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Welcome to the Satlab SGS data post processing software. This introduction describes how to use this software

to do systematic static GPS data processing, for better baseline vector solution results.

In order to help you use the Satlab SGS data post processing software better, we suggest you carefully read the

instructions. If you are unfamiliar with the software, please refer to http://www.satlab.com.se

Note: The contents here are special operations and need your special attention. Please read them

carefully.

Warning: The contents here are very important. Wrong operation may damage the machine, lose

data, break the system and endanger your safety.

Before using the product, please read these operating instructions carefully, they will help you to use it better.
Satlab assumes no responsibility if you fail to operate the product according to the instructions, or operate it

wrongly, due to misunderstanding the instructions.

Satlab is committed to constantly perfecting product functions and performance, improving service quality and

we reserve the right to change these operating instructions without notice.
We have checked the contents of the instructions, the software and hardware, without eliminating the possibility

of error. The pictures in the operating instructions are for reference only. In case of non-conformity with products,

the products shall prevail.

If you have any technical issues, please call Satlab’s technology department for help.
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Relevant Information

You can obtain this introduction by:

1. Purchasing Satlab products: you will find this manual in the instrument container to guide you on operating
the instrument.

2.Logging onto the Satlab official website, downloading the electronic version introduction at Partners —Partner

center.
Advice

If you have any comments and suggestions for this product, please email info@Satlab.com.cn. Your feedback will

help us to improve the product and service.

4 ‘ www.satlab.com.se
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Chapter 1

Software Introduction

This chapter contains:

- Installation
- Quick Start
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1.1.1 Software Installation

The SGS software requires at least 1GB of RAM and 500MB of hard disk. Applicable environments are as follows:
- Microsoft ® Windows NT Service Pack 4 or higher

- Microsoft ® Windows XP/7/8

- Microsoft .Net Frameworks 2.0
Run the corresponding .msi file, follow the steps to set up, and click Next until the installation is complete.

j@ Satlab Geobiz Solutions Setup @

Welcome to the Satlab Geobiz
Solutions Setup Wizard

The Setup Wizard will allow you to change the way Satlab
Geobiz Solutions features are installed on your computer or
even to remove Satlab Geobiz Solutions from your computer.
Click ™ext” to continue or "Cancel” to exit the Setup
Wizard,

<Back ([ Next> [ Cancel

la}

Figure 1-1-1 Installation

1.1.2 Software Register
When you start the software for the first time, you will be prompted with Software Unregister! If you don't regis-

ter, the PPK and the advanced baseline solution engine won't be available, and you will be reminded to register

every time you restart the software;: other functions are free to use.

e Register @
Software 1D:

Register Code:

Motice:  Registerad.

Cancel(C)

Figure 1-1-2 Register
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This chapter explains the SGS data processing software solution, through an example. It enables users to quickly
understand how to use the software. For more detailed and advanced usage, please see the following sections.
1.2.1 Static GPS Data Processing

The general procedure of static GPS data processing:

- Create a new project, and set up the coordinate system;

- Import data, and edit file antenna high information;

- Get the baseline solution, and adjust according to the residual information until the baseline quality is quali-
fied;

- Do the network adjustment, after inputting the control point information, complete the free network adjust-
ment — 84 constraint adjustment — local three-dimensional or two-dimensional constraint adjustment;

- Export various solution reports.

1. Create a new project
Select File — New to enter the New Project interface. Input the project name, select the folder where the proj-

ect is stored, and click OK to complete the creation of the new project.

2. Project property modification
After setting the project name and working directory, it will automatically pop up the Project Properties setting

interface; users can set the details of the project, including Information, Tolerance and Advanced options.

SoTh GeobizSaiuions (5657 =ler=]
ine(B)  Adjust(N) Tool(T) Options(0)  Help(H)
New (import [l save 7 Export (2 Defaut View

-x

Project

75 AllNet Project Plot
" Points

New Project e e
Project: 01252019
Directory: (€255 Project Expbre(E)
oK(Q) GancelQ)
Import
Process Baseline o %
Network Adjustment VL 93m

Export

{Eoemor 0 Ak | @0 iormaton

Figure 1-2-1 Create A New Project

Notice: The Project Properties setting interface can also be opened directly via the navigation bar.

The navigation bar contains the general process of SGS data post-processing.
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Control 1 x
ﬁ LR
| mformation | Tolerance | Advanced |
New Project
Standard: [ China Global Survey Standard 2009 - E
. Open Project
Lo g
Receiver Pracision{mm) 10 Relative Precision{ppm} 1 Project Properties
Level List: @
" VAl p Coordinate Parameter
ame e
Baseline Lenth(km) 5 r
Horizontal RMS{mm) 20
Vertical RMS(mm) 40 L
RMS for Poorest Baseline 43000
Baseline Fixed Error Unlimited
Sync Loop Closure Sqrt(3)/5 * sigma
ASync Loop Closure 3*Sqrt(n)*sigma
Import
Cancel(C) Process Baseline
Network Adjustment
Export

Figure 1-2-2 Project Properties Figure 1-2-3 Navigation Bar

3. Coordinate system setting
Select File —Coordinate System, or open the Coordinate Parameter interface directly through the navigation

bar to set the local reference ellipsoid, projection and other parameters.

4. File import

Select File — Import to choose the type of data to be loaded, click Select Files or Select Folder to choose the
corresponding data.

Users can also import files through the navigation bar.

Add Predefined | defaultl " @
Ellipsoid | Projection | Convert | Plane | Height Fitting | 2nd Grid | Config|
Source Elip WGS 1984 - i Import - x
alm): 6378137
File Type Extention Salact Files(S)
T 208.2572236
i i1 ZHD File * ZHD
[] RINEX File *.770;".085
Target Ellip  Krassovsky 1940 - [] sP3 File *.5P3 Folder(®)
alm): 6378245 [ GNSS Raw File * GNS
Aut
1% 2983

Satsurv Project

Gt

il

Figure 1-2-4 Coordinate Parameter Interface Figure 1-2-5 Import Interface

www.satlab.com.se
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Users can also import files through the navigation bar.

After importing the data, the software will automatically form baselines, synchronization loop, asynchronous

loop, and repeated baselines.

Contral

Project

Import

|
#ﬂes

Impi

=

Control Poi

int File
A

@

Stop&Go RSP File

Process Baseline

Network Adjustment

Export

Figure 1-2-6 Import Navigation Bar

5G5)—C: i |- |
Fie(F) Baselne(B) Adjust(N) ToolT) Options(Q) Help(H)
Open EiNew Mimport [ Save [~ Export [2 Default View
Contral 2% | o1-25-2019 X
Broiect 97 AllNet Project Plot] Obs-Fles [5pP and Qc [ Data | Sky Plot]
Import ", Paints
-~ . ckot File Poit  Mode  Start Time End Time, Time Span(Min) Epochs  Intervalld)  Lat Lon
Impor Hles : i‘(” »1|_k12590zsd |kt Static  |09/15/2012 101010 |09/15/2012 110630 |0056:20 677 s 04357:514875... | 1251
© okt
— o 2| _k1s91zsd  |k1 Static  |09/15/2012 111240 |09/15/2012 121900 |01:06:20 797 s 043:57:51.4998... | 125:1
= e 3| _k22500zsd  |K2 Stac  |09/15/2012 111115 |09/15/2012 12:11:40 | 01:00:25 726 s 043:57:56.7003... |125:1
Control Paint File 2 Baselines 4| _k325902sd k3 Static  |09/15/2012 10:08:40  |09/15/2012 11:04:30 | 00:55:50 671 5 043:57:56.0330... |125:11]
=) & Repeat Baseline 5 _k3selzsd  |k3 Static  |08/15/2012 111140 |09/15/2012 121515 | 01:03:35 764 s 043:57:56.9831... | 125:11
Ctopao RSP e £ sync Loop 6 |ck012590zsd |ck0l | Staic | 08/15/2012 10:07:40 |08/15/2012 110520 |0057:40 603 B 043:57:207148... | 125
O3 Async Loop 7 |ckD12501zsd |ckO1  [Static  [09/15/2012 111210 |09/15/2012 121025 |00:5815 700 s 043:57:207517... | 125:%
EESESZ;‘ZSF“:S 8 |ckD82590zsd |ckD8  |Static  |09/15/2012 1006:40 | 09/15/2012 11:0525 |00:58:45 706 5 043:57:25.5219... | 12501
Diklzsul‘zsa 9|ckos25912sd |ck0B  |Static  |09/15/2012 11:1145 |09/15/2012 12:09:15 |00:57:30 691 s 04357:255711... | 1250
[ _k225%0:2sd
[ _k325902sd
[) k3250125
5] ck012590.zsd
[ ck012591.zsd
] ckos2590.zsd
[ ck082591.zsd
Ephemeris Files
Process Baseline
Network Adjustment
Export < i 5
[ 2 x

T
{Bdoror | /L oAl (16 information]

Detals

@ Reading C3

© | Reading C:\Users\George Gump\Desktop\Static\ck012530.ZHD
@ | Reading C:\Users\George Gump\Desktop\Static\ck012591.ZHD
rs\George Gump)\Desktop\Static\ck082500.ZHD
@ Reading C:\Users\George Gump\Deskiop\Static\ck082591.ZHD

Ready

5. File information editing

Figure 1-2-7 Import Data

After the data is loaded, the system will display all the files, click Observation Files in the tree directory in the

middle, and switch the right workspace tab to Obs-Files, to view the detailed file list. Double-click on a row to

pop up the editing interface, to enter or edit the antenna height, receiver type and antenna type. Users can also

directly modify the point name, antenna type and antenna height information in the file list.

12590 z=d
Antenna | Receiver

Antenna phase center

Ant Type: V8

Is find antenna correction:

Ant Height

» | Applyto(a) |[This

1

Measure to: [ Ref.Point(Slant)

~] | Apply to(m) |[his

4

Antenna Height(m): 1.3420

True Height{m): 1.3770

| Apply to(H) |[This

4

Figure 1-2-8 File Information
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6. Baseline processing
After the data is loaded, the system will display all the GPS baseline vectors, and the Project Plot interface will
display the entire GPS network. Click Process Baseline — Process All in the menu, the system will use the default

baseline processing settings to process all baseline vectors.

$6S)—C: o [@]=
Fle() Baseine(B) Adjust(N) Tool(T) Options(Q) Help(H)
Open B ew [import [ Save 7 Bxport [ Defauk view
Contect [Rpre—="m| - x
e =% ANt =T [rofec lot [ Qb s 579 and Q| Data | Sy ]
Import 2\ Points
Process Baselne o o1
p s
Ay @
rocess Al ‘e
A o ]
)  Baselin
process /" ck012500.25d-ck08259(]
o

" cko12591.25l-ck082591 =

. [Procesing
o _K125912sd-_ka2s0. ||| 49305
* K12590.2sd_ka2520. Processing_ki2591.250-_k32591.25d

Report Optons o _k1259122d_ka2soL| |

o
" k22590 z3d-ck082591

Gnca
reseeumigreny

o _k32590.23d-ck082590.

7 DazsaLasd-ckoszss1 oo m
100
Network Adstment NN oo
— ax

E3oenor | /) 0 A @17 Information |

_K12591.25d-_k225%0259
) Std: 0,0002(<0.0200)mVertical St 0.0004(<0.0400)m Ratio:6.2(>2.0) RMS0.0083m x2 Testing :1.0(<25.0). Test Passes

20) Testing :0.9(<25.0). Test Passed

Figure 1-2-9 Baseline Processing

The progress of the entire baseline process is displayed during processing. The processing of each baseline can
also be seen from the Baselines list.

The time of the baseline processing is affected by the number of baselines, the time of baseline observations, the
baseline processing settings and the computer speed. After processing all the baseline vectors, all the solutions are

listed in the baseline list. Original unsolved baselines in the network are also changed from a light color to a deep
color.

7. Settings before adjustment

After the baseline processing is complete, the result needs to be checked. Since this chapter is a quick start, it's
assumed that all baselines involved in the solution are qualified. Normally, if observation conditions are good, all
baselines can be successfully processed at once. After the baseline solution is qualified, some baselines need to be
removed, according to synchronized observation conditions, which won't be described here.

== )

Fle(F) Baselne(B) AQUS(N) ToolT) Optons(0)  Heb(H)
£5 Open EaNew [mport [ save [#Ewort [ Defauit View

- A x| oz =

IS = | [Projsct o] Pt [control Points | 7K Fied Dota
s o
oo sasine Tacd Nome  WOSBAXm)  WGSSANm)  WGSSAZm)  LocolNm)  LocolEm)  Normel Heghim
= ] GPTI00 5255162659 1963IASE 25822
Process. Al 2 P
. s T
y N assiiessus | o7iessnis 5661
Process 5 k3 493124873 |1397720.9105 | 236.4907
Tl
ot
rocessgoptons
iy 7 k12591 2sd_k22550.
7 Tiarsoma oo
oo ons 7 Tarsorma iz
e
7 Tior00mmd chonason

 _ka2591.z2dck0B2501

Network Adjustment @ o g
| Pl m—

Export

Hessace
{EdoEror ) 0 Aerm |33 information

Testing 12(<25.0). Test Passed

Testing :17(<25.0). Test Passed

Figure 1-2-10 Set as Control Point



SHTLNB

GEOSOLUTIONS

Now go directly to the preparation of the network adjustment. Firstly, users need to confirm which sites are

control points.
Select Points in the tree directory and click the Points tab in the right workspace. Select Set as Control Point in

the right-click menu of the selected site, and these points will be automatically added to the Control Points list.

Switch to the Control Points list and double-click to edit it.

Control Point Details =]
Point Name: ckil1 Desc:

[7] Fix WGS84 Coordinate(\W)

-2648719.2786 0.0000
3759738.4737 0.0000
4404718.0294 0.0000

Fix Target Coordinate(L)

Local

) State @ Local
North(N): 4920016.2650 m=+  0.0000 m
East(E): 1396314.4683 m+  0.0000 n
Normal Height: 235.8242 m=+  0.0000 m

Comment: State control points can be used in both Constraint 3D and 2D
Adjustment, while local control points can only be used in Constrant 2D

Adjustment
Apply(A)

Figure 1-2-11 Control Point Details

Use the same method to enter all the known point coordinates.

Then select Network Adjustment — Adjust Options in the control menu to enter the Adjust Options interface to

do settings.

23]

Adjust Options

General | Weighted Strategies

Enable non-Fixed Baseline ?
@ Yes(Y) @ No(N)

3D Free
@ Fix one point(G) () Rank Defect Free (Z)

3D Biased

@) Adjust 7 Paramete(S) @ Don't Adjust 7 Para(T)

Height Fitting

Height Fitting model: [Plane v]

TAU Test
Absolute Error 0.010

Relative Error 1 ppm

Significance Level 1.0 o

OK(O) l l Cancel(C) l

Figure 1-2-12 Adjust Options
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8. Network adjustment

Select Network Adjustment — Adjust in the control menu, it will pop up the adjustment tool.

Network Adjust (=]
Adiust
© Free(F) Auto Adjust(A)
) 3D Biased(C) WGES584 Datum -
() 2D Biased and Height Fitting(T) flnceds
Result

Get Report(R)

Apply Resutt(P)

Delete(D)

Figure 1-2-13 Adjustment Tool

Click Auto Adjust, the software will automatically complete the Free, 3D Biased in WGS84 Datum and 2D Biased
and Height Fitting adjustment, according to the starting condition and form a list of adjustment results. Users

can select the results they want to view, and click Get Report to view the report.

9. Report output

Select Network Adjustment — Report Options to specify and select the output content and format.

Adjust Report Options (=]
Output Items

Baselines Input in WG&584
Control Points Input

Adjusted Baselines in WG584
Baseline Residuals

Adjusted Points in WGS584 XYZ
Adjusted Points in WGS84 BLH
Adjusted Points in Local NEZ

Report Format

@ Text file(TXT)
) HTML file{HTML)
(©) Ms Office (WORD)

OKIO) ] [ CancellC)

Figure 1-2-14 Adjust Report Options
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Then click Get Report in the Network Adjustment — Adjust to export the corresponding adjustment report.

Taking the HTML file report as an example, the entire content in the adjustment result is output as the HTML file
form.

& SR )
GO~ e e[ x |[2 g P~
e Fovotes | @ Consraint 20 Netust i TargetSytem B~ B -0 & - Pagev Seieyr Took~ @~
Content b
1000
Constraint 2D NetAdjust 3 100
it Wegh: oo
oom0
000000000
Toe

4.685577005147932-05
3.996444561481488-05
000:00:00.00000

1

Beight Fitting Paraster

As4.108457799393262-05

Input in WGS84

Taw S Destam) StDextmm)
e 00 00
Ter 00 00
e 00 00
Ter 00 00
Ter 00 00
e 00 00
e 00 00
Ter 00 54035531 00
e 00 ss03158 00

4 Computer| Protected Mode: Off A~ mow v

Figure 1-2-15 Adjust Report

Until now, the complete baseline solution result and coordinate results of each site have been obtained, and the
static GPS data processing is complete.

1.2.2 Dynamic GPS Data Processing

The dynamic GPS data contains two files, including the base station data file and the rover station data file.
After importing files, according to the method described above, set the rover station file to the dynamic type

in the right-click menu, and then choose Process Baseline: the software will process the data according to the
dynamic route mode.

¥z Solut . [E=m ==~
Fie(F) Baseine(8) Adus{i) TooT) Options(0) Heb(H)
Open Hinew “import fdsave [ Bxport [ZDefauk View
Contral [

e Plr] Ol |57 and O [ Dote_| S Pl

End Time Time Span(Min) Epochs  Inenvalls)  Lat ton

107252017 151122 |10/25/2017 153118 |00:19:56 1107 1 022585L8429... | 1132

02258:51.8260... 11321

1@
Updte Siyplot(G)
~Add StopGo RSP File(E)
View StopGolnfoll)
Delete Stop&iGo Infa(H)

Gump\Deskiop\PPK data-demolbase GNS

Rover.GNS Postion in File iz not correct it will be recalculated |

Figure 1-2-16 Switch to Static/Kinematic
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Switch to the Baselines list, the type of the baseline formed by the two files will be Dynamic.

FeF) Sasone®) Adus(t) TooT) Optons(0) Heb()
/65 Open Bitiew (import [lsve (4 B0t T oefaut vew

T I 5
Project
o¥m)
New Project -
e )| Process Options(0)..
0 SyncLoop A process )
en project
o - § £ Async Loop.
B 17 Observaton Fe
Project Properties: ) baseasd
0 Roverasd
) 407 Ephemeri Files Expot PPK Rest for HRTK(H)
CoordinateParamater Open Report Folder(0)
Delete)
Disab
01252019 )
Enabie®)
Inver)
Dot and Residul Track)
import
Process Baseine
Network Adjustment.
o0t
= -
§ B0 Eror () 0 Am | @0 Iformaton
Detats
Ready

Figure 1-2-17 Baseline List
Select the dynamic baseline in the baseline list, right click and select Process to complete the baseline process-

ing. After processing, users can right click and select Report to view the report, which forms the positioning
result of each epoch.

O O N O ——

4] x|[£ sng B
o Favortes | @ basezsa-Roverasd 5 v B v @ v Pagev Safetyv Tookv @+
Content E]
1.Reference:
PPK Report Variahle Value
‘‘‘‘‘ - Maker e
2 osnat exznses Makes e b
22 b Stop er WSS X 230588 4385
oy WS Yia): s353385770
WS Zlay a0
WosSs itude 2585184095
e —— 15213853455E
osss gt o) s
Nowtste) 2505836563
B s 0612
ot saas0
Recser type: oophus
————
RecrerS nsiesis
Aatean type: USNONE
pr——
ot eght ) o0
I R, PoaStant)
2.Coordinate Parameter
Datum ane:
3o

4 Computer | Protected Mode: OFF - mox -

Figure 1-2-18 PPK Report
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Chapter 2

Software Interface

This chapter contains:
- Main Interface
- Menu & Toolbars
- Plan View
- Tree List View
- Detail View

18 ‘ www.satlab.com.se



GEOSOLUTIONS

SHTLNB

Run SGS.exe to enter the main program of the SGS software.
The software interface consists of Menu Bar, Tool Bar, Status Bar, Navigation Bar, Message Area, and Workspace.

- 8 x

CEEREFEEE

Figure 2-1-1 Main Interface
Select the File menu to open a project: the interface is divided into several areas.
1. Title Bar
The initial purpose of the title bar is to help you quickly determine the current application class. However, you

can control for some basic programs, such as maximizing, minimizing, and exiting the software. If the project is
currently open, the project path is displayed.

2. Menu Bar
The drop-down menu is an important part of any Windows application window. It provides the majority of com-
mands for building projects, solving data and managing data.

3.Tool Bar

Provides most of the commonly-used shortcut commands to speed up various operations.

4, Status Bar

Shows tips for the current operation. The status bar can also be hidden.

5. Workspace
The user area is the main area for users to work, usually including views related to the project.

6. Navigation Bar
Stores the common shortcut commands.

7. Message Field
Outputs intermediate process information when processing data.
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Satlab Geobiz Solutions ( SGS ) — CASGS Projest\01-31-2019\01-31 stered) - x
Fie(F) Baseine(8) Adjust(N) Tool(T) Options(Q) Help(H) Menu Bar
i[5 Open Eanew [import [ save [ Export efault View
sxal ' o=
Project .
B =B AllNet TOOIBAI |1 o gicct ot Baselines Repeated Baselines Sync oo Async Loap Data Plot
Impart " Points
DERBR0EEERE
- d
k012501 25d-ck082591 23]
Process All o _k12500.z5d-ck012590.2
A k12501 25d-ck012591.25 k3
“~\ " _k12500.z5d-ck08250.z5 k2
Process * _k12591.z5d-ck082591.zs
fhy k12591 z5d-_k2259025] / ki
o~ _k12590z5d-_k32590.259
Report .
k12501 z5d-_k32501 2=

o _k22500.25d-ck012591.25
Processing Options gt _k22590.z5d-ck0B2591.251
— o _k22590.zsd-_ k32591 zs¢

4  _k32590.z5d-ck012590.25

' k32501 25d-ck012507.z5

' _k32500.25d-ck082590.2:4
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Figure 2-1-2 Several Areas of Interface
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Figure 2-1-3 Working Interface

Next, we will introduce specific operations of the main program.
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2.2.1 Menu
The main menu of the program consists of File, Baseline Processing, Network Adjustment, Tools, Settings and
Help. Each menu item has a corresponding Windows shortcut. Most of the data processing work can be done

through the operations provided by the menu items. The menu covers the main process steps.

