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1 Introduction to the Example Campaign

1.1 Stations in the Example Campaign

Data from seventeen European stations of the International GNSS Service (IGS) network
and from the EUREF Permanent Network (EPN) were selected for the example campaign.
They are listed in Table 1.1. The locations of these stations are given in Figure 1.1.

The observations for these stations are available for six days. Two days in year 2019 (day
of year 044 and 045), two in 2020 (day of year 179 and 180), and two in 2021 (days 095
and 096). The observations are distributed in a mixture of RINEX 2 and RINEX 3 formats
with related short and long filenames. Within the campaign area we use a Bernese specific
naming convention for observation and navigation RINEX files that is neutral with respect
to the original very different filenaming. The observation files contain also measurements
from different GNSS, indicated in Table 1.1 by the RINEX system characters:

G GPS Global Positioning System

R GLONASS Russian Global Navigation Satellite System
E  Galileo European Galileo navigation satellite system
C BDS BeiDou Navigation Satellite System

J  QZSS Quasi-Zenith Satellite System

I  NAVIC Navigation with Indian Constellation

[ )
G@ -
.s B‘éST WTZR . .

“;}\ ZIM2 e ZIMM

TLSE e

Figure 1.1: Stations used in example campaign (stations indicated by light boxes with coordi-
nates given in the IGS 20 reference frame)
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1 Introduction to the Example Campaign

Table 1.1: List of stations used for the example campaign including receiver and antenna type
as well as the antenna height.

Receiver type Antenna
Station name Location Antenna type Radome height
BRSTOOFRA 10004M004  Brest, France TRIMBLE ALLOY (GREC)
TRM57971.00 NONE 2.0431m
GANPOOSVK 11515M001  Ganovcee, Slovakia TRIMBLE ALLOY (GRECJI)
TRM59800. 00 SCIS 0.3830m
HERTOOGBR 13212M010  Hailsham, LEICA GRX1200GGPRO (GR)
United Kingdom LEIAT504GG NONE 0.0000 m
JOZ200POL 12204M002  Jozefoslaw, Poland 2019: LEICA GRX1200GGPRO (GRCJ)
LEIAT504GG NONE 0.0000 m
2020/21: TRIMBLE NETR9 (GRE)
TRM59800. 00 NONE 0.0000 m
LAMAOOPOL 12209M001  Olsztyn, Poland LEICA GRX1200+GNSS (GR)
LEIAT504GG LEIS 0.0600 m
MATEOOITA 12734M008 Matera, Italy LEICA GR30 (GREC)
LEIAR20 NONE 0.1010 m
MIKLOOUKR 12335M001  Mykolaiv, Ukraine LEICA GR10 (GRE)
LEIAR10 NONE 0.0237m
ONSAOOSWE 10402M004  Onsala, Sweden 2019: JAVAD TRE_G3TH DELTA (GR)
AQAD/M_B 0S0D 0.9950 m
2020/21: SEPT POLARX5TR (GRECQ)
ADAD/M_B 0S0D 0.9950 m
ORIDOOMKD 15601M001  Ohrid, Republic of 2019: LEICA GRX1200GGPRO (GR)
North Macedonia LEIAT504GG LEIS 0.0640 m
2020/21: LEICA GR30 (GREC)
LEIAR25.R4 LEIT 0.0000 m
PTBBOODEU 14234M001  Braunschweig, 2019: ASHTECH Z-XII3T (G)
Germany ASH700936E SNOW 0.0562m
2020,/21: SEPT POLARX5TR (GRECI)
LEIAR25.R4 LEIT 0.0590 m
TLSEOOFRA 10003M009  Toulouse, France TRIMBLE NETR9 (GREC)
TRM59800. 00 NONE 1.0530 m
VILLOOESP 13406M001 Villafranca, Spain 2019: SEPT POLARX4 (GRECI)
SEPCHOKE_MC NONE 0.0937m
2020/21: SEPT POLARX5 (GRECI)
SEPCHOKE_B3E6 NONE 0.0937m
WSRTOONLD 13506M005  Westerbork, SEPT POLARX5 (GRECJ)
The Netherlands AOAD/M_T DUTD 0.3888 m
WTZROODEU 14201M010  Kotzting, Germany LEICA GR50 (GRECI)
LETAR25.R3 LEIT 0.0710 m
WTZZOODEU 14201M014  Kétzting, Germany JAVAD TRE_3 DELTA (GRECTI)
LETAR25.R3 LEIT 0.2840 m
ZIM200CHE 14001M008 Zimmerwald, Switzerland =~ TRIMBLE NETR9 (GREC)
TRM59800. 00 NONE 0.0000 m
ZIMMOOCHE 14001M004  Zimmerwald, Switzerland ~ TRIMBLE NETR9 (G)
TRM29659.00 NONE 0.0000 m
Page 2 AIUB



1.1 Stations in the Example Campaign

In the terminal sessions you will analyze the data in order to obtain a velocity field based
on products computed by Center for Orbit Determination in Europe (CODE) for the IGS
repro3 campaign — the contribution to the ITRF 2020. For nine of these stations, coordi-
nates and velocities are given in the IGS 20 reference frame, an I1GS—specific realization of
the ITRF 2020 (see https://itrf.ign.fr/en/solutions/ITRF2020). Even though the
scale of the I'TRF 2020 has slightly changed with respect to the repro3 series due to the
combination with the other space-geodetic techniques, the orbit and Earth orientation
parameters (EOP) products can be used together with the IGS 20 reference frame. For
Precise Point Positioning (PPP) applications (in particular with the ambiguity resolution)
this inconsistency will, however, degrade the results. A related update of the product
series is under consideration.

Between the selected days in 2019 and 2020 the receiver in ONSA and the full equipment
at stations JOZ2, ORID, PTBB, and VILL was changed. The receiver type, the antenna
type, and the antenna height are provided in Table 1.1.

Ideally, consistent (ROBOT) calibrations for each GNSS that should be used. However,
those calibrations are not always available. The antenna calibrations available for the
example network and related to the IGS 20 antenna model are shown in Table 1.2. For
station ONSA we have the situation that for the antenna type/radome combination even

Table 1.2: List of antenna/radome combinations used in the example campaign together with
the available antenna calibration values in IGS20 model.
Type of calibration

Antenna type used at stations

AOAD/M_B 0S0OD | ADOPTED from NONE for GPS ONSAOOSWE
ADOPTED from GPS  for other systems
AQOAD/M_T DUTD | ROBOT for GPS and GLO | WSRTOONLD
ADOPTED from GPS  for other systems
ASH700936E SNOW | ROBOT for GPS PTBBOODEU (2019)
ADOPTED from GPS  for other systems
LEIAR10 NONE | ROBOT for all systems MIKLOOUKR
LEIAR20 NONE | ROBOT for all systems MATEOOITA
LEIAR25.R3 LEIT | ROBOT for all systems WTZROODEU, WTZZOODEU
LEIAR25.R4 LEIT | ROBOT for all systems ORIDOOMKD (2020/21),
PTBBOODEU (2020/21)
LEIAT504GG LEIS | ROBOT for GPS and GLO | LAMAOOPOL,
ORIDOOMKD (2019)
ADOPTED from GPS for other systems
LEIAT504GG NONE | ROBOT for all systems HERTOOGBR,

JOZ200POL (2019)

SEPCHOKE_B3E6 NONE | ROBOT for all systems VILLOOESP (2020/21)
SEPCHOKE_MC NONE | ROBOT for GPS and GLO | VILLOOESP (2019)
ADOPTED from GPS for other systems

TRM29659.00 NONE | ROBOT for all systems ZIMMOOCHE

TRM57971.00 NONE | ROBOT for all systems BRSTOOFRA

TRM59800.00 NONE | ROBOT for all systems J0Z200POL (2020/21),
TLSEOOFRA, ZIM20OCHE

TRM59800.00 SCIS | ROBOT for all systems GANPOOSVK

Bernese GNSS Software, Version 5.4
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1 Introduction to the Example Campaign

no calibration is available. The values from the same antenna type without radome are
used as a proxy.

The distances between occupied locations in the network are between 200 and 1000 km.
Two locations (Zimmerwald and Kotzting) are occupied by receiver /antenna pairs defining
separate stations each: in Zimmerwald, the distance between ZIMM and ZIM2 is only
19m. In Kotzting, WTZR and WTZZ are separated by less than 2m — these are short
baselines.

The receivers used at the stations MATE, ONSA, and PTBB are connected to H-Maser
clocks, VILL to a Cesium clock. In 2020 and 2021 both receivers in Kétzting (WTZR and
WTZZ) were connected to the same H-Maser (EFOS18); in 2019 WTZZ is running on
the internal receiver clock only.

1.2 Directory Structure

The data belonging to this example campaign is included in the distribution of the Bernese
GNSS Software. Therefore, you may also use this document to generate solutions from
the example dataset to train yourself in the use of the Bernese GNSS Software outside the
environment of the Bernese Introductory Course.

There are three areas relevant for the data processing (in the environment of the
Bernese Introductory Course they are all located in the ${HOME}/GPSDATA direc-
tory):

${D}: The DATAPOOL area is intended as an interface where all external files can be de-
posited after their download. It can be used by several processing campaigns.

${P}: The CAMPAIGN54 directory contains all processing campaigns for the Version 5.4 of
the Bernese GNSS Software. In the Bernese Introductory Course environment all
groups use ${P}/INTRO in their ${HOME} directory.

${S}: The SAVEDISK area serves as a product database where the result files from different
processes/projects can be collected and archived. Before you start processing, only
reference files (*.*_REF) obtained with the example BPE from the distribution are
available here.

1.2.1 The DATAPOOL Directory Structure (${D})
Motivation for the DATAPOOL area

The idea of the DATAPOOL area is to place local copies of external files somewhere on your
filesystem. It has several advantages compared to downloading the data each time when
starting the processing;:

e The files are downloaded only once, even if they are used for several campaigns.

e The data download can be organized with a set of scripts running independently from
the Bernese GNSS Software environment, scheduled by the expected availability of
the external files to download.

e The processing itself becomes independent from the availability of external data
sources.

Page 4 AIUB



1.2 Directory Structure

Structure and content of the DATAPOOL area

The DATAPOOL area contains several subdirectories taking into account the different po-
tential sources of files and their formats:

GNSS observation data :

RINEX-directory :
The data of GNSS stations are provided in Receiver INdependent EXchange
format (RINEX) format. The directory may contain observation (Hatanaka-
compressed) and navigation files. The files in this area may even be UNIX-
or gzip-compressed. RINEX file versions 2, 3 or 4 are supported and may
be introduced with the related filenaming conventions. If several versions of
RINEX files for the same station are available, the script (RNX_COP) decides on
the priority.

These RINEX files are “originary” files that are not changed during the pro-
cessing.

The RINEX files can be downloaded from international data centers. Project-
specific files are copied into this area. If you mix the station lists from different
projects, it is recommended to keep the four-character IDs of all stations in the
RINEX file names unique (even if the remaining characters of the nine-character
ID is different). The reason is that a mixture with four-character IDs from files
using the RINEX 2 naming convention may lead to unpredictable effects.

HOURLY-directory :
The same as the RINEX directory but dedicated to hourly RINEX data used for
near real-time applications.
Note: not all stations in this example provide hourly RINEX files.

GNSS products :
Orbits, EOP, satellite clock corrections and biases are basic external information
for a GNSS analysis. We propose to use the ID of the source also to create related
subdirectories:

COD — CODE operational final solution, currently containing GPS and GLONASS.
COR — CODE operational rapid solution, containing GPS, GLONASS and Galileo.

CODORO3FIN — CODE contribution to IGS repro3, containing GPS, GLONASS,
Galileo.

CODOMGXFIN — CODE experimental Multi-GNSS Extension (MGEX) solution, con-
taining GPS, GLONASS, Galileo, BeiDou, and QZSS.

IGS — combined IGS products from the final series, containing only GPS. GLONASS
may be added from separate files (named IGL)

The files are provided at the download area from CODE (http://www.aiub.unibe.
ch/download/CODE/). Instructions for downloading of combined IGS products as
well as selected analysis center results are available at https://files.igs.org/
pub/product/readme. txt

Bernese GNSS Software, Version 5.4 Page 5



1 Introduction to the Example Campaign

Note that not all analysis centers/solution series provide clock corrections and con-
sistent bias products.

