Favorites menu allows for coordinate system options.

7.3.1. Properties

Selecting Properties opens the selected coordinate system properties window, shown below.

@ MNADE3(2011) / Texas South Central / GEQID12E (ConlUs)

- O *

Horizontal Time-Dependent Positioning Standard US State Plane 1983 Model GEQID_ADAPTER_COMMON
Flattening (source) Flattening Geoid model file
298257223563 | [pssasrazz10 | geoidizb_conusdb2 | 4
Flattening (target) Prime mendian PAR_BASE_OMN
298257222101 | [eo- oo c0.00000" | [selected |
Prime mendian (source) Semi-major axis
[E 0 00* 00.00000" | [s378137.000 | m @ =—> @& Fovar
Prime meridian (target) Zone ID
[E 0= 00° 00.00000" | fmxsc |

Reference frame ID (source)

|15 | G - EEE Forward
Reference frame ID (target)

[ |

Semi-major axis (source)
l5378137.000 | m

Semi-major axis (target)
l5378137.000 | m

m e _;Q Forward

Figure 108: Coordinate System Properties

7.3.2. Edit

Click this option to edit the selected coordinate system. Every complete coordinate
transformation from WGS84(ITRF2008) to a target coordinate system is a chain of consecutive
transformation.

Icons on the top bar of the Edit window contain:

I - save Transformation.

] - save Transformation with new name.
¥ - Add Transformation.

¥ - Insert Transformation.

® - Delete Transformation.
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@ - o x
<~

HE +4%%

BLH Horizontal Time-Dependent Positioning Standard US State Plane 1983 Model GEOID_ADAPTER_COMMON Grid

Latitude N 07 00 00.00000" Flattening (source) Flattening (Gonlme e North m
[298.257223563 | [pse.257222101 | [geoid12b_conusdb3 | 4

Longitude [ 07 00’ 00.00000" — East m
Flattening (target) Prime meridian PAR_BASE_ON

Height  [00000 | m 298257222101 | [E0" 00" 00.00000° | [Selected e Height m

T oo Prime meridian (source) Semi-major axis _ ) mem
[ 0° 00 c0.00000" | [678127.000 | = @& —> @ o

[® woss4qTrra008) -] Prime meridion (targed E—— 35 NADB3(2011) / Texas South Certra ~ |
[ 0° 00 00.00000" | [rxsc |

Reference frame ID (source)
[15 |
Reference frame ID (target)

[ |

@ =P i Forwad

Semi-majer axis (source)
6378137.000 m

Semi-major axis (target]

6378137.000 m
& =P @ Fforvad

Figure 109: Coordinate System Edit Window

The far-left panel is designed for input / output coordinates in WGS84(ITRS2008). The far-right
panel is designed for input / output coordinates in target coordinate system. Each panel in the
middle represents consecutive transformations. These middle panels are highlighted by green /
red to indicate correct / incorrect links between output data from the previous transformation and
input data on the current transformation.

@ — O ®
HE|I+5 %

BLH MDL_GEODETIC

Latitude  |N 0° 00" 00.00000"
Longitude |E 0° 00° 00.00000"

JOINT_ADAPTER

One or more coardinate transformation
incorrect

Semi-major axis

6378137.000 m

& =P @ sackwerd

Flattening Helmert Transformation (7-param. linear) Horizontal Time-Dependent Positioning
Height  [0.0000 | m  [seasre23ses | P s (s
EPOCH  [p.o000 Prime meridian Jo.00z | m [nF

[E 0~ 00" 00.00000" | V-axis translation Flattening (target]
| @ woseamRr2008) -] [o002 | m [nF

@ =P L Backward

Prime meridian (source]
[E 0 00" 00.00000°
Prime meridian [terget)
[ 0 00" 00.00000°

Z-avis translation

[o002 | m

X-ais rotation
o 00 00.00000" |

Reference frame ID (source)
| s

Y-axis rotation
‘Uv 00' 00.00000"

Z-auis rotation Reference frame ID (target
o 00 00.00000" | s

Scale difference Semi-major anis (source)
Joooo | ppm 0000 | o

Semi-major axis (source) Semi-major ais (target)
Joooo | m [ooo0 | o

Semi-major axis (target)
Jo.oo0 | @

& =» @ roved

Flattening (source)
IIne |
Flattening (target)

IIne |

Prime meridian (source)
[E0° 00" 00.00000" |

Prime meridian (target)
[E0° 00" 00.00000" |

Q@ =P @ rorvard

Figure 110: Coordinate System Edit Window

Validation between transformations is detected by coincidence type of input / output data. The
type of transformation is shown on the bottom:

e > -ECEF.

e ® - Geodetic.
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o - Grid.
o @ - Combined (variant types of coordinates).
Transformations can be forward and backward, indicated by colored arrows:
e =P _Forward.
o == _Backward.
Transformations can be added using the " icon, inserted using the “% icon or removed using
the = icon.
The selected transformation is highlighted by the blue frame.

@ - O X

BE eSN

i MDL_GEODETIC -

Latitude N 0° 00' 00.00000" | Semi-major axis X |6378137.0000 | m

_ |6378137.000 | =

Longitude [E 07 00 00.00000" | : ¥ lo.0000 | m
Flattening

Height  |0.0000 | m | |o98.257223563 || z |o.0000 | m

EPOCH  [0.0000 | |  [Erime meridian EPOCH  [0.0000 |
[E 0° 00" 00.00000" |

@ WGSB4(TRF2008) ~ | |} WGSSA(ECEF) ~ |

'ﬁ wele Ls Backward

Figure 111: Edit Window - Selected Transformation

Transformation parameters can be added or inserted:

J+ MDL_GEODETIC

G Helmert Transformation {7-param. linear)
==z Projections

gi Geoid

# Localizations

Figure 112: Add / Insert Parameters

Geoids can be added:

J! base on WG534

g base on selected system

Figure 113: Geoid Options

A localization can be added:

#  Grid plane and vertical localization
#  Grid plane localization

#  Vertical Offset

Figure 114: Localization Options

After selection options bases on the selected system, the user will need to select the panel
where the data will be sued to determine the geoid height. Click « for information about the
reference system. To change geoid files, click the #/icon. New geoid files will be copied to
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Justin’s program geoids folder. Valid transformations have all panels colored in green, only valid

transformations may be saved; either by the save M icon or by the save as 1 icon. The name
and type should be unique. To rewrite an existing coordinate system, select it in the window
below.