File(E) Baseline(B) Adjust(N)} Tool{T) Options(Q) Help(H)
Figure 2-2-1 Menu

2.2.2 Toolbars
Through the toolbar of the main program, you can directly execute common functions, which can speed up the
software.

The toolbar includes Open Project, New Project, Import Data, Save Project, Export Data, and Restore Default View.

- Open EaNew *Import [ Save “* Export [ Default View
Figure 2-2-2 Tool Bar

2.2.3 Navigation Area
The navigation area is a shortcut entry to the menu bar, which can be displayed and hidden according to user

habits. It is used to save user interface or speed up operations.

The contents of the plan window mainly display auxiliary information such as the station, baseline information

and scale, and grid reference line of the project.

Project

Project Plot  Baselines Repeated Baselines Sync Loop Async Loop Data Plot

DERRDREEE

New Project

Open Project
rw

k2
/ “
Coordinate Parameter /
s00

@
Project Properties 4931000

Trmport ck01

Process Baseline

Network Adjustment 1
N
Export 4928500

]
4

...............

Figure 2-2-3 Navigation Area Figure 2-3-1 Data Plot
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1. Station
If the GPS observation station has been associated with the control point, it is indicated by A, and the point not

associated with any control point is indicated by e.

2. Baseline
Static baselines are represented by lines with arrows. When the baseline is not solved, or does not participate in

the solution, the baseline is grey, and navy blue after solution.
Move the mouse, when the mouse clicks on the static baseline, above the observation site, the static baseline

and the observation site will be highlighted. At the same time, the middle tree menu will be positioned to the

baseline.

3. Error ellipse
After the baseline solution is completed, the error ellipse of the baseline and the residual in the direction of

elevation are displayed in cyan to visually determine the quality of the solution for the baseline.

2.3.1 Graphic Operation Buttons
There is a row of graphic operation buttons in the upper right corner, you can click the button and then click on

the plot to achieve the corresponding graphic operation.

= 1) o Fete
R[QQUR| S| EE
Figure 2-3-2 Graphic Operation Buttons
Select the site and baseline of 1 Pan mov
the network graph. S anmove
Square select zoom Grid reference line displayed

Q Zoom out

Error ellipse displayed
@& |  Zoomin

Full screen N Rover point displayed

2.3.2 Right-click Menu Operation

Right-click in the plan display area, to pop up the right-click menu, and click the relevant function to realize the
corresponding graphic operation. The menu function corresponds to the graphic operation button.

- Select: Select a baseline or a station;

- Zone Frame Selection: Drag the mouse to select the area to be enlarged;

- Zoom Out/Zoom In: Click the mouse to zoom out/in the plan;



- Full Screen: Display plan in Full screen;

- Pan: Drag the mouse to move the graph;

- Grid Line Switch: Turn grid coordinates on/off;
- Error Ellipse switch: Turn error ellipse on/off;

- Save Graphics: The screenshot saves the current figure.

2.3.3 Changing the Drawing Mode
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Choose Options— Customize menu item, enter the custom configuration dialog, and you can set the drawing

mode of the plan grid reference line as a plan or geodetic coordinate, by setting the second item. The software

supports Meter, Feet or User Define Length unit settings.

P

QHED DO

Select

Select Region
Loom Out
Zoom In

Full Screen

Pan

On/Off Grid line
On/Off Ellipsoid

Save Plot JPEG

Figure 2-3-3 Right-click Menu

Customize - >
Language

English

Plot Option
® Plne O Geodetic
[ pisplay Station Code
[] Display Station Comment
Unit

Factor(m) Description
Large  [1000 | m |

Normal |1 | ‘m |

smal  [0.001 | [mm ]

® Meter

O Feet

() 1.5, Survey Feet
O User Define

Default(R) Cancel(C)

Figure 2-3-4 Customize Menu

The left of the work field is a tree list view. It is used to manage all contexts of the project, including points list,

baselines list, synchronous loop list, asynchronous loop list, observation files list, ephemeris files list. Click on

one node in the list, the detail view, which is in the work field, will display related information, according to the

selected node. Click on an observation file in the tree list, the five tabs related to the file information will appear

in the detailed view of the workspace, namely Project Plot, Obs-Files, SSP and QC, Data, Sky Plot, and show the
data plot of the file.

The first letter of the name represents a different constellation type.

G: GPS
C:BDS

R: GLONASS
E: GALILEO
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Figure 2-4-1 Tree List View Figure 2-4-1 Tree List View

The detail view of work field contains several tabs, every tab will display or hide to get different display
combinations, according to the selected node of tree list.
Notice: The tabs of detail view will change automatically according to the selected node of tree list,

users don’t need to search.

2.5.1 Pop-up Menu of Detail View

Choose one item in the detail view and right click on it, the pop-up menu will display.

Point  Mode  Start Time End Time Time Span(Min) Epochs  Intervalls)  Lat Lon

043:57:51.4875...

09/13/2012 11.06:30__00.56:20

_k12590zsd

09/15/2012 10:10:10

1 5

2| _kizsetzsd ki Static  |09/15/2012 11112:40  |09/15 Editta) 797 5 04357:514998... | 12511
3|_ke2se0zsd k2 Static  |09/15/2012 111115 |09/15 Open(0) 726 5 04357:36.7003... |125:1
4| _ks2se0zsd  |k3 Stac | 09/15/2012 10:08:40 | 09/15 Delete(®) 671 5 043:57:56.9330... 12511
5 _k32591zsd k3 Static | 09/15/2012 11:11:40 | 09/15, Convert te Rinex(R) 764 5 043:57:56.9831... |125:11)
6|cko12590zsd |cko1  |Ststic | 09/15/2012 100740 |09/15, Rinex Options(S)... 693 s 04357:207148... | 12501
7 |ck012591.zsd | ck01 Staic | 09/15/2012 11:12:10 | 09/15 Open Rinex Folder(F) 700 5 043:57:207517... |125:0
8|ck0B2500zsd  |ck08  Stafic | 09/15/2012 10:06:40 | 09/15 Switch to Static/Kinematic(C) 06 5 043:57:25.5210.. |125:04
9 |ck0B2591.zsd [ck08  [Static  |09/15/2012 11:11:45 |09/15 SPP and QC Result(?) 601 5 04357:25.5711... | 125104

Single Point Postion(E}...
Quality Check(B)...

Data Track(T)

Skyplot(Q)

Update Skyplot(@)

Add Stop&Go RSP File(B)
View Stop&Go Info(L)
Delete Stop8iGo Info(W)

Figure 2-5-1 Pop-up Menu of Obs-Files

Choose one item in the detail view and right click on it, the pop-up menu will display.

- Edit: Open Edit to modify the basic information, antenna information, and receiver information of the selected
file.

- Open: Open the selected original file

- Delete: Delete selected file

- Convert to Rinex (R): Convert selected files to Rinex format
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- Rinex Options (S): Set options of Rinex output, including version, output system, output content, output sam-
ple interval, and type of antenna height

- Open Rinex Folder (F): Open the folder of the converted and stored Rinex files

- Switch to Static/Kinematic (C): Convert the type of the selected file to static/kinematic

- SPP and QC Result (P): Click to the Single Point Position and QC tab to view the single point position and QC
results of the selected file.

-Single Point Position (F): Re-single point positioning for selected files

- Quality Check (B): Re-check the quality of selected file

- Data Track (T): Click and switch to the Data Plot tab to view the plot of the selected file.

- Skyplot (Q): Click to the Skyplot tab to view the satellite trajectory of the selected file.

-Update Skyplot (G): Regenerate the satellite trajectory of the selected file

-Add Stop&Go RSP File (B): Select and add the Stop&GO RSP file in the pop-up dialog box.

-View Stop&Go Info (L): Open the Stop&GO information file

- Delete Stop&Go Info (W): Delete Stop&GO information for the selected file

2.5.2 Property Window
You can open the property window by clicking Modify Properties in the pop-up menu, or by double-clicking an

item in the list.

- _k12590.zsd B

Antenna phase center i

ant Type: |V8 v| Apply to(A) This w '

Is find antenna correction:

Ant Height
Measure to: | Ref.Point(Sknt) ~ Apply to(M) This ~
Antenna Height(m): |1-5420 ‘ Apply to(H) || This 2

True Height(m): |1.5??D ‘

Figure 2-5-2 Property Window
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Chapter 3

Project Management

This chapter contains:
- Create a New Project
-Observation Data
-Observation Station
-Static Baseline
-Repeat Baseline
-Closed Loop
-Satsurv Project

26 ‘ www.satlab.com.se
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SGS data processing software is project-oriented. Hence, whether you carry out single point positioning, static
baseline processing, dynamic route processing, or network adjustment, first create a new project, or open an
established project.

The following steps create a new project:

1. Establish a new project, determine the project name and the save path;

2. Set the project properties and determine the quality inspection standard;

3. Input coordinate parameters in the coordinate system management;

Then proceed to the next step.

3.1.1 Set the Project Properties

TClick File Project Properties, set the project properties.

1. Basic Information

The basic information is displayed in the network adjustment report.

2.Tolerance
Setting tolerance is very important, you can use national standard or user-defined. Many tests are conducted
according to the setting of tolerance during data processing. For the national standard of tolerance, please refer

to its corresponding country. In this Software (SGS) you can adopt different standards.

7. Project Properties (=] | 7. Project Properties ESNEEN X
Information | Tolerance | Advanced Information | Tolerance | Advanced
Project: Standard: [Chlna Global Survey Standard 2009 v]
Construction: Level:
Principal: Receiver Precision(mm) 10 Relative Precision(ppm) 1
Surveyor: Level List:
Mame Value il
Start date : End date:
Baseline Lenth(km)} 5
Horizontal RMS(mm) 20
Description: Vertical RMS(rmm) 40 |
RMS for Poorest Baseline 45000
Baseline Fixed Error Unilimited
Sync Loop Closure Sart(3)/5 * sigma
ASync Loop Closure 3*Sqrt(n)*sigma
Time Zone:  |+8 v] [[] v] e
[ oxe || cncet | oK) || cancelc)

Figure 3-1-1 Project Properties Figure 3-1-2 Project Properties
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3. Advanced
Advanced settings decide the project control settings when processing data, such as using several characters in
the front of *ZHD as the point name, minimum observation time of static baseline, minimum observation time of

dynamic baseline, maximum length of baseline, forming repetitive baseline and time of closed loop, etc.

3.1.2 Coordinate Parameters Settings

Click the File menu—Coordinate System item to begin the setting.

" Project Properties (=] S Coordinate =] (|
Information | Tolerance | Advanced | Add Predefined | defaultl "
Use Common Ephemeris(E) Ellipsoid |Prcjeclion | Corwerll Plane | Height Fitting | 2nd Grid | Conﬁgl
Source Ellip  wGs 1984 v
Point name of obs file: First
a(m): 6378137
Minimum TimeSpan of Static Baseline(s): 600
1/f  298.2572236
Minimum TimeSpan of Dynamic Baseline(s): 30
TargetEllip  Krassovsky 1940 -
Maximum Baseline Length(km): 200

a(m): 6378245
When the software to Search Repeated Baselines and Loops ?

_ f:  298.3
@ Automatically(while observation files is being imported) u

(2 Manually (when i want to check it)

0K(Q) H cancel(C) [ oK H Cancel ]

Figure 3-1-3 Project Properties Figure 3-1-4 Settings

When a project is working, it generates some necessary files, which are saved in the project path and its s sub-
catalogs. When we check these working catalogs, as shown in the figure, we can see the project file named *.SGS,
a coordinate transformation file named .dam and 7 sub-catalogs under the working catalog. The Adjust file
stores the Network Adjustment information, the Baseline file stores the intermediate information of the baseline
processing, the Copy file backs up the last saved project, the EphBinData file stores the ephemeris data, the
ObsBinData file stores the observation data, the Report catalog stores file report, and the Rinex file stores the

Rinex files transformed from observation files.

{I -

Adjust Baseline Copy EphBinData  ObsBinData Report Rinex silvan_0105

2018_HAM

DATA
01-26-2019  defaultl.da  silvan 0105
m 2018.dam

Figure 3-1-5 Report Catalog
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In this way, all the data and intermediate processing result have been stored in the corresponding catalog. When
one project is finished, the entire catalog and its sub-catalogs can be packed up and saved. In addition, the project

file can be moved from one computer to another and run with no problem.

The data format of the GPS receiver is classified into two types: NMEA 0183 and original observation data.
SGS d ata processing software uses the original observation data of the GPS receiver. The raw observations of most
GPS receiver outputs are binary data in different formats.

SGS can process user-defined GNS/ZHD format and standard RINEX text formatting.

3.2.1 Contents of Observation Data

The ObsBinData file mainly stores the original observation data of each epoch recorded by the GPS receiver. Each
epoch includes the observation time, the satellite tracking information, C/A code pseudo range, P1 code pseudo
range, P2 code pseudo range, L1 carrier phase and L2 carrier phase of each channel. For static observation files of
SGS, the observation file is required to include at least the observation time, C/A code pseudo range, and L1 carrier
phase, and for dynamic observation files, at least the observation time and C/A code pseudo range.

In addition to the above information, the observation file also includes position information, initial coordinate, and
ephemeris information related to the observation file.

Observation files can be shown as the following Figure 3-2-1:

Observation File

Position Information

Initial Coordinate

Ephemeris Data or Ephermeris File

Epochl — Time and Data in all channel

Epoch2 —— Time and Data in all channel

Information Received in Observation

Figure 3-2-1 Contents of Observation data
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3.2.2 Formats of Observation Data

1. Satlab ZHD/GNS Format

ZHD/GNS observed files are all included original observation data, ephemeris data, original coordinate of obser-
vation stations and so on. Some individual versions also include point coordinates and road information collect-

ed by dynamic acquisition.

2. RINEX Format

The RINEX format is a general data exchanged format to process data from different types of receivers. The RINEX
format was proposed by the Institute of Astronomy of Bern University, Switzerland. Nowadays this format is
widely used in schools, research institutions as standard input format, while preparing software. Moreover, GPS
receivers at home and abroad can transfer observation data to RINEXT data.

At present, in order to adapt the demand of multi-system and multi-observed channels, the Rinex format has
upgraded its vision to 3.x. For more details of RIENX 2.x, please consult relative contents and appendix C. For the

Specification of 3.x format, please consult the official documentation.

3. Other Formats

SGS also supports other formats’ observation data, such as the precision ephemeris file.

3.2.3 Data Preparation
SGS data processing software can process a variety of data formats. Generally, before the GPS data processing, it

needs to follow the steps as below.

1. Data import

Click File menu—Import or click in the navigation field.

B Import — Y
File Type Extention Select Files(5)
ZHD File * ZHD

RINEX File * 270:*.0B5

] SP3 File * cp3 Select Folder(F)
GNSS Raw File * GNS

Auto o

Satsurv Project

CancellC)

Figure 3-2-2 Data Import
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On the right of the dialog box, there is a type of combo box for observing files, in this box the default content are
automated and there are two options for static observing files and dynamic observing files.

The Import catalog will automatically traverse all the eligible files that meet the conditions. It is appropriate for
multi data processing in large-scale projects, according to folder organization.

Now, if you choose the Rinex file, it will come out a file dialog box, as the picture shows below. The file dialog box
will transfer automatically to the current file path and list the relative extension files under it. Users can choose
one file or multiple files at a time.

Open X
« v » ThisPC » Desktop » Static data v O Search Static data »
Organise v New folder ==~ @ 0
~
A i o iz
I This PC Name Date modified Type Size
“J 3D Objects = _k12500.ZHD 1 13:32 ZHD File
a .
B Deskiop = _I12591.ZHD 1 ZHD File
e = _ k22590.ZHD 1 ZHD File
= Documents =
e k32590.ZHD 1 ZHD File
* Downloads —
= k32591.ZHD 1 ZHD File
& Music = ck12590.ZHD 1 ZHD File
=/ Pictures = ckD12591.ZHD 1 ZHD File
B Videos = ck02590.ZHD 1 ZHD File
=, Local Disk (C:) _"’ ck082591.ZHD 1 ZHD File
- Jystem (D:)
- Software (F)
= Documents (G:) wilic 5
File name: ‘ v ‘ ZHD File(*.ZHD) RINEX File(*.77 ~

Figure 3-2-3 File Dialog Box

While importing the observation file, the software will search automatically and import corresponding ephemeris
files. As for ZHD/GNS format’s files, if observation files and ephemeris files are combined in the same document,
they will be imported at the same time. However, for other formats, where observation files and ephemeris files
are not in the same file, in this case, they should be placed in the same file, and the software will automatically
distinguish and import the ephemeris files according to the format of observation files. Otherwise, users should
input the ephemeris file in subsequent processing.

After finishing the importation, the software will extract observation points from the files and combine them

automatically into static baselines and dynamic baselines based on their observation periods.

TS Gabi solton (565) 155 Projecoi-2- 2RO <l
Fle(F) Baselne(B) Adust(N) Too(T) Options(0) Help(H)
{5 Open Eanew [ mport [ Save [ Export [2 Defaukt View

Contest x| oizeao | Z=
Project =% v Project Plot| Obs-Files | PP and QC | Data | sky Plot|
Import . Points
-~ "4 Baselines File Point  Mode  StartTime End Time Time Span(Min) Epochs  Intervalls)  Lat Lon Anter
. & e i e A Y Wy v
\mpart Hles A B 1259025 09/15/2012 10:10:10 _ 09/15/2012 11:06:30 _ 00:56:20 - 5 043:57:514875...  125:10:36.95362 [T
o T 2| Ja2s1zed |k Static  |00/15/2012 111240 |09/15/2012 12:18:00 | 01:06:20 s 043:57:51.4908... |125:10:37.05197€ V8
£ Asyne Loop
*E Observation Files 3| Jazss0zsd |2 Static |09/15/2012 111115 _|09/15/2012 1213:40 | 01:00:25 726 s 043:57:56.7003..._|125:10:37.34704€ V8
Control Paint File B _kizss0asd 4 132500zed I3 Static  |00/15/2012 100840 |09/15/2012 11:0430 | 00:55:50 671 s 043:57:56.0339...|125:1102.27996E |V8
—= [ _k12591.2sd 5| Jaasorzsd i3 Static |09/15/2012 111140 _|09/15/2012 12:1515 | 01:0335 764 s 043:57:56.9831..._|125:11:02.27996E V8
[ — [ k2259025 6|ck0125002ed |ckOL |Stafic |09/15/2012 10:07:40 |09/15/2012 11:0520 | 00:57:40 693 s 043:57:207148..._|125:0952.34975€ |V8
[ k325%02=d 7|ck012591zsd |ck01  [Static  |09/15/2012 111210 |09/15/2012 12:10:25 | 00:58:15 700 5 043:57:207517... | 125:09:52.34975E |V8
E —:;32591 Zsi 8|ck0825002cd |ck0B |Stafic |00/15/2012 10:0640 |09/15/2012 11:05:25 | 00:58:45 706 s 043:57:25.5219... |125:08:35.63307€ |V8
cko12580z5
[P 9|ck0B2591zsd |ck0B |Stafic |09/15/2012 11:11:45 | 09/15/2012 120915 | 00:57:30 oo 5 043:57:25.5711..._|125:08:35.66224€ |V8
[ ck082590.zsd
[ ck082591.zsd
Ephemeris Files

Process Baseline
Network Adjustment
Export <[ i +

Figure 3-2-4 Observation Files
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2. Observation File Name

Usually, the observation files will be identified by different file names. The usual name of the observation
file consists of 8 file names and the extension. For example, the file name of an SGS GNS observation file is
ABCD1234.GNS.

In a project, no duplicate file names are permitted. For example, ABCD1234.GNS and ABCD1234.010 can't
exist at the same time.

An observation file name is usually formed by the station name and period, in this way, under the same
project, it can make sure that all the file names are different.

- ZHD/GSN Observation File

For ZHD/GNS static observation files, the file name is formed by 8 characters:

Msss=ZHD NNsss=.G

Figure 3-2-5 Observation File Name

The Point Name: In the observation file’s name, the 4 !l significant point’s name, it can be formed by
characters and numbers. After loading the observation file, the software will automatically decompose the
point name according to the file name. If the name is less than four characters, the data transmission soft-
ware of the acquisition software or HD8200 will automatically make up 4 characters by adding underscore
' 'before the point name. For example, the point name A will become”___ A"

Period: The last three numbers and an English character, or numbers $$5# indicate the time period. Among
them, the $$$ represents the day of year, that is, the order of the observation day in a year. For the day of
year, see Appendix B. The # indicate the observation sequence of a day, which can be denoted by 1,2, 3, ...
A BC,..., Z

For the SGS GNS dynamic observation files, it's also denominated in the same way, but the name of the
observation site doesn’t have any meaning, it is only used for identifying different files.

- HDH observation files

HDH observation file has the same name as observation line file of marine survey software.

- RINEX observation files

The name in RINEX format is as follows:

Observations file: N$$S$#. yyO

Ephemeris file: M1$SS$#. yyN

It is obvious that the naming rules of the RINEX file are similar to the ZHD/GNS file, except that yy indicates
the year of observation. In the RINEX format, the name of the observation station is recorded in the part of
the MARKER NAME. If this part is empty, the software will analyze the name of the observation file by read-
ing the name of the station in the ZHD file to form a station and other information.