The files are either named with the GPS-week and the day of the week (apart from
files containing information for the entire week, e.g., ERP, or the processing sum-
maries). Alternatively also the new naming convention with long filenames indicating
the beginning of the dataset with year, day of year, hour and minute together with
the length of the dataset in the file is supported. Unix- or gzip-compressions may
be applied to these files.

The IGS provides GPS and GLONASS orbits only in separate files (IGS/IGL-series
from the final product line) stemming from independent combination procedures with
different contributing analysis centers. Nevertheless, they are consistent enough to
merge both files together as the first step of the processing. CODE as well as other
analysis centers of the IGS (e.g., ESA or GFZ) contribute fully combined multi-
GNSS solutions to the IGS final (and ultra-rapid) product line. The contributions
of these groups are already combined GPS/GLONASS orbit files.

BSw54

In this directory we have placed files containing external input information in Bernese
specific formats. The files are neutral with respect to the data you are going
to process. Typically these are ionosphere maps. If the external GNSS prod-
uct source does not provide biases also Bernese formatted bias files (0SB) may
be placed here. Please take care on the consistency in this case. These files
can be downloaded from http://www.aiub.unibe.ch/download/CODE/ or http:
//www.aiub.unibe.ch/download/BSWUSER54/ areas.

REF54
Here we propose to collect files in Bernese format which are useful for several cam-
paigns.

o At first these are the series of files related to the reference frame (e.g., IGB14 or
1GS20) that may be updated via the download area http://www.aiub.unibe.
ch/download/BSWUSER54/REF

e Typically, also the sets of files related to the project-specific station selection
are prepared in this area. This allows the usage of these files in various cam-
paigns for data processing. Such files are typically: station coordinates (CRD)
and velocities (VEL), station information (STA) and equipment conflict (CRX)
files, abbreviation (ABB), cluster (CLU) and tectonic plate (PLD) tables, as well
as the ocean and atmosphere tidal loading correction tables (BLQ and ATL, re-
spectively).

e The antenna phase center variation (PCV) are expanded according to the used
antennas. The supported systems are extracted from the observation selection
file (SEL). Both are sitting in the campaigns GEN directory for processing.

If these files are prepared project-specific they can be taken from this REF54
directory, alternatively one file serving for all projects can be prepared and
placed in the ${CONFIG} folder.

e The directory is also the source of the SINEX and IONEX skeleton files to be
used to generate the various result files.

LEO-data (e.g., GRCC or GRCD):
These directories are intended to host files which are necessary for Low Earth Orbiter
(LEO) data processing. For each LEO satellite a separate folder is foreseen.
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1.2 Directory Structure

RINEX observation files (version 2 or 3/4) are stored in the subdirectory RINEX (of
the LEO directory). The corresponding attitude files are placed in the subdirectory
ATTIT.

Both locations can be addressed with PCF variables “V RNXDIR" and “V_ATTDIR".
Also the names of the files in these directories are flexible and can be specified via
the variables “V_RNXFIL" and “V_ATTFIL" respectively.

These files are needed to run the example BPE on LEO orbit determination (LEOPOD.
PCF). They are not used in the example during the Bernese Introductory Course.

SLR_data :
The Satellite Laser Ranging (SLR) data is provided either in the traditional quicklook
normal point or the current consolidated range data format. The directory contains
the normal point files downloaded from the International Laser Ranging Service
(ILRS) data centers.

These files are needed to run the example BPE on orbit validation using SLR obser-
vations (SLRVAL.PCF). They are not used during the Bernese Introductory Course.

Miscellaneous directories :
The files in these directories are not necessary for executing the example BPEs as
they are provided with the software. They indicate additional files which might be
useful when processing your own data with adjusted processing setups.

Stationlogs :
This directory contains the site log files (e.g., from https://files.igs.org/
pub/station/log) providing the information on the equipment history in order
to be filled into the station information file to check the header of the RINEX
observation files before processing.

VMF3 :
The grids for the Vienna Mapping Function (VMF) (Version 3) are located in
a separate directory. They are not used for the examples but it shall indicate
that for other types of files other directories may be created.

GFZloading :
Grid files with crustal deformation corrections from the non-tidal loading mod-
els as provided by GFZ Potsdam for atmosphere, ocean and hydrology non-tidal
loading effects.

All files and meta—information related to the 17 stations selected for the example cam-
paign are already in this DATAPOOL-area (${D}) after installing the Bernese GNSS Soft-
ware. GNSS orbit information is available from CODE (legacy, rapid and MGEX)
and IGS (directories ${D}/COD, ${D}/COR, ${D}/CODOMGXFIN or ${D}/IGS, respec-
tively).

1.2.2 The Campaign-Directory Structure
Putting data from the DATAPOOL into the campaign

When running an automated processing using the BPE there is a script at the beginning
of the process which copies the data from the DATAPOOL—area into the campaign. If you

Bernese GNSS Software, Version 5.4 Page 7



1 Introduction to the Example Campaign

are going to process data manually you first have to copy the necessary files into the
campaign and decompress them if necessary using standard utilities (uncompress, gunzip!,
or CRZ2RNX for RINEXfiles).

Content of the campaign area to process the example

All files needed to process the data according to this tutorial are already copied into the
campaign area. If you want to follow the example outside the Bernese Introductory Course
environment you have to put the following files at the correct places in the campaign
directory structure.

${P}/INTRO/ATM/

${P}/INTRO/BPE/

${P}/INTRO/GEN/

${P}/INTRO/GRD/

${P}/INTRO/0OBS/

${P}/INTRO/ORB/

${P}/INTRO/ORX/

${P}/INTRO/0UT/

${P}/INTRO/RAW/

HOI_20190440.I0N
HOI_20201800.I0N

ANTENNA_I14.PCV
OBSERV . SEL

VMF3_20190440 . GRD
VMF3_20201800.GRD

C0OD_20190440.PRE
C0D_20190450.PRE
C0D_20201790.PRE
C0D_20201800.PRE
C0D_20210950.PRE
C0D_20210960 . PRE
IGS_20190440.PRE
IGS_20201800.PRE
IGS_20190440.IEP
IGS_20201800.IEP
IGL_20190440.PRE
IGL_20201800.PRE
BIA_20190440.0SB
BIA_20201800.0SB

C0OD_20190440.CLK
C0D_20201800.CLK
IGS_20190440.CLK
IGS_20201800.CLK

BRSTOOFRA_20190440
BRSTOOFRA_20201800

HERTOOXYZ_20201800
JOZ200XYZ_20190440
J0Z200P0L_20201800
LAMAOOXYZ_20190440
LAMAOOXYZ_20201800
MATEOOITA_20190440
MATEOOITA_20201800
MIKLOOUKR_20190440
MIKLOOUKR_20201800
ONSAOO0XYZ_20190440
ONSAOOSWE_20201800

PTBBOODEU_20201800
TLSEOOFRA_20190440
TLSEOOFRA_20201800
VILLOOESP_20190440
VILLOOESP_20201800
WSRTOONLD_20190440
WSRTOONLD_20201800

ANTENNA_I20.PCV
SESSIONS.SES

.RX0
.RX0
GANPOOSVK_20190440.
GANPOOSVK_20201800.
HERTOOXYZ_20190440.
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
ORIDOOXYZ_20190440.
ORIDOOMKD_20201800.
PTBBOOXYZ_20190440.
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0
.RX0

RX0
RX0
RX0

RX0
RX0
RX0

HO0I_20190450.I0N
HOI_20210950.I0N

I14.ATX

VMF3_20190450 . GRD
VMF3_20210950 . GRD

C0D_20190440.
C0D_20190450.
C0D_20201790.
C0D_20201800.
C0D_20210950.
C0D_20210960.
IGS_20190450.
IGS_20210950.
IGS_20190450.
IGS_20210950.
IGL_20190450.
IGL_20210950.
BIA_20190450.
BIA_20210950.

IEP
IEP
IEP
IEP
IEP
IEP
PRE
PRE
IEP
IEP
PRE
PRE
0SB
0SB

C0D_20190450.
C0D_20210950.
IGS_20190450.
IGS_20210950.

CLK
CLK
CLK
CLK

BRSTOOFRA_20190450.
BRSTOOFRA_20210950.
GANPOOSVK_20190450.
GANPOOSVK_20210950.
HERTOOXYZ_20190450.
HERTOOXYZ_20210950.
JOZ200XYZ_20190450.
JO0Z200P0OL_20210950.
LAMAOOXYZ_20190450.
LAMAOOXYZ_20210950.
MATEOOITA_20190450.
MATEOOITA_20210950.
MIKLOOUKR_20190450.
MIKLOOUKR_20210950.
ONSAO0XYZ_20190450.
ONSAOOSWE_20210950.
ORIDOOXYZ_20190450.
ORIDOOMKD_20210950.
PTBBOOXYZ_20190450.
PTBBOODEU_20210950.
TLSEOOFRA_20190450.
TLSEOOFRA_20210950.
VILLOOESP_20190450.
VILLOOESP_20210950.
WSRTOONLD_20190450.
WSRTOONLD_20210950.

RXO
RX0
RXO0
RXO
RX0
RX0
RXO0
RXO0
RXO
RXO
RX0
RXO0
RXO
RXO
RX0
RX0
RXO0
RXO
RXO
RX0
RX0
RXO0
RXO
RX0
RX0
RX0

HOI_20201790.I0N
HOI_20210960.I0N

I20.ATX

SINEX_INTRO.SKL

VMF3_20201790.GRD
VMF3_20210960 .GRD

C0D_20201790.
C0D_20201800.BIA
C0D_20210950.BIA
C0D_20210960.BIA
IGS_20201790.PRE
IGS_20210960.PRE
IGS_20201790.IEP
IGS_20210960.IEP
IGL_20201790.PRE
IGL_20210960.PRE
BIA_20201790.0SB
BIA_20210960.0SB

BIA

C0D_20201790.CLK
C0D_20210960.CLK
IGS_20201790.CLK
IGS_20210960.CLK

BRSTOOFRA_20201790

BRSTOOFRA_20210960.
GANPOOSVK_20201790.
GANPOOSVK_20210960 .
HERTOOXYZ_20201790.
HERTOOXYZ_20210960.
JOZ200POL_20201790.
J0Z200P0L_20210960.
LAMAOOXYZ_20201790.
LAMAOOXYZ_20210960.
MATEOOITA_20201790.
MATEOOITA_20210960.
MIKLOOUKR_20201790.
MIKLOOUKR_20210960.
ONSAOOSWE_20201790 .
ONSAOOSWE_20210960 .
ORIDOOMKD_20201790.
ORIDOOMKD_20210960 .
PTBBOODEU_20201790.
PTBBOODEU_20210960 .
TLSEOOFRA_20201790.
TLSEOOFRA_20210960.
VILLOOESP_20201790.
VILLOOESP_20210960.
WSRTOONLD_20201790.
WSRTOONLD_20210960 .

.RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RX0
RXO0
RX0
RX0
RX0
RX0

!These tools are also available for WINDOWS-platforms, see www.gzip.org. Note, that gunzip can also
be used to uncompress UNIX—compressed files with the extension .Z.
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WTZROODEU_20190440.RX0 WTZROODEU_20190450 . RX0 WTZROODEU_20201790 .RX0
WTZROODEU_20201800 . RX0
WTZZOODEU_20190440 .RX0 WTZZOODEU_20190450.RX0 WTZZOODEU_20201790.RX0
WTZZOODEU_20201800 . RX0 WTZZOODEU_20210950 . RX0 WTZZOODEU_20210960 .RX0
ZIM200CHE_20190440.RX0 ZIM200CHE_20190450.RX0 ZIM200CHE_20201790.RX0
ZIM200CHE_20201800 .RX0 ZIM200CHE_20210950 .RX0 ZIM200CHE_20210960.RX0
ZIMMOOCHE_20190440 .RX0 ZIMMOOCHE_20190450.RX0 ZIMMOOCHE_20201790.RX0
ZIMMOOCHE_20201800.RX0 ZIMMOOCHE_20210950.RX0 ZIMMOOCHE_20210960.RX0

${P}/INTRO/SOL/

${P}/INTRO/STA/ EXAMPLE. CRD EXAMPLE.VEL EXAMPLE.STA EXAMPLE . ABB
EXAMPLE.BLQ EXAMPLE . ATL EXAMPLE . CLU EXAMPLE . PLD
IGB14_R.CRD IGB14_R.VEL IGB14.PSD
IGB14.FIX IGB14.SIG
IGB20_R.CRD IGB20_R.VEL I1GB20.PSD
IGB20.FIX I1GB20.SIG

The directories ${P}/INTRO/MODEL/ and ${P}/INTRO/CONFIG/ contains copies of the files
from the ${MODEL}- and ${CONFIG}-directories, which are used by the processing pro-
grams. If you want to view these files, please use those in your campaign and not the ones
in the ${MDOEL}- and ${CONFIG}-directory to prevent potential interferences with your
colleagues.