7.3.3. Backup / Exchange
Creation of a backup file for the Favorites item is recommended as it assists in the case of new
Justin version installation or running several instances of Justin on multiple PC’s. Click on the

create backup file & icon with naming conventions:
Parameter_Year-Month-DayTHours-Minutes-Seconds.jcs, where file is saved in
C:\Users\Username\Documents\Justin\CoordinateSystems folder.

To restore a Favorites list from a list of backup files from the
C:\Users\Username\Documents\Justin\CoordinateSystems folder. Click on the restore Favorites

@ icon. A list of restore points will show in a window:

Param_AutoGenBacklUp

Param.jcs

Delete >
Param_2022-12-21T17_50_22.601Z jes
Param_2022-12-21T17_51_02.337Z jcs
Param_2022-12-21T17_51_05.193Z jcs

Figure 115: Restore Points

Coordinate systems can be exchanged using the right pane of the Coordinate systems manager
window. Click on the Project tab to activate:

Project Importl F.xportl Reference points

4, | Project
.| Default

[ 4 ]
«*

»

Figure 116: Active Project Tab? No new Image

Use the left and right buttons shown on the left to copy coordinate systems from the program
database to a project. The Import tab allows the user to click on a selected coordinate system
and click open. A copy can be made from the Import tab by selecting a coordinate system and
clicking on the left button to copy that coordinate system to the program database.

The export tab allows for exporting a coordinate system by selecting the clicking on the right
button. Coordinate systems can be saved by selecting that option from the drop-down menu.
The Reference points tab allows for the user to copy coordinate systems to the Favorites
program database using the left button.
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&9 Coordinate systems manager - d *
i
+|S89
4 -_JFa\-'Drites Project
4 [\ |Default 4 _ Project
S+ ITRF2014 » | Default
=
@ woses 252 NADS3(2011) / Texas South Central / GEOID128

J WGSBA(ECER)
EEEW-:: rld Mercator
@ naD27(76)
=22 NADB3(2011) / Texas South Central / GEOIDAZ

-
>

< >
Figure 117: Coordinate System Manager Window

7.3.4. Other Options

Rename — Click on the selected object to rename and edit the name.
Cut — Use an option for cut and paste.

Copy — Use an option for copy and paste.

Paste — Use an option for pasting from buffer.

Clone — Create an instant copy; will have suffix of *_Clone’.

Delete — Deletes the item after confirmation.
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8. Reference Points

Justin software treats reference points as points within a catalog of postulated coordinates.

Raw data post-processing results in vector components in XYZ / NEU. Justin needs at least
one reference point in the preferred coordinate system for post-processing components to be in
this same preferred coordinate system. In practice, the user will collect data in the field over the
preferred reference point and collect data in the field over the preferred rover point. Getting raw
data from both locations, snap the beginning of processed vector to reference point and adjust.

8.1.

Reference Point Manager

Click on the reference point manager A icon, located in the toolbar, to open the Reference

point manager window.

&% Reference points manager

A SS

4 [ |Favorites
A MDVI-REF
L TXBE-ref
. TWEN-REF

0K

Edit  Project

d x

Name [MDVJ-REF

»YZ

X 28454556961

v 21600544637

z |5265092.2403

EPOCH [0.0000

| J» wasa(ecen)

"|'l'!

Sigma Type
X |0.0002 m

¥ |0.0002 m
Z |0.0002 m

Main  Velocity

Save

Cancel

Plane and wertical ~ |

Cancel

Figure 118: Reference Points - Reference Point Manager Window

The Reference point manager window toolbar contains:

Creates a new folder.

o -

o 4 - creates a new reference point in a selected folder and enable the right panel for

editing and saving.
e L& - Import exchange files (jst).

-

o i Export reference points (.jst or .txt).

D

J tﬂl - Creates a backup file.
- Opens backup files.

[ )
@
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The Reference point manager window’s left panel has Reference points as the root item. It may

contain some subfolders. Clicking on folder items invokes the menu, shown below.

@ Reference points manager

AISS

4 -__]Favorites =
LMDV =

bo7wer

MNew folder

Copy

Paste

N Delete

il Import
[l Export

Shift+Ctrl+N

;LTJ(EE %, Mew reference point  Ctrl+N

Ctrl+C
Ctrl+V
Dl

Ctrl+|
Ctrl+E

Figure 119: Reference Point Manager - Left Panel - Folder Menu

Items in the left panel folder menu contain:

New folder — Creates a new subfol

New reference point — Creates a new reference point in a folder.

Copy — Copies item to buffer.

der.

Paste — Pastes from buffer into the selected folder.

Clone — Clones a folder.
Delete — Deletes a folder.

Import — Opens dialog window to import file points (.jst) into the folder.
Export — Exports a folder in selected file format (.jst or .txt).

The right panel of the reference point manager window offers four tabs (Edit, Project, Import and
Export).

The Edit tab allows for editing of reference point properties, shown below.

Edit  Project

Name |MDVJ-REF

XNZ

X [2845455.696

v [2160954.4637

z [5265993.3403

EPOCH [0.0000

| J+ wess4(EceR)

"|'l'/

Sigma

X |0.0002
¥ |0.0002
Z |0.0002

Main  Velocity

Type | Plane and vertical ~ |

m

m

m

Save

Cancel

Figure 120: Reference Point Manager - Right Panel - Edit Tab
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Depending on the item in focus, the right panel may be empty (‘=™ folder selected) or contain
reference point information (‘4 ™ reference point selected). Click

Select element

4 || Favorites

}, cs1

> -y Default

e L,) Project

» -1y.) Default
..... = NAD83(2011) / Texas North Central

Figure 121: Select New Point

Click %/ to open a list of accessible coordinate systems.