If some file names in RINEX format don't follow this rule, please rename those files before importing them
to the SGS processing data software.

- Other Observation Files

Please consult other relative resources for other observation files.
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3. Pop-up Menu of the Observation File
In the workspace detail view, choose one observation file in the list view of the Observation Files, then

right-click this option to do the relative operation for the observation file.

01-26-2019 | - X
=77 AllNet Project Plot | Obs-files |Points | Control Points | Baselines | Repeated Baselines | Sync Loop | Async Loop | Ephemeris | RTK Field Data
~", Points
-2 Baselines File Point  Mode  Start Time End Time Time Span(Min) Epochs  Interval(s)  Lat Lon Anten
¢ Repeat Baseline f| _k12590.2sd Static  |09/15/2012 10:10:10 - 56 5 043:57:51.4875...
-{) Sync Loop Edit(A]..
7 A L 2| _k1259Lzsd |kl Static  |09/15/2012 11:12 797 5 043:57:51.4998... |125:10:37.05197E |V8
-() Async Loop
3| _k22590zsd  |k2 Static | 09/15/2012 1111 Open(0) 726 5 043:57:56.7003... |125:10:37.34704E |V8
-1 Observation Files DeleteD)
[ _Kk12590sd 4| _kazsenzsd k3 Static  |09/15/2012 10:08; 671 5 043:57:56.9339... |125:11:02.27996E |V8
[ _k12581.25d 5|_k3zsaizsd (k3 Static  |09/15/2012 11:11; Convert to Rinex(R) 764 5 043:57:56.9831... |125:11:02.27996E |V8
[3) _k22590.zsd 6 |cko12590.2sd | cko1 Static  |09/15/2012 10:07: Rinex Optiens(s)... 693 5 043:57:20.7148... |125:09:52.34975E |V8
~[5) _k32590.zsd 7 |ck012591zsd | ckl Static  |09/15/2012 11:12: ey 700 5 043:57:20.7517... | 125:00:52.34975E |V8
B 1‘;32591‘25‘: 8 |ckDB2590.zsd  |ck0B  [Static | 09/15/2012 10:06: Switch to Static/Kinematic(C) 706 5 043:57:25.5219.. | 125:08:35.63307E |V8
ck012590.zs
B cko12501.0e 9 |ck082591zsd  |ck08  |Static | 09/15/2012 11:11: SPP and QC Result(P) 501 5 042:57:25.5711.. |125:08:35.68224E |V8
[ ck082590.25d Single Point Postion(E)...
[3) cko82591.2sd Quality Check(B)...
Ehemwis Files Data Track(T)
k12590.eph
- Skyplot
[5) _k12591.eph uk": (SQJ o
) _k22500.eph pdate Skyplot(S)
[) _k32500.eph Add Stop&Go RSP File(E)
[ _k32591.eph View Stop&Go Info(L)
[5) ck012590.eph Delete Stop&iGo Info(W)
[5) ck012591.eph
[ ck082590.eph
[} ck082591.eph
[ Totaleph.eph « m 3

Figure 3-2-6 Pop Menu of Observation File

4. Observation File Attributes
In the workspace detail view, choose one observation file in the list view of the Observation Files, then

right-click to select Edit. A label dialog box about the observation file will pop up.

ck0B2590.z5d B

Basic  Antenna Receiver

Point Name: |Ck08 | Apply(A)

Obs Fle: | C:\Users\Glenn\Desktop\Static data\ck082590.ZHD |

Mavigation File

GPS: | C:\Users\Glenn\Desktop\Static data\ck08259 | -{G)

GLONASS: |C:\Users\GIenn\Desktop\SGtic dat:l\ck08259| (R}

BDS: |C:\Users\GIenn\Desktop\SGtic dam\ck08259| ..(C)

GALILEO: |C:\Users\GIenn\Desktop\SGtic dam\ck08259| =(E)

Apply to(5) This ~
Figure 3-2-7 Edit Menu

The label dialog box is divided into three parts: Basic, Antenna, and Receiver.

5. Single Point Position Result of Observation Files

In the workspace detail view, choose one observation file in the list view of the Observation Files, then
right-click to select Single Point Position. The SPP and QC tab will be activated, and the single point posi-
tion result of this file will be shown.

6. Data Quality Inspection of Observation Files
SGS has a function of data quality inspection, choose one observation file in the list view of the Obser-
vation Files, then right-click to select Quality Check, the software will analyze data automatically. While

clicking HTML, it will show the result of the data quality inspection.
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-174926.4m

1 _k12590.zsd

] _k12591.zsd N Mean Lat: 043:57:5148757N 18739

] _k22590.2sd
1 _k32590.zsd P

Mean Lon: 125:10:36.95362E 16809

Mean Height(m):  236.2088 = 37737

] _k325017sd o .
] €k012590.zsd / e
1 ck012591.zsd

Mean X(m): -2649154.0362 £ 25243

Mean Y(m):

28414

3758627.0828 =z

] ck082590.2sd W
] ck082591.zsd
ohemeris Fles
] _k12590.eph

Mean Z(m): 054000785 =

Mean PDOP: 15

| _k12591.eph
1 _k22590.eph

] _k32590.eph
1 _k3259L.eph
| ck012580.eph
] ck012591.eph
| ck082590.eph
| ck082591.eph
| TotalEph.eph

Quality Check

Indicators overrun!
firstepoch lastepoch  hrs dt  #expt #have % mpl mp2 ofslps
SUM 09150210 091503:06 094 5 10348 9516 92 043 042 732

Figure 3-2-8 Single Point Position

ty Check
cators overrun!

first epoch  lastepoch  hrs  dt  #expt #have % mpl mp2 ofslps
1 09150210 091503:06 094 5 10348 9516 92 043 042 732

Figure 3-2-9 Quality Check

1ality Report

3 12612019 3:26:44 PM

Fik: CUsersizhdNDesktop & £8\ &1 78\__K12590.ZHD

ie:

g Indicators overrun!

obs: B1S2012 2:10:10 A

sbs: 152012 3:06:30 AW

tn 0.94 hour
1705 thebday

intervat 5 second

s wlobs, 17

s GO2 G4 2G14615 617 1622 G24
04 COS CO6 CO7 COB C09 C10 C11 G12 C13 C14 C15 C16 C17 C18 C19 G20 G21 C22 C23 C24 €25 26 C27 C25 €29 C30 C31 C32 C33 €34 35 C36

leteness:

25 epochs: 677

s o77

10" 10348

rvations=>10" 9518

-10° 775

Figure 3-2-10 Quality Report
7. Observation sequence of observation files

332 633 G34 G35 RO1 R0 R03 R04 ROS RO RO7 ROB R12 R13 R14 R15 R16 R17 R18 R22 R23 R24 R25 R26 R27 R28 R29 30 R31 R3Z CL

In the workspace detail view, choose one observation file in the list view of the Observation Files, then right-

click to select Data Track. It will show the tracking situation of satellite data, wherein the interruption indicates

different situations, like the receiver lock-lose.

?gfé:zﬂ)u 10Min/Unit Clear ifgé:za%u

’@ G0l =
[¥] Go3 E
[7] 606 [E
[7 Go7 E
608 E
@ 611 [E )
[# 613 E
616 E
[ 619 [E
F 623 ———— [E—
[¥] 630 E
[ rRo9 E
[ R10 [
< e ] »

Figure 3-2-11 Data track
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8. Sky plot and SNR Plot

In the workspace detail view, choose one observation file in the list view of the Observation Files, then
right-click to select Skyplot, it will display the trajectory of the satellite in the file and the signal-noise
ratio of the L2 band.

UTC: 9/15/2012 10:10:10 AM

Sky Plaf

G1/B1/E1)

G=GP5
R=GLONASS
C=EDS
E=GALILEO

Figure 3-2-12 Sky plot

Click on Point in the tree view, the detailed display of the right work-space will show the tabs
related to the observation site. There are two tabs, Points and Control points. The control point
list is used for adjustment module, it is not related to baseline solution.

| Project Plot |§_P0|ﬂt Control Points | RTK Field Data|

Fixed MName WGES84 X(m) WGES84 Y(m) WGS84 Z(m) Local N(m) Local E(m) Mormal Height(m)
B o i vsaat s s s e
ck0g -2647261.8647 3760637.8159 4404823.0669 4929829.9438 |1394583.9597 | 233.9869
2 k1 -2649154.0362 3758627.0828 4405401.9785 4931002.421 |1397180.3612 | 236.8088
4 k2 -2649100.6934 37383361759 44055242097 4931164.6013 |1397167.0537 | 246.1528
5 k3 -2649548.0777 37582061121 4405522.6406 4931248.1276 |1397722.1777 | 236.4176

Figure 3-3-1 Control Points

The list window lists the name of each observation station, whether it is fixed (associated with the control
point), space coordinates or target coordinate.

3.3.1 Observation Station Pop-up Menu

Choose one observation station of the Points option in the workspace detail view, right —click to get the

pop-up menu as shown below for site-related operations.

< 01-26—2019
=37 AllNet Praject Plat | Points | Contral Paints | RTK Field Data|
E-.". Points
. ol Fixed Name  WGS84 X(m) WG584 ¥(m) WGSB4 Z(m) Local N(m)  Local EGm)  Normal Height{m)
o b1 -- -2648720.7363 = 49299157288 1396315.6735 | 236.4868
- ckos -2647261.8647 Delete(D) 4929820.9438 | 1394583.9597 | 233.9859
_ 3 k1 -2649154.0362 ; 4931002421 | 13971803612 | 236.8988
e k3 Error Ellipse Info(T)
- Baselines 4 k2 -2649100.6934 4931164.6013 | 1397167.0537 | 246.1528
-g* Repeat Baseline 5 k3 -2649548.0777 SN 4931248,1276 | 13977221777 |236.4176
£ Syne Loop Delete Control Point Relted(R)

- Async Loop
Observation Files

Ephemeris Files

Figure 3-3-2 Pop Menu of Points
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3.3.2 Property of Observation Site

Choose one point, double click or right-click to choose Edit, we can obtain the point name and information of

coordinates through the property box.

The software records the coordinate information of all sources from the station. By changing the Coordinate

Source, the coordinate values of different sources can be displayed. The coordinate information of the source

can be assigned to the coordinate information used by the current station, by clicking the Save button, or man-

ually edited.

Station

Station

Source:

[sPp cko12500.zHD

WGS84 | Target

Source: PP cko12500.2HD

Point |WGSB4 Target

0 Spatial(XYZ)

@ Geodetic(BLH)

B: 43:57:20.714830N

Ellipsoid H: 236.4868

L: 125:09:52.349750E

Edit(E)

] [ Apply(A)

Morth:  4929915.7288
East: 1396315.6735
Mormal H: 236.4868

Edit(E)

] [ Apply(A)

Picture 3-3-3 Station

Figure 3-3-4 Station

Click on the Baseline node in the tree view, and the detailed view of the right work space will display

the tabs associated with the baseline.

«["] Observation Files

-] Ephemeris Files

01-26-2019 | - X
=2 AllNet Project Plot | Baselines | Repeated Baselines | Sync Loop | Async Loop | Data Plot|
:-n Enable Name Type  Start  End  TimeSpan(Min) Resutt  Frequency  Ratie RMS(m) DX(m) DY(m) DZ(m) Std(m)
T G NP v ck012500.5d-ck082500.25d  Static cko1  ckos 58 i
o7 k012501 25d-ck082501.259 2 |Ves | ck012501z:d-ck082501zsd  |Static |ckdl  |ck0B |57 1
o _k12590.z5d-ck012590.zsd
k12501 7sd-ck012591 sk 3Yes |_K12500z5d-ck012500zsd  Static ki kol |55 1
o 12590.25d-ck082590.25d 4Ves | _k12501zsd-ck012591zsd Seatic kL L 1
v k12591 25d-ck082501.z5d 5|Ves |_k12500z5d-ck0B2500zsd Static ki ckoz |55 E
~g” _k12501.25d-_k22590.zsd 6 Yes _k12591.zsd-ck082591.zsd Static |kl k08 |57 2
" _k12590z5d-_k32590zsd 7 Yes | _Kk12591zsd-_k22590.zsd Static |kl k2 50 1|
wy! _k129912sd-_k32591zsd 8 Ves |_K12500zsd-_k32590zsd | Static ki K |54 5
¥ 22300250 k012591 zd 9 Ves k12591.zsd-_k32591.zsd Static k1 k3 63 5
o _k22500.25d-ck082591.25d = =
"+ 22500.25d-_k32501.05d 10 [Yes | _k22500zsd-ck012591zsd | Static | K2 kol |58 1
- _k32500.25d-ck012580.z5d 11 Yes | _k22500zsd-ck082591zsd | Static | k2 ckos |58 E
k32591 zsd-ck012591.z5d 12 [Yes | _k22590zsd-_k3259lzsd  Static k2 k3 60 5
& _k32590.25d-ck082590.z5d 13 Yes  |_k32590.zsd-ck012590.2sd Static k3 k01 |56 1|
o7 k32591 25d-ck082501 2sd 14 Yes | _k32591zsd-ck012501zsd  |Static |3 kol |58 1|
i :;:’:f;::‘e“”e 15 |Yes  |_k32500zsd-ck082530.zsd | Static |k3 k08 |56 3
73 Aagnc Loop 16 Yes | _k32501zsd-ck082591zsd Static k3 k08 |58 3

Figure 3-4-1 Baselines
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The Baseline window lists the name of the baseline, the observation data used in the baseline solution, the solu-

tion used for the baseline, and the solution situation.

Choose one baseline of the Baselines option in the detailed view of working area, right-click and baseline related

operations are available.

01-26-2019 | - X
-7 AllNet Project Plot | Baselines | Repeated Baselines | Sync Loop | Async Loop | Data Plet|
o' Points
* Baselines Enable Name Type  Start  End  TimeSpan(Min) Resut  Frequency  Ratic RMS(m) DX(m) DY(m) DZ(m) Std(m)
< “1259“15"5259“15 1 k012590.25d-ck082500.0sd | Static ) 4
® ck012591.75d-ck0B2591. rocess Options(0)...
7 e = 2 Yes  |ck012501zsd-ck082591zsd  |Static |ck0l | 1
w g _k12590.25d-ck012500.25d | Process (P)(Unregistered)
112501 ved. k017501 zod 3 |Yes |_k125002sd-ck012500zsd  |Static |kl 1
v ; Report Options{B)...
" _k12590.25d-ck082590:25d 4|Yes | _k12501zsd-ck012501zsd  [Static |kl o 1
- It
v _K12591 25d-ck082591.25d 5 Yes  |_k12590.zsdck082590zsd  [Static  |kL ;‘” % . . 2
. it
- _K12581.250-_k22590.25d 6 Ves | _K1259lzsd-ck082501zsd  |Static |kl apnd Dp”p";:‘( o HRTK(:—{))) 2
. o esult for Hi
o _k12590:zsd-_k32500:zsd 7 Yes | _k1250lzsd-_k22500zsd  |Static |kl ot o 1
. en Report Folderl
<. 722591253'1?259125‘: 8 Ves | K12500zsd-_k32500zsd  |Static |kl penTe E
2500.25d-ck012591.
< e = 9 |Yes | _k12591zsd-_k32501zsd Sttic |k | @ Deleteld) 5
v _k22590.25d-ck082591.25d ! Disablef)
it 22500.20d-_k32500 25 10 |Ves | _k22500.zsd-ck012591zsd  |Static |k2 oo 1
= — nable|
o _k32500.z5d-ck012500:z5d 11|Ves | _k22500.2sd-ck082591zsd  |Static |k2 3
" _k32501.25d-ck012591.25d 12 Yes | _k22590.zsd-_k32591.zsd Static | k2 Invert(D) 5|
" _k32590.z5d-ck082590.z5d 13 Yes | _k32590zsd-ck012500zsd  |Static k3 Bt e Res ! Tkl 1|
o _k32591.25d-ck082501.zsd 14 |Yes | k32501zsd-ckD12591zsd  |Static |k3 ko1 |[s8 1|
ﬁsePe:wa“h”e 15 |Yes | _k32500.2sd-ck082590zsd  |Static |k3 ckog |56 3
nc Looy
has A’;ym LDSP 16 |Yes  |_k32591zsd-ck0B2591zsd  |Static |k3 ckog |58 3
Observation Files
Ephemeris Files

Figure3-4-2 Baseline Settings

Click on the Repeated Baseline node in the tree view, and the detailed view of the right workspace will show tabs

associated with the repeated baseline.

01-26-2019

Points

Baselines

Repeat Baseline

-« ckD1-ckD8

o kl-k3
3 Sync Loop
) Async Loop

Observation Files

Ephemeris Files

Project Plot | Baselines | Repeated Baselines | sync Loop | Asyne Loop | Data Plot|

Name Quality DX(mm)  DY{mm) DZ(mm) DLength(mm) Avg Length(m) Tolerance(mm) Relative Errar(ppm)
il ck01-ck08  Ineligible ] ) ] ] ] ] )
2 | ck01-k1 Ineligible 0 o 0 0 0 0 o
3 | ck01-k3 Ineligible 0 0 0 0 0 0 0
4 | ck08-k1 Ineligible o o o o o o o
5 ck08-k3 Ineligible o o o o o o o
6 |kl-k3 Ineligible 0 0 0 0 0 0 0

Figure 3-5-1 Repeated Baseline

Click on the Sync loop or Async loop in the tree view, and the detailed view of the right workspace will show the

tabs associated with the closed loop.

01-26-2019

-8 AllNet

Points

Baselines

Repeat Baseling
kog

73 Sync Loop
) Async Loop

Observation Files

Ephemeris Files

Project Plot | Baselines | Repeated Baselines [[sync Loop | Asyne Loop | Data Plot|

Name Quality DX(mm)  DY{mm) DZ(mm) DLength(mm) Avg Length(m) Tolerance(mm) Relative Error(ppm)
50| ck01-cko8  Ineligible 0 0 0 0 0 0 0
2 |ck01-k1 Ineligible 0 0 0 0 0 0 0
3 |ck01-k3 Ineligible 0 0 0 0 0 0 0
4 | ck08-k1 Ineligible 0 0 0 0 0 0 0
5 |ck08-k3 Ineligible 0 [} 0 [} [} [} [}
6 |ki-k3 Ineligible 0 0 0 0 0 0 0

Figure3-6-1 Closed Loop
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3.7 Satsurv Project

Satsurv projects can be imported into SGS software.

i- Import — >

File Type Extention Select Files(S)
[ ZHD File * ZHD
[] RINEX File *770:*.0B5
1 sP3 File *.5p3
[ GlSS Raw File * GNS

Select Folder(F)

Auto L

Satsurv Project

Cancel(C)

Figure 3-7-1 Import

While choosing the corresponding Satsurv project, SGS will load the project and display it.

| Broject Plot | Points | Control Points | RTK Field Data |

ID  Name N E z B L H Base N Base E

1 P 2

2 1 42307145685 | 413277.6730 1285.280% 3812:17.94863 |41:00:35.39871 |1282.0883 42314611556 | 412887.1548 12713943
3 |2 4230726.0451 | 413276.3526 1284.5473 3&12:18.32032 |41:00:35.53940 |1281.3551 42314611556 | 412887.1548 12713943
4 3 42307404899 | 413271.8751 1283.0863 38:12:18.78718 |41:00:35.34905 |1279.8941 42314611556 | 412887.1548 12713943
5 |4 4230759.7397 | 413264.7186 1281.9820 38:12:19.40892 |41:00:35.04649 |1278.7898 42314611556 | 412887.1548 12713943
6 5 4230773.6029 | 413259.7157 1281.0820 38:12:19.85674 |41:00:34.83480 |1277.8898 42314611556 | 412887.1548 1271.3943
7 |6 4230788.3577 | 413255.3282 1280.2300 38:12:20.36610 |41:00:34.64757 |1277.0378 42314611556 | 412887.1548 12713943
g |7 42308052438 | 413252.2008 1278.9380 3812:20.88017 |41:00:34.51206 |1275.7658 42314611556 | 412887.1548 12713943
9 |8 4230813.7253 | 4132504254 1278.2773 3&:12:21.15458 | 41:00:34.43538 |1275.0851 42314611556 | 412887.1548 12713943
10 |9 42308199582 | 413248.7863 1277.7667 38:12:21.35613 | 41:00:34.36528 |1274.5745 42314611556 | 412887.1548 12713943
11 |10 4230824.6878 | 413247.2986 1277.3550 38:12:21.50899 |41:00:34.30206 |1274.1628 42314611556 | 412887.1548 1271.3943
12 |11 4230834.2371 | 413243.8828 1276.3515 38:12:21.81746 |41:00:34.15749 |1273.1593 42314611556 | 412887.1548 12713943
13 |12 42308502870 | 4132384920 1275.0620 38:12:22.33605 |41:00:33.92889 |1271.8698 42314611556 | 412887.1548 12713943
14 |13 42308659014 | 413232.8869 1273.8330 38:12:22.84044 |41:00:33.69168 |1270.6408 42314611556 | 412887.1548 12713943
15 |14 42308814255 | 413226.7137 1273.1245 3&12:23.34171 | 41:00:33.43116 |1269.9323 42314611556 | 412887.1548 12713943
16 |15 42308934027 | 4132214532 12724767 3812:23.72827 |41:00:33.20971 |1269.2845 42314611556 | 412887.1548 12713943
17 |16 4230901.5882 | 413217.8330 1272.1455 38:12:23.99245 |41:00:33.05733 |1268.9533 42314611556 | 412887.1548 12713943

o 18 117 4230912.2535 4132};1.2808 1271.8035 3&:12:24.337?7 41:00:32.90666 |1268.6113 42314611556 1412887.1548 1271.394?1 S

Figure 3-7-2 RTK Field Data

Users can click the CSV or HTML to let SGS to export the details of Satsurv projects.
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Chapter 4

Static Baseline Processing

This chapter contains:
- Baseline Processing Settings
- Baseline Processing
- Baseline Processing Result Test
- Discrimination of Various Influential Factors
- Repeat Processing a Baseline

GEOSOLUTIONS
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Before the baseline vector processing, users need to do the baseline vector processing settings, and
execute Processing Options under the menu Baseline, then the dialog box will appear.

k12590 .z5d-ck082590.zsd =
General |Ionftrop I Dynamic | Advanced

Elevation Mask: |15

ARREE

Interval: |10

e

Minimum Epoch: |10
Frequency: Auto -
Mavigation: Broadcast -

Reference Satelite: Auto -

Auto Process Mode:

System
GPS GLONASS BD5 [] GALILEO

[ start Time [ stop Time
2012/09/15 10:07:40 2012/09/15 11:05:20
Defauft Value(F) Apply to{A) Selected -

Figure 4-1-1 Processing Options

The dialog box consists of four pages, namely, general settings, tropospheric and ionospheric settings, dy-
namic solve mode and advanced settings.