${P}/INTRO/MDOEL/ CONST.BSW EGM2008_SMALL.GRV IAU2000R06.NUT IERS2010XY.SUB
O0T_FES2004.TID s1_s2_def_ce.dat TIDE2000 .TPO

${P}/INTRO/CONFIG/ BOXWING.MAC DATUM.BSW GPSUTC . BSW POLOFF . POL
SAT_2019.CRX SAT_2020.CRX SAT_2021.CRX

SATELLIT_I14.SAT SATELLIT_I20.SAT

1.2.3 Input Files for the Processing Examples
Atmosphere files ATM

The input files in this directory are global ionosphere models in the Bernese format ob-
tained from the IGS processing at CODE. They will be used to support the phase ambi-
guity resolution with the QIF strategy and to enable the higher order ionosphere (HOI)
corrections.

General files GEN

In this directory campaign-specific configuration files are located:

e SESSIONS.SES: Session table
Initial versions for daily and hourly processing are available in ${PAN}.

e OBSERV.SEL: Priority list for selecting the observation/signal types for processing
Initial versions as they are used for the processing at CODE can be downloaded from
BSW aftp.

e ANTENNA_TI14.PCV or ANTENNA_I20.PCV: Phase center eccentricities and variations
Updates are needed when introducing new antenna corrections or new anten-

na/radome combinations. An Initial version can be downloaded from BSW aftp and
updated with ATX2PCV .
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1 Introduction to the Example Campaign

e T14 ATX or I20.ATX: Antenna correction model in ANTenna correction EXchange
format (ANTEX)
The corrections are related to IGS 14 and IGS 20, respectively.

e SINEX header information

The metadata in the SINEX header has to be adapted to your institution, It is ap-
plied to the general SINEX as well as troposphere and bias SINEX.
The skeleton of this file is available at ${D0C}/EXAMPLE_SINEX.SKL; versions pre-
pared for the distributed processing examples are copied from ${D}/REF54 into the
campaign:

SINEX.PPP for PPP example

SINEX.RNX2SNX for RNX2SNX example

SINEX.IONDET for IONDET example

e IONEX header information
Adapt IONEX header for your institution
The skeleton of this file is available at ${D0OC}/EXAMPLE_IONEX.SKL; versions pre-
pared for the distributed processing examples are copied from ${D}/REF54 into the
campaign:
IONEX.IONDET for IONDET example

Grid files GRD

In this directory the grid files *.GRD are collected. To apply, e.g., the VMF tropo-
sphere model (a priori information from European Centre for Medium-Range Weather
Forecasts (ECMWF) and Vienna mapping function) you need a grid with the necessary
coefficients.

Orbit files ORB

The precise orbits in the files * . PRE are usually the final products from CODE analysis cen-
ter containing Global Positioning System (GPS), Russian Global Navigation Satellite Sys-
tem (GLONASS), and potentially European Galileo navigation satellite system (Galileo)
orbits from a rigorous multi-GNSS analysis. Alternatively also the combined final prod-
ucts from the IGS can be used. They do not contain orbits for the GLONASS satellites.
The combined GLONASS satellite orbits from the IGS are available in IGL-files. Both
precise orbit files need to be merged for a multi-GNSS analysis. The corresponding EOP
are given in weekly files with the extension *.IEP (take care on full consistency with the
orbit product).

Furthermore, the directory contains code and phase bias values either in the international
Bias SINEX format with the extension BIA or the Bernese internal format for Observation-
specific signal biasess (OSBs) (extension 0SB).

Clock RINEX files OUT

The clock RINEX files are located in the 0UT-directory. They are consistent with the
GNSS orbits, EOP, and potentially the phase bias products in the ORB—directory. They
contain station and satellite clock corrections with at least 5 minutes sampling — there
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1.2 Directory Structure

are also files from the IGS or some of the analysis centers (ACs) providing satellite clock
corrections with a sampling of 30 seconds .

RINEX files RAW

The raw data are given in RINEX format. In the Bernese internal naming scheme, we
combine the nine character long station identifier with the four digit year and the ses-
sion. The extension is RX0 for observation and RXN for navigation RINEX files. In
case of RINEX?2 files, the four characters are just extended by the default naming
00XYZ.

Station files STA

The coordinates and velocities of the stations given in the IGS realization of the reference
frame I'TRF 2020 are available in the files IGS20_R.CRD and IGS20_R.VEL. For some
stations also corrections for Post Seismic Deformation (PSD) need to be applied that are
provided in the file IGS20.PSD. The IGS core stations are listed in IGS20.FIX. This file
will be used to define the geodetic datum when estimating station coordinates. The files
for the previously published IGS realization (based on ITRF 2014) are available as well:
IGB14_R.CRD, IGB14_R.VEL, IGB14.PSD and IGB14.FIX. You can browse all these files
with a text editor or with the menu ("Menu>§ampaign>Edit station files").

For all stations that have unknown coordinates in the IGS20 reference frame a PPP
using the example BPE (PPP.PCF) for day 044 of year 2019 has been executed. For our
EXAMPLE-project a resulting coordinate file EXAMPLE.CRD has been generated. It contains
all IGS core sites (copied from file IGS20_R.CRD) and the PPP results for the remaining
stations. The epoch of the coordinates is January 01, 2015. The corresponding velocity
file EXAMPLE. VEL contains the velocities for the core sites (copied from file IGS20_R.VEL)
completed by the NNR-NUVELIA velocities for the other stations. The assignment of
stations to tectonic plates is given in the file EXAMPLE. PLD.

To make sure that you process the data in the Bernese GNSS Software with correct
station information (station name, receiver type, antenna type, antenna height, etc.) the
file EXAMPLE. STA is used to verify the RINEX header information. The reason to use this
file has to be seen in the context that some antenna heights or receiver/antenna types in
the RINEX files may not be correct or may be measured to a different antenna reference
point. Similarly, the marker (station) names in the RINEX files may differ from the names
we want to use in the processing. The antenna types have to correspond to those in the
file ${P}/INTRO/GEN/ANTENNA_I20.PCV to ensure that the correct phase center offsets and
variations are used.

For each station name unique four— and two—character abbreviations to construct the
names for the Bernese observation files need to be defined in the file EXAMPLE. ABB. It was
automatically generated by the PPP—example BPE. If you want to process big networks,
the baselines need to be divided into clusters to speed up the processing. For that purpose
each station has to be assigned to a region by a cluster number in the file EXAMPLE.
CLU.
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Table 1.3: List of global model and configuration files to be used in the Bernese programs for the
processing example.
Model files located in ${C}/GLOBAL/MODEL

Filename Content Modification Update from

CONST.BSW All constants used in the No BSW aftp
Bernese GNSS Software

TAU2000R06.NUT | Nutation model No —
coeflicients

TIERS2010XY.SUB | Subdaily pole model No —
coefficients

OT_FES2004.TID | Ocean tides coefficients No —

TIDE2000.TPO Solid Earth tides No —
coeflicients

EGM2008_SMALL. | Earth potential coefficients | No —

GRV

(reduced version, sufficient
for GNSS and LEO orbit

determination)
s1_s2_def_ce. S1/S2 atmospheric tidal No —
dat loading coefficients
Configuration files located in ${C}/GLOBAL/CONFIG
Filename Content Modification Update from
DATUM.BSW Definition of geodetic Introducing new reference | BSW aftp
datum ellipsoid
GPSUTC.BSW Leap seconds When a new leap second is | BSW aftp
announced by the IERS
POLOFF.POL Pole offset coefficients Introducing new values —
from IERS annual report
(until 1997)
SATELLIT_I14. Satellite information file New launched satellites BSW aftp
SAT or SATELLIT_
I20.SAT
BOXWING.MAC Definition of orbit model New launched satellites BSW aftp
parameters
SAT_$Y+0.CRX Satellite problems Satellite maneuvers, bad BSW aftp

data, ...

The last files to be mentioned in this directory are EXAMPLE.BLQ and EXAMPLE.ATL. They
respectively provide the coefficients for the ocean and atmospheric tidal loading of the
stations. They should at least be applied in the final run of GPSEST.

Global model and configuration files MODEL and CONFIG

These general model and configuration files contain information that is neither user— nor
campaign—specific. They are accessed by all users, and changes in these files will affect
processing for everyone. Consequently, these files have a central location in either ${C}/
GLOBAL/MODEL or ${C}/GLOBAL/CONFIG directory. Table 1.3 shows the list of these files
necessary for the processing example. It also shows which files need to be updated from
time to time by downloading them from the anonymous ftp—server of AIUB (http://www.
aiub.unibe.ch/download/BSWUSER54/).

The antenna corrections have to be applied consistently to the reference frame. Since we
are going to use the IGS 20 coordinates and velocities to define the datum for our solution,
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the related antenna correction model has to be applied: IGS20.ATX.The related values
are available in the SATELLIT_I20.SAT and ANTENNA_I20.PCV files. The first of these two
files is located in the central CONFIG directory the latter one is contained in the campaign-
specific GEN directory because it should contain only antenna/radome combinations that
are processed in this campaign. Disregarding the two locations it is essential to use these
two files consistently. For the ITRF 2014 related datum, the files are available as well:
SATELLIT_I14.SAT and ANTENNA_I14.PCV.

Each Bernese processing program has its own panel for general files. Make sure that you
use the correct files listed in Table 1.3.

1.2.4 The SAVEDISK Directory Structure (${S})

Motivation for the SAVEDISK area

When processing GNSS data, a lot of files from various processing steps will popu-
late your campaign directories. The main result files from the data analysis are col-
lected in the SAVEDISK area. This area is intended as long-term archive for your result

files.

Because the result files are stored in the SAVEDISK area, you can easily clean up your cam-
paign area without loosing important files. Please keep in mind that the computing perfor-
mance decreases if you have several thousands of files in a directory.

Structure and content of the SAVEDISK area

We propose to build subdirectories in the SAVEDISK area for each of your projects. If these
projects collect data over several years, yearly subdirectories are recommended. It is also
practical to use further subdirectories like ATM, ORB, OUT, SOL, STA to distribute the files and
to get shorter listings if you are looking for a file. For reproducibility and documentation
of the obtained results it might be a good idea to add the used configuration and model
files to a GEN directory.

The SAVEDISK area contains after its installation a directory structure according to the
description above. Each example BPE is assumed as a project. Therefore, you will find
on the top level of the SAVEDISK the directories PPP, RNS2SNX, CLKDET, IONDET, LEOPQD,
and SLRVAL (related to the different example BPEs).

In each of these directories you will find several files ending with _REF. They are gen-
erated by running the example BPEs on the system at Astronomical Institute of the
University of Bern (AIUB). Even though this tutorial and of the RNX2SNX example BPE
are both aiming on processing the same dataset from a regional network, the results will
not be identical since there are some differences in the processing strategies and selected
options.
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1.2.5 Preparing the environment

For the Bernese Introductory Course the three data areas are prepared in such a way
that the processing of the example data can immediately start. Some of the data are
copied from the DATAPOQL-area into the CAMPAIGN-area and decompressed. An archive file
containing the related files is made available that can be installed by

cd $D
@6l oo
tar -xvzf _where_ever_it_is_/TUTORIAL.tgz

(_where_ever_it_is_ should be replaced by the location of this archive file on your sys-

tem)

On Windows platforms you have to copy the three subdirectories of the archive to the
related locations using the Windows File Explorer.
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2 Terminal Session: Monday

Today’s terminal session is to:
1. become familiar with the UNIX environment, the menu of the Bernese GNSS
Software, and the example campaign,
2. wverify the campaign setup done for you (see sections 2.2 and 2.3, and also
the handout for the terminal sessions),
3. generate the a priori coordinates for all 4 days using COOVEL (see Section
2.5), and

4. start to prepare pole and orbit information according to chapter 3.