Edit  Project

Name |TXBE-ref

XVZ
X |-755582.3000 | m
v |-5562424.5060 | m
z [3017202.5370 | m
EPOCH [20100000 |
|J+ NADE3(2011) v] %,

Sigma Type | Plane and vertical

~ |

X000z m
¥ |0.0002 m
£ |0.0002 m

Main  Velocity

Save Cancel

to start with a new point:

Figure 122: Select Coordinates

Select preferred coordinate system, then type coordinates, and click save to add a new point to
the list in the left panel’s selected folder.

4 - | Reference points
p - _1_] CORS_US
e b be_educ

Figure 123: New Point Added to Left Panel’s Selected Folder

Click on the Speeds/Epoch tab to view or type speeds if required. Time-dependent coordinate
systems use predefined velocities (e.g., HTDP transformations), user-defined speeds have

priority.
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EPOCH  [0.0000 |
| J+ WGSB4(ECER) v %,
[ Velocity
X |0,000-0 | m/year
b |0,000-0 | m/year
z |0,000-0 | m/year
Main  Velocity

Save Cancel

Figure 124: Speeds/Epoch Tab

The Project tab opens the project repository and reference points exchange. Use the left and
right buttons to copy folders and reference point items.
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9. Localization

To convert the coordinates obtained by GNSS data processing from WGS84 to a local
coordinate system, it is required to:

1.) Have reference coordinates in the local coordinate system.

2.) Have coordinate transformations which connect the local coordinate system to WGS84.

The order in which coordinates are calculated is shown below:

XYZ BLH XY&H, XY&H, local
XYZ, WGS 84 SIE . W cartographic W coordinate
geocentric 4 geodetic projection system

Figure 125: Coordinate Transformation Order

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

Xr  dXx Xs

Yr =dY + M =R+ Y5 (9.1), where X, Y, Zs and X, Yy, Zp are WGS84 geocentric coordinates
Zr dZ Zs

and reference coordinate system accordingly (S=Source, T=Target); (dX, dY,dZ) are
translations along the axes (X, Y, Z); M is the scale factor.

M = (1+dS =10 — 6). The size of dS is indicated in the list of datum Justin parameters in ppm.

The rotation matrix R = Ry * Ry * R;Rx * Ry * R;, where:

cosR; sinR; O cosR, 0 —sinR, 1 0 0
Ry = —sinR; cosR; 0,Ry= 0 1 0 ,R;=0 —cosR; sinR3(9.2)
0 0 1 sinR, 0 cosR, 0 —sinR;z cosR;

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

Xs R1 Xr dX
Y:s = 7 YT —|dY (9.3)
Zs Zrl ldz

The Helmert transformation is a similarity transform in which the scale factor is the same for
each coordinate. The combination of the 7 parameters for transformation

(dX,dY,dY,dS, Ry, R,, R3) and the ellipsoid is called the datum. In the list of Justin datums, the
signs of the parameters correspond to the transition from WGS84 to the reference system.
Example: dX = +10 meters.XR = X(WGS84) + 10.

The calculation of geodetic coordinates with the use of geocentric coordinates (item 2 of the
transformation scheme) is performed by iterations using the formulas:

tanlL = Z,
X 2
VA e“xNxsin B
tanB = VX2+y?2 + VxZ+yz ' ©4)
H=Y*"_ N
cosB
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Where N is the radius of curvature of the first vertical, e? is the square of the first eccentricity of
the ellipsoid. The reverse transition to rectangular coordinates X, Y, Z from geodetic
coordinates B, L, H is described by the formulas:

X=(N+H)*cosB *coslL,

Y=(N+H)*cosB *cosL, (9.5)

Z=(N+H-—e?%N) xsinB.

Where e is eccentricity and N is the radius of curvature of the first vertical.

To calculate geodetic coordinates, there is a 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 Hgy.0;q geodetic (ellipsoidal) height, which is measured along the normal to the ellipsoid, to
H,¢no Orthometric height is performed by the formula:

Hgeoia = Horeno + ¢, (9.6) where { 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. The transformation
performed between two rectangular coordinate systems is specified on the plane. Finding the
parameters of the transformation is typically called localization or calibration. Planned
transformation formulas are:

Nr _ dN Ng _[cosa —sina

Er = dE 4+ M * R * E, (9.7). Where R = [sina cos ]

Ny = dN + M * (Ng * sina + Eg * cos a), (9.8). Where dN, dE are offsets along the coordinate axes.
Ns, Eg, Nr, E7 are Northing and Easting rectangular coordinates on a plane. « is the turning
angle, counted clockwise. M is the scale factor. The formula for inverse transformation for
coordinates on a plane is:

Xs _R7|[XT dX

Y = 7[ |- [dY]]’ (0-9)

The formula of altitude transformation is:

Hy = Hg + dH + ay * Ng + ag * Eg, (9.10). Where H; is the height in the original coordinate
system, dH is the height increment, a, and ay are slope angles along the Northing and 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 and 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. Typically, this is called a 4+3 datum. This highlights the difference between it
and the datum with 7 parameters, which is used for calculation of geocentric coordinates
transformations.
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9.1. Localization Window

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

on the icon & . In the opened window, click | and select Localization.

&3 Coordinate systems manager
v SS9
4 | aZ] GeoData Ctrl+G
New Ctrl+N
# Llocalization Ctrl+L
__] Default

Figure 126: Program - Coordinate Systems — Localization

The Localization window has a bar of icons across the top, a settings panel and a coordinate
entry table.

&9 Localization - O *
1 N 1

BMERR X0 O »E=%

Network coordinate system ’ Transformation Cenfidence level

Select projection: | Oblique Sterecgraphic | y [1 Adjust Central Meridian Interval [0° 00" 10.00000"

Network Reference Residuals
E.. Ty.. Name Latitude Longitude Morth, m East, m X, m ¥, m EV
4 Paint
Figure 127: Localization Window
9.1.1. Icon Bar

The icon bar contains:

M - save a new localization.

I - Save localization as. ..

L% - Import files (.jps, .txt).

i,’ - Export localization points.

"’ - Calculate localization.

7 - Restore table default settings.

- Activate / Deactivate bookmark.

O - Add columns to enter point coordinates accuracy estimates.
" - Add row to end of table.

~ - Add previous row.

== - Remove selected row.

* - Delete all rows.

T - Set column width to maximum cell length of current column.