The meaning of each item in the dialog box is briefly introduced below.

4.1.1 General Settings

1. Elevation mask

The elevation mask angle is used to restrict satellite data at a lower altitude, so that it does not participate in
the baseline solution.

Because of the complicated influence of the atmosphere on the satellite signals with relatively low altitude,
it is difficult to correct these signals with the model. In addition, these kinds of signals are easily affected by
various factors such as multipath and electromagnetic waves, for that the signal quality is usually low. There-
fore, in data processing, they are usually removed.

For example, from the perspective of the atmosphere refraction, the elevation angle can be reduced for
short distance observation, and it should be increased for long distance observation, because the shorter the
distance, the easier the atmospheric refraction is to be cancelled out. Of course, the setting of the elevation
angle also depends on the surrounding environment of the observation station.

When observing in the field, the elevation angle should be reduced according to the satellite distribution, in

order to collect as much data as possible for easy processing.
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o Elevation Angle

Figure 4-1-2 Elevation Mask

The default elevation angle is 20 degrees in SGS.

2. Sampling interval

The so-called epoch interval is the interval at which the software extracts data from the raw observation,
during baseline processing.

For example, two instruments are set to collect a set of data every 5 seconds, during static observation, but
when it comes to indoor processing, the high density of the observation data cannot significantly improve
the baseline accuracy; on the contrary, it will greatly increase the time of the baseline processing. Therefore,
to improve the speed of baseline processing, users can appropriately increase the sampling interval of data
processing.

So, what is the appropriate sampling interval? It is generally considered that, for the short baseline, when the
observation time is short, the sampling interval can be appropriately reduced, while for the long baseline, the
sampling interval can be appropriately increased. For example, for a static baseline within 2 km and an ob-
servation time within 20 minutes, we can set a sampling interval of 5 seconds. However, when the baseline is
long, the sampling interval can usually be increased to 60 seconds or 120 seconds.

So, why do we need to set a smaller sampling interval in the field observation? This is because, when the data
is not very good, due to the certain randomness of the observation data and the limits of the software itself,
the processing results can be improved by reprocessing the baseline after the modification of the epoch inter-
val.

The default epoch interval of the software varies with the observation time, 5s in 10 minutes, 30s in 10 min-

utes to 2 hours, 60 seconds in 2 hours to 6 hours, and 120s in more than 6 hours.
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3. Minimum epoch

Since the receiver must observe continuous carrier phase during the observation process, if there is a continuous
cycle slip over a period of data, the quality of the data is usually very poor, which often affects the quality of base-
line processing, so it should usually be eliminated. Therefore, during baseline processing, the software will elimi-
nate data segments that do not exceed the minimum epoch.

4. Observations (frequency)

Different combinations of observations can be used for baseline solutions, such as wide lane combination Lw, nar-
row lane combination Ln, etc. When the automatic mode is adopted, the software will automatically select the type
of observation, according to the length of the baseline.

Generally, a baseline less than 10km is solved by the L1 observation, and a baseline longer than 10km is solved by
the observation of the Lc ionosphere-free combination.

5. Ephemeris (navigation)

The broadcast ephemeris, or the precise ephemeris, can be used for the baseline solution. For the long distance
baseline, the precision of the baseline solution can be improved by using the precise ephemeris, and for the short
baseline, the broadcast ephemeris meets the requirements.

6. Reference satellite

Since the double-difference observations are formed by the difference of the single-difference observations be-
tween the satellites, the software adopts the method of selecting the reference satellites in order to facilitate the
processing of the double-difference observations.

The default setting is automatic. At this time, the software will select satellites with the most observation data and
higher altitude angle as reference satellites. However, due to the influence of observation conditions, such selec-
tion may not be the most reasonable. When the reference satellite is not properly selected, it will affect the baseline
processing results. At this moment, the user is required to reset the reference satellites, according to the observa-
tion data.

7. Auto process mode

SGS’s baseline solution engine has the function of automatically eliminating the gross error in satellite data, which
can help users reduce the manual data culling and make the baseline solution qualified in the shortest time. The
function can be enabled when the item is set to Advanced and if the users want to manually erase data and do not
want the software to automatically delete the problem data, set this item to Normal.

8. System
SGS software supports an arbitrary combination solution of GPS, GLONASS, COMPASS and GALILEO systems.

9. Processing time
The software handles all the public data of the base station and the rover by default. If you need to process the
data for a fixed period of time, you can manually set the start and stop time.
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4.1.2 lonosphere / Troposphere
In general, there is no need to change troposphere and ionosphere settings. The medium and long baselines can

be set according to the actual situation to improve the solution accuracy.

ck012590.z5d- ck082590 . zsd B
| General| Ion/trop |Dynamic I Advanced|

Troposphere model: Hopfield -

Temp: 18 -
Prass: 1013.25 -
Hurmid: 50 v

et Voot

Figure 4-1-3 lon/trop

4.1.3 Advanced

The figure below shows the advanced settings dialog. Under normal circumstances, the default value can be used
to meet the requirements. It is not recommended for users to make illegal changes, which affects the stability of
the solution engine.

- Gross error detect: The coefficients of the gross error data that are automatically eliminated according to the dou ble
difference residual size, when the baseline is solved, that is, when the double difference residual generated by an obser-
vation data is larger than the gross error coefficient *RMS, the observation data is eliminated.

- Triple Diff. Max.: the tolerance threshold of the cycle slips repairing, but the cycle slips value is repaired when the dif-
ference between this value and the integer, obtained by rounding, is less than the threshold, otherwise it is regarded as
gross errotr.

- Minimum Ratio: The threshold of the fixed ambiguity with the Lambda algorithm.

- Chi Probability: Confidence in the2 test of RMS.

- Pseudo range precision: Pseudo range observation error.

- Phase observation precision: Phase observation error.

- Split Sessions, if start time differs: When the baseline observation time exceeds the value, it will be solved in two periods.
- Use L1, if baseline shorter than: when using the automatic model for baseline solution, L1 model is adopted when the
baseline is less than this value, when it is longer than this value, the Lc modulo is used to solve the problem.

- No L1 Fix: When the single-frequency baseline length is larger than this value, the ambiguity is not fixed, and the float-

ing solution is directly output.
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Figure 4-1-4 Advanced Figure 4-1-5 Baseline

4.1.4 Baseline Processing Menu

Click Baseline to bring up the baseline processing menu.
Among them:

- Search All Repeated Baseline and Loops: search all the repeated baseline and loops in the baseline network.

- Search Selected Repeated Baselines and Loops: Search for the closed loops and repeated baseline that meet the criteria,
based on the set maximum number and the minimum number of edges of closed loops. The search results are displayed
in the tree view on the left.

4.1.5 Baseline Processing

After the above preparations, execute Process All under the Process Baseline menu, and the program will start
processing all the baselines, one by one, and the information dialog will appear. In the dialog, the name of each

solution baseline, the progress of the baseline solution, and the information for each baseline solution are listed.
Baseline solution runs in the background in multi-threading mode. In the process of operation, we can choose to

cancel the baseline solution.

i

Loop line num @

Min loop line num: 3

3 Processing

Max loop line num:
Processing__k12591.zsd-ck012591.zsd
L |

OK(Q) l ‘ Cacekc) Cancel(C) e

Figure 4-1-6 Loop Line Num Figure 4-1-7 Processing
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After the baseline solution, the result will be obtained in the calculation window.
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Figure 4-1-8 Result

The status bar will have a warning message, click on the warning message to display the corresponding baseline in
the list.

The results of the baseline solution can also be generated by clicking Report in Process Baseline.
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Figure 4-1-9 Baseline Process Report
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4.2.1 Control Baseline Quality
After the baseline solution, the quality of the baseline solution can be measured by the quality indicators of RATIO,

RMS, and positional accuracy.

1. RATIO
RATIO is the ratio of the sub-minimum RMS to the minimum RMS after the integer ambiguity resolution. That is:

RATIO = RMS,,
RMS

RATIO reflects the reliability of the ambiguity parameters, which depends on a variety of factors. It’s related to the
quality of the observations and the observation conditions.
RATIO is the most critical value to reflect the quality of the baseline. Under normal circumstances, the RATIO value

is greater than 1.8.

2.RMS
RME - v ey
RMS is the Root Mean Square, that is: B

Where:

Vis the observation residual;

P is the weight estimation of the observations; n-f is the total number of observations, minus the unknown num-
ber.

RMS indicates the quality of the observations. The smaller the RMS, the better the quality of the observations. It is
not affected by the observation conditions (such as satellite distribution).

According to the theory of mathematical statistics, the probability of the observation error falling within the range
of 1.96 times RMS is 95%.

3. Point Accuracy

Point accuracy is an important indicator of accuracy in response calculation results. It is the result of the joint
strength of GDOP and RMS. It can be divided into the horizontal direction accuracy, the vertical direction accura-
cy, and the baseline length accuracy, etc. The software will check the different precision indexes according to the

setting of the limits of the project attributes.

4.2.2 Closed Loop Testing

1. Error of Closure

Closed loop test is a powerful way to detect baseline quality.

The closed loop can be divided into synchronous loop, asynchronous loop and repeated baseline.

The error of closure of the closed loop should theoretically be 0. In the actual measurement, it is allowed to deviate

from a certain value. Please refer to the relevant documents about the closure difference of the closed loop.
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The closure difference of the closed loop can be divided into:

Eaxv = D AX
Eay = DAY

- Component misclosure, that is: <LAZ —S Az

2 2 2
Ve +Ey TEu

- Total misclosure, thatis: ¢= Ss

Where, ¥s means ring length.

2. Synchronous loop, asynchronous loop and repeated baseline

- Synchronous Closed Loop

The closure error of the synchronous loop is the closure difference of the closed loop composed of synchronous
observation baselines.

Due to the inherent relationship between the synchronous observation baselines, the closure error of the synchro-
nous loop should always be 0. If the closure error of the synchronous loop is out of limit, it is wrong to have at least
one baseline vector in the baseline of the synchronous loop. However, on the contrary, if the closure error of the
synchronous loop is not exceeding the limit, only the static baseline is considered to be qualified, in most cases, it
cannot be said that all the baselines that make up the synchronous loop are absolutely qualified in quality.

- Asynchronous Closed Loop

A closed loop, that is not completely composed of a synchronized observation baseling, is called an asynchronous
loop, its closure error is called the closure error of the asynchronous loop.

When the closure error of the asynchronous loop satisfies the requirement of the limit difference, it indicates

that the quality of the baseline vector making up the asynchronous loop is qualified. When it does not meet the
requirement, it indicates that at least one baseline vector of the asynchronous loop is unqualified. Unqualified
baselines can be carried out by multiple adjacent asynchronous loops or repeated baselines.

- Repeated Baseline

The observed results of different observation periods for the same two stations are called repeated baselines. The

difference between these observations is the repeated baseline difference.

Notice: Each time the search is closed, there is information about the closed loop at the bottom of

the calculation area. Double click on a message to find the corresponding baseline in the list.

4.2.3 Free Network Adjustment Test

For the free network adjustment test, please refer to the chapter “Network Adjustment”.
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4.3.1 Influence Factors
There are several main factors affecting the results of the baseline solution:
1. The coordinates of the starting point is set inaccurately during the baseline solution. Inaccurate coordinates can

cause deviations in the scale and direction of the baseline.

2.The observation time of the satellite is too short, so that the ambiguity parameters of these satellites cannot be
accurately determined. For the baseline solution, the entire baseline processing result will be affected if the ambi-

guity parameters of the satellites participating in the calculation are not accurately determined.

3.There are too many cycle slips during the entire observation period, which make the cycle slips repairing imper-

fect.

4. The multipath effect is more serious during the observation period, and the correction value of the observation

is generally larger.
5.The tropospheric and ionospheric refraction is too strong.
6. The electromagnetic wave is affected too much.

7.There is a problem with the receiver itself, resulting in poor data quality. For example, the accuracy of the phase

measurement of the receiver is reduced, the clock is inaccurate, etc.

4.3.2 Discriminate Influence Factors

1. Discrimination of factors affecting GPS baseline solution results

- Introduction

Some factors that affect the GPS baseline solution result are easier to distinguish, such as - the satellite observa-
tion time is too short, the cycle slips are too great, the multipath effect is serious, the tropospheric or ionospheric
refraction is too large, but for other factors it is difficult to discriminate, such as - the starting point coordinates are
not accurate.

- Discrimination of baseline starting point coordinates

There is currently no way to discriminate the impact of inaccurate starting point coordinates on baseline solution
quality. Therefore, in actual work, only the accuracy of the starting point coordinates should be increased as much
as possible to avoid this effect.

- Discrimination of satellite observation time

The judgment on the problem that the satellite observation time is too short is relatively simple, as long as the
number of observation data for each satellite in the recording document is viewed. The SGS GPS post-processing

software also outputs the satellite visibility map, which is more intuitive.
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- Discrimination of too many cycle slips
For the case of too many cycle slips in satellite observations, it can be analyzed from the observation residuals
obtained after the baseline solution. At present, most of the baseline processing software generally uses dou-
ble-difference observations. When an observation of a satellite in a station contains unrepaired cycle slips, all the
residuals of the double-difference observations associated with it are present. There will be a significant integer
multiplication.
- Discrimination of severe multipath effects and excessive tropospheric or ionospheric refraction
We also discriminate the multipath effects, tropospheric or ionospheric refraction by the observation residuals.
However, unlike the cycle slips, when the multipath effect is severe and the tropospheric or ionospheric refraction
is too large, the observation residuals has no integer multiple increase but only a non-integer multiple increase. It
usually does not exceed 1 cycle, but is significantly larger than the residual of normal observations.

2. Solutions

- The solution to inaccurate baseline starting point coordinates

To solve the problem of inaccurate coordinates of the baseline starting point, we can use the point with higher
coordinate accuracy as the starting point of the baseline solution. The more accurate starting point coordinates
can be obtained by long-term single-point positioning, or by point-accurate measurement with WGS-84 coordi-
nates. It is also possible to use the method that the coordinates of all baseline starting points are derived from a
point coordinate, so that the baseline results have a certain system deviation, and then the system parameters are
introduced in the GPS network adjustment processing to solve it.

- The solution to short satellite observation time

If the observation time of a satellite is too short, the observation data of the satellite can be deletedXfor that they
are not allowed to participate in the baseline solution, thus ensuring the quality of the baseline solution result.

- The solution to too many cycle slips

If multiple satellites frequently have cycle slips during the same period of time, the method of deleting the severe
period of the cycle slip can be used to improve the quality of the baseline solution results. If only individual satel-
lites have frequently cycle slips, the method of deleting the observations of satellites with frequent cycle slips can
be used to try to improve the quality of the baseline solution results.

- Multipath effects

Since the multipath effect tends to cause large residuals of observations, it is possible to eliminate the observa-
tions with large residuals by narrowing the editing factor, or eliminating the time period of large multipath effects
or the satellites.

- The solution to excessive tropospheric or ionospheric refraction

Raise the elevation angle and eliminate the observation data of low elevation angle that is susceptible to the tro-
posphere or ionosphere; this method is somewhat blind, because signals with low elevation angle are not neces-
sarily affected by the troposphere or ionosphere.

Use the model respectively to correct the tropospheric and ionospheric delays.

If the observations are dual-frequency observations, the observations that eliminate the effects of ionospheric

refraction can be used to do the baseline solution.
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3. Residual map - the powerful tool for baseline processing

In the baseline solution, it is often necessary to determine the factors that affect the quality of the baseline solu-
tion, or to determine the unqualified observations of which satellite or which observation period. The residual map
is very useful for accomplishing these tasks. It is a graph drawn from the residuals of the observations. Select the
visible double difference residuals of the last and next satellites.

| Project Plot | Baselines | Data Plot | Repeated Baselines | Sync Loop | Async Loop|
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Figure 4-3-1 Data Plot
The figure above is a form of a residual map of common double-difference observations, whose horizontal axis
represents the observation time and the vertical axis represents the residual of the observations.

Once the cause of the baseline quality is identified, a baseline can be processed repeatedly by modifying the base-
line processing settings, or editing the baseline period.

In the observation data graph, drag the mouse to select the data to be deleted. The data in the dotted line box will
be blocked, not being processed by the software. Click Revoke in the previous step of recovery, and, to cancel all
blocking, click Clear.
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Figure 4-4-1 Data Plot

In the baseline measurement, the baseline processing is sometimes unsatisfactory. In this case, it may be necessary
to modify the baseline processing setting or editing period repeatedly, even in the case where the baseline can-
not obtain a qualified solution. When this happens, we need to make this baseline not participate in the network
adjustment, or delete it. If this baseline is essential in the baseline control network, then this baseline needs to be
retested.
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Dynamic Baseline Processing

This chapter contains:
- Baseline Processing Settings
- Baseline Processing Menu
- Baseline Processing
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Before processing a baseline vector, the baseline vector processing settings are necessary. Click Baseline — pro-
cess options — Dynamic, there will be a dialog box about Dynamic settings, including four options: Auto, RTD,
Stop&Go, PPK.

- Auto: According to whether there are RSP files to select its corresponding mode: Stop&Go or RTD.

- RTD: Pseudo-range difference, lower precision.

- Stop&Go: High precision, apply to the RSP file which needs to synchronously load time with long distance, higher
requirement for outdoor operations.

- PPK: High precision, apply to media or short distance.

Processing Options E‘

| General | Ton/trop | Dynamic | Advanced

Dynamic Solve Mode

@ Auto

) RTD

7 Stop&Go

") PPK(Post Process Kinematic)

PPK Settings
System
7] Gps [7] GLONASS 1] BDS
Elevation Mask: |10 - SNR: |20 =

Default Value(F)

Figure 5-1-1 Dynamic Settings

5.1.1 Dynamic Baseline Solution Data

Dynamic GPS data processing generally includes two types of data, base station static data and rover dynamic
synchronous data. Before importing data, confirm which is static data and which is dynamic data, and import them
as static data.

SGS also supports PPK solution under the Satsurv Project. The data import process is: click Import — Satsurv Proj-

ect, and import base station static data and rover dynamic synchronous data.

ﬁ Import _ X
Fle Type Extention Select Files(s)
ZHD File * 7HD
RINEX File * 720;*.0BS
] SP3 File = gp3 Select Folder(F)

GINSS Raw File = GNS
Auto o

Satsurv Project

Cancel(C)

Figure 5-1-2 Data import
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While choosing the corresponding Satsurv project, SGS will load the project and display as Figure 5-1-3:
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20 19 4230931.0199 | 413208.4865 1271.5205 38:12:24.94360 |41:00:32.66028 | 1268.3283 3.1000 423146
21 |20 4230938.3667 |413206.9664 1271.4435 38:12:25.18131 | 41:00:32.59458 | 1268.2513 3.1000 423146
e saanacesnns s1sdoscacs 4a71 anen an.19.48 72170 | 41.0000 anaen | 10ce aana 2 1nan anntac

Figure 5-1-3 RTK Field Data

The users can click CSV or HTML to export the details of the Satsurv projects.

5.1.2 Observation File and Site Properties Setting

Select dynamic observation file and right click to choose static/kinematic for transferring to kinematic.
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Figure 5-1-4 Observation File Settings
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Click Baseline in the menu bar and there will be a baseline processing menu.

Baseline(B) | Adjust(N} ToollT) Options(0)} Help(H)
Process Options(O)...

Process Line(P )
Process Praject(4)

Report(T)
Report Options(R})...

Search all Repeated Baselines and Loops(S)
Search Selected Repeatad Baselnas and Loops(F)

Figure 5-2-1 Baseline Processing Menu
Process Line: Process the dynamic baseline selected in the baseline list.

Process Project: SGS will automatically select the baseline solution engine, according to the type of baseline.

| Project P|0t| Baselines | Diata Plot | Repeated Baselines | Sync Loop | Async Loop|

Enable MName Type Start End TimeSpan(Min) Result Frequency Ratio RMS(m) DX(m)
1 |Yes base.zsd-Rover.zsd Static | base Rove |14
2 |Yes ck012591.z5d-ck082591.zsd Static | ckO1 ckog |57 Passed L1Fixed 29 |0.0091 |1458.9566
3 |Yes ck012590.z5d-ck082590.zsd Static | ckO1 ckog |58
e ck012591.zsd-_k32591.zsd : : Finished
5 |Yes ck082591.zsd-_k32591.zsd Dyna.. |ck08 k3 58
6 |Yes _ k12590.zsd-ck012590.zsd Static |kl ck0l |55 Passed L1Fixed 26 |0.0096 |434.7589
7 |Yes _ k12591.7zsd-ck012591.zsd Static | k1 ckol |58 Passed LiFixed 25 |0.0079 |434.7573
8 |Yes _ k12591.zsd-ck082591.zsd Static |kl ck0d |57 Passed L1Fixed 26 |0.0096 |1893.7184
9 |Yes _ k12590.z5d-ck082590.zsd Static |kl ckDg8 |55
10 |Yes _ k12591.zsd-_ k22590.zsd Static |kl k2 59 Passed L1Fixed 6.2 0.0083 |58.1241
11 |Yes _k12590.zsd-_k32590.zsd Static | k1 k3 54 Passed L1Fixed 47  |0.007 -392.8238
12 |Yes _ k12591.zsd-_ k32591.zsd Dyna.. |kl k3 63

Figure 5-2-2 Process Line

When everything has been prepared, run process project under the Baseline processing menu. The program will
process all the baselines and there will be a dialog showing the names, processing rate, and processing informa-
tion of each baseline solution. The baseline solution works in the background with the multi-threaded manner.