2.1 Start the Menu

Start the menu program using the command G'.

Navigate through the submenus to become familiar with the structure of the menu. Read
the general help (available at "Menu>Help>General") to get an overview on the usage of the
menu program of the Bernese GNSS Software.

For the terminal session in the Bernese Introductory Course, the campaign setup has
already been done for each user. Please check that the campaign name in the statusbar
of the Bernese Menu is set correctly to your campaign (i.e., Campaign ${P}/INTRO) and
that the current session is set to the first session (i.e., $Y+0=2019, $S+0=0440). If this
is not the case, please contact the staff in the terminal room.

2.2 Select Current Session

Select "Menu>Campaign>Edit session table" to check the session table. It is recommended to use
the wildcard string 7?70 for the “List of sessions” in panel “SESSION TABLE". The panel below
shows the session definition for a typical permanent campaign with 24-hours sessions. The
setup of the session table is a very important task when you prepare a campaign. Please
read the corresponding online help carefully.

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help
SESSION TABLE j
START EPOCH END EPOCH
D yyyy mm dd|hh mm ss|yyyy mm dd|hh mm ss H
2?20 00 00 00 23 B9 59 t+ |—
=
| ~Top | #Prev | “Next | Cancenl | SaverAs | ASave | #Run | ~Output | Rerun | A+Day 7-Day

|>_lzlser: bern54 Campaign: ${P}/INTRO $Y+0=2019 $S+0=0440 File: home/bern54/GPSDATA/CAMPAIGNS4/INTRO/GEN/SESSIONS.SES

LAt the exercise terminals the Bernese environment is loaded automatically during login. At home you
have to source the file ${C}/LOADGPS.setvar on UNIX-platforms either manually or during login.
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Save the session table (press the “Save button) and open the “Date Selection Dia-
log” in the "Menu>Configure>Set session/compute date" in order to define the current ses-
sion:

Year Month Day (YYYY MM DD) 2019 2 1 I:‘
Modified Julian Date 58527
GPS Week, Day of Week (WWWW D) |2040 =

Year, Day of Year (YYYY DDD) 2019 44

+1 =1 Today | Cie)tiic) PR = |
Session Char ,D_
Session Table 'm SES
Job ID [

Help Set Cancel | OK |

2.3 Campaign Setup

Usually, a new campaign must be added to the campaign list ("Menu>Campaign>Edit list of
campaigns") first and select it as the active campaign ("Menu>§ampaign>§e|ect active campaign")7
before the directory structure can be created ("Menu>Campaign>Create new campaign"). In the
Bernese Introductory Course environment this should already have been done for your
campaign, but please verify that.

In the Bernese Introductory Course environment the selected campaign should be ${P}/
INTRO. In order to become familiar with the campaign structure, you can inspect your
campaign directory and inspect the contents using the command line (using cd for chang-
ing directories and Is to create directory listings) or using a filemanager (e.g., midnight
commander mc).

2.4 Menu Variables

When processing GNSS data, it is often necessary to repeat a program run several times
with only slightly different option settings. A typical example would be the processing
of several sessions of data. The names of observation files change from session to ses-
sion because the session number is typically a part of the filename. It would be very
cumbersome to repeat all the runs selecting the correct files manually every time. For
the BPE an automation is mandatory. For such cases the Bernese menu system pro-
vides a powerful tool: the so—called menu variables. The menu variables are defined in
the user—specific menu input file ${U}/PAN/MENU_VAR. INP that is accessible through "Menu
>Configure>Menu variables". Three kinds of menu variables are available: predefined variables
(also called menu time variables), user—defined variables, and system environment vari-
ables.

The use of system environment variables is necessary to generate the complete path to
the files used in the Bernese GNSS Software. The campaign data are located in the
directory ${P}/INTRO—${HOME}/GPSDATA/CAMPAIGN54/INTRO. The user—dependent files
can be found at ${U}=${HOME}/GPSUSER54 — note that ${HOME} may have been al-
ready translated into the name of your home—directory. The temporary user files are
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saved in ${T}=/scratch/local/bern54 (change bern54 to your user name). Finally, the
campaign-independent model and configuration files reside in ${MODEL}=${C}/GLOBAL/
MODEL and ${CONFIG}=${C}/GLOBAL/CONFIG, respectively.

% - -
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help
MENU VARIABLES - MENU VAR 1: Variables =
PREDEFINED VARIABLES
(translated in the menu)
Variable Current value Description
$Y 19 Two digit year of the current session
$M 02 Month of the current session
$D 13 Day of month of the current session
$J Job ID
$ (CAMP) ${P} /INTRO Active campaign
USER-DEFINED VARIABLES ENVIRONMENT VARIABLES
(translated in the menu) (translated in main program)
Variable (w/o $)|Value M Variable M B
+ = U + |-
B + |-
MODEL + |-
CONFIG |+ |—
USER + |-
|
I ~Top | ~Prev | Next | Cancenl | Saveras | ~save | ARun | ~Output | Rerun | ~+Day ~-Day

| > User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0-0440 File: /home/bern54/GPSUSER54/PAN/MENU_VAR.INP

The predefined variables provide a set of time strings assigned to the current session. From
the second panel of the menu variables you get an overview on the available variables and
their usage:

% - .
Configure  Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help
MENU VAR 2: Ranges |
RANGES OF PREDEFINED VARIABLES
Minus range -1 3: Plus range il 3?
Without ranges With ranges Format Description
t0=0,1., ... .9)
$+n $-n $+- DDD Day of Year (DOY)
$s+n $S-n $S+- DDDS DOY, Session Character
$Y+n $Y-n $Y+- YYYY Year
$W+n $W-n SW+- WWWIW GPS Week
$M+n $M-n $M+- YYMM Year, Month
$JD+n $JD-n $ID+- DDDDD Modified Julian Date
$WD+n $WD-n $WD+- WWWWD GPS Week and Day
$YD+n $YD-n $YD+- YYDDD Year and DOY
$YSS+n $¥S55-n $YSS+- YYDDDS Year, DOY, Sess. Char.
$YYYD+n $YYYD-n $YYYD+- YYYYDDD Year and DOY
$YYYSS+n $YYYSS-n $YYYSS+- YYYYDDDS Year, DOY, Sess. Char.
$YMD STR+n $YMD STR-n $YMD STR+- YYYY MM DD Year, Month, Day |
Syntax if n=10, ...:: $+(n), $8+(n). ..., $-(n). $5-(n).
ﬂ ~Top \ “Prev \ Next \ Cance”l | SaveAs \ ~Save \ “Run \ AQutput \ Rer’un \ ~+Day ~-Day
> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS4/PAN/MENU_VAR.INP

Be aware that the variable $S+1 refers to the next session. Because we are using a session
table for daily processing it also corresponds to the next day.

These variables are automatically translated by the menu upon saving the panel or running
the program. We recommend to make use of them in the input panels (e.g. for filename
specification).
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2.5 Generate A Priori Coordinates

As stated before the a priori coordinates generated from the PPP processing example
BPE refer to the epoch January 01, 2015. The first step is to extrapolate the coordinates
to the epoch that is currently processed. In the recent ITRF-solutions also Post Seismic
Deformation (PSD) corrections have to be applied when the epoch of the coordinate sets
are changed. They are provided in the input field "PSD corrections (since ITRF14)". Of
course this feature is also included in the IGS 20 frame — the IGS-specific realization of

the ITRF 2020.

Coordinate extrapolation is the task of the program COOVEL. Open the program input

panel 1N "Menu>Service>Coordinate tools>Extrapolate coordinates":

X
Configure Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help

EXTRAPOLATE COORDINATES - COOVEL 1l: Filenames

GENERAL FILES
Show all general files F

INPUT FILES

Input coordinate file [EXaMPLE __ ICRD

Input velocity file EXAMPLE VEL|

PSD correction (since ITRF14) [Icszo  PsD|

2Annual /semiannual corrections  mvq
REFERENCE EPOCH yyyy mm dd hh mm ss
[gYMD_STR+0 oo 00 00

RESULT FILE

Qutput coordinate file APR_$YYYSS+0 CRD
Approx. velocities at ref. epoch VEL
Stations without PSD corrections FIX
GENERAL OUTPUT FILES
Program output i use COOVEL.Lnn or COOVEL ouT
Error messages [ merged to program output or ERROR MSG
TITLE |EXAMPLE: Session $Y+0-$5+0: Coordinate propagation
| ~Top | #Prev | ANext | Cance”l | SaverAs | ASave | ARun | "Output | Rer*un | ~+Day A-Day
I> User: bern54 Campaign: ${P}INTRO §$Y+0=2019 $S+0-0440 File: /home/bern54/GPSUSERS4/PAN/COOVEL.INP

“Reference epoch: date” $YMD_STR+0 — 2019 02 13
“Output coordinate file” APR_$YYYSS+0 — APR_20190440
“Title line” Session $Y+0-$S+0: — Session 2019-0440:
Start the program with the “Run-button. The program generates an output

file COOVEL.L?? in the directory ${P}/INTRO/OUT. This file may be browsed us-

ing the “Output-button or with "Menu>Service>Browse program output" .
like

It should look

Bernese GNSS Software, Version 5.4

Program : COOVEL

Purpose : Extrapolate coordinates
Campaign : ${P}/INTRO

Default session: 0440 year 2019

Date : 13-Jan-2024 15:36:36
User name : bernb4
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2.5 Generate A Priori Coordinates

EXAMPLE: Session 2019-0440:

Coordinate propagation

Geodetic datum

Input coordinate file
Input velocity file

Output coordinate file
Approx. velocities at ref.
PSD corrections (since ITRF14)

Annual/semiannual corrections (s:
Stations without PSD corrections:

epoch:

${CONFIG}/DATUM.BSW
${P}/INTRO/STA/EXAMPLE.CRD
${P}/INTRO/STA/EXAMPLE.VEL
${P}/INTRO/STA/APR_20190440.CRD
${P}/INTRO/STA/IGS20.PSD

${P}/INTRO/0UT/COOVEL.LOO
${U}/WORK/ERROR.MSG
${P}/INTRO/GEN/SESSIONS.SES

Program output
Error message
Session table

REFERENCE EPOCH:
INTERPOLATION FACTOR:

2015-01-01 00:00:00
-4.1177275838466807

>>> CPU/Real time for pgm "COOVEL": 0:00:00.134 / 0:00:00.134
>>> Program finished successfully

The header area of the program output is standardized for all programs of the Bernese
GNSS Software, Version 5.4. Furthermore each program has a title line that should
characterize the program run. It is printed to the program output and to most of the
result files. Many program output files furthermore provide a list of input and output files
that have been used or generated.

The last two lines of the above example appear also in each program output of the Bernese
GNSS Software, Version 5.4. It reports the processing time and the status successful or
with error.