By clicking on either of the save icons (save new or save as...) the localization will be saved to
the program database.
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Select element

Vv | Favorites
..... # 111

Figure 128: Saved Localization

Select a folder in the Favorites coordinates system. Not only transformation parameters are
saved but all table data as well. It is possible to save unprocessed data.

9.1.2. Data Table

The main window is comprised of the 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 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.

Network Reference Residuals
Ensble |Type | Hame Latitude Longitude Height, m North, m East,m Height, m North, m |Esst,m |Height,m |EV
PV L Point

Figure 129: Titles of the Data Table

In the input window, each line contains information about one item and contains the following
columns:
¢ Include — The selected checkbox means that the coordinates of the point will be used
when calculating the parameters. Otherwise, the point in excluded from the calculation
process. In this case, the corresponding row in the table is shaded, residuals are not
calculated.
e Type — Sets the type of transformations in which a specific item can be used.

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

e ..#=.. - Plane and Height. 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).

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

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

o Name — Item name.

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

o V (residuals block) — residuals of points of the coordinates by the corresponding
component and residuals by radius vector.

Enable |TypeW MName Latitude
LA Brint
«~  Plane and vertical
Plane
Vertical

Figure 130: Item Type Selection

9.1.3. Working with Input Fields

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 1-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 1-test. In addition to the T1-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 Enter, 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:

Network Reference Residuals

En...|Ty...| Name Latitude Longitude Height, m North, m East, m Height, m North, m  [East, m Height, m |EV

~ Py 1516 M 56.176179647222220° E 40.499016344444442° 66.7820 196784.7730 227240.9850 46.7420 -0.0052 -0.0055 0.0287 0.0293
~ Py 2168 M 56.119438752777775° E 40.365503455555555% 190295.4070 219080.6280 73.9024 0.0113 0.0009 0.0119
~ Py 2191 M 56.172783727777777° E 40.412466941666065" 41.5936 196293.2460 221879.8550 21.5035 0.0044 -0.0077 -0.0835 0.0839
~ i 281 N 56.104133377777778° E 40.435410919444443% 23.3102 188679.6640 223463.8840 3.3402 -0.0010 0.0045 0.0156 0.0163
~ iy 93 M 56.123838377777780° E 40.342110919444444% 190756.6650 217616.2070 41.4294 -0.0062 -0.0105 0.0121
~ i Kusunovo M 56,117389074999998° E 40,507669730555556° i 190251.2770 227927.4280 55.6004 -0.0019 0.0119 -0.0168 0.0206
~ iy Polevaya M 56.174029341666667° E 40.389102130555557% 196402.4400 220425.9350 74.2039 -0.0035 0.0037 0.0609 0.0611
~ iy Suzd_road M 56.183803394444446° E 40.449105019444446° 94.2970 197567.3030 224129.5750 74.2570 -0.0003 -0.0071 -0.0020 0.0074
17 py Jur M 56.175465305555555° E 40.332062708333332° 97.0828 196492.4220 216380.3480 77.1284 0.0028 0.0098 -0.0031 0.0107

Figure 131: Data in the Height Column

When the coordinates are entered in the table in the columns of the Network block and there is
no value of any planned 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 (site 1516). The
result will be similar to deleting item information from the table or unchecking the check-box in
the Enable column). The discrepancies of the row will be zero, and their fields in the table are
highlighted in white:
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Netwark Reference Residuals
En...| Ty..., Name Latitude Longitude Height, m Morth, m East, m Height, m Morth, m  |East, m Height, m |EV
~ 1516 N 56,176179647222220° E 40.499016344444442° 66,7820 196784.7730 227246.9860 46,7420 -0,0057 -0.0064 0.0095 0.0128
~ 2168 M 56,119438752777775°% E 40,365503455555555° 93.9124 190295,4070 219080.6280 73.9624 0.0117 0.0005 0.0223 0.0252
~ 2191 N 56,172783727777777° 41,5936 196293.2460 221879.8550 21,5036
~ 281 M 56,104133377777778° E 40.435410919444443° 23.3102 188679.6640 223463.8840 3.3402 -0,0007 0.0042 0.0314 0.0317
~ 93 N 56,123838377777780° E 40.342110919444444° 614373 190756.6690 217616.2070 41,4294 -0.0064 -0.0108 -0.0457 0.0474
~ Kusunovo M 56,117389074999998° E 40,507669730555556° 75,6604 190251.2770 227927.4280 55.6004 -0.0013 0.0115 -0.0211 0.0241
~ Polevaya M 56,174029341666667° 94,1339 196402.4400 220425.9350 74,2039
~ Suzd_road N 56,133803394444446° E 40.449105019444446° 94,2970 197567.3030 2241295760 74,2570 0.0000 -0.0081 -0.0121 0.0145
i Jur { N 56.175455305555555° E 40,332062708333332° 97.0828 196482,4220 216880.3480 77,1284 0.0024  0.0080  0.0157 00182
Figure 132: Missing Data in the Field
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 1536 does not use plane coordinates.
Network Reference Residuals
En...|Ty...| Name Latitude Longitude Height, m North, m East, m Height, m North, m  |East, m Height, m |EV
'7 ! 1516 N 56.176179647222220° E 40.499016344444442° 66,7820 196784.7730 227246.9860 46.7420 -0.0083 -0.0062 0.0177 0.0204
~ 2168 N 56,119438752777775° E 40,365503455555555° 93.9124 190295.4070 219080.6280 73.9624 0.0108 0.0017 0.0318 0.0336
~ 4_ 2191 N 56,172783727777777° E 40.412466941666665° 41,5936 1962932460 221879.8550 21,5036 0.0040 -0.0065 -0.0809 0.0812
~ (o] 281 N 56,104133377777778° E 40.435410919444443° 23.3102 138679.6640 223463.8840 3.3402 -0.,0009 0.0058 0.0058
~ 4_ 93 N 56,123838377777780° E 40.342110919444444° 61,4329 190756.6690 217616.2070 41,4294 -0.0072 -0.0100 -0.0352 0.0373
~ “ Kusunovo N 56,117389074993998° E 40,507669730555556° 75.6604 190251.2770 227927.4280 55.6004 -0.0012 0.0110 0.0015 0.0112
~ (2] Polevaya N 56,174029341666667° E 40,389102130555557° 94,1339 196402, 4400 220425.9350 74,2039 0.0661 0.0661
~ “ Suzd_road N 56,183803394444446° E 40,449105019444446° 94,2970 197567.3030 2241295760 74,2570 -0.0012 -0.,0060 -0.0101 0.0119
F A Jur | 303535555° E 40,332062708333332° 97.0828 196492,4220 216880.3480 77.1284 00038 00101 00092  0.0142