During the process, you can click Cancel to stop the solution.

Processing

Processingbase.zsd-Rover.zsd

11

Figure 5-3-1 Processing

There will be a result of baseline processing in the calculation window after finishing the baseline solution.
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5.3.1 Stop&Go Dynamic Baseline Processing
1. Baseline processing settings
In baseline list, select a dynamic baseline, and right-click Process Options for settings.

e a8
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- 1 | Vaa _dﬂl.mul Rt FLULETE) ! g | k0l k08 .u Pavesd L1Faed | as .ﬂ.ﬂlﬂ‘ 1 1450.0574 ! .‘
| j. ::.ml:“ 08 2 Vaa k012991 zad -chOB2II0 1 sadd s kDl O 57 Patsed L1Faed 29 00091 14500388 [ ]
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" ckDLII00.3ud-_ki. Pr Opsars(O.
| _(;I) P NPS—— 4l | k082300204 -_k123002ed | Dyna ) | fsmsiega ] 1l
S jact Fenparites | 12501 a0 3 Yes | KI3Wlasd-ckO1I390asd  Stasc k1 cko1 |38 % 4saTsTa 1
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07272018 o M22%80ssd-_k23 10 Yer | _kII¥90sed-ckOBIWLaad  Stasc k2 koS 38 wmassez 4
—m k3290038 -ckOL. 11 veu k2 IY00 snd-_ k32991 zud Static | k2 s o0 © Oeletein ASODE82 | -
| = " _eS2801 radd-ckO1: 12 Yen  |_k32900xnd-ckD12990ced  Stasc | k3 (cko1 |38 Praublef) (sz7smes 1
-2 o 2500 e kO 13 Ves _k3I%01 red-ckD12%91 rad Statie | kS 01 58 — 27578 1
=] o _K3AT3013ed-chom. I T o | | = l i
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Figure 5-3-2 Baseline Process

Notice: While using Stop&Go mode, the minimum number of epochs is recommended to default to
/= 180.If the number of epochs is too small, the baseline’s ambiguity of whole cycles can’t be fixed.

2. Baseline processing
 Project Plot | Baselines | Data Plot | Repeated Baselines | Sync Laop | Async Loap

DEGRDREEE

4931500

k3
4931000
4930500
4930000 , ./
ck08 /m
"T—> 380m
E 1395000 1305500 1396000 1396500 1397000 1307500

Figure 5-3-4 Project Plot

After setting, right click Process to start the solution. When it is done, the project plot will display the dynamic
trajectory. It can be hidden by clicking =*'button.
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3. Report Export

Click Report., there will be a report of the dynamic solution.

Content
3. PPK Stop Report
PPK Report

IDFameStart time: Time Span(s) StatusBodeRatioRNS[an] Horizontal Std. (am) Vertical Std. (an) F6S84-B ¥GSG4-L ¥GS84-H(a) Horth(a) East (a) Up (a)

4. PPK Go Report
. Horizontal Std. Vertieal Std Yesea-

D Wene Time  Status Node RatioSats pay Pt ¥esBa-B vosseL  TEETT orth@)  East@)  Uptw)
9/15/2012

Uop I recceanizme 0o 12 0o 0.0043:57:51. 499881 12510 .37, 05192E 246, 5671 4391003, 1019 1387162, 5017 246, 8671
9715/2012

2 ope D pecaaruzn: 00 13 0o 0.0043:57:51. 495881 125 10.37. OSI92E 246, 5668 4391003, 1020 1397162 5017 246, 5665
91512012

3 pt3 1 20 Ml PassedLILZFix 0.0 13 0.0 0.0043:57:51. 49988K 125:10:37. 05L82E 246, 58T2 4331003, 1019 1387182 5017 2488672
9/15/2012

4 ptd 10:10:25 A1 PassedLllZFix 0.0 13 oo 0.0043:57:51. 49988K 125:10:37, 05162E 248, 88T3 4931003, 1020 1397182, 5017 248, 8673
9/15/2012

5 ops T peanuzne 00 13 0o 0.0043:57:51. 499881 125:10:37. 0SIG1E 245, 8560 4331003, 1019 1387182 501 246, 3669
9/15/2012

o g I pecann: 00 13 0o 0.0043:57:51. 499881 1251037 OSI90E 246, 8868 433100 1020 1387182, 5012 246, 3665
9/15/2012

Tt M peccearuzm: 00 13 0o 0.0043:57:51. 495890 1251037, 051908 246, 5670 4391003 1021 1387162, 5012 246, 8670
9/15/2012

& s I pecanizrie 00 13 0o 0.0043:57:51. 495890 1251037, OSI90E 246, 5669 4391003 1022 1397162 5012 246, 5669

Figure 5-3-5 Report

5.3.2 PPK Dynamic Baseline Processing

1. Baseline processing settings

In baseline list, select a dynamic baseline, and right-click Process Options for settings.

base.zsd-Rover.zsd

| General | Ton/trop | Dynamic | Advanced

Dynamic Solve Mode

) Auto
i) RTD
) StopR&Go

@ PPK(Post Process Kinematic)

PPK Setfings
System

GPS [¥/] GLOMASS

Elevation Mask: |10

BDS

SNR: |20

Default Value(F)

Selected -

Apply to(A)

Figure 5-3-6 S

ettings
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2. Baseline processing
When finished settings, click Process to start the baseline solution. In this part, green points represent the RTK fixed

solution, and yellow points represent the RTK float solution.

Project Plot ‘ Dbs—FHesl Points. | Control Pnintsl Base\inesl Repeated Easelinesl Sync Loop I Async Loop | Ephemerisl RTK Field Data‘

alale|o|#

o
a

P
g

]

/ base

Figure 5-3-7 Project Plot
After finishing the solution, the project plot will display the dynamic trajectory line. It can be hidden by clicking
button.

3. Report Export
Right-click and choose Report to check the dynamic solution. The fixed solution means qualified, and unqualified

solution results are red.

Content

PPK Report
1Reference

2 ate Parameter
3.3. PPK Stop Report

4.Go Report

3. PPK Stop Report

ID Hame Start time: Time Span(s) StatusBode Ratio RNS[ma] Horizontal Std. (am) ¥ertical Std (am) ¥GSB4-B ¥6584-1 76584-H () Horth (n) East (a) Up (=)

4. PPK Go Report

. Horizontal ¥ertical ¥6584-

ID Hame Time Status  Node EBatioSats o038 Std. tm) ¥GS84-B ¥6S84-L Hes) Terth()  East@) Upla)
10/25/2017

1optl 31554 py eligibleLI2Float 0.0 8 0.0 0.0022:55:51 §2458N 113:21 :35. 01Z66E 565163 2542583, 1031 434455, 4353 56. 5763
Lo/25/2007 .

2 opz 3565 py  Fessed LiLZFix 00 18 0.0 0.0022:55:51, 624530 113:21:35. 81262F 56,5536 2542563, 1017 434455, 4342 56. 5536
10/25/2017

3 pt3 Sc.eg py  Fased LiZFix 0.0 17 0.0 0.0022:58:51 625470 113:21:38. 9116TE 56,5677 2542563, 1214 434456, 4072 56. 5677
10/25/2017

4 put Jicoeypy  Fassed LiZFix 0.0 17 0.0 0.0022:58:51 62570N 113:21:35. 91236E 56,5763 2542563, 1263 434456, 4276 56. 5763
10/25/2017 :

5 pE 3.as.gspy  Fesed LIz 00 17 0.0 0.0022:55:51, 625548 113:21:35. 01245E 56, 5772 2542583, 1327 434455, 4204 56. 5772
10/25/2017

6 pth 3c.egpy  Fessed LiZFix 0.0 18 0.0 0.0022:58:51 62617H 113:21:35. 91236E 56,5766 2542563, 1426 434458, 4275 56. 5766
10/25/2017

T optT Sp.oopy  Fased LiZFix 0.0 18 0.0 0.0022:58:51 62609N 113:21:35. 91264F 56,5333 2542563, 1403 434456, 4349 56,5833
10/25/2017

8 pt8 sasoypy  Fased LiZFiz 00 18 0.0 0.0022:55:51 §2B09N 113:21:35. 91143E 56, 5856 2542583, 1405 434458, 4005 56. 5556
Lo/25/2007 .

8 pe S.as.z py  Fessed LiLZFix 00 18 0.0 0.0022:55:51, 626130 113:21:36. 81231E 56,5555 2542563, 1415 434455, 4256 56. 5556
10/25/2017

10 ptio sp.gs py  Fased LiZFix 0.0 18 0.0 0.0022:58:51 62736H 113:21:35. 91265E 56,5734 2542563, 1795 434456, 4410 56,5734
10/25/2017

11 ptl monapy  Passed LIIZFix 0.0 18 0.0 0.0022:58:51 626650 113:21:38. 91211E 56,5776 2542563, 1577 434456, 4201 56,5776

Figure 5-3-8 Report
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Chapter 6

Network Adjustment

This chapter contains:
- Steps of Network Adjustment
- Preparation of Network Adjustment
- Process of Network Adjustment
- Network Adjustment Examination
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After the baseline vector processing, the user usually needs to further test the baseline processing result, optimize
it and transform it to the required national or local coordinates, which is the content of the network adjustment.

The method of this software network adjustment is the Least Squares Method.

The software has the functions of free net adjustment, 3D constrained adjustment, 2D constrained adjustment and
height fitting.

The basic steps of SGS data processing software for network adjustment can actually be divided into three parts, as
can be seen from Figure 6-1-1:

1. The preliminary preparation is done by users. It means to set up the coordinate, load the information of control
points before network adjustment.

2.The process of network adjustment is done automatically by the software.

3. The quality analysis and control of the processing result. It requires the user to analyze the process.

Coordinate and network adjustment setting

'

Input fixed point coordinate as BLH, XYZ, NEH

\ 4

Form GPS baseline vectors net by extracting baseline vector

'

Network text

!

3D no constrained adjustment

v
v v '

3D 2D Level fitting
v v y

A 4

Quality analysis and control

Figure 6-1-1 Network Adjustment Process

This shows that the software only realizes the calculation of the network adjustment. The more important is that

the user participates and makes correct judgments. It should be noted that this is usually an interactive process.
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6.2.1 Coordinate Setting

Check the settings of the coordinates before setting up the network adjustment. Normally, the coordinate ellipsoid
selected by the domestic user is Beijing 54. The user needs to set up the central meridian, the additive constants in
the x and y directions and so on.

The setting of coordinates can be performed in the Coordinate Parameter of the Navigation bar.

When a user installs the software, the ellipsoid parameter of Beijing 54 has been set into the software and when
creating a new project, the user usually has inputted the coordinate parameter. So, setting the coordinates before
network adjustment is to check the coordinate parameters.

For the setting of the coordinate system, please refer to the relevant information.

6.2.2 Network Adjustment Setting
Choose Adjust — Adjust Options menu, here will be a dialog like Figure 6-2-2, we can set and test parameters of

the adjustment.

- Adjust Opticns - L]
Coordinate o =
General | Weighted Strategies
Add Predefined | silvan_01052018 " Enable non-Fixed Baseline ?
Ellipsoid | Prajection | Convert | Plane | Height Fitting | 2nd Grid | Ccrnﬂgl © ves(y) © Ne(t)
Source Ellip  waGs 1984 - 3D Free
@ Fix one point(G) (0 Rank Defect Free (Z)
a(m): 6378137
3D Biased
1/f  298.2572236
() Adjust 7 Paramete(S) @ Don't Adjust 7 Para(T)
T t Elli "N -
arge L C 2000 Height Fitting
alm): 6378137 Height Fitting model: [piane -
1/ 298.2572221 TAU Test
Absolute Error 0.010 m
Relative Error 1 ppm
Significance Level 1.0 o
l OK I [ Cancel I OK(0) l l Cancel(C) l
Figure 6-2-1 Coordinate Parameter Figure 6-2-2 Adjust Options

6.2.3 Control Points Information

After the network adjustment settings, we need to input control points information. Otherwise, the constraint
adjustment won't be performed. There are several methods to enter control point information:

1. Click on Set as Control Point in the right-click menu of sites list, to set the site into control point.

2. Click on Add Control Point in the right-click menu of control point list to enter the control point info.

3. Click on Import Control Point File, in the right-click menu of control point list, to import the existing control
point file to the project.

After entering control point info, click on Save to Control Point File in the pop-up menu of control point list, to save

as the individual file for next time.
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- 01-26-2019
=71 AllNet Project Plot | Points | Contral Points | RTK Field Data
=", Points
o kD1 Fixed Name WGS84 X(m) WGSE4 Y(m) WGS84 Z(m) Local Nim) Local E(m) MNarmal Height({m)
* :CkOS ck01 -2648720.7363 37597386151 4404717.9934 40920915.7288 | 1396315.6735 | 236.4368
= ki
L [»z I
. k3 -2640154.0362 3758627.0828 4405401.9785 4931002421 | 1397180.3612 | 236.8988
- Baselines 4 k2 -2649100.6934 (37585361750  |4405524.2007 49311646013 |1397167.0537 2461528
-¢% Repeat Baseline 5 k3 -2649548.0777 3758206.1121 4405522.6406 49312481276 | 13977221777 | 2364176
- Sync Loop
-y Async Loop
Observation Files
Ephemeris Files

Figure 6-2-3 Control Point
6.3 Process of Network Adjustment

Click Adjust in the Adjust menu, the network adjustment tool will appear.

Network Adjust ]
Adjust
© Frae(E) Auto Adiust(A)
© 3D Biased(C)
) 2D Biased and Height Fitting(T) Bincesia)
Result

Get Report{R)

Apply Result(P)

Delete(D)

Figure 6-3-1 Network Adjust
Generally, just click Auto Adjust, the software can start adjustment based on the known baseline processing result
and form the results list. Select one of the results and click on Get Report to view the corresponding report.

6.3.1 Get Baseline Vector Network

The first step of network adjustment is to get a baseline vector network. The principle to form the baseline vector
network is as the following:

1. This baseline is in the project and must not be deleted;

2.This baseline is with the starting point name and calculating point name;

3.This baseline has been calculated and qualified in the baseline vector list;

4.This baseline isn't disabled.

All the baselines that satisfy the above four conditions will be loaded automatically in the first step of network
adjustment, to form the baseline vector network.

6.3.2 Connectivity Test of Baseline Vector Network

If process adjustment is done without the network connected, the network adjustment result won't converge. So,
the software will test automatically the connectivity of the baseline vector network before processing. If the net-
work isn't connected, a prompt will appear. Please check the baselines that form the vector network, the observa-
tion station’s name and so on. The steps to check are the following:



SHTLNB

GEOSOLUTIONS

1. Check if the network is divided into several parts, or whether there is an isolated observation station or baseline.
If so, delete the isolated points or separated parts to enable process adjustment;

2. Check if the critical baseline has been calculated unsuccessfully, or prohibited from participating in the network
adjustment. If so, re-process it, or even re-observe it;

3. Check if there is the same observation station with different names. If so, the network will show that there is
another station very close to the same station. These two stations can’t form any baseline to make the network
connected because they are same site at different time spans. The solution is to modify the error station name in

the observation’s property.

6.3.3 Adjustment Report
The adjustment report contains the results, and its output items and report format can be set in the Adjust Report
Options (Figure 6-3-2) Taking the free network adjustment as an example, the web version of the adjustment result

is as Figure 6-3-3:
Adjust Report Options @

Qutput Items

Baselines Input in WG584
Control Points Input

Adjusted Baselines in WGE584
Baseline Residuals

Adjusted Points in WG584 XYZ
Adjusted Points in WGS84 BLH
Adjusted Points in Local NEZ

Report Format

@ Text file(TXT)
) HTML file(HTML)
@) Ms Office (WORD)

0OK(O) l [ Cancel(C)

Figure 6-3-2 Adjust Report Options

Content Name Value
Number of GPS Baselines: 16
Number of Adjusted Points: 5
Confidence level: 10.000
Free 3D NetAdiust Significance Leve! for Ta Test 100%
. 58 Ratio of Standard Error of Unit Weight: 0.5920
K2 Test Value: 213432
x2 Test Range: 17.8867 - 61.5812
%2 Test Result True

1.Baselines Input in WGS84

Baselines Tau DX(m) Std.Dev(mm) DY(m) Std.Dev(mm) DZ(m) Std.Dev(mm)
ck012390.zsd-ck082390.25d Tes 14580604 33 808.4612 33 104.9030 33
k012591 zsd-ck082591.z5d Yes 14589585 34 889.4615 36 1045140 34
k12590 zsd-ck012580.zsd Tes 4347565 51 11113897 41 6839545 EL]
k12591 zsd-ck012591 zsd Tes 4347565 38 11113928 33 683 9480 30
_ k12590.zsd-ck082590.zsd Tes 1893.7205 40 2009.8488 33 -579.0449 32
k12391 zs4-ck082591 25 Tes 1893.7202 43 20098509 43 -379.0338 37
k12591 zsd_ k22350 754 Tes 58.1249 34 95.4903 30 1132903 27
k12590 zsd-__ k32590 zed Tes -392.8238 29 4206876 27 1212651 24
_ k12591.zsd- k32301 zed Tes -392.8200 26 -420.6851 24 1212676 22
__K22590.z5d-ck012391.zsd Tes 376.6344 34 1206.8810 33 -799.2383 33
_K22590.zs4.ck082591 zsd Yes 18355813 39 21053443 40 6943237 38
_k22590.zsd_ k32591 zsd. Yes 4509461 26 3251932 21 59783 26
_k32590.zsd-ck012590.zsd Tes 8275834 30 15320754 3.0 8052185 29
k32391 zsd-ck012591 zsd Tes 8275797 28 15320746 30 -803.2170 28

132390.250-¢k082390 254 Tes 22865440 31 24305363 3.0 7003109 30 =

Figure 6-3-3 Adjustment Report
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After the network adjustment, the result should be checked. The result test is mainly evaluated by correction,
mean square error and corresponding mathematical statistics test results.

The mathematical statistics test of network adjustment includes the 2 test and TAU Test. The 2 test shows the
reliability of the adjustment result. If the test value is smaller than the theoretical range, the error of adjustment
result is smaller than the theoretical error, which means that it's better than the imagination. At this point, there is
no need to process or select appropriate Coefficient of baseline Std. Dev (Relaxation factor) to pass the 2 test. If the
test value is bigger than the theoretical range, it means that the error of adjustment result exceeds the allowable
range. It could be caused by excessive error in the baseline calculation, or gross error in the control point informa-
tion. It is necessary to find the problem baseline or control point to fix and re-calculate it until it passes the test.
Tau test is used to check the existence of gross error in the baseline involving adjustment. Generally, the test result
depends on the correction of each baseline after adjustment. If a baseline can't pass the TAU Test, it needs to be

re-calculated and re-participated in the adjustment, or to be prohibited.

Name Value

Number of GPS Baselines: 16

Number of Adjusted Points: h]

Confidence level 10.00c
Significance Level for Tau Test: 1.00%

Ratio of Standard Error of Unit Weight: 0.5929

x2 Test Value: 21.3432

%2 Test Range: 17.8867 - 61.3812
x2 Test Result: Tme

Figure 6-3-4 Result Tests

If the result of network adjustment fails to pass the test, it is necessary to find the reasons from the following as-
pects:

1. Check if the coordinate setting or others is correct.

2. Check if the control points are correct and in the same coordinate system.

3. Check if the baseline vector network is correct. For an unqualified static baseline, it can be prohibited from par-
ticipating in the network adjustment. If this baseline can't be deleted or is very important in baseline network, it
should be re-calculated. If necessary, make the field-work observation again.

4. Check if the observation station and antenna height in the observation files are correct. If not, the closed error or
free network adjustment results is very poor.

It is acceptable to delete the poor quality observations. When adjusting, deleting the repeat baseline won't affect
the adjustment structure and the result will meet the requirements as well.

Generally, if the network and the calculation of baseline are qualified, these two tests can be passed and 3D uncon-

straint adjustment can be done successfully.
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Chapter 7

Import & Export

This chapter contains:
- Files Import
- Data Files Export
- Project Result Export
- Baseline Result Export
- Satsurv Project Result Export

64 ‘ www.satlab.com.se



SHTLNB

GEOSOLUTIONS

From the above chapters, it is obvious that the SGS Software has a strong function but simple operation. In this

chapter, we will introduce import and export of the software.

The SGS data processing software has rich import and export functions, including import files, control point files,

Stop&GO RSP files, and export of data files, baseline results, and project reports.

Import files through Import in the navigation bar and Import in the File menu.

Control

X

Project

Import

«~

55
2

k

7.1.1 Data File Import

Import Files i
Control Point File

Stop&Go RSP File

|
[
|

=

| File(F) | Baseline(B) Adjust(N)
B New(N) ...
Open(0) ...
Close(C)
“  Import()...
#  Bxport(E)...

Project Properties(P)...
Coordinate System(R)...

Recently Opened(T) »

Save(S)
Exit(Q)

Figure 7-1-1 Import

Click Import to bring up the Import window. SGS software supports the import of static files (*.ZHD, *.GNS), Rinex

files, and SP3 ephemeris files.