The result of the COOVEL run is an a priori coordinate file (${P}/INTRO/STA/APR_
20190440.CRD) containing the positions of the sites to be processed for the epoch
of the current session (the lines for the other stations are ignored in the process-

ing):

EXAMPLE: Session 2019-0440: Coordinate propagation

LOCAL GEODETIC DATUM: IGS20 EPOCH: 2019-02-13 00:00:00

NUM STATION NAME X (M Y (M) Z (M) FLAG
SYSTEM

43 BRST 10004M004 4231162.41765 -332746.42891 4745131.06968 IGS20
104 GANP 11515M001 3929181.30600 1455236.94546 4793653.99294 PPP
122 HERT 13212M010 4033460.75197 23538.05244 4924318.34740 PPP
143 J0Z2 12204M002 3664880.34767 1409190.82194 5009618.55508 PPP
166 LAMA 12209M001 3524522.69472 1329693.85317 5129846.42860 PPP
184 MATE 12734M008 4641949.29729 1393045.69364 4133287.66716 IGS20
198 MIKL 12335M001 3698553.70970 2308676.23252 4639769.62655 IGS20
235 ONSA 10402M004 3370658.33932 711877.34331 5349787.09062 I1GS20
236 ORID 15601M001 4498451.47983 1708267.26377 4173591.98565 IGS20
264 PTBB 14234M001 3844059.76112 709661.55883 5023129.64494 PPP
329 TLSE 10003M009 4627851.66234 119640.28843 4372993.71461 IGS20
359 VILL 13406M001 4849833.60409 -335048.75055 4116015.05395 PPP
369 WSRT 13506M005 3828735.65242 443305.18368 5064884.85551 IGS20
370 WTZR 14201M010 4075580.32457 931854.03929 4801568.27077 IGS20
371 WTZZ 14201M014 4075579.21251 931853.36368 4801569.13639 PPP
383 ZIM2 14001M008 4331299.68387 567537 .57591 4633133.88020 IGS20
385 ZIMM 14001M004 4331296.87301 567556.13266 4633134.09986 IGS20

Have a look at the LOCAL GEODETIC DATUM: in the resulting coordinate file. It is set
to 1GS20 in this case. If you go back to your input file (e.g., pressing the Rer un button)
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2 Terminal Session: Monday

you may open the dialog to select the “Input coordinate file” by pressing on the button next
to the input field. Select now the file EXAMPLE.CRD and press the button Browse in order
to open a window where the selected file is displayed.

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

EXTRAPOLATE COORDINATES - COOVEL 1l: Filenames

GENERAL FILES
Show all general files F

INPUT FILES

Input coordinate file EXAMPLE CRD|
Input velocity file EXAMPLE VEL|
PSD correction (since ITRF14) IGS20 PSD
Annual/semiannual corrections v
REFEF;(** T dd hh mm ss
+0 00 00 00
Look in: IJSDATA!CAMPAIGNM/INTRO/STNj LGl o |EE =
RESUL |-
L1 EXAMPLE.CRD —
Qut rss+0 CRD
Apy VEL
Ste FIX
GENEER
Prg ) or COOVEL ouT
Eri File name: open | | sutput or ERROR MSG
File type: [EXAMPLE.CRD -] cancel
TITLE Simneo ropagation
7
| ~Top | #Prev | ANext | Cance?l | SaverAs | "Save | “Run | "Ouiput | Rer*un | ~+Day ~-Day
> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: ’/home/bern54/GPSUSER54/PAN/COOVEL.INP

Here you can see the LOCAL GEODETIC DATUM: is set to 1GS20 0. This difference is
the indicator whether the PSD corrections have been applied or not. Coordinate files
indicating that the PSD corrections have not been applied cannot be used for processing
GNSS data. At the same time it is protecting you from applying the corrections twice.
For that reason the execution of the program COOVEL for applying the PSD corrections is
also essential even if none of the stations in your processing (as in our example) is affected
by these corrections.

You can repeat all steps for the other sessions in the example campaign by changing
the current session using the “+Day or ~-Day to change a limited number of days (not
sessions) or via "Menu>Configure>Set session/compute date" . You can then use the Rer “un button
to restart the program. No options need to be changed because of the consequent use of
the menu time variables was made. Even if you are going to process only the first day (044,
year 2019) of the example dataset during the terminal sessions, you will need prepared
coordinate files for all days later on Thursday. That’s why, this step should be executed
for all six days: 044 and 045 of year 2019, 179 and 180 of year 2020 as well as 095 and 096
of year 2021.
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2.6 Session Goals

At the end of this session, you should have created the following files:

1. a priori coordinates in your campaign’s STA directory: for six ses-
sions APR_20190440. CRD, APR_20190450. CRD, APR_20201790. CRD,
APR_20201800. CRD, APR_20210950. CRD, and APR_ 20210960. CRD

Until the end of today’s terminal session you should start with preparing the pole
and orbit information, see Chapter 3.
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3 Terminal Session: Pole and Orbit
Preparation (Monday/Tuesday)

The terminal session on pole and orbit preparation is to:
1. generate the pole information file in the Bernese format (POLUPD)
2. generate the Bernese standard orbit files from CODE precise orbit files
(ORBGEN)
3. extract satellite clock corrections for receiver clock synchronization
(SATCLK2)
4. convert biases from external to internal format (BIA20SB)
You should start with these tasks during Monday’s terminal sessions and finish
the processing during the terminal session on Tuesday.

Introductory Remark

We recommend to use the final or reprocessed products from CODE because they contain
consistent orbits for GPS, GLONASS, and Galileo (at least the reprocessing series). Alter-
natively, the CODE rapid series contains the orbits from all three systems since September
2019. All these series include all active GNSS satellites (even if they are unhealthy or dur-
ing GPS satellite repositioning events) with the highest possible accuracy thanks to the
three-day long-arc technology. Due to this choice you will get the best possible consistency
between the external products and the software.

You may alternatively use the products from the IGS. Separate product files for GPS and
GLONASS orbits (no combination of Galileo products is executed so far) exist from inde-
pendent combination procedures that first need to be merged for a multi-GNSS processing.
For most of the applications, merging the precise orbit files is sufficient — a tutorial on
the procedure is given in Section 7.1 of this book. On the other hand, the consistency of
the orbits can not be as good as that of CODE (or other analysis centers) following the
strategy of the rigorous combined processing of GPS and GLONASS measurements for
orbit determination.

Products for other systems are available in the MGEX solutions provided by CODE and
other ACs. Note, that these are experimental products used, e.g., to test various orbit
models or antenna calibration sets.
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3 Terminal Session: Pole and Orbit Preparation

3.1 Prepare Pole Information

Together with the precise orbit files (PRE), a consistent set of Earth orientation parameters
is provided in the ORB directory. Whereas the orbits are given in daily files the EOP may be
available in weekly files for some product series (e.g., IGS). We have to convert the infor-
mation from the International Earth Rotation and Reference Systems Service (IERS)/IGS
standard format (file extension within the Bernese GNSS Software is IEP) into the internal
Bernese EOP format (file extension within the Bernese GNSS Software is ERP). This is the
task of the program POLUPD ("Menu>Qrbits/EOP>HandIe EOP files>Convert IERS to Bernese Format")
which is also able to update the EOP records of an existing file.

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User

Help

GENERAL FILES
Show all general files F

INPUT FILES

Bernese formatted ERP files ERP
Foreign formatted ERP files IESOD7$YYYSS+O IEP
RESULT FILE
Bernese formatted ERP file (out) IEEOD7$YYYSS+D ERP
GENERAL OUTPUT FILES
Program output V- use POLUPD.Lnn or
Error messages I merged to program output or
| ~Top | #Prev | ANext | Cance®l | Save*As | "Save | *Run | ~Output | Rer"un | ~+Day ~-Day

CONVERT IERS ERP FILES TO BERNESE FORMAT - POLUPD 1: Input/Output Files

POLUPD ouT

ERROR MSG

> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/POLUPD.INP

Help

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User
POLUPD 1l.1: General Files
GENERAL INPUT FILES
Pole offset coefficients POL
GPS-UTC time difference GPSUTC BSHW|
MENU SETTINGS
Selected campaign ${P}/INTRO
Selected session year 2019 session 0440
Session table ${P}/INTRO/GEN/SESSIONS.SES
ﬂ ~Top ‘ “~Prev ‘ ~Next ‘ Cance”l | Save"As ‘ "Save ‘ ~Run ‘ AQutput ‘ Rer’un ‘ ~+Day ~-Day

| > User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/POLUPD.INP
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3.1 Prepare Pole Information

Together with the nutation and subdaily pole model also the meanpole model is specified
in this panel. They are reported in the resulting Bernese formatted pole file in order to
check the consistent use.

X
Configure Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help

POLUPD 2: Options

HEADER INFORMATION

Title EXAMPLE: Session §Y+0-$S+0: Extract pole information
Nutation model TAU2000R06  NUT
Subdaily ERP model DESAI2016 SUB|
Meanpole model IERS2010_v1.2.0 =
BULLETIN B AS INPUT
Use 1 or 5 day values 1. -
OPTIONS
Use ERP rates [
Allow double epochs [ 1
Include nutation offsets I
Use time window a
;ﬂ ~Top \ “Prev \ ANext \ Cance”l | SaverAs \ ASave \ “Run \ AOutput | Rerfun \ ~+Day A-Day
|> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSER54/PAN/POLUPD.INP 4

Take care on the option “Meanpole model”. It has to be chosen consistently to the EOPs
to be converted. The reprocessing series generated in preparation of ITRF 2020 use
IERS2010 v1.2.0. As soon as the ITRF 2020 respective the IGS20 will be introduced in
the operational processing of the IGS this “Meanpole model” has to be used also for the
operational products. For earlier operational products the IERS2010XY has to be used.
Another important remark is related to option “Use ERP rates”: please check your input
“Foreign formatted ERP files” whether they contain the midnight epochs requested to cover
the entire period of the session (e.g., in the CODE products). In that case the checkbox
should be deactivated. If you have only one record per day at noon in your input “Foreign
formatted ERP files” (e.g., in IGS products) the rates from the file should be used, the option
has to be activated.

X 4
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

POLUPD 3: Time Window

TIME WINDOW

& Defined by Year and Session identifier
Year $Y+0 Session $5+0
- Defined by Start and End times
yyyy mm dd hh mm ss yyyy mm dd hh mm ss
Start [s¥MD_STR+0 Joo ( End [pyvp_sTR+ 23 59 5
|| ~Top | APrev | “Next | Cancerl | SaverAs | ASave | ARun | “Ouiput | Rer"un | ~+Day ~-Day
i> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/POLUPD.INP 2

The last panel of the program POLUPD is an example for the specification of time windows
in the Bernese GNSS Software, Version 5.4. Time windows can be defined by sessions
(a single session or a range of sessions). Alternatively, a time window may be specified
by a start and an end epoch. By entering either a start or an end epoch you may define
only the beginning or the end of the time interval. We refer to the online help for more
details.
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3 Terminal Session: Pole and Orbit Preparation

3.2 Generate Orbit Files

In this processing example we use only one program of the orbit part of the Bernese
GNSS Software, namely ORBGEN ("Menu>Qrbits/EOP>Create/update standard orbits"). It prepares
the so-called standard orbits using the satellite positions in the precise orbit files as

pseudo—observations for a least-squares adjustment.