Similar rules apply to coordinate columns of the Reference block

Figure 133: Item Type

are not entered (for all three columns) remain empty, and when importing a file with a
coordinate value missing in the corresponding input template, a message is displayed indicating
the line number in which it is absent or incorrect data is given:

. Fields in which coordinates

Network Reference
En...|Ty...| Name Latitude Longitude Height, m Morth, m East, m Height, m Morth
ol 4:_ 1518 N 55,170179647222220% E 40.499010344444442° 66,7320 196734.7730 227246.9860 46,7420
v ;; 2168 N 56.119438752777775% E 40.365503455555555° 93.9124 190295.4070 219080.6280 73.9624
|l 4:_ 2191 N 56.172783727777777° E 40.4124665941666665° 41.5936 196293, 2480 221879.8550 21,5038
¥ L 281 N 56.004133377777777° E 40.4398083883385892° 188679.6640 223463.8840 3.3402
¥ L 93 N 56,123838377777780% E 40.342110919444444¢ @ i O %
F 4 Kusunovo N 56.117383074999998° E 40.507669730555556° ImportTemplate.tit - SciTE -
= A Polevaya M 56.174029341666667% E 40.389102130555557°| File Edit Search View Tools Options Language Buffers Hel
.- P guag P
V4 Suzd_road N 56.183803394444446° E 40.449105019444446° T - o+,
B DR S Qb
¥ i Jur M 56.175465305555555% E 40.332062708333332° N N .
1 Line 4 Latitude,’' : 5 -» Not correct
2
< >
line 1, column 1 (INS) (CR+LF) - O chars selected

Figure 134: Input Error Message

Window with the message can be closed. This, it is possible to manually enter the known
coordinate value leave the field blank.
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9.1.4. Input 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) are displayed, three parameters of the
vertical transformation (if calculated), 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.

Grid plane and vertical localization
Northing offset
[2431800.707 'm

Easting offset
638142611 |'m

Rotation
|104°DB'52.93113' |

Scale difference

|6327894.538 | ppm
Vertical Offset
-18.615 |'m

Morth indination
0°00' 01.15830" |

East indination
-0° 00" 01.00556" |

[v2] |20349901336.0232 |

RMS  |50435.4802 |

Figure 135: Conversion Options Tab

9.1.5. Settings Panel

The settings panel is designed to select various settings and parameters when calculating
conversion parameters. All settings are drop-down menu options.

Network coordinate system |WG584 v| ’ Transformation |PIaneAndHeight v| Confidence level
Select projection: |Oblique Stereographic v| p [ Adjust Central Meridian Interval |0°00' 10.00000

Figure 136: Settings Panel

e Network Coordinate System — The network coordinates drop-dow list is used to define
the type of coordinate system for the coordinates that will be imported into the Network
block.

Metwork coordinate system | WGES34 £

Create new
Select
MADS3(2011) [ Texas South Central f GEQID12E {Conls)

Figure 137: Selecting the Coordinate Type

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
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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
Justin 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 Justin
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 Justin 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 Justin 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.

e Transformation — The transformation drop-down list is used to define a set of calculated
parameters:

o Plane (default) — 4 parameters of the horizontal transformation are calculated.

o Height — 3 parameters of the vertical transformation.

o Plane + Height — 4 parameters of the horizontal and three parameters of the
vertical transformation.

o Shift — 2 parameters of the horizontal transformation (shifts slong the North and
East axes).
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Transformation |PlaneAndHeight e

Flane
Height

PlaneAndHeight
Shift

Figure 138: Transformation Selection

¢ Adjust Central Meridian — The checkbox is designed to select the central meridian when
calculating transformation parameters.

If the checkbox 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 Select projection list of coordinate systems. If the checkbox 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
Interval 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 [V2] 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 edit button.

L - O bt
Transverse Mercator

Latitude of Origin
|N 0° 00’ 00.00000" |

Central Meridian
|E 0= 00' 00.00000" |

Scale Factor
|0.000000 |

False Easting

[0.000 | m
False Morthing
[0.000 | m

Prime meridian
|E 0° 00’ 00.00000" |

Figure 139: Plane System Parameters for Translation into the Reference Coordinate System

The values of these parameters are updated after each calculation of localization with the Auto-
select CM checkbox checked or at any time can be changed manually in this window. If the
Auto select CM checkbox is not selected, the values of these parameters are entered only
manually and do not change during the calculation.

During 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
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squares are displayed in the Progress window with a progress bar with the Auto-select CM
checkbox selected.

Progress x

Interval = 0= 00" 10.00000%, Current central meridian = 40° 00" 21.51962"
Best central meridian = 35° 25" 11.51962° [V2] = 20349901336.0232

Cancel

Figure 140: Progress Window

Confidence Interval — Confidence intervals are set to searching blunders in the T — test. The
95% confidence interval corresponds to stringent criterion whereas the 99% confidence interval
corresponds to a wider error interval.

Confidence level

99%

Figure 141: Confidence Interval Selection

9.1.6. Importing Coordinate Points into a Table

In the bar of icons of the localization window, click B Inthe dialog, it is possible to import text
files of any format and text files of the saved template (*.jl). In the new window, select the file
and click open. The Batch Coordinate Processing Templates window will appear, where the
user may select or configure an import template.

&3 Select import template X
Template Columns
------ 1 Column Value ~
2 Latitude,
3 Latitude,'
4 Latitude, ™
5 Longitude, ®
& Longitude,'
7 Longitude,”™
8 Height
9 Local Marthing
10 Local Easting
k11 Local Height W
= Add N Delete = Add - Insert N Delete
Decimal Separator I:I [J1gnore empty [] column names
Separator |:| Space [Tab

Combine lines [ oelete quotes
| oK | Cancel Visual Import

Figure 142: Batch Coordinate Templates Window
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After creating a template and clicking OK, the coordinates will be imported into the table in
accordance with the template. The type of template depends on the coordinate system (XYZ /
BLH, Grid) from the network coordinate systems drop-down list.