- Select Files (S): Import single or multiple data files.

- Select Folder (F): Import all data files under the selected folder.

ﬁ Import

File Type Extention
ZHD File * 7ZHD
RINEX File * 770:*.0BS
] SP3 File * 5p3

GNSS Raw File * GNS

Select Files(s)

Select Folder(F)

Auto £

Satsury Project

Cancel(C)

Figure 7-1-2 Import
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7.1.2 Satsurv Project Import

SGS User Manual

i- Import - x
File Type Extention Select Files(5)
[~] ZHD File * ZHD
[] RINEX File * 770:*.0BS
[ 5P3 File *5p3 Select Folder(F)
[] GNSS Raw File * GNS
Auto ~|
Satsury Project
Cancel(C)

Figure 7-1-3 Interface of Import

After selecting the corresponding Satsurv project, SGS loads and displays the Satsurv project information as fol-

lows:

Broject Plot | Obs-Files | Points | Control Poirts | Baselines | Repeated Baselines | Sync Loop | Async Loop | Ephemeris RTX Field Data i
2 1 |4230714.5685 4132776730 12852805 38121794863 41003559671 12820883 31000  |42314611557 |412887.1548
3 |2 42307260451 |4132763526 12845473 38121837032 4100:35.53940 12813551 31000  |42314611557 |412887.1548
4 |3 |4220740.4899 4132718751 12830863 38121878718 41003534905 |1279.8941 21000  |42314611557 |412887.1548
5 14 (42307587397 4132647186 12819820 38121040892 41:00:35.04649 12787898 31000 42314611557 4128871548
5 s 42307736029 4132597157 12610820 38121085674 41003453480 (12778898 31000 (42314611557 |412887.548
7 |6 |4230789.3577 |4132553282 12802300 | 3812:2036610 41003454757 |1277.0378 31000  |4231461.1557 |412887.1548
s |7 42308052438 |4132522008 | 12789580 38122088017 41003451206 12757658 31000  |42314611557 |412887.1548
L] 8 .hnllllﬂzl!l-i 413250.42%4 'mﬂl '3&12‘.21.1“!. -mam 'u?m .ilm)l uiml!!‘? 412887.1548
10 9 42308199582 (4132487863 12777667 3812213513 41003436528 12745745 31000 42314611557 |412887.1548
11 10 42008246876 |4132472986 12773550 38122150899 41003430206 12141628 31000 42314611557 |412687.1348
12 _.'ll 42308342371 | 4132438828 _um!l! _ml.zﬂ.ﬂl?“ :ﬂmsm _u}us” _3.1.:!!) 4231461.1557 |412887.1%48
13 12 42308502870 (4132384920 12750620 38122233605 41003392889 12718668 31000 42314611557 4128871548
14 13 42508650014 |4132328869 12738330 38122284044 41003360168 12106408 31000 42314611557 |412687.148
15 14 4208814255 (4132267037 1273145 38122334171 41003343116 12699323 31000 42314611557 |412887.1548
i T ey s oo [saracs [asss e [ e [ emian s i
17 16 42009015882 (4132178330 12721455 38122390245 41003305733 12689533 31000 42314611557 |412887.1548
18 17 42300122535 (4132142808 12718035 38122433707 41003290666 12686113 31000 42314611557 |412887.1548
19 -u 4230822.5649 | 41321009007 12716140 -:I&umm -‘imz.mzl 1268.4218 3.1000 4231461.1557 |412B87.1548
20 ‘19 ‘Qm3wm 4132084885 127152058 'num -“mm ‘m“ -im 4231461.1557 412887.1548
21 20 |4230938.3667 4132069664 | 12714435 'nu:z_m_n 'mm '12532513 13,1000 42314611557 |412887.1548
22 21 42000562906 |4132045865 12714360 38122576172 41003248889 12682438 31000 42314611557 |412887.1548
23 22 42309695319 (4132034379 12716000 3812:2620367 4100:32.43568 "u"au'm 121000 42318611557 |412887.1548
24 _2i .ﬂmm 413201.7342 12718560 38:12:26.80017 41:00:32.35758  1268.7038 3.1000 4231461.1557 |412887.1548
35 (24 42310039544 |413199.3929 12722905 38122730553 |4100:3225449 |1269.0983 21000  |4231461.1557 |412887.1548
% 25 42310124903 |413198.0899 12724325 38122756187 41003210719 |1269.2403 31000  |4231461.1557 |412887.1548
127 |26 uno:zi'ﬁ_:mii';i;a_ir_s;"__ﬁrinm _iiizﬂnuiﬁ_aiaiﬁﬁ_ﬁﬁﬁ' 31000  |4231461.1557 |412887.1548
8 7 42310903003 4171959796 (17708510 38122815868 41003210063 (12686588 31000 42314611557 |412887.1548
29 28 42310440089 |4131966562 12710100 38122850636 41003212437 [12678178 31000 42314611557 |412887.1548
30 |29 ‘ﬂnmms 4131974938 _129'.51“ _]&uﬂml“ _4:1:!0:!2 15235 'wl“ ‘ilm 4231461.1557 |41J8B87.1548 o

4 " J »

Figure 7-1-4 RTK Field Data

After the user clicks CSV or HTML, SGS can get the Satsurv project information.
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Click Control Point File to bring up the Control Point File window. SGS software supports four types of control point

files. Select the control point file format in the window, click OK.

7.1.4 Stop&GO RSP Files Import

Select an imported obs file, and then click Stop&GO RSP File to select the file to be imported in the pop-up dialog

box.

If the obs file is not selected, click the Stop&GO RSP File, and a prompt dialog box will pop up.

Control Point File

Type
@ SGS Standard Format(*.cp)

) Point_LAT_LOMG_HEIGHT_DESC Farmat(*.csv, *.txt)
) Point_Morth_East_Elev_Desc Format(*.cev, *.txt)

) Paint_East_North_Elev_Desc Format(*.csv, *.0t)

o ][]

Figure 7-1-5 Control Point File

-

:] Only one obs file can be selected |

Figure 7-1-6 Notice

Normally, when you submit your results, some of the output is sorted out and submitted as part of the results. SGS

software provides a wealth of results export functions, including obs file, baseline result, and project report export.

& Export

Obs File | Baseline Result | Project Report|

=l&]

H

Content Extension
Points Coordinate CSV File *.CSV

Points Coordinate Text File *.TXT

Point Coordinate KML File  *.KML

Project Plot DXF * DXF

Control Point File *op;*.cev .k
Project Plot DXF (points ... *.DXF

OK(D)

Cancel(C)

Setting(S)

Folder(F)

7.2.1 RINEX File Export

Figure 7-2-1 Export

Select RINEX File, click Setting to bring up RINEX Options dialog box, where the version, the satellites system, the

export content, the interval, the start and stop time, the antenna height type can be set. After the setting is com-

pleted, click OK to return to the Export interface.
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For the imported raw data, select the observation files in the file list, click Convert to Rinex in the right-click menu
to convert; and also select Folder from Export-Obs File to perform batch conversion; the results will be located in
the Rinex folder under the project folder.

[ RINEX Options = P

1.Version: 3.02 A

2.System: GPS(G)
GLONASS(R)
BDS(C)
GALILEQ(E)

3.Include: SHR(5)
Doppler(D)

5.5tart Time: 1980/01/01 08:00:00 B~

6.5top Time: 2019/01/30 00:24:46 B~

7.Antenna Height Type: IDeﬁult v]

8.Fle Path:  C:\SGS Project|1-2019\Rinex\ E

oko) | | cancel©) |

Figure 7-2-2 RINEX Options
Notice: The part of the Satsurv instrument is certified by the NGS antenna and has accurate antenna
phase center correction parameters. SGS software has built-in parameters to automatically correct when
solving. For the old HDS2003 and other manufacturers’ data processing software, if the instrument phase
center correction parameters are not built in, the antenna height type setting must be set to the antenna
phase center.

7.2.2 Point Coordinate File Export

Select Point Coordinate CSV File or Point Coordinate Text File, click Setting to bring up the Options window, where

the exported content can be outputted, including the name, the code, WGS84-BLH and the Grid-NEZ. After the

setting is completed, click OK to return to the Export interface.

7 Options E] = @
1.0utput:
[¥] Name
[[] Code
[¥] WG584-BLH
[¥] Grid -NEZ
l oK{o) ] l Cancel(C) ‘

Figure 7-2-3 Options
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Execute in Export— Point Coordinate CSV File / Point Coordinate Text FileXOK, select the source of the point coor-

dinate file to be exported in “Source of Point Coordinates”, and click OK in CSV format, or in text format to output

the selected result information of each site.

SGS software supports the result output of the Project stations, free 3D NetAdjust Result, WGS84 Result, Target

System Result and Constraint 2D NetAdjust in Target System Result.

-

Source of Point Coordinates EI = @

Project stations(identical with UI)

Free 3D MetAdjust Result

@ Constraint 2D MetAdjust in Target System Result

‘ oK) ‘ ‘ Cancel(C)

o

Figure 7-2-4 Source of Point Coordinates

The exported results are separated by commas in the format:
Name of points, B, L, H, N, E, U

File Edit Format View Help

| Points - Motepad = @

Wame, B, L, H(m), N(m), E{m), Z (m)

ckl, 043:57: 20, T3T10N, 125:09: 52, 29996F, 235, 8242, 4929916, 2659, 15396314, 4683, 230, 8242
ckDB, 043 :57: 25, 55520N, 125:08: 35, b9912E, 232, 74149, 4929830, 8621, 1394583, 0615, 232, 7413
k1, 043:57:51, 487549, 125:10:36, 95365E, 236, 9024, 49351002, 4217, 1397180, 3618, 236, 9024
k2, 043:57:56, 68473, 125:10: 37, Z9021E, 256, 6570, 4931163, 9444, 1397165, 8525, 236, B5Y0D
k3, 043:57:56, 95860N, 125:11:02, 22T93E, 236, 5034, 49351243, 7306, 1397720, 9126, 236, 5034

Figure 7-2-5 Results

Notice: The result format can be directly used in the parameter solving tool software as an import file.
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7.2.3 Project Plot DXF Export
Select Project Plot DXF, click Setting to bring up the Options dialog box, choose whether or not to output the result
Include “Go” points if “Stop&GO” Processing. After the setting is completed, click OK to return to the Export interface.

Options L= % |

1.0utput:
Include “Go" points if "Stop&Go" Processing

0K(0) H Cancel(C)

Figure 7-2-6 Options

Execute in Export—Project Plot DXF—OK, select the source of the point coordinate file to be exported in Source of
Point Coordinates, and click OK to output the DXF file; the result is located in the project folder, the “Plot.dxf” file in
the Report directory. Open with CAD software as follows:

Figure 7-2-7 Display in CAD

Notice: If the graphics with CAD software can't be seen, the angle of view needs to be adjusted. Please
enter the commands e, z in the CAD software to automatically zoom the graphics to the effective view
area.
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7.2.4 Control Point File Export
Execute in Export—Control Point File—OK, select the format of the control point file in Control Point File, and click

OK to output the control point file.

7.3 Project Result Report Export
Select Project Result Report, click Setting, and the Project report option dialog box will pop up, customize the con-

tent to be output in the Word report. After the setting is completed, click OK to return to the Export interface.

Project report option o] @ (=& ﬁ
[¥] Project properties
[¥] Obs-file info

7| Baseline results

[¥| Repeated Baselines and loops

[¥] Adjust results

nl{s)] ‘ ‘ Cancel(C)

Figure 7-3-1 Project Report Option

Execute in Export— Project Result Report, select the format of the project report, click OK to output the file. It can
output the project reports in three forms: TXT, DOC, and HTML, as well as the Repeat Baseline and Closed Loop
Result report.

The observation data list window, the baseline vector list window, and the observation site list window in the main
program can print out the output project summary report, which we will not introduce here.

4 Bxport o] & s

[ Obs File | Baseline Result| Project Report |

Content Extension

Project Report{ASCII) *TXT
éProject Report{Word) *DOC
Project Report(Htm) *HTM
Project Report(PDF) *PDF

Repeated base line and... *DOC

Folder(F)

Figure 7-3-2 Project Report
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7.4 Baseline Result Export

In order to exchange baseline data with other data processing software, we can export the baseline results to Trim-

ble Data Exchange (for the adjustment data of Power Adj software), or Cosa Data Exchange (COSA); after selecting

the format, click OK.

[ Export

Obs File | Baseline Result ‘ Project Report

Content Extension 0K(0)
Trimble Data Exchange *.ASC
Cosa Data Exchange *TXT

Cancel(C)

D
8

Folder(F)

Figure 7-4-1 Baseline Result

The Trimble Data Exchange file is located in the BaselineResult_TGO.asc file under the Report directory of the proj-

ect folder.
e = | BasebneResuit TGO st - WordPad o -
Lj [ 1 A A iREE =) — J 0 P nr
' = 2 S Repiace
SRR LRy S LTI g e
4 [ 5 341 16 0 17
] B
66E:235.8242:4929916.266:1396
21974E:232.7455:4929830.870:139458

560E:236.8988:4931002.421:1397180.

SO44E:236.6561:4931163

Figure 7-4-2 BaselineResult_TGO.asc

The Cosa Data Exchange file is located in the BaselineResult_COSA.txt file under the Report directory of the project

folder:
j BaselineResult_COSA - Motepad |E”E_“E|
File Edit Format View Help
CozaGPs for TGO =
ck01 ck0B 1458, 9574 298, 4628 104, 9096 0. 0008627116004

[Lm

0, 00110635053716 -0, 00039535580129
0. 00058246154238
ck01 ck08

0. 00103439525920
0. 00031629953459
k1 ck01

0. 00101529694311
0. 0005054247 4444

0. 0009733597T7643 -0, 00064332838481

104, 9190 0. 00102311503078
-0, 00071445444590

1458, 9566
0. 00149838985314

893, 4652
-0, 000662TI00ZE3T

—-633. 9549 0. 00089562282558
-0, 00037905202682

434. 7589
0.00087451029248

1111, 3885
-0, 000E8L92615469

Figure 7-4-3 BaselineResult_COSA.txt
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7.5 Satsurv Project Result Export
After importing the Satsurv Project, when the PPK dynamic solution is not performed, the project result can be
exported by CSV and HTML:

1% 14 4239881 ,475% 413276.7137 1373, 0245 3E:12:23,34070 41:00:33.43106 1273.045 4220881.4255 A13226.7137 1269.9333 38:12:33.3071 4
16 15 ATINAST . A8IT 413271.4532 1277 4TET 38:17:23.72638 40:00:33.38871 1177 4767 473068140827 413371.4537 12667845 3A:12:23.7I837 a1:

33,.43016 12699322
1.3087T1 1268, 7845

Coordinate Parameter

Dz Name: wivan 01032018

Efipaont S 1380

Miares: Adas. amy

lIeverse Flatteemny b Bijssnll

el Fills

Proseczen Lsthod Teaeswerse Misrzator

Craeral Mendan: 430000 DODOTE

Comival Latitids: 00 060 050 DO

Sl ] |

Fallse Narthim) L]

Fulse Eastim). Hooeod

X Tramslation(s):@

¥ Tramslation(e):@

I Tramslation(m):@

X moatation(n):e

¥ Roatation(n) e

7 Boatation(n):@

Seale: L]

ID Point Meme Ll E T B L L N_WaSEL E WGSBS 7 WGSEd B_WGSE4 L_wasEe H_WGSE4 Target b

1 P16 AZNIOSH, 1620 £10700.4N89 1296, BASE E:12:20 06570 41:00:10.09962 1196 8456 47N10SH. 1000 4132704389 1294 7554 MA:12:29.06HT0 41:00:1),.09562 12947584 1.0008

2 ] 4230714, 5685 4132776730 1209, 2008 MA:12:0T,S486N 41:00:35. 55070 1284, 2005 42307145689 ALNITTA7H L282.0885 38:12:17.594863 A1:00:3%, 59871 12810883 3,100

3 ] 4230726, 8451 413276, 3526 1264, 5473 381318, 32803 41003553540 1288 5473 £230726.8451 413276 3526 12813551 38:13:18 33632 43:08:3%, 50048 13813551 3.le0e

& ] AZI748, 4899 419271.8751 1283,0863 $8:12:18.78718 41:00:55.54905 1389.0863 4290740 4899 413I71.87391 1279.8941 38:12:18.TET1E 41:08:3%, 34905 1279.8541 5.1808

L] 4 A2ITSH, TINT 413264 .T186 1161.9820 38:12:19.48853 00: 350640 1281.9820 4230759.7IF7 413264 7186 1278.788 38:12 40897 41:09:35 84649 11787806 13.1008

L3 | ] 8 34,00488 12778808 1.1808

7 [} 4300789, 3577 4132555262 1200, 1300 38:13:20.36611 41:00:54.64757 1186.290 4230780.3577 415I55.3382 1277.8978 ¥i11:8. 34,84757 1I77.8378 3.1888

B 7 4338885, 2438 4133523008 1176.9588 38:13: 2. BEEIT 41:08:34.51206 13789580 £I38665.3438 413352 1086 1275.7658 38:11:38. 88617 41:8:34.51286 1175.7658 3.1888

9 8 4130813, 7753 £13250.475% 12762773 38:12:21.15459 41:00:38. 43538 1278.1773 4230613.7253 4131504354 1275.0851 38:12:71.15458 41:09:34.43538 1275.0851 3.1009

18 £ 4239819, 9582 4132457863 1177.7667 38:12:21. 35604 41:00:34.36528 1277.7667 £230E19.9582 A13248.7863 1274.5745 38:12:21.35613 41:09:34,36528 1174.5745 3.1000

1 1w 4200074, GETE 4102477086 1377, 3556 38:12:21. 56059 41:00:08. 00106 1277.0550 &2M000.6ATE 410047.2986 1274.1628 J8:12:71.50000 41:08:04,00206 1174.1628 ). 1808

1z 11 AZDOE54, 2371 413243.8828 12763515 3112121 80748 411003413749 1276.5315 423005842571 A13245.8828 1273.1993 3811212100746 A1:00054,15749 1173,1593 3.1008

13 12 4236858, 1678 4132984920 17758620 1M:13:23.3368%5 41:00:33 53880 11756620 L230856. 7876 413738 4916 1171 8688 38:131:13.33685 4 1.91888 13171 8668 31808

1% 13 4200065, 0014 £11207,. 8869 1370, B100 B:12:22.86844 4110030, 69168 12708300 S20B65. 0014 4132020060 12706408 38:12:77.84044 4 1.69168 12796408 31008
33000
3. 1ee8

17 16 4230001, SEE? 413217.8330 12771455 38:12:23.99245 41:00:35.85733 1272.1455 42300015887 A13217.8336 1268.9533 38:12:73.99045 A1:09:33,65733 1268,.9533 3.1008

18 17 4230912.2535 4132142508 1271.8035 38:12:24.33787 41:00:32.90666 12718835 S238512.2535 413214.2885 1268.6113 38:12:24.33707 41:008:32.90666 1263.6113 3.1888

13 18 ARIIIT 5649 £13200.9087 12716148 38:12: 24 67007 41:00:32.7E321 11716140 £230522.554% 2413210.9907 1268.4718 30:11:24.67€Q27 41:09:31.76311 1258.4218 1.1808

] 19 4250931, 0195 413205.4565 1371.5105 38:13: 2494561 41:00:31.66618 1171.5205 4250051.0199 413068.4865 1168.3183 38:13:34.94360 41:00:31.06018 1168.3253 3.1886

n F 4200908, 3667 4113069664 1171.4435 38:12:75. 10103 41:00:33. 98458 13714435 S2D6008. 0667 4130069664 1168.I513 38:13:35.18131 41:08:33, 59458 1168.3513 3.1888

2 EH] ATMPYSE, 2U06 411204 5865 1271 4360 BE:12oXS. 6172 A1:00:3] . ABEE0 1271 4560 $2M0056. 1006 411004 5885 1268.1438 38:12:2%.761T2 4 1, 48889 1268, 2438 3.1

n a 4230965, 5319 4132034379 1271.6000 38:12:26. 20367 41:00:32.43560 1271.6000 4230960.9319 AL3203.4379 1268.4078 38:12:26.20367 41:09:31,43569 1263.4078 3.1000

Figure 7-5-1 Project Result

After importing the Satsurv Project, when the PPK dynamic solution is performed, we can export the project result
replaced by the PPK solution through the toolbar Export:

[ Expor SEIRN)

Hi-survey Project Result |

Content Extension

D¥F File *.duf

SHP File *shp

EXCEL File *.cov Gancel(C)

South cass?.0 File *.dat

Case S5cs02000 File *.dat

PREGED File *.dat

ASC File *.asc "
‘ Setting(s) ‘
‘ Folder(F) ‘

Figure 7-5-2 Satsurv Project Result
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si21 A [ £ -
& E o ji] E K G H I J E L ! (] [¥] F [=]