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

CREATE/UPDATE STANDARD ORBITS - ORBGEN 1: Input Files

GENERAL FILES
Show files for force modelling F
F

Show all general files

INPUT FILES
d Start with precise orbits lm PRE|
Use with general ERP file F
= Update standard orbit

Orbital elements, file 1 i
Orbital elements, file 2 l—

Earth rotation parameters cob_gyvyss+0 [ERP

Ocean tidal loading [ExaMPLE | BLO (for cmMC)

Atmospheric tidal loading & (for cMcC)
| ~Top | ~Prev | "Next | Cancenl | SaverAs | ~Save | “Run | "“Output | Rerun | ~+Day ~-Day |
> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS4/PAN/ORBGEN.INP J

It is mandatory to consistently use the ERP file, the nutation, and the subdaily pole model
together with the generated standard orbits in all subsequent processing steps/programs

(otherwise a warning message is issued).
X -
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

ORBGEN 1.1: Files for Force Modelling |

INPUT FILES FOR GRAVITATIONAL FORCE MODELLING

Coeff. of Earth potential lGM2008_SMALL [GRY
Solid Earth tides [TIDE2000  TEO|
Ocean tides file OT_FES2014b TID|
Planetary ephemeris Wﬁ

INPUT FILES FOR NON-GRAVITATIONAL FORCE MODELLING

Attitude for LEO satellites [ am
Satellite macro model [BOXWING  MAC]
Albedo reflectivity W EXT|
Albedo emissivity Wﬁ
I| ~Top | Prev | ANext | Cancerl | Saveras | Asave | ARun | “Outpit | Rer'un | A+Day A-Day
| > User: bern54 Campaign: ${P}INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS4/PAN/ORBGEN.INP ]

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

ORBGEN 1.2: General Files

GENERAL INPUT FILES

General constants [consT  BSH|
Satellite problems [SAT_§¥+0  [CRX
Geodetic datum DATUM BSW|
Satellite information m SAT|
[T Error if not in satellite information file
Subdaily ERP model DESAI2016 SUB|
Nutation model TAU2000R06  NUT
GPS-UTC time difference [GPsuTC  BSW
F10.7 flux index FLX| [ Use defaults (FLX=120,AP=15)

MENU SETTINGS

Selected campaign ${P}/INTRO
Selected session year 2019 session 0440
Session table ${P}/INTRO/GEN/SESSIONS.SES

TEMPORARY FILES

Scratch files ORBGEN$J SCR ORBGEN$J sc2
| ~Top | ~Prev | ~Next | Cance”l | SaverAs | ASave | ARun | "Output | Rer'un | ~+Day A-Day

> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSERS4/PAN/ORBGEN.INP
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3.2 Generate Orbit Files

X T
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

ORBGEN 2: Result and Output Files

RESULT FILES

Standard orbits ICOD_$YYYSS+0 STD
Radiation pressure coeff. RPR
Residual file RES

OUTPUT FILES

Summary file LST
Summary file for IGS-ACC [ORB_$YYYSS+0 LST
Plot file of residuals PLT

GENERAL OUTPUT FILES

Program output [T use ORBGEN.Lnn or ERB7$YYYSS+O ouT
Error messages [ merged to program output OF ERROR MSG
|
ﬂ ~Top \ “Prev \ ANext \ Cance”l | SaveAs \ ASave \ “Run \ "Output \ Rerun \ ~+Day ~-Day
> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSER54/PAN/ORBGEN.INP

b & 4
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

ORBGEN 3.1: General Options

TITLE EXAMPLE: Session $Y+0-$S+0: Standard orbit generation

TIME FRAME, POTENTIAL AND TIDAL CORRECTIONS

Time frame GPS

Earth potential degree 12

Ocean tides max degree 8 =

Apply CMC correction OTL: F ATL: r

Apply antenna offset [

SATELLITE SELECTION |ALL75ATELLITES j

F  GPS -  GLONASS F Galileo
[~  SBAS [~ BeiDou - Qzss

The satellites in the following list will be
Satellite list

EXPERIMENTAL OPTIONS

True attitude modelling of satellites F

Print beta angle and attitude switch info to STDOUT -

Print Yaw angle to SYSOUT file N
ﬂ Top \ “Prev \ ANext \ Cance”l | Save"As \ ASave \ “~Run \ AOLIPUL \ Rer~un \ ~+Day ~-Day

> User: bern54 Campaign: ${P}YINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSERS4/PAN/ORBGEN.INP

|
X 4
Configure  Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help

ORBGEN 3.2: A priori Radiation Pressure Model ‘

NON-CONSERVATIVE FORCES

Solar radiation pressure NONE =

[~ Gps [T GLONASS [~ Galileo
[~ sBAS [T BeiDou [~ Qzss

Apply partial shadow for LEO [ 1 }
Earth Radiation Pressure ’m 1
Reflected radiation
Emitted radiation
Numerical interpolation
Navigation Antenna Thrust
Thermal radiation
(defined by macromodel)
Rotation of solar panel
Atmospheric force for LEO

ATT] Only for Jason-2/3

—I“ S

ﬂ ~Top ‘ “Prev ‘ ~Next ‘ Cance”l | Save"As ‘ Save ‘ ARun ‘ ~“Output ‘ Rertun ‘ ~+Day "-Day
i> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/ORBGEN.INP
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3 Terminal Session: Pole and Orbit Preparation

For the options “"EQUATION OF MOTION: Length of interval” and “VARIATIONAL EQUATIONS:
Length of interval” interval lengths of 00 05 00 and 01 00 00 are sufficient when processing
GNSS orbits. Note, that stochastic pulses can only be placed between the integration
intervals. When activating the option “Setup of stochastic pulses” later in panel “ORBGEN 5:
Stochastic Pulses and Satellite Accuracy Codes’ to a specific value (e.g., Orbit midnight) the
intervals should allow a realization of this selection.

Shorter intervals will increase of the program run time.

X 4
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

ORBGEN 3.3: Numerical Integration

PRINT RESIDUALS
In RSW Coordinates

NUMERICAL INTEGRATION
Number of iterations

EQUATION OF MOTION
Polynomial degree
Length of interval 0 05 0 (hh mm ss)

VARTATIONAL EQUATIONS
Polynomial degree
Length of interval
Additional sets
Use extended RPR Format

(hh mm ss)
(only relevant for LEO orbits)
(only intended for LEO orbits)

=]
=]

b _ [l i i
=] =]

H ~Top \ APrev \ ANext \ Cance”l | SaverAs \ ASave \ “Run \ A0utput \ Rer?un \ ~+Day ~-Day
> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS4/PAN/ORBGEN.INP

For the option “Number of iterations” 2 is sufficient for most of the cases. You may select a
third iteration to check that the output does not change in the additional iteration.

X
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help
ORBGEN 4: Parameter Selection
DYNAMICAL ORBIT PARAMETERS
Apart from six osculating elements, estimate the following parameters:
Default model ECOM2 E
Model -specific (default) setup of empirical parameters F
Manual selection of parameters and their scaling (for output only):
PAR1 7 7 PARA - 7 PAR7 P
PAR2 7 PARS F PARS F
PAR3 i PAR6 F 1. 0E+7 PARY F
MODEL ECOM ECOM2 ECOM2-D1 ECOM2-¥D1 ECOM-TB ECOM-TBM RSW DRSW
PAR1 E30 E30 E30 E30 T30C1b T30C1b L30 E30
PAR2 E20 E20 E20 E20 T20S3b T20S3b L20 L20
PAR3 E10 E10 E10 E10 T152uClb T1S2uClb L10 L10
PAR4 E3Clu E3C2u E3C2u E3C2u T3C2uClb T3c2uclb L3Clu L3clu
PARS E2C1u E3C4u E3Clu E3Ciu T3C4uClb T3C4uClb L2Clu L2Clu
PAR6 ElClu ElClu EiClu ElClu T2C2uS2b  T2C2uS2b LiClu LiClu
PAR7 E381u E3S52u E382u E3S52u T3S2uClb T352uClb L3Slu L3S1u
PAR8 E2Slu E3S4u E3slu E3Slu T3s4uClb T3S4uclb L2Slu L2Slu
PAR9 E1S1u E1Slu E1Slu El1S1u T2S2uS2b  T2S2uS2b  L1Slu L1Slu
E3, E2, El axes correspond to D, Y, B, respectively
L3, L2, L1 axes correspond to R, S, W, respectively
| ~Top | ~Prev | ~Next | Cance”l | SaverAs | ASave | ARun | "Output | Rer’un | ~+Day A-Day
> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSERS4/PAN/ORBGEN.INP

In this panel you see the available orbit models and which of the orbit parameters are
used for which component in which coordinate system. We recommend to use the default
setup as prepared in the ${CONFIG}/BOXWING.MAC (“Satellite macro model” in “ORBGEN 1.1:
Files for Force Modelling”).
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3.2 Generate Orbit Files

The stochastic pulses are set in the CODE reprocessing series — used during this exercise
session — at Orbit midnight. For the operational final series from CODE this strategy is
applied since GPS week 2112, June 2020. For the other products from CODE or other
sources we recommend to change the option “Setup of stochastic pulses” to Spacing with 12 00
00 for “Interval for stochastic pulses” .

X
| Configure Campaign RINEX  Orbits’EOP Processing Service Conversion BPE User Help

ORBGEN 5: Stochastic Pulses and Satellite Accuracy Codes

STOCHASTIC PULSES IN (L3, L2, L1)-DIRECTIONS
Set up based on Orbit_midnight j
List of satellites

Parameter spacing 12

Orbital elements file ELE

(only used to provide epochs of stochastic pulses)

SATELLITE OPTIONS
Exclude satellites with maneuvers
Use accuracy codes from SP3-file
Exclude sat. with accuracy code 0
Exclude sat. with acec. code exceeding

uEi|—‘l—‘|—|

| ~Top | “Prev | ~Next | Cance”l | Save"As | ~Save | “Run | "Output | Rer*un | ~+Day ~-Day
> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $5+0=0440 File: /home/bernS54/GPSUSER54/PAN/ORBGEN.INP

If you process precise orbits from CODE it is generally not necessary to remove bad
satellites, because CODE orbit files contain the correct accuracy codes. It might become
necessary for orbit products from other sources (e.g., from the IGS).

X eerne —
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

ORBGEN 6: Orbital Arc Definition

ORBITAL ARC DEFINITION
Number of arcs within the time window 1

Time window to be covered by the standard orbits

& Defined by Year and Session identifier
Year $Y+0 Session $5+0

e Defined by Start and End times

yyyy mm dd hh mm ss yyyy mm dd hh mm ss
Start $YMD_STR+0 0 End $YMD_STR+ 23 B8 5
ﬂ ~Top ‘ “Prev ‘ MNext ‘ Cance”l | Save"As ‘ Save ‘ “Run ‘ AQuiput ‘ Rer’un ‘ ~+Day "-Day
|
> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/ORBGEN.INP 4

The program produces an output file 0ORB_2019044.0UT which should look
like

3k 3k %k >k 3k 3k % %k 3k 3k % %k %k 3k 3% %k %k 3 3 %k %k 3k 5 %k >k 3k 5 %k %k 3% 5 % %k 3% 3 % %k % 3 % %k % 3 % %k % 3% % % % 3 % % % 3% % % % > % % % 3% % % % % % %k % % % % % % % Xk % %

COMPUTATION OF BERNESE STANDARD ORBITS FROM PRECISE ORBITS 13-JAN-24 15:42
K K K K K oK oK oK oK oK ok ok ok ok K K K K K K oK oK oK ok ok ok ok ok o K K K K K K oK oK oK ok ok ok ok ok ok K K K K K K oK oK oK ok ok ok ok ok ok K K K K K K K oK oK ok ok ok ok ok ok %

1 ${P}/INTRO/ORB/COD_20190440.PRE ${P}/INTRO/ORB/COD_20190440 .ERP
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3 Terminal Session: Pole and Orbit Preparation

Close to the end of the output file you can find the reporting on the orbit model used for
each of the satellite according to the “Default model for empirical forces” setup. Most of the
GNSS satellites will be represented by the ECOM?2 orbit model. Below you find another ta-
ble that is reporting the parametrization of the selected orbit model.

EMP MODEL
EMP: ECOM2
EMP: ECOM2
EMP: ECOM2
EMP: ECOM2
EMP: ECOM2
EMP: ECOM2
EMP: ECOM2
EMP: ECOM2

EMPPAR:
EMPPAR:
EMPPAR:
EMPPAR:
EMPPAR:
EMPPAR:
EMPPAR:
EMPPAR:
EMPPAR:

9 10
ile) 20
29 30

108 109
119 120
204 205
218 219
236
PAR_SETUP
T
T
T
T
F
T
T
F
T

Inspecting for instance the program output for day 179 in the year 2020, you will find
a series of Galileo satellites represented by the ECOM2-YD1 because of their beta angles
(elevation angle of the Sun above the orbital plane) are below the limit 14 degrees. The
related definition comes from the BOXWING.MAC file:

#PARAME

F ok 5k ok ok %k %k ok ok ok ok %k k k k ok ok k

TER

MODEL IDENTIFIER

PARAMETER DEFAULT
PARAMETER BETA

VALUE

3k 3K % %k 3k 3k 3 X %k %k % 3 X Xk %k % % X X %

GALILEO -2

ECOM2

ECOM2-YD1 14.0

The most important part of the program output is the quality of the orbit representation
by the model defined for the current program run:

RMS ERRORS AND MAX.