The user may also import text files from a saved template by selecting the *.jl format. Specify
the file in the dialog and click open. The coordinates will be imported into the table.

9.2. Save Localization

The user may save a localization by clicking on:
o M - save Localization. Type name for a new one.

o Fl _save As Localization.

Select element

W J Favorites
..... # 111

Mame | 3

Ok

Cancel

Figure 143: Save Localization

Saved Localizations store not only transformation parameters by also localization tables. It is
possible to save a table independently. In this case all parameters equal zero. All localizations

are stored in Favorites.
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10. Antennas

The antennas panel can be activated through the Program option of the main menu and then
the Antennas item or by clicking on the T iconin the top ribbon.

@ Antennas - [m} X
- f . e
+BLROEL| & M+ D %
Searchby l:l . %] | Mo [3avTRIUMPH_1M nONE | s clomass
L1(co1) L2(G02)
- 7] JAVAD GNSS A || Aliases ‘JAVTRIUMPH_].M NOME v| okt ‘ &4
-7 JAVGISMORE ~ MOME Azimut\Zenith 0°  5°  10°  15° 20° 25° 30° 35° 40° 45° 50° 55° 60° &L A
77 JAVGRANT.G3  NONE Menufacture [JAVAD GHSS | b Noszmut 000 007 024 033 020 0.4 093 189 228 252 236 431 L3 4
";i:ﬁi:m—g:g; ;“'OG:E Bescrnt 0 000 0.14 0.34 043 0.26 0.22 083 -168 -223 -246 238 214 -1.94 -
2 escription
-‘I-‘JAVGRANTiGETJ NOMNE e 5° 0.00 0.14 0.35 044 0.282 -0.20 -0.91 -1.66 -2.21 -2.43 -2.33 -2.07 -1.B84 -
7 _
> JAVGRANT GIT14G JVGR 10° 000 045 0.36 0.4 0.30 0.18 089 164 218 238 225 194 186 -
- JAVGRANT_G3T1+G NONE 15° 000 015 037 047 032 016 087 -L61 214 -231 -213 -L7T -143 -
’T“JAVGRANT_GFI' NOME 20° 0.00 0.16 0.38 049 0.34 -0.13 -0.84 -1.58 -2.09 -2.23 -2.01 -1.58 -1L17
- JAVGRANT_GST+GP JVGR Radius [sa.7s | mm 250 000 0.6 0.38 051 037 0.10 081 -155 205 215 188 139 0.91 4
- JAVGRANT_GST+GP VD 30° 0.00 0.6 039 052 0.39 0.07 0.7 -152 201 -210 -177 -L22 -0.67
I JAVGRANT_GST+GP NONE b 5440 | o 35¢ 000 0.6 0.40 0.54 0.42 0.04 075 148 193 205 169 109 0.49
7 JAVRINGANT DM VDM aFS 40° 000 0.16 0.40 055 0.44 0.01 072 -14 -196 -203 -166 -1.02 0.3 |
‘?jAVRINGAM7DM NONE Sows 45% 0.00 0.16 0.41 0.57 0.46 0.02 -0.68 -1.43 -1.95 -2.03 -1.66 -1.02 -0.36 |
> JAVRINGANT DM 5CIS Frequency North  East  Up " e e e
- 50° 000 0.46 0.41 058 0.42 0.058 0.64 140 195 206 172 109 0.4
T JAVRINGANT DM SCIT B L1(GOD) 126 145 9108
7> JAVRINGANT G5T JAVC 55° 000 0.6 0.41 0.5 051 0.09 061 -138 -195 -212 -182 -1.22 0.5 4
' - L2(G02) 264 18 90.98
’T“JAVRINGANTﬁGFI' JAVD B60* 0.00 0.16 0.41 0.59 0.52 0.11 -0.58 -1.36 -1.97 -2.19 -1.95 -1.41 -0.82
-5 JAVRINGANT_GST NONE 85° 000 0.6 0.41 059 053 0.3 0.5 135 200 227 211 163 110 4
7T JAVIRIANT - NOMNE 0° 0.00 0.6 040 0.5 0.53 0,15 -0.54 -135 -2.03 -2.35 -2.27 -L87 -L40 -
I JAVIRIANT A NONE 750 000 0.5 0.40 058 0.53 0.5 0.54 135 206 244 243 210 L7 -
"‘Li:m””ﬁ:g:—mRNf;:E 80° 000 0.5 0.33 057 0.52 0.14 0.54 -136 -209 -252 25 -230 196 -
! T 85° 0.00 0.14 0.38 0.5 0.51 0.13 -0.56 -1.38 -2.12 -2.58 -2.67 -2.46 -2.16 -
- JAVIRIUMPH_2A NONE .
<> JAVTRIUMPH 244G JVGR 0 000 0.4 0.37 054 0.48 0.10 0.58 141 215 262 273 256 229 -
2> JAVTRIUMPH_2A+P JVGR. v
4 JAVTRIUMPH_2A+P JVSD o v S 4
oK Cancel @

Figure 144: Antennas

The antennas panel is comprised of three panels (Left, Central and Right). The left panel has
four items:

JAVAD GNSS — Antennas manufactured by JAVAD GNSS.

Other — Antennas manufactured by other companies, grouped by company name.
User — Antennas added by the user.

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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v - 7| JAVAD GNSS
----- “> JAVGISMORE ~ NONE

----- "F" JANVGRANT_G3  MOME

----- “F" JANVGRANT _G3+GP IVGR

----- “F" JANGRANT _G3+GP MOME

----- "F" JANVGRANT _G3T] NOME

----- “F" JANGRANT _G3TI+G IVGR.

----- “F" JANVGRANT _G3T1+G NOME

----- "F" JANVGRANT _GST  NOME

----- “F" JANGRANT _GS5T+H5P IVGE.