1 1D Fane n E 2 B L il AntH ] 0E az 4ve TiStatus  Startlecal timEndlecal tine
2 1[P.16 4231058 413220, 4 1296. B46 3B0:12:2¢ 41:00:3% 1294. 753 2.0922 0. nnEd o, OOES 0. D046 10RTE Fix 2018/5/1 20:285 201B/5/1 20
3 2 1 4230715 413277.7F 1285.281 35B:12:17 41:00:3% 1282. 0B 3.1822 0. 03 o, O0gE 0. D0a7 4RTE Fix 2018/5/1 20:53 2018/8/1 20
4 = 2 4230726 413276, 4 1284, 527 SH:12:1f 4£1:00:3% 1281. 355 3.1922 0. 0484 o, o072 0. 0017 ZRTE Fix 2018/5/1 20:53 2018/5/1 20
6 | 2 9 4230740 413271, 9 1283086 S50:12:1%F 41:00:3512V9.85¢ 5.1922 0.0136 0, 05456 0. 0052 SERTE Fix 2018/5/1 20:53 20LB/5/1 20
6 | S| 4 4230760 415264, F 1281, 982 38:12:1% 41:00:3% 1278, 7%  3.1922  0.003% 0. 0253 0. 0062 3RTE Fiz 2018/5/1 20:5¢ 20187571 20
7 L] 9 4230774 41329%. F 1281, 082 38:12:1% 41:00:34 1277.8% 3.1922 0,032 0, 0214 o, 002 2RTE Fix 2018/5/1 20:5¢ 20184571 20
ki T B 423078G 413255, 3 1280, 2% 28:12:20 41:00:34 1277038 351922  0.0158 0, 0262 0, 0037 3RTE Fiz 2018/5/1 20:5¢ 201B/6/1 20
9 g8 7 4230805 413252, 2 1278. 058 28:12:2( 41:00:34 1275, 76 3.1922 0.0322 0,0218 0, 004 ZERTE Fiz 2018/5/1 20:55 201B/E/1 20
10 L] 8 4230814 413250, 4 1278, 277 Z0:12:21 41:00:34 1275. 0BG 31922 0. 0317 0,0LaT 0. 004% ZRTE Fix 2018/5/1 20:55 200L8/8/1 20
11 10 9 4230820 413248, B 127T7. 76T 38:12:21 41:00:34 1274. 575 3.1922 L0101 0, Q055 0. 0021 ZRTE Fix 2018/5/1 20:55 201B/5/1 20
12 11 10 4230825 413247, 3 1277. 355 58:12:21 41:00:341274. 163  5.1922 0. 0094 0, 00L& 0. 005 2RTE Fix 2018/5/1 20:55 201B/5/1 20
138 | 12 11 4230834 413243, 9 1276. 352 S8:12:21 41:00:341273.159 35,1922 0.0043 0. 0021 0. 0045 2RTE Fiz 2018/5/1 20:55 20187571 20
14 | 13 12 4230850 413238, 5 1270. 062 58:12:27 41:00:3% 1271.B7 5.1922 0. 0468 0. 0505 ] 2RTE Fix 2018/5/1 20:56 2018/6/1 20
15 12 13 4230866 413232, 9 1273. B33 38:12:27 41:00:321270.641 53,1922 0. 0077 0, 0455 0, 008 2ZRTE Fix 2018/5/1 20:58 2018/5/1 20
16 15 14 4230881 413226. 7 1273.125 3B:12:2F 41:00:3F 1269. 932 3.1922 0. 0285 0. 0198 0.0115 2RTE Fix 2018/5/1 20:58 2018/5/1 20
17 1a 15 4230893 413221.5 1272 477 38:12:27 41:00:3F 1269. ZB5 3.1922 0. n3al 0, 1033 0. 0062 ZRTE Fix Z2018/5/1 20:56 Z0LB/S/1 20
18 17 16 4230902 413Z17.8 L27Z 146 3FH:1Z:27 41:00:3%Z1Z268.953 Z.1922 0.0379 0. 0LZT| 0. 00Z% 2RTE Fix 2018/5/1 20:36 20LB/5/1 20
19 13 17 4230912 413214, 3 1271.BOd 3H:12:24 41:00:321268.611  3.1922 0. 0088 0, O0&T 0. 0025 2RTE Fiz 2018/S/1 20:57 201B8/5/1 20
20 19 18 4230923 413210, 9 1271, 614 38:12:24 41:00:32 1268.422 51922 0. 0084 O, 0095 o, 001 2RTE Fiz 2018/5/1 20:57 20187671 20
e 20 19 4230931 413208, 5 1271. 621 28:12:24 41:00:32 1268, 328 51922 0. 0033 0, 0944 0. 0055 Z/RTE Fix 2018/5/1 20:57 20187671 20
22 al 20 4230038 413207 1271424 38:12:2F 41:00:37 1268, 251 35,1922 0,102% 0,070 0. 0068 2[RTE Fiz 2018/5/1 20:58 201B/8/1 20
23 22 21 4230956 413204.6 1271.436 38:12:2F 41:00:3Z7 1268. 244 E.15922 0. 0308 o, oot 0. 003 2RTE Fiz 2018/5/1 20:58 2018/8/1 20
24 23 22 4230970 413203 4 1271.6 3B:12:2¢ 41:00:3Z 1268. 408 31922 0.o3al 0. 0156 0. 001 2RTE Fix 2018/5/1 20:58 2018/5/1 20
25 24 23 4230988 413201.F 1271.B96 S8:12:2¢ 41:00:3Z 1268. 70t 3.1922 0.1209 0, 0839 0. 0051 ZRTE Fix 2018/5/1 20:38 2018/5/1 20
26 23 24 4231004 413199, 4 1272291 S8:12:2% 41:00:321269, 093 38,1922 0.0104 0. 0093 0. 0065 2RTHE Fix 2018/5/1 20:59 2018/5/1 20
7 26 25 4231012 413196, 1 1272. 433 SH:12:27% 41:00:32 126%.2¢  3,1922 0. 0201 O, 0026 0.0109 2RTE Fix 2018/5/1 20:59 201R45/1 20
Z8 27 26 4231022 413196, B 1272, 117 38:12:2% 41:00:32 1268. 925 3.1922  0.0031 0, 0013 o, O 2RTE Fix 2018/5/1 20:59 2018/5/1 20
pe] 28 27 4231030 4131086 1271 85I 28:12:2F 41:00:37 1262 653 3 1322 0 pul 0 1RTE Fiz 2018/5/1 20:5% 201B/6/1 20
20 29 28 4231044 4121967 127TL.01 ZE8:12:2¢ 41:00:32 1267.818  E.1822 0. 0252 O, 0404 0. 002 2RTE Fix 2018/5/1 20:59 201B/E/1 20
Il a0 29 4231099 413197.5 1269. 611 3B:12:2% 41:00:3Z 1266. 419 301922 0.0elE 0, 0LE4 0. 0055 SRIE Fix 2018/5/1 2L1:00 20LBSS/1 21
an w1 %A ANRIARE ATEIAN T 19TA W RE.19-90 41.0M.0% 1996 599 9 AGSA A GNEE A A118 A AATS ABTH Wie  SIEJEA A1 ST

Figure 7-5-3 Satsurv Project Result

74 www.satlab.com.se




SGS User Manual S/‘D&TI_/\B®

GEOSOLUTIONS

Chapter 8

Software Tools

This chapter contains:
- Antenna Manager
- Coordinate Transformation Tool
- Star Report
- SP3 Gate
- Rinex Convert Tool
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The antenna manager is designed for updating and editing the receiver parameter file (the HitAnt.ini file). When
users apply the unknown receiver and know its geometric parameter and phase center height parameters, then
add the needed receiver through this tool.

Choose Tools — Receivers in the software menu, there will be pop-up window shown in Figure 8-1-1. This window

shows the relevant parameters of used antenna, such as radios, phase center height.

% Receivers - b4
Type Radius RO(m) L1 phase center hO{... L2 phase center h0{.. dh(m) &
AT53501 0.18850 0.13940 0.14960 o
SL600-2 0.09200 0.03340 0.04180 0.05500
SLS00 0.08695 0.07550 0.07820 0.03510
SL600 0.09195 0.03991 0.04981 0.05639
51800 0.13000 0.07690 0.06490
NULL 0.0 0.0 0.0 0.0 w
< >
. R Type
- iy & ETI | Add(A)
‘ - T Radius RO(m)
] |0.13000 |
o m g
;%g L1 Phase Center ho{m)
G [0.07690 |
2w @
- L2 Phase Center ho(m)
- on
o |0.06490 |
dh(m)
lo |
el ({u)] Cancel(C)

Figure 8-1-1 Receivers

In the window, choose the antenna name and can change directly the corresponding parameter.

Notice: This document will influence the data result. Please don't change it without thought!

The SGS supplies the coordinate transformation tool. Choose Tools — Coord Tool in the software menu to start the
tool.
This tool can transform between the local coordinate and the WGS-84 coordinate and has the function of solving

parameters. Description of this tool are as follows.

8.2.1 Overview

First of all, it’s necessary to figure out the representation method of several coordinates. There are three common
coordinate representations: Geodetic (BLH), Cartesian (XYZ) and Grid (xyh/NEU). The ellipsoid height is a geometri-
cal quantity, and the levelling height is a physical quantity.

The WGS-84 coordinate is based on the longitude, latitude and ellipsoid model; while Beijing 54 coordinates adopt

the description of plane coordinates and leveling height.
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Now it comes to rigor issues of the transformation. In the same ellipsoid, the geometrical transformation is strict
(BLH<—>XYZ). But the transformation in the different ellipsoid is not strict. For example, there isn't a method

that can be used universally for the transformation between WGS-84 and Beijing 54. Because the first one is the
geocentric coordinate system and the second one is the ellipsoid-centered coordinate system. The elevation’s
transformation is between geoidal height and physical quantity. Therefore, local fitting must be performed with an
ellipsoid in each place, usually with the Bursa-Wolf Parameters model.

So, what should be the transformation between the different ellipsoids? Generally, the more

strict model is the Bursa-Wolf. That is the X plane, Y plane, Z plane, X spin, Y spin, Z spin and scale dilution K. For
these seven parameters, it is necessary to have more than three known points in a location. (At least seven equa-
tions can be solved for Bursa-Wolf formula, so three points are needed to list nine equations.) If the area is not large
and the distance between the farthest points is within 30km (empirical value), it's acceptable to use the three pa-
rameters model, which means X plane, Y plane, Z plane. The X spin, Y spin, Z spin and scale dilution K are regarded
as zero. So this model is the special case of the Bursa-Wolf model.

The essence of the seven parameters model is to fit the shape of local coordinates with a local ellipsoid. So, after
the transformation, the local ellipsoid height obtained is the leveling height. Of course, plane and elevation can be
fitted separately. For example, fit the plane with a 2D+Helmert model and fit the elevation with a quadric surface
model and others. This mode of handling separately confers more freedom than the Bursa-Wolf model. However,
this is only used for small regional coordinate transformations, because of the fewer parameters and weaker ex-
pression ability of the 2D+Helmert model.

In summary, the SGS coordinate transformation tool provides two methods for customers to choose:

1. Bursa-Wolf model, to get local plane and level data in one step.

2. 2D+Helmert model and elevation fitting model, to get local plane and level data in two steps.

Since the model and process definition of each manufacturer may be different, below is the transformation pro-
cess.

1.The process of Bursa-Wolf model

‘ W(GS-84 Band L 3 known point | known point

W(GS-84  Space l l
Rectangular Calculate 7 Calculate 3

L parameters parameters

7 pamr_nr:tt:r model L + 4
transform

l

Beijing-54 Space

Rectangular
L Set  Projection
Beijing-54 B and L parameter

'

Coordinate projection

:

Benjing-54  Plane
coordinate

3

Figure 8-2-1 Bursa-Wolf Model Process
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2.The process of the 2D+Helmert model

WGS-84 BandL

Y

Coordinate »

Set Projection

projection

L J

WGS-84  Plane
Rectangular

A J

4 parameter model

parameter

2 known point

Y

Calculate 4

'y

transform

L A

Beijing-54 Plane
coordinate

parameters

Figure 8-2-2 2D+Helmert Model Process

3.The process of elevation fitting:

WGS-84 BandL

A 4

Coordinate projection |«

Set Projection
parameter

h 4

WGS-84 Plane
Rectangular

Several known

!

point

Elevation fitting

F 3

Calculate fit
parameters

h

Local geoidal
height

Figure 8-2-3 Elevation Fitting Process
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8.2.2 Use Software to Transform Coordinates

The software manages the coordinate transformation parameters as a file. Users can save the defined settings of
transformation parameters as a file (*.dam) and open this file to transfer all the saved parameters for the next use.
The parameters involved in the coordinate transformation refer to the ellipsoid parameter, projection parameter,
seven parameters, four parameters, elevation fitting parameter and level grid files. All of these parameters are inte-
grated into the following window (like figure 8-2-4) for input. After the input, take a name for the file and click on
Save to create a“*.dam” parameter file in the GeoPath directory under the Program folder.

Click on Tool —Coord Tool — Parameter.

#s Parameter - u X
Add Predefined | |Default | | save
Elipsoid Projection Convert Plane Height Fitting  2nd Grid Config

Source Ellip |WGS 1984 V|
a(m):  |6378137 |

1/ |298.2572236 |

Target Ellip |I{rasso1.rs|-c_|,r 1940 v|

a(m): |53?3245 |

1/t |298.3 |

Folder(F) Cancel (C)

Figure 8-2-4 Parameter

Input the parameters in the window or click on Add Predefined to use the saved coordinate transformation files,

then click on OK to return to the main surface for the direct and inverse calculation of coordinate:

e Default _ %
FilelFl  Parameter(P)] Tools(T)
Single Foint File Comvert
Source System Target System
(®) Cartesian(¥TZ) () Cartesian(¥TZ)
() Geodetic(ELH) (D) Geodetic(ELH)
() Gri d(WEI (®) Grid(HE)
t: [-2612121.9794 | - ¥ [3540092.9287 |
1. [4749422.3904 | I [955299.4003 |
£
z: |3350364.0216 | . [11.9206 |
Englizh

Figure 8-2-5 Transform Coordinate



SHTLNB

GEOSOLUTIONS

8.2.3 Parameter Calculation

When users have a group of control points (these points have the WGS-84 coordinate and local coordinate), the
software can be used to solve the parameters. As mentioned above, the software provides the Bursa-Wolf model
and 2D+Helmert model and elevation-fitting model solution that can completed in the same interface. It's con-
venient for users to compare and choose different precision models. In the main interface of Coord Tool, click on
Tools — Parameter Calc to open the parameter calculation interface (if the ellipsoid and projective parameters are

not entered, the Parameter interface will be prompted and pop up).

#. Parameter Calc O

X

Points Map B

Enabl Delete  Wame E L H W i @ EH (O
Target

O Oz @ ¥Eu

—
—

FTEdit(E) o hdd(h)
<

Output | OpenfD} |5 ave(s)

Quick Help: Calc Bursha Parameter (B}
1.Data Prepare: Single input or load points from a formatted file(Format like “Name, B, L H HE U} Cale Helmert 20 + Height
2. Calc Parameter: Tou may choose one of comvert ways form Herlmert 3D or Herlmert 2D with height Fitting
3.0utput : Parameter will be outputed in this textbox wou may copy out for other software. HEEE—EE
Height Fitting model:

Flane ~

Parameter settings(C)

Figure 8-2-6 Parameter Calculation

The process of parameter calculation is:

1. Input the basic parameters: local ellipsoid and projection parameters.

2. Import data: add the points coordinate one by one or prepare the text file and click on Add Predefined (notes:
the file format is: Name,B,L,H,N,E,U).

3. Calculate parameter: the software supports two coordinate transformation models. Click on Calc Bursa Parame-
ter or Calc Helmert 2D + Height. If you use the second model, please select the elevation fitting model first.

4. Check the results: the calculated parameter will be output in the result bar and you can copy out to save them.
5. Use parameters: click on Parameter settings to check the transformation parameter, ellipsoid parameter and

projection parameters. After confirmation, name and save it as “*.dam”file for use in other Satlab software.

Notice: Please switch to the Map interface to check the geometric distribution of the starting point

(avoiding the linear distribution that leads to instability and poor applicability of parameters).
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The SGS supplies the satellite prediction software. Click on ToolX Star Report to open it.

The satellite prediction is based on the satellite almanac data, received by the GPS receiver, and reports to the
users the satellite distribution in a specific location and period in the future. Therefore, it is planned to select a suit-
able time for GPS field data acquisition, so as to improve the efficiency of the field work and data utilization.

The steps of the star report tool are follows:

1. Update historical data;

2. Set station position and time, elevation mask.

3. Conduct the forecasting, check the satellite number and DOP value and choose the observation time.

8.3.1 Input Almanac Data
Star report requires software to load the recent almanac data. The program will use the information of satellite or-
bits recorded in the almanac data to calculate the satellite position. The almanac data is generally in YUMA format,

and the ephemeris file can be downloaded in the Status window.

8.3.2 Setting of Coordinate and Time Zone

After loading the almanac data, set the station BL, Height, elevation mask, observation time and so on, which will
be used to calculation.

Set the date in the Status window. The default date is the computer system time. The user can select any day by

clicking Pre, Today, Next or Manual.

Status
HaME DATA

Time 20190131
Zone I +1g:00
Lat. ¥ 023:00:08
Lon. E 113:19:00
Date 2019-01-31

Start-End 08:00 - 15:00
Mazk Angle 10 deg
Channel = 12

Sample E /minute
GES current. slm
GLA t.al
(; ¥ GBS o e one o
— Sat Hum 28 svs
FDOF 4.0
Obs Ti 0g9:30
R | ¥ cLonass Rendt’”  Duer
Time: 09:30
C| ™ 5 = |
I Fre |Today| Hext |Hanual|
| ¥ sBAS G @ s
. R sumss [
J Bad Star C) &
5| ¥ sBas
T EBad Star

Figure 8-3-1 Ephemeris File

Select Point
From Google—>

Figure 8-3-2 Status
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Click Options in Navigation bar to set the BL, height, elevation mask and observation time.

Options

Time Zone | Instrument sell Termsl Ephemerisl Download setl

Time-diff with GMT:

X

Lat:

W

g" Iﬂza:oo:ﬂa.ﬂm

|113:19:00.000
* |oa:oo

Lon:

IS
P

OK | CANCEL

Figure 8-3-3 Time Zone

Longitude and latitude generally do not need to be very precise, and about one or two kilometers of precision can

be acceptable.

If users do not know their latitude and longitude, the following methods can be used:

With the included coordinate transformation software, the user can convert the known standard rectangular coor-

dinates into latitude and longitude system, and then input them into the software for star report.
Get the BLH format coordinate by specific GPS instruments such as V90 Plus and iRTK5.

Cptions

Time Zonel Instrument setl Terms Ephemeris | Download setl

"Coordinate set |

X

Begin: IDD:DD End: |24:00

(* User-defined " Ephemeris

GPS

file:

|C:\.. A\bin\StarReporti\current.alm
GLOMNASS file:

|C:\...\bin\StarReporl\current.alm Browser
BD file:

|C:\.. A\bin\StarReport\current.alm Browser

OK | CANCEL |

Figure 8-3-4 Ephemeris
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When setting the time, please pay attention to the local time and GPS time. When inputting the observation peri-
od in local time setting, confirm the time difference between local time and UTC time. Usually, when installing the
operating system, the computer will prompt to select the time zone. For example, Beijing time is 8 hours earlier
than UTC time (International Standard Time). If the local time method isn't used, the software defaults that the
input time is Beijing time.

Generally, when setting the observation period, the difference between the start time and the end time is several

hours to 24 hours while the start time is always ahead of the end time.

Options x

Time Zone Instrument set lTerms} Ephemerisl Download set

Mask angle[degree]:
Sampling rate(minute): 5 -
Channels{12

oK CAMNCEL

Figure 8-3-5 Instrument Setting

The elevation mask controls the azimuths of the forecasting satellite, and only the satellite that exceed the setting
azimuths will be displayed. Sampling rate controls the time interval of the text output. The lower the sampling

rate, the more detailed the output data are.
8.3.3 Star Report Status

After inputting the observation station and period and clicking on OK, the status of the star can be seen in the

software.