RESIDUALS

#P0S

288
288
288
288
288
288

288
288

[elelelNeNeNe}

o

.001
.001
.001
.000
.001
.001

.001
.001

QUADRATIC MEAN OF 0-C (M)
TOTAL RADIAL ALONG ouT

0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001
0.000 0.000 0.001 0.000
0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001
0.001 0.000 0.001 0.000
0.001 0.001 0.001 0.001

M
RA

AX.
DIAL

RESIDUALS (M)

AL

ONG

0UT

.003
.002
.005
.001
.004
.003

.001
.002

[eleNeNeNe Nl

o

.002
.002
.003
.002
.003
.002

.002
.002

.003
.003
.001
.001
.001
.003

.001
.003
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3.2 Generate Orbit Files

101 288 0.001 0.001 0.002 0.001 0.001 0.007 0.004 0.003
102 288 0.001 0.002 0.002 0.001 0.001 0.006 0.004 0.003
103 288 0.001 0.001 0.002 0.001 0.001 0.009 0.004 0.004
124 288 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.004
126 288 0.001 0.001 0.000 0.001 0.000 0.001 0.002 0.001
201 288 0.001 0.001 0.001 0.001 0.001 0.004 0.003 0.004
202 288 0.001 0.001 0.001 0.001 0.001 0.006 0.003 0.004
124 288 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.004
126 288 0.001 0.001 0.000 0.001 0.000 0.001 0.002 0.001
201 288 0.001 0.001 0.001 0.001 0.001 0.004 0.003 0.004
202 288 0.001 0.001 0.001 0.001 0.001 0.006 0.003 0.004

These should be 1mm (for older orbits it may also be 3...5mm) if precise orbits from
CODE were used together with the consistent EOP information (the actual RMS errors
depend on the quality of the precise orbits, on the pole file used for the transformation
between IERS Terrestrial Reference Frame (ITRF) and International Celestial Reference
Frame (ICRF), and on the orbit model used in ORBGEN). Comparing the RMS error
from the third and the fourth iteration you will see that three iterations are sufficient to
produce precise standard orbits for GNSS satellites.

The file ${P}/INTRO/0UT/0RB_20190440.LST summarizes the orbit fit RMS values in one
table:

EXAMPLE: Session 2019-0440: Standard orbit generation 31-AUG-23 09:27
TIME FROM DAY : 3 GPS WEEK: 2040
TO DAY : 4 GPS WEEK: 2040

ORBIT REPEATABILITY FROM A 1-DAY FIT THROUGH DAILY ORBIT SOLUTIONS (MM)

# ECLIPSING SATELLITES: 8 E / oM ( 0 EM

BCL .. .. B, .. PR U U S St
DOY 1 2 3 4 5 6 31 32 101 102 103 124 126 201 202 230 231 233 236
044 1 1 1 1 1 1. £ 41 o2 1111 1. 1111
AL 11 111 1. 11 2 10 111 1. 111 1

The output shows that 8 satellites are in eclipse (indicated above the satellite number by
E for Earth or M for Moon).

A similar file may be generated using the orbit products from IGS (including the EOP
information) following the procedure described in Section 7.1. As you can notice the RMS
errors are slightly larger. It does not mean that the orbits from CODE are better than
the IGS orbits. The orbit model in ORBGEN is just more consistent with the orbit model
used at CODE:

EXAMPLE: Session 2019-0440: Standard orbit generation 14-JAN-24 05:22
TIME FROM DAY : 3 GPS WEEK: 2040
TO DAY : 4 GPS WEEK: 2040

ORBIT REPEATABILITY FROM A 1-DAY FIT THROUGH DAILY ORBIT SOLUTIONS (MM)

# ECLIPSING SATELLITES: 8 E / 0OM ( 0 EM)

BL .. .. B .. E. . e . B. .. . in oo ee e oo B
DOY 1 2 3 4 5 6 7 8 9 10 11 12 24 25 26 27 28 29 30 31 32
044 2 2 3 3 3 2 2 3 2 3 2 4a.. 2 3 3 2 4 3 2 1 1
AL 2 2 3 3 3 2 2 3 2 3 2 4.. 2 3 3 2 4 3 2 1 1

(Note the missing GLONASS and Galileo satellites in the IGS orbit prod-
uct.)
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3 Terminal Session: Pole and Orbit Preparation

In the example for day 045 of year 2019 a satellite 76 appears. The GPS—satellite 26 had a
repositioning event at 14-Feb-2019 19:47:44 (see ${CONFIG}/SAT_2019.CRX). The satellite
is introduced in the processing with two independent arcs: one before (number 26) and
one after (number 76) the event (you may verify this by the number of epochs available
for each of these two satellite arcs).

3.3 Extract satellite clock corrections

As the next step we run SATCLK?2 from "Menu>Orbits/EOP>Import satellite clocks>From precise orbit
files" in order to generate a satellite clock file (CLK) from the precise orbit file (PRE). The
clock file will be needed, e.g., in program CODSPP (see Section 4.2.1, to be discussed in
the Tuesday’s lectures on pre-processing).

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

EXTRACT SATELLITE CLOCKS - SATCLK2 1: Filenames

GENERAL FILES
Show all general files F

INPUT FILE

Precise ephemeris file léo[)7$yyyss+0 PRE|

RESULT FILE

Satellite clock file IESOD7$YYYSS+O CLK
GENERAL OUTPUT FILES
Program output i use SATCLK2.Lnn or SATCL:
Error messages W merged to program output or ERROR MSG
;ﬂ ~Top \ APrev \ “~Next \ Cance”l | SaverAs \ ASave \ ARun \ AQutput \ Rer*un \ ~+Day ~-Day

i> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS54/PAN/SATCLK2.INP |

X
Configure Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help

SATCLK2 2: General Options

TITLE EXAMPLE: Session $Y+0-$S+0: Extract satellite clocks

SATELLITE OPTIONS
Remove bad satellites

F
OPTIONS FOR CLOCKS
Interval for polynomials 15 hours
2 32

Polynomial degree

| ~Top | ~Prev | ~Next | Cance”l | SaverAs | ASave | ARun | "Output | Rer'un | ~+Day A-Day
:L_z_U_f_ser: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSERS54/PAN/SATCLK2. INP

Panel "SATCLK2 2: General Options” contains the options for extracting the satellite clock
information. The clock values in the precise orbit file are sampled to 15 min. We interpo-
late with a “Polynomial degree” of 2 with an “Interval for polynomials [h]" of 12 hours. This is
good enough for the receiver clock synchronization in CODSPP.
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3.4 Convert Bias Corrections from Bias SINEX into Bernese bias Format

X
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

SATCLK2 3: Observation Window
OBSERVATION WINDOW
C Take all clock records
& Defined by Year and Session identifier

Year $Y+0 Session $5+0

e Defined by Start and End times

yyyy mm dd hh mm ss yyyy mm dd hh mm ss
Start [§YMD_STR+0 Jpo ) End [pyvD_sTR [23 59 59
|| ~Top | “prev | “Next | Cancenl | Saveras | ASave | ARun | “Output | Rertun | A+Day A-Day
> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSER54/PAN/SATCLK2.INP A

A message like this is expected:

### FN O_SATCLK2:chkSufficientNbClkValues, PG SATCLK2 (13-Jan-2024 15:46:23)
Satellite clock correction values missing

Minimal number 3 &

Number in sample: O

Satellite : R26

File name : ${P}/INTRO/ORB/COD_20190440.PRE

### FN O_SATCLK2:chkSufficientNbClkValues, PG SATCLK2 (13-Jan-2024 15:46:23)
Satellite clock correction values missing

Minimal number : 3

Number in sample: O

Satellite : EO1

File name : ${P}/INTRO/0ORB/C0OD_20190440.PRE

It indicates that the precise orbit files do not contain clock corrections for Galileo satel-
lites. Consequently they are not available for the synchronization of the receiver clocks in
CODSPP. It does not matter because it is sufficient to do this process based on the GPS
satellite clocks only.

3.4 Convert Bias Corrections from Bias SINEX into Bernese
bias Format

Ideally the clock corrections (either in a separate clock RINEX format or also in a
precise orbit file) are provided together with a consistent set of code and potentially
phase biases. Biases provided by a different source could potentially be less consis-
tent.

In this context we run BIA20SB from "Menu>Conversion>BIAS-SINEX to Bernese format". in or-
der to extract biases from international Bias SINEX format file (BIA) into the Bernese
formatted file with OSBs (0SB, both files are located in the ORB directory of the cam-

paign).
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3 Terminal Session: Pole and Orbit Preparation

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

BIAS SINEX to OSB format conversion - BIA20SB 1: Input/Output Files

GENERAL FILES

Show all general files F
TInput:

BIAS SINEX [cop_$vyvss+o BIA
Output :

OSB bias file IESOD7$YYYSS+D 0SB

GENERAL OUTPUT FILES

Program output F use BIA20SB.Lnn or BRTA 3
Error messages [ merged to program output or ERROR MSG
| “Top | #Prev | ANext | Cancerl | SaverAs | ~Save | “Run | "Output | Rer‘un | ~+Day A-Day
| > User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/BIA2OSB.INP 4

X
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

BIA20SB 2: Options for BIA-SINEX to OSB format conversion

TITLE EXAMPLE: Session $Y+0-$S+0: Convert biases to 0SB format

Bias conversion
Use all station biases [ 1
Use all satellite biases V

Summary file FSSB7$YYYSS+O SUM

Biases expected for:

PGPS P~ GLONASS 7 Galileo
[~ SBaAS [ BeiDou [~ Qzss
H[ Top \ APrev \ ANext \ Cance”l | SaverAs \ "Save \ “Run \ AQutput \ RerAun \ ~+Day ~-Day

|> User: bern54 Campaign: ${P}INTRO $Y+0=2019 $S+0=0440 File: /nome/bern54/GPSUSERS4/PAN/BIA20SB.INP

We select the current session as the time window in order to extract the expected set
of satellites if the input Bias SINEX file contains a longer interval than just the current

session (like in our case) and within this interval a satellite change takes place:

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

BIA20SB 3: Time Window Settings
TIME WINDOW FOR BIAS EXTRACTION
C Take all bias records

@ Defined by Year and Session identifier

Year $Y+0 Session $S+0

- Defined by Start and End times

Start [sYMD_STR+ p 0 0 End [pyvo_sTR+

H[ ~Top ‘ “Prev ‘ ANext ‘ Cance”l | Save"As ‘ Save ‘ “Run ‘ AOutput ‘ Rer’un ‘ ~+Day "-Day
> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /nome/bern54/GPSUSERS4/PAN/BIA20SB.INP

yyyy mm dd hh mm ss yyyy mm dd hh mm ss

If no bias information is provided we can use default code biases from the CODE processing

(http://www.aiub.unibe.ch/download/BSWUSER54/0RB).

3.5 Session Goals

At the end of this session, you should have created the following files:
1. Bernese pole file in the campaign’s ORB directory: C0D_ 20190440. ERP ,
2. Bernese standard orbit file in the ORB directory: COD_20190440. STD ,
3. Bernese satellite clock file in the ORB directory: COD_ 20190440. CLK .
4. Biases in Bernese format file in the ORB directory: C0D_ 20190440. 0SB .
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4 Terminal Session: Tuesday

Today’s terminal session is to:
1. import the observations from the RINEX format into the Bernese format
using RXOBV3 (section 4.1).
2. preprocess the Bernese observation files:
e receiver clock synchronization (CODSPP, section 4.2.1)
e baseline generation (SNGDIF, section 4.2.2)
e preprocess baselines (MAUPRP, section 4.2.3)

4.1 Importing the Observations

The campaign has been set up and all necessary files are available. The first part of
processing consists of the transfer of the observations from RINEX to Bernese (binary)
format.

4.1.1 Inventory of the input RINEX files

Before starting the data analysis, it is recommended to get an overview of the data avail-
ability, completeness, and a first impression on the data quality. For this purpose you may
generate a pseudographic from the RINEX observation files using the program RNXGRA
in "Menu>RINEX>RINEX utilities>>Create observation statistics".

Note that this step is not mandatory and can also be skipped during the tutorial exer-
cise.
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4 Terminal Session: Tuesday

You have to select the RINEX observation files for option “Original RINEX observation files” .
All three naming schemes of the files are supported by the user interface: “Bernese internal

naming”, “RINEX3-style naming”, and “RINEX2-style naming”. If there are files specified in more
than one field, they are cumulated.