----- “F" JANGRAMNT _G5TH5P V5D

----- “F" JANGRANT _G5TH3P MOME

----- "‘I-‘-" JAVRINGANT_DM  JVDM
----- “‘ﬁ' JAVRINGANT_DM MONE
----- “‘ﬁ' JAVRINGANT_DM SCIS
----- “‘ﬁ' JAVRINGANT_DM SCIT
----- “‘ﬁ' JAVRINGANT_G5T JAVC
----- "‘ﬁ' JAVRINGANT_G5T JAVD
----- "‘ﬁ' JAVRINGANT_G5T MOME
..... = JAVTRIANT MOINF

Aliazes |J.-5.'l.-'TRILIMF‘H_].I'~"I MOME V| * %
Manufacture |J.-5.'u'.-5.D GNSS |
Description
Radius |88.}"5 | mm
MPH |54.40 | mm
GPS GLOMASS

Frequency Morth East Up L
kb L1(G01) 1.26 1.45 9108

L2 (G02) 2.64 -1.86  90.93

Figure 145: Selected Antenna Parameters

Aliases — The NGS antenna descriptor.

Manufacture — The manufacturer of the selected antenna.
Description — Optional user description information.
Radius — Antenna radius.

MPS — 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.

Clicking on the o icon (in the lower-right of the Antenna window) activates the Diagram
antenna parameters panel. This shows a diagram of the main geometric parameters of the

antenna.
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The right panel contains tables

Figure 146: Antenna Geometry Diagram

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/ L2 frequencies.
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Figure 147: Phase Center Variation Table

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

%
(¥

Clone

Export

Shift+Ctrl+C

Ctrl+E

Figure 148: Clone / Export Options

A cloned antenna will have a “_Clone” suffix to the name and will be added to the user list.
Exporting an antenna will allow for exporting the ANTEX file.

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

-

5
&
N
3 |

[§ 1

Add
Renam
Clone
Delete
Import
Export

=

Shift+ Ctrl+C

Ctrl+M
F2

Del
Ctrl+l
Ctrl+E

Figure 149: Custom Antennas Menu

e Add - Add an antenna named USERANTENNA to the User list with the addition to the

name “_17, if the name USERANTENNA is already used.

¢ Rename — Edit the name of the antenna.
e Clone — Clone the antenna name.
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e Delete — Remove the antenna from the list.
e Import — Import parameters for the selected antenna from an ANTEX file.
e Export — Export parameters to ANTEX file.

For antennas in the last list used, an export option to an ANTEX file is available.
fL Export Ctrl+E

Figure 150: Export Option
The ribbon on the left panel contains the following options:
T ERNILIL @ O

Figure 151: Left Panel Options

e ¥ Add - Adding an antenna named USERANTENNA to the user list.

e % Rename — Rename the antenna name.
e ¥ Clone - Clone the antenna.

o * Delete — Delete the antenna.
o ® Import — Import of antenna parameters into ANTEX file.

o | :’r Export — Export antenna parameters into ANTX File.
. W Update Antenna Database — Update the antenna database.
o W show Diagram of Antenna Parameters — Display Antenna Diagram.

The central and right panels for the JAVAD GNSS, Other and Last Used are for informational
purposes only. For antennas selected in the User list, the ribbon of icons on the central panel
become active. The parameters and variations of the phase center of the selected antenna
become available for editing.

e %

Figure 152: Central Panel (Active) Options

M Save — Save changes in parameters.

¥ Add — Add a table of phase center variations for a specific navigation system and for
a specific signal type.

e - Copy — Copy the phase center variation table. The copied table is copied to an Excel
or Notepad++ file, where the values can be edited. The edited data is copied to the
program.

e _ Paste - Paste the phase center variation table copied into Excel or Notepad++.

e * Delete — Delete the phase center variation table for a specific navigation system and
for a specific signal type. Editing parameters can be initiated by a double-click.
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11. Aerial Camera Editor

To calculate the coordinates of camera exposure moments (events), it is necessary to set the

initial parameters.
The aerial cameras editor window can be activated by selecting the Program item of the main

menu and then the Cameras item.

& Reference points manager — O *
+ 89
F] H_]Came-ras Edit  Project
1
o Name |New Ajrplane -2 |
[ I
[ Dffsets
4 [[airplanes . Forw/Back [0.0000 | m
== Mew Airplane -1 . .
_ Left/Right [0.0000 | m
= New Airplane -2
ap  Verticsl lo.o000 | m
L ]
Comment
Save Cancel
oK Cancel

Figure 153: Aerial Camera Editor Window

The left panel has lists of cameras and airplanes defined within the program. The ribbon above
the left panel contains:
e ™ _ Enter the parameters of a new camera.
- Create a set of shifts.
e '+ _Create a backup file. Creation of a *.jac file, in which all information about shifts
and cameras available is saved.
e 9 _Restorea backup file. Restore information about shifts and cameras from a *.jac
file. Itis 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 that duplicates the
ribbon, with the addition of the following items:

i

I New Camera  Ctrl+N = New Airplane  Cirl+N
o Copy Ctrl+C ‘L Copy Ctrl+C
[ Paste Ctrl+V Iy Paste Ctrl+V
» Delete Del » Delete Del
LL Import Cirl+| [l Import Ctrl+|
{L Export Cirl+E [l Export Ctrl+E

Figure 154: New Camera / New Airplane Menus

New Camera and New Airplane will bring up the parameters window for each:
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&3 Mew Airplane -1

MName |NewAirpIane—l

Offsets

ForwyBack |0,DC|'D0

Left/Right [0.0000

Vertical |O.D[]{J[}

Comment

@1 X
Neme |1 |
Camera

Delay interval  [0.000 | ms

Focal distance  0.000 | mm

Distance to film [0.000 | mm

[ Gyro platform mounted

Comment

Figure 155: New Camera / New Airplane Parameters

The right panel of the aerial camera editor window contains information about shifts and camera
parameters selected in the left panel. Itis used to exchanged information between the project
and the program. The main functions are implemented in the ribbon of icons or right-clicking on
an object. The right panel has two tabs: Edit and Project. Further details on each is described

below.