1. Satellite detail textout
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¥ StarReport - [2019-01-31.drp] - X
Print(®) Setup(S) Edit(E) View(M) Language Help
Ey=: ?
1 Svs[27) PDOPGO GOZ GOS GO7 GO3 G10 G20 G25 G28 G32 ROE RO7 RO3 RI0 R11 R13 R20 R21 COM COF CO4 COS COF S128 S137 134 9128 -
% 0000 ;13 65.293 31251 57.093 31250 31237 16045 34190 E1315 B014D 43153 14047 30095 39192 53275 18325 18040 38343 21290 63191 33115 57144 29252 44150 49127 45122 14100 29251

00:05 13 65293 33253 57088 30247 29235 15043 36191 E3.313 58143 51151 13044 31085 37192 53269 20325 17042 38346 22292 63191 39115 57144 29252 43152 439127 45122 14100 29251
. 00:10 ;1.2 65,305 34256 GE.034 29245 28232 13042 39191 65309 56145 53145 12042 32092 34191 58264 22323 16045 37349 22295 63191 39115 67144 29262 42153 49127 45122 14100 29,251
|M 0016 12 86311 35268 BEO7Y 28242 27230 11.041 41131 7306 63147 65146 11040 33088 31180 67258 23321 15047 37363 23283 63181 39116 67144 29262 41164 48127 45122 14100 29251
: o020 12 B4317 36261 55075 27240 25228 10040 44131 E8.300 51143 57143 10038 34085 29190 56253 25313 14043 37356 24301 63191 39116 57144 29252 40155 43127 45122 14100 29251

v\. S5¥s[25) PDOPGOT GO2 GOS GO7 GO3 G20 G25% G288 G32 RO7 RO RI0 R11 RA19 R200 R21 CO1 CO3 CO4 COS CO7F 5129 5137 5134 5126

% 00:25 13 B3322 37263 55071 26238 24226 46191 70294 48151 59139 34082 26189 54248 26317 13052 36353 24304 B3191 39716 57144 20262 40157 49127 45122 14100 29251
00:30 © 1.3 63327 38266 53067 24235 22224 48192 71287 46152 B1135 35078 23188 52244 28314 13054 36002 25306 63191 39116 57144 29262 39168 49,127 45122 14100 29.251
00:35 12 62332 39263 52063 23233 21222 51192 72279 43153 63131 35075 217188 51,240 29312 12057 35005 25308 63191 33116 57144 29251 38153 497127 45122 14100 29251
0040 1.2 B1.337 40271 51080 22231 19221 53192 73271 41,194 B4126 30071 18187 49236 30,309 11,059 35,008 26312 B3191 39716 57144 29251 37160 497127 45722 14700 29251

SWs[26F PDOPGOT GO2 GOS GO7 GO3 G2 G20 G25% G288 G32 RO7 RO RI0 A1 R19 R200 R21 CO1 CO3 CO4 COS CO7 5129 5137 5134 5126
E 00:45 © 1.1 59341 41274 49057 20229 18219 10323 56,192 73262 39155 66,120 35068 16186 46,233 31306 10081 35011 26315 B3191 33116 57144 29251 36161 49127 45122 14100 29251

5¥s[25) PDOPGOT GO2 GOS GO7 GO3 G12 G20 G25% G288 G32 RO7 RO RI0 A1 R200 R21 CO1 CO3 CO4 COS CO7F 5129 5137 5134 5126
O0:50 © 1.2 53,345 42277 48054 19227 17.217 12322 58193 72263 36156 67,114 35085 14185 44230 32303 34015 27318 63191 39116 57144 29261 35162 49,127 45122 14100 29251
00:55 12 57343 43280 46052 18225 15215 13322 617193 71,244 34157 BBI07 34061 11184 42227 33300 34018 28320 63191 33716 57144 29251 34163 497127 45122 14100 29251

SVs25) PDOPGOT GOZ GOS GO7 GO3 Gi12 G20 G25 G268 G322 RO RO7 R100 RI1 R20 R21 CO1 CO3 CO4 COS CO7 5123 5137 5134 5126

01:00 12 56352 44283 44050 16223 14214 15321 64134 70237 31158 BBI00 10179 33088 40225 34297 34021 28323 63191 337116 57144 29251 33163 497127 45122 14100 29251
01:05 © 12 55,356 44286 43.048 15221 13212 17,320 66,195 63230 29158 68,093 13178 33055 37,223 34293 33024 29326 63191 39116 57144 29261 32164 49127 45122 14100 29251
al:1a 12 53353 45283 41046 14219 11.210 18318 63185 £7.226 27169 BROB6 15178 32062 35220 34250 33027 29323 E3191 38116 57144 28251 32166 48127 46122 14100 28251

. SVs26) PDOPGOT GOZ GOS GO7 GO3 G2 G20 G23 G25 G28 G32 RO1 ROF RIO R R20 R21 CM CO3 CO4 COS CO7 5123 5137 $134 5126
o1:15 11 52002 46233 33045 13217 10208 21.318 71156 10160 65,220 24153 67073 17177 30043 33218 34287 33030 30332 637191 33116 57144 29251 31166 49127 45122 14100 29251

SVs25) PDOPGOT GOZ GOS GO7 G12 G20 G23 G255 G268 G322 RO1 RO7 R100 RI1 R20 R21 CO1 CO3 CO4 COS CO7 5123 5137 5134 5126
o1:20 12 51,005 46236 37044 11216 23317 74198 11158 63216 22159 BRO73 20176 29047 30217 34283 33033 31,335 62191 33116 57144 29251 30166 497127 45122 147100 29251
.25 1.2 49008 47.239 35,042 10214 24316 77199 12156 1213 20160 BOOE7 22176 28.044 28215 34280 32036 31.337 B2191 39716 57144 29201 29167 49127 45722 14700 29251

S¥s[24) PDOPGOT GOZ2 GOS G12 G20 G23 G25% G288 G32 ROT RO7 AI0 AT1 R200 R21 CO1 CO3 CO4 COS CO7 5129 5137 5134 5126

01:30 0 1.3 43011 47302 33.042 26315 792001 14155 59.210 18160 64062 25,175 26042 26213 33276 32,039 32340 62191 39116 57144 29251 28167 49127 45122 14700 29251
01:35 13 47014 47306 31041 28313 82205 15153 57207 15160 62,058 27175 25040 23211 33273 32042 33343 62191 33116 57144 23251 27168 43127 45122 14100 23251
o1:40 13 46016 48303 23040 29312 84211 16152 54205 13160 60054 30174 23038 21.210 32270 31.045 34346 62191 39116 577144 29251 26168 43127 45122 14100 29251
01:45 © 1.2 44019 48312 27.040 31310 87.22% 18150 52203 11160 59051 33174 21036 19.208 31,267 31.048 34343 62191 39116 57144 29,251 25169 49127 45122 14700 29251

Readv NUM

Figure 8-3-6 Satellite Detail Textout

2. Satellite time plot

Satellite time plot shows the change of the number of the visible satellites, with the time elapsing in the limited
period. The abscissa is the span of time and the ordinate is the number of the satellite. According to the time plot, it
is possible to select the planned observation time in which the number of satellites is relatively enough to conduct

a higher-accuracy fieldwork measurement.

3. Satellite track plot

Satellite track plot shows the distribution and movement of satellites at a certain time, in a certain area. Since GPS
satellites are always in motion, we use visual satellite plot to represent the number of visible satellites in the sky at
the observation time. The visible satellites number is closely related to the elevation mask. From Figure 8-15, the
Satellite 26 travels from north to south and the Satellite 10 will rise in the sky in the southeast during the observa-
tion process. The plot shows the BL coordinate as well as the observing period.

The direction displayed by this view is the same as maps which the north points to the up and the east points to
the left. As shown in figure, the outermost circle represents the ground plane, the two dotted circles indicate that
the cutoff angle is 60 degrees and 30 degrees, and the center of the circle represents the zenith.

The satellite distribution at half an hour intervals in the segment can be seen by pulling the time slider in the Status

window.
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Figure 8-3-9 Number of the visible satellites
Figure 8-3-7 Satellite Time Map

4. Number of the visible satellites
The number of the visible satellites are expressed in a rectangular coordinate that counts the visible satellites in

the given period and represents visually the relationship between star numbers and time.

5. Position dilution of precision
Position Dilution of Precision (PDOP) denotes the influence of the satellites’ distribution on the positioning accura-
cy. In some cases, more visible satellites don't mean better positioning accuracy. Generally, when the PDOP value is

less than 4, the observation result is considered to be reliable.
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Figure 8-3-10 Position Dilution of Precision

6. World plot
The trajectories of satellites can be seen in the world plot and the distribution in current time which be adjusted by

the slider button in status tab. When viewing the world plot, just select the GPS and BDS system.

Figure 8-3-11 World Map

7. Print preview
Textout, number of satellites, PDOP value, and satellite sky distribution can be printed out through print preview

and print functions.

8. Hole plot
The satellite Hole Map indicates that the area receives too few satellites to collect data.
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8.3.4 Update Almanac Data
For accurate satellite forecasting, the almanac should be updated frequently. It is generally recommended that
users do not use the calendar for more than one month. The software will prompt for outdated data and limit its

usage.

SP3 Gate can provide users with precise satellite orbit and clock error files issued by IGS.

Click Tool — SP3 Gate, the window like Figure 8-19 will be displayed. Users can download the precise ephemeris
needed with a simple configuration.

The steps of using SP3 Gate include:

1. Set the Date Span;

2. Set the folder to save;

3. Set the FTP Server to download (some sites may not be available).

4. Set the type of the ephemeris (Ultra rapid, Rapid SP3, Final SP3)

5. Click Star to download.

Rinex convert tool can convert the static data collected by the Satlab receiver to the Rinex file. Click Tool — RINEX

Convert Tool, a window like Figure 8-5-1 will be displayed.

& sP3 Gate _ % S ConvertRinex - X
Source File ‘ [[open(o) |
Date Span From: | Thursday , 31 JanLv| to | Thursday , 31 Jani v| (O Utral Rapid
Save to folder: C:\SGS Project\SP3Y, O Rapid SP3
RINEX Setting File Setting
i verson [3.02 v L ]
FTP Server: cddis.gsfc.nasa.gov ~ © Final SP3 Warker Hame
systern 2 089 T
GLONASS
LURL 2.Message [ BDS Measure to | Ref Pomnt(Siant) >
Galleo
Start(s) Include B sHR True Height
Folder(F) Interval |Defauft
star i (95T) )
0/0 S
o Open Output Folder(F)
English English

Figure 8-4-1 SP3 Gate Figure 8-5-1 Convert Rinex

This tool is identical to the Rinex conversion settings and functions of the SGS main interface, so that won't be cov-
ered again here. After setting the configuration item, click Convert to complete the work.

The SGS tools include Antenna Manager, Star Report, Coordinate Transformation, SP3 Gate, Rinex Convert and so on.
This chapter focuses on how to use these tools and how to deal with frequently asked problems. When installing SGS
software, select all the installations and these tools will be installed in the “Bin” directory of the software and provide

shortcuts.
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Chapter 9

Appendix

This chapter contains:
- Terminology Notes
- RINEX Format Description

88 ‘ www.satlab.com.se
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1.1GS

International GPS Service (IGS), based on the global ground-based GPS continuous operation station, is an exam-
ple of GPS continuous operation network and comprehensive service system. It provides GPS users with various
free information, such as GPS precise ephemeris, fast ephemeris, forecast ephemeris, IGS station coordinates and
their motion rate, phase and pseud-orange data of GPS signals received by IGS stations, and earth rotation rate.

It supports countless scientific projects in geodesy and geodynamics, including ionosphere, meteorology, refer-
ence frames, precise time transfer, high-resolution Estimate of Earth’s rotation rate and its changes, and crustal
movement. DORIS in France and PRARE in Germany are also considering the establishment of similar international
organizations to make sure such space geodetic observation system are more efficient, automated, accurate and
reliable.

2. Ambiguity

The unknown integer number of cycles of the reconstructed carrier phase contained in an unbroken set of mea-
surements from a single satellite pass at a single receiver.

3. Baseline

The length of the three-dimensional vector between a pair of stations for which simultaneous GPS data has been
collected and processed with differential techniques.

4. Broadcast Ephemeris

Satellite orbital parameters obtained by demodulation in a message published by a satellite.

5. SNR (Signal-to-noise Ratio)

The ratio of signal power to noise power at an endpoint.

6. Cycle Slip

A phenomenon under the interference, the loop jumps from a balance point for several cycle and stabilizes at a
new equilibrium point, causing the integer period of phase to produce an error.

7. Carrier Wave

A radio wave having at least one characteristic (e.g., frequency, amplitude, phase) which may be varied from a
known reference value by modulation.

8.C/A Code

The Coarse/Acquisition GPS code modulanted on the GPS L1 signal. This code is a sequence of 1203 pseudoran-
dom binary biphase modulations on the GPS carrier at a chipping rate of 1.023 MHz, thus having a code repetition
period of one millisecond.

9. Difference Measurement

GPS measurements can be differenced across receivers, across satellites and across time. Although many combina-
tions are possible, the present convention for GPS phase measurement differencing is to perform the differences in
the above order: first across receivers, second across satellites and third across time.

- Single difference measurement (across receivers) is the instantaneous difference in phase of a received signal,
measured by two receivers simultaneously observing one satellite.

- Double difference measurement (across receivers and satellites) is obtained by differencing the single difference

for one satellite with respect to the corresponding single difference for a chosen reference satellite.
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- Triple difference measurement (across receivers, satellites and time) is the difference between a double difference
at one epoch of time and the same double difference at another epoch of time.

10. Difference Positioning

Determination of relative coordinates between two or more receivers which are simultaneously tracking the same
GPS signals.

11. Geometric Dilution of Precision

In dynamic positioning, a factor describing the contribution of satellite geometry position to error. Expression:
DoP=.,#(0"Q)" Where Qs the matrix factor of the instantaneous dynamic position solution (depending on the

location of the receiver and satellite).

Table 9-1-1 Several Standard Terms in GPS

GDOP 4-D geometric factor

PDOP 3-D coordinate geometric factor

HDOP 2-D coordinate geometric factor

VDOP Elevation geometric factor

TDOP Clock difference factor 1:40,000
HTDOP Elevation and clock difference geometric factor

12. Dynamic positioning

A method determining the coordinate of the moving rover changed with time.

Each measurement result is obtained from a single data sample and calculated in real time.
13. Eccentricity

a’ —b*  a:semi-major axis
b? b: semi-minor axis.

14. Ellipsoid
In geodesy, a mathematical figure formed by revolving an ellipse about its minor axis. Two quantities define an

ellipsoid; these are usually given as the length of the semi-major axis a and the flattening f. PRI
15. Ephemeris '

The energetic parameters of the position of a celestial body with time.

16. Flattening

Relating to Ellipsoids £ = é(ﬁ —v)=1-4li-¢") g semi-major axis; b: semi-minor axis.; e: eccentricity

17. Geoid

The particular equipotential surface which coincides with mean sea level, and which may be imagined to extend

through the continents. This surface is always perpendicular to the direction of the force of gravity.
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18. lonosphere Delay

A wave propagating through the ionosphere (which is a non-homogeneous and dispersive medium) experiences
delay. Phase delay depends on electron content and affects carrier signals. Group delay depends on dispersion in
the ionosphere as well and affects signal modulation (codes). The phase and group delay are of the same magni-
tude but opposite sign.

19. L-band

The radio frequency band extending from 390 MHz to 1550 MHz.

20. Multipath Error

A positioning error resulting from interference between radio waves which have travelled between the transmitter
and the receiver by two paths of different electrical lengths.

21. Observing Session

A period of time for collecting GPS data simultaneously using more than two receivers

22. Pseudo Range

A measure of the apparent signal propagation time from the satellite to the receiver antenna, scaled into distance
by the speed of light. The apparent propagation time is the difference between the time of signal reception (mea-
sured in the receiver time frame) and the time of emission (measured in the satellite time frame).

23. Receiver Channel

The Radio, Mixing and Intermediate frequency channel in the GPS receiver which can receive and track the two
carrier frequency signals of the satellite.

24, Satellite Configuration

The state of the satellite constellation at a specific time, relative to a specific user or set of users.

25. Static Position

The measurement of point position, without taking into account the motion of the receiver.

26. Universal Time

Local solar mean time at Greenwich Meridian.

UT: Abbreviation for universal time UTO.

UTO: As deduced directly from observation of stars.

UT1: UTO corrected for polar motion.

UT2: UT1 corrected for seasonal variations in the Earth'’s rotation rate.

UTC: Universal Time Coordinated; uniform atomic time system kept very close to UT2 by offsets.

27. Interval

The process of taking a continuous variable value at periodic intervals.

28. Condition of Observation

The geometric figure and trajectory of the satellite constellation.
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9.2.1 Observation Data File

This file contains header blocks and data blocks. Figure 9-2-1 lists the header blocks for this file and figure 9-2-2
lists the data blocks for this file. Here are just a few of the nouns in the observations.

1. Time: Refers to measuring time which signal arrives at the receiver

2. Pseudo range: Measurement of the apparent signal propagation time from the satellite to the receiv-
er antenna, scaled into distance by the speed of light. In RINEX, there are three kinds of pseudo range
observations: C1is L1’s C/A code, P1is L1’s P code and P2 is L2’s P code. Because of the AS policy, many
receivers cannot get the P code of L2, instead of that, adopting the related technology to find out the Y2-
Y1 time delay to eliminate ionosphere influence. In this case, in RINEX, the time delay between C/A code
and Y2-Y1 is converted to the synthesized P2 code.

3. Phase: It is a small value over the entire week of the beat frequency at the L1 and L2 frequencies. When
the square technique extracts the phase, it is a small value in half a week and must be converted to an
entire week.

4. Doppler: The receiver uses a specific processing software to record the Doppler value D1 and D2 and
take Hz as the unit.

In all above records, the three observations must be consistent in time. If the external frequency standard is used
to correct and set the time error correction number as T, the following measurements are as follows:
p(corr)=p(recv)—cxt

T(corr)=T(recv)—1

LI(corr)=L1(recv)—Fxt

Figure 9-2-1 Description of Navigation File Header Block

Version format (2)
File type O——Observation data 16, 14X
RINEX VERSION/TYPE Positioning system G——GPS A1, 19X
R——GLONASS A1, 19X
M——MIXED
Name of file outline A20,
PGM / RUN BY / DATE Name of file institution A20,
Date of document creation A20
COMMENT Comments A60
MARKER NAME The name of measuring point A60
MARKER NUMBER The number of measuring point A20
OBSERVER / AGENCY Name or agency of the observer A20, A40
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REC# /TYPE /VERS

Receiver number, model and software version

3A20

ANTH# /TYPE

Number and type of antenna

2A20

APPROX POSITION XYZ

Approximate position XYZ

3F144

ANTENNA: DELTA H/E/N

Antenna height H
Eastward eccentricity of antenna E
Westward eccentricity of antenna N

3F14.4

WAVELENGTH FACT L1/2

Wavelength factors of L1/L2
1: Integer ambiguity
2: Semi-cycle ambiguity
0: L1 Single frequency
Number of tracking satellites (maximum 7, more than 7 duplicate re-
cords)
PRN Satellite number

216

16
7(3X,A1,12)

#/TYPES OF OBSERV

The number of different observation types in the file

Definition of observation type:

L1,L2: L1, L2 phase observations(cycle)

C1: C/A pseudo range measurements of L1 (m)

P1,P2:L1, L2 P code pseudo range measurement (m)

D1, D2: Doppler pseudo range measurement of L1 and L2 (Hz)

T1,T2: The integral Doppler observation of meridian instrument (cycle)
After the implementation of AS, L2 and P2 are changed.

16
9(4X,A2)

INTERVAL

Interval of observation (s)

TIME OF FIRST OBS

Starting time of observation (year, month, day, hour, minute, second)
Time system: GPS=GPS time system
GLO=UTC time system
Default value in GPS/GLONASS:
GPS=plain GPS file
GLO=plain GLONASS file

516, F12.6
6X, A3

TIME OF LAST OBS

Ending time of observation (year, month, day, hour, minute, second)
Time system: GPS=GPS time system

GLO=UTC time system
Default value in GPS/GLONASS:

GPS=plain GPS file

GLO=plain GLONASS file

516,F12.6
6X,A3

LEAP SECONDS

In GPS/GLONASS, the slip second from January 6, 1980,

#OF SATELLITES

The observation numbers of satellite contained in the document

3X, A1,12,916
6X, 916

END OF HEADER

Header block terminator

60X
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Figure 9-2-2 Description of Data Block of Observation File

Epoch: year, month, day, hour, min-
ute, second
Epoch sign 0: Normal

1: Interruption of epoch

>1: Epoch flag
The number of satellites in the cur-
rent calendar The satellite number in

lost

LLI: Indicates the satellite lock status
0~7)

Normal

Default value

AS exists

Signal intensity

1: Minimum signal intensity
5: Moderate signal intensity
9: Maximum signal intensity
0: Do not consider

the current epoch, if there are more |53|3' F11.7
than 12, then another line (A1, 12) ’

EPOCH /SAT Receiver clock (s)

Or If there are more than 12 satellites, 3

EVENT FLAG records continuously; (AT 12)

If Epoch flag>1 '
. F12.9
then Epoch sign:
. 32X,12(A1,12)
2: Start moving the antenna
3: Placed at a new point, the end of
the moving 4: Header information
5: Exception (the epoch is too large)
6: The record of cycle slip
The satellite numbers are recorded
in both signs 2 and 5.
Observation date
LLI
Signal strength
The above data for each satellite is
recorded in EPOCH/SAT. If more than
5 observations (80 byte), continue
the next record.
Observations:
Phase: expressed as integer
Pseudo range: expressed as meter
Indicates that the measurement is
OBSERVATIONS m (F14.3,11,11)
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9.2.2 Navigation Data File

The satellite ephemeris is broadcast navigation message taken from the satellite, which is the basic data for calcu-
lating the ground position.

In the navigation message, the number of orbits, the satellite clock parameter, etc. are included. In order to accel-
erate the calculation of the ground point, the satellite sends the broadcast navigation message once per second,
while the broadcast navigation message update every hour. So, each observation only needs to record a set of
broadcast navigation messages. Figure 9-2-3 and figure 9-2-4 list the navigation file header block and data block,

representatively.

Figure 9-2-3 Description of Navigation File Header Block

Version format (2) 16, 14X,
RINEXVERSION /TYPE File type (N——navigation data) AT, 19X

Name of file outline A20
PGM /RUNBY /DATE [ Name of file institution A20

Date of document creation A20
COMMENT Comments A60
TON ALPHA lonosphere parameters AO—A3 2X,4D12.4
ION BETA lonosphere parameters BO—B3 2X,4D124
DELTA-UTC almanac parameters for calculating

UTC time

A0, AT: Calculate the parameter of time correction
A0, A1, TW T: Reference time of UTC data
W : Reference weeks of UTC

LEAP SECONDS Time variation due to leap seconds 16

END OF HEADER Header block terminator 60X
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PRN /EPOCH / SV CLK

Figure 9-2-4 Description of Navigation File Header Block

PRN Satellite number

Epoch: TOC——Time of clock
Year (two digits);

Month;

Day;

Hour;

Minute;

Second.

Satellite clock error (S)
Satellite clock drift (s/s)

Rate of satellite clock drift (s/s2)

513,F11.7
13,

13
12(A1,12)
F12.9
32X,12(A1,12)

IODE Expiry date of ephemeris data

Crs
(m)
BROADCAST ORBIT-1 An 3X,4D19.12
(rad/s)
MO
(rad)
Cuc (rad)
BROADCAST e flattening
ORBIT-2 Cus (rad)
()
Toe time of ephemeris
BROADCAST Cic (rad)
ORBIT-3 Q (rad) 3X4D19.12
Cis (rad)
| (rad)
BROADCAST Crc (m)
ORBIT-4 Q (rad) 3X4D19.12
Qdot (rad/m)
Idot (rad/s)
BROADCAST L2
ORBIT-5 TOE 3X,4D19.12
L2 P Data label
Satellite precision (m)
BROADCAST Mobile Station Based (MSB)
ORBIT-6 TGD () 3XAD19.12
IDOC Expiry date of clock data
BROADCAST Message sending time (GPS week seconds - counting 3X4D19.12
ORBIT-6 from the Z of the word HOW) ! ’
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