The edit tab is used to view and edit sets of shifts and camera parameters. Forw / Back allos to
set the offset, which is measured along the aircraft axis from the antenna phase center to the

center of the film plane with corresponding signs.

enter of the il Mane
—O phulﬂltumm!

aircralt
-

aircraft asis

plus

L

phato canmera O
aircralt nose

———

antenna

center of the tilm plane

minus

alrcraft ais

Figure 156: Forw / Back Offset

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 corresponding signs.
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Figure 157: Left / Right Offset

Vertical allows to set distances from the ARP antenna to the film plane, which is measured

along the vertical axis.

&3 Reference points manager

LA

4 [\ |Cameras
]
[~ b
K3
4 [\ |Airplanes
== MNew Airplane -1

== Mew Airplane -2

- O X
Edit | Project
Name |2 |
Camera
v Delay interval |5.CIUGI | L
Focal distance |ZDCI.GIUCI | (i
v Distance to film |‘|5.DGO| | mm
[ Gyre platform mounted
Comment
Save Cancel
oK Cancel

Figure 158: Edit Tab for Cameras

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 you to set the focal length of the camera.

Distance to the film (millimeters) allows you 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.
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If Gyro mount 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,
aircraft orientation angles should be specified manually (Main menu>>View>>Events).

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

Edit  Project

4 [\ |Cameras
@l
iz
[ E
4 _JAirpIanes
== Mew Airplane -1

== Mew Airplane -2

Figure 159: Project Tab

To copy from the program database to the project database, use the green arrow (left and right)
buttons.
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12. Coordinate Calculator

The coordinate calculator is launched by pressing the @ icon.

€9 Coordinate calculator — O g
BLH BLH

Latitude [N 40° 00’ 00.00000" | Latitude [N 30° 50' 50.97738" |
Longitude [W 100° 00 00.00000" | ¥ Longitude [w oo 50" 50.05880" |
Height  [0.0000 | m Height  |0.9638 | m

EPOCH  [0.0000 tPOCH  [2010.0000 |

@ wesas v| o, |@ NaDE2(2011) v | .,

v+ Convert coordinate file

Figure 160: Coordinate Calculator

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. To expand the list copy CS from the Favorites
folder or the Project database folder; it is possible to copy any number of CS from the program
database to these folders. Establishing new CS in the program database and copying them to
the appropriate folders is described in “Chapter 7. Coordinate systems manager” on page 61.
Coordinates are recalculated by pressing the green (left and right) 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 CSs in both panels is carried out in the drop-down list
of the CS of the calculator:

2% SK-42 / Gauss-Kruger zone 7 - 36-4, ~
228 SK-42 / Gauss-Kruger zone 7 - 36-42°E

ii% RGF93 / Lambert-93

222 NADB3(MAT1) / Guam Map Grid

223 NADS3{2011) / Texas Scuth Central / G|
ii3 NADS3(2011) / Nevada Central

253 NADB3(2011) / Maryland

@ naDps32011)

g NADE3

Figure 161: Project SC Drop-Down List

Clicking on the - button opens a window with CS list in the favorites folder.
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4 | |Favorites

» [\ |Default
#1n
# 222
J+ITRF2014
252 MGl / Austria GK East - E of 14° 50'E
S MaD2T
JenaDsa3
@ naps3zon

152 NADS3(2011) / Maryland
222 MADB3{2011) / Nevada Central

2152 MADB3(2011) / Texas South Central / GEQID1Z2E (Co
152 NADA3(MATT) / Guam Map Grid

1221 RGFO3 / Lambert-93

152 5K-42 / Gauss-Kruger zone 7 - 36-42° E

Figure 162: CS List in Favorites Folder

The CS selected in this window in any folder after clicking OK is entered automatically into the

calculator’s CS list.
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&9 SK-42 7 Gauss-Kruger zone 7 - 36-42° E — O x
Helmert Transformation (7-param. linear) Transverse Mercator

X-axis translation Latitude of Origin
23.570 | m [Noe oo 00.00000° |
Y-axis translation Central Meridian
-140.950 | m  [E32° 59 60.00000" |
Z-axis translation Scale Factor
|-79.200 | m  [1.000000 |
X-axis rotation False Easting
0° 00' 00.00000" | [rs00000.000 | &
Y-axis rotation Flattening
|-0° 00’ 00.35000" | |298:300000000 |
Z-axis rotation Prime meridian
|-0° 00’ 00.79000" | |ec° oo oo.00000" |
Scale difference False Morthing
-0.220 | ppm  [0:000 | =
Semi-major axis (source) Semi-major axis
|6378245.000 | m  |6378245.000 | =
Semi-major axis (target)
l6378137.000 | m @ =P iii Forward
Flattening (source)
298200000000 |
Flattening (target]
|298.257223563 |
Prime merndian (source)
[E 0= 00" 00.00000" |
Prime mendian {target)
[E 0= 00" 00.00000" |
a 'ﬁ Backward

Figure 163: CS Parameters

By clicking the button activates the window with the parameters selected CS:

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

In the upper left corner of the panel, the type of CS selected in the panel is displayed: XYZ, BLH
or Grid, respectively, the CS changes the type of input coordinates and labels to the input fields.
Define the epoch for both the initial and final coordinates in the field.

For the batch recalculation of coordinates, click the button “Convert coordinate file”, select the
file containing the coordinates in the window “Select source coordinate file” and click Open.

In the window “Enter destination coordinate file,” enter the name of the file where recalculated
coordinates will be placed and click save.

It is necessary to specify templates of formats for input and output of coordinates. After that
coordinates can be recalculated correctly.
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€ Select import template x
Template Columns
------ i Column value ~
» 1 Emptyl
2 Latitude, =
3 Latitude,'
4 Latitude, ™
5 Longitude, ®
[ Longitude,’
7 Longitude, ™
8 Height
v
| wbAdd || NoDeete || padd | | ooInset | | 3§ Delete |
Dedmal Separator I:l |:| Ignore empty |:| Column names
Separator Space [rab
Combine lines [ pelete quotes
o[ om
Figure 164: Coordinate Input Template
@ Select export template X
Template Columns
------ 2 Column Value "~
""" 1 1 Empty
2 Morthing
3 Easting
I 4 Height
v
| spAdd || NoDekete || spAdd | | ooInsert | | ¢ Delete |
Decimal Separator l:l [1anore empty [ column names
Separator Space [rab
Quoted column names
o] ot |

Figure 165: Coordinate Output Template
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