X e cfoware Verson 5.4 - @
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

CREATE OBSERVATION STATISTICS - RNXGRA 1l: Filenames

INPUT FILES
@ Original RINEX observation files

Bernese internal naming m EI

RINEX3-style naming E‘
RINEX2-style naming —@

Any naming convention _I

@ Smoothed RINEX observation files

[ 1E
GENERAL FILES
Show all general files I |
Observation selection W&I
Print observation statistics [

GENERAL OUTPUT FILES

Program output [T use RNXGRA.Lnn or GRA_$YYYSS+0 OUT
Error messages [ merged to program cutput or ERROR MSG
Plot width 72 —

OUTPUT FILE

Summary file GRA _$YVY¥SS+0 sSMC

| ~Top | “Prev | *Next | Cancenl | SaverAs | ~Save | “Run | “Output | Rer*un | ~+Day ~-Day
> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS4/PAN/RNXGRA.INP

As only GPS, GLONASS, and Galileo satellite orbits are processed in this example, only
those systems are selected

X e cfoware Verson 5.4 - @
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help
RNXGRA 2: Options part I
TITLE EXAMPLE: Session $Y+0-$S+0: RINEX observation graphic
OBSERVATION SELECTION
Use observation window [ i
Measurement type PHASE |~
Frequencies BOTH -
Minimum s/n ratio reguested 0 3;
Print cycle slip flags | |
Satellite system GPS GRAPHIC+COUNT ~| GLONASS GRAPHIC+COUNT =
Galileo GRAPHIC+COUNT | BeiDou IGNORE |
SBAS IGNORE i QZss IGNORE il
MAXIMUM NUMBER OF MISSING EPOCHS
Allowed per character 2 3: (1 chr = 20 minutes)
STATION NAME TRANSLATION
Gather station names from FILE NAME =
Station information EXAMPLE STA
Stop if station name not found | |
LIST OF RINEX FILES
Get a list of RINEX files [
| ~Top | ~Prev | ~Next | Cance”l | Save"As | ASave | ARun | "Output | Rer"un | ~+Day A-Day
> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $5+0=0440 File: ’/home/bern54/GPSUSERS4/PAN/RNXGRA.INP
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4.1 Importing the Observations

X
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

RNXGRA 3: Options part II

GENERAL RINEX OPTIONS

Change hdr strings to upper case on read [ |
Only GPS/GLO and freg. 1 or 2 for RINEX 2 [
Output errors from input headers 1
SAMPLING
Sampling interval 0 seconds (0: use all observations)
Offset to full minute 0 seconds
Sampling tolerance [0.5 seconds

RULE FOR APPLYING PHASE SHIFT CORRECTIONS FROM HDR ON READING OBSERVATIONS
Phase shift corrections appeared with RINEX version 2.12

Rule [AS_NEEDED i ‘

REJECTICN OF FAKE OBSERVATIONS
Maximal freg. considered 0 B (0: no rejection)

Tolerance 0

| ~Top | ~Prev | ~Next | Cance”l | SaverAs | ASave | ARun | "Ouiput | Rer*un | ~+Day A-Day
> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0-=0440 File: /home/bernS4/GPSUSERS4/PAN/RNXGRA.INP

All validations are disabled in this step because they can also be carried out when importing
the data by the program RXOBV3 described in Section 4.1.2.

X
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

RNXGRA 4: Check Content of RINEX Header

Action if marker name doesn't match file name NONE =

ACTIONS IN CASE OF MISSING MANDATORY HEADER RECORDS

Missing record: GLONASS SLOT / FRQ # NONE ~| (RINEX vers ge 3.01)
Missing record: GLONASS COD/PHS/BIS NONE B (RINEX vers ge 3.02)
Missing record: SYS / PHASE SHIFT NONE 7| (RINEX vers ge 2.12)
Other missing mandatory records NONE z

ACTIONS IN SPECIAL SITUATIONS BETWEEN OBSERVATIONS

On epoch events NONE B

On inconsistent header modifications NONE B
NONE : Just continue
WARNING : Write warning and continue
SKIP : Skip file and continue with next file
ERROR : Write error message and stop processing

ﬂ ~Top \ “Prev \ ANext \ Cance”l | SaverAs \ ASave \ ARun | "Output \ Rer*un \ A+Day ~-Day
|> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0=0440 File: /nome/bern54/GPSUSERS54/PAN/RNXGRA.INP

From the processing you get a summary in ${P}/INTRO/0UT/GRA_20190440.
SMC:

DATE : 2019-02-13
PHASE OBSERVATIONS
BOTH FREQUENCIES
1 | kkkkkkkkkkkkkkkkkk82D - 11237631 - -1x
2 | — 1 9ok sk ok sk ok sk sk ok ok ok ok k 4 — —3Tkkkkkkkkkkkx51 —
3 | 1T kkkoskokokokkokokokokkokokkkkk4] - -3221-
4 | -45555555677777777773 - 111-
5 | = Bk ok ok ok ok ok ok ok ok Rk ok Kk k4 — —125%kkkk*kk*82 -
6 | — 19k kokkkRkk KKk KkKkK8D — —138%kkkkkk*x*k81 -
7 |1- — Bokoskokok ok ok ok sk ok ok ok oksk ok ok okk k4 ] — —16%kkk*x%3
8 | kkkkkkkkkk9D - -1249%*%*83 - — 17k kokok ok ok ok
9 | =1 kokok koK sk k ok Rk ok Rk ok Rk kk k821 — -2221 -
10 | **k*xk*k*x*731 - —Bkkokkokkkk4] - = Bk ok ok ok ok ok ok kK
231 | -366776621- --368999*%x**x909 0% k*x*kx**x*x*99871 -
233 | -135778889999999998874 - - -1189999999999998651 -
236 | -3676632- —3789999 % %k k% %k %
----- e o o e o ey oy o o oy o o e o oy o oy ) P ) £ ) 3 ) 3y ) 3 3 oy ) £ o 3 £ £ oy o oy oy o 0
0 12 24
NUMBER OF SATELLITES INCLUDED IN DATA FILES: 82
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4 Terminal Session: Tuesday

The summary reports the number of stations tracking each satellite during a cer-
tain period of the day. If more than 9 stations are in view a *-character is writ-
ten.

The second part shows how many satellites observed by each station during the course of
the day (again the *-character is indicating a number > 9). This part is shown separately
for each selected satellite system.

DATE : 2019-02-13

PHASE OBSERVATIONS
BOTH FREQUENCIES

SATELLITE SYSTEM: GPS

BRST | *kk*kkkkkkk*k*k*x***x**9879889977788778988899999%9%%999999999787998889889* ***
GANP | Ok kkkkkkkkk*k ¥ *x 9% *x9999%*x99989998878*9**x9*88899**x9*x999978887788889999999
HERT | *kkkkkkkkkxx*x*xOx9*x9*x*x99*8878888887899999**9**99%x999799*8888878*89*****
JOZ2 | *kkk%k - kkkkkkkkkkOkkkkOQkkkO8*kkQ*k k99T * Ok kkk k% k8O k**k*x % 9989889977 9899 * x* * * * % %
LAMA | *O%****x*x*9***x**9998888%998887679877887*9%997888999998867886776877899**89
MATE | %k kkxkkkkkxx**x***x9998988998888889988988889989*98888*9787778898898899%9
MIKL |********************9****99**9889*9********9*9***99***988889889*****9***
ONSA | kkkokkskokokokkkokkokkkokkkkkkkkkkkOQkkkkk Ok Sk SkkkkkkQkkkk*x*9989%999%x 99889 * 9 * * % * %
ORID | ®okskkkokkkokokkkkkkkk*xx*99*x8889887877888**999899**x99899%97887888*x8888899**
PTBB |67*****xQ*x***x**88898789%999878689867877999878789999988777777768757899%98
TLSE | *kkkkkkkkkkkkkk*x k% x9O*x*988877796797789*%9999**x**x9%9998999%7799888889* ***
VILL | 9***k*x*x**x*x9O0x*x**9**x99088878888878656878989998789899888998666687687999999
VIR ||ec=foccss=c=c==cccc== [ . B*kk QO Ok ok kokkok — — — —kokkkkkk 8G9k k*kkQ k989D sk k xk xk ok k%
WTZR | %k kokokokokokk — *kkk Ok kkkQ*k*x 98907 8%x*88898**x*xQk*x*xQ**x*x999998*%x99%7789898% 9% **%x
WTZZ | skokokokskoskokokkkskskoskokkkkkkokkkkkk Ok x8O* 98898 %k kQ*x k% 9k xx999998%9997 779898 %9 * %% %x%
ZIM2 | #koskokkokkkokokkkkkkokkkkkkQkkk Q% *x899%897889%99*%9*x*x**x%x9999989%x998789889989 % ***
ZIMM | Ok kkkkkk*kkkk*x*x**x*989%*x99%x98898986889%x9989989%9999998989877798878889***
_____ foccoccoccoococoooosokocaccosoocacoooocfoooooacooooooooootoosoacoooocaccooodb

0 12 24

From this output it can be concluded that station WSRT seems to have some tracking
problems in the first half of the day. It is therefore recommended to have a particular
look at the results from this station in the different processing steps. In addition, the
stations JOZ2 and WTZR show short outages of one hour. This typically caused by
data management issues at the station (related to the extraction of the hourly RINEX
files).

Similar tables for the other systems are available as well.

The program output file ${P}/INTRO/0UT/GRA_20190440.0UT provides even more detailed
information on each individual RINEX file.

4.1.2 Converting the Observations from RINEX into Bernese format

Importing the RINEX observation files is the task of the program RXOBV3 in "Menu>RINEX
>Import RINEX to Bernese format>Qbservation files" (vve do not use the RINEX navigation files in
this processing example).
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4.1 Importing the Observations

The principle of specifying the input RINEX files is the same as for all RINEX related

programs (description see page 36):

X 4
Configure Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help

TRANSFER RINEX OBSERVATION FILES TO BERNESE FORMAT - RXOBV3 1: Filenames

INPUT FILES

@ Original RINEX observation files
Bernese internal naming m w
RINEX3-style naming @I
RINEX2-style naming [ | M
Any naming convention _I

@ Smoothed RINEX observation files

Station information EXAMPLE STA]

GENERAL FILES
Show all general files

P
Observation selection OBSERV SEL
|

Print observation statistics

RESULT FILES
Measurement types to save
& Code F Phase F T Range

Update coordinates CRD) (blank if not used)

GENERAL OUTPUT FILES

Program output |_ use RXOBV3.Lnn or §X07$YYYSS+0 ouT

Error messages |_ merged to program output or ERROR MSG
4l | 3
| ~Top | “Prev | ANext | Cancenl | SaverAs | ASave | “Run | “Output | Rer‘un | ~+Day ~-Day

> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/RXOBV3.INP

The next panel specifies the general input files. The “Satellite information” and “Antenna
phase center corrections” files should consistently refer to the used reference frame even if the

corrections itself are not yet needed for the import step.

b & e 5.4
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

RXOBV3 1.1l: General Files

GENERAL INPUT FILES

General constants CONST BS
Satellite information SATELLIT_TI20 SAT
Satellite problems SAT $Y+0 CRX]

Antenna corrections ANTENNA_I20 PCV|
GPS-UTC time difference GPSUTC
Abbreviation table EXAMPLE

Frequency information

MENU SETTINGS

Selected campaign $ (P} /INTRO
Selected session year 2019 session (0440
Session table $ {P} /INTRO/GEN/SESSIONS.SES

TEMPORARY FILES

Scratch files RXOBV3$J SCR IRXOBV3$J secl1 RXOBV3$J sC2
|| ATop | Prev | "Next | Cancenl | SaverAs | "Save | ~Run | “Output | Rer"un | ~+Day ~-Day

!> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $5+0=0440 File: /nome/bern54/GPSUSER54/PAN/RXOBV3.INP

Bernese GNSS Software, Version 5.4
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4 Terminal Session: Tuesday

Other panels allow to select the data to be imported and to specify a few parameters for
the Bernese observation header files.

Because the orbits contain only the GPS-, GLONASS, and Galileo-satellites, activate the
related checkboxes in the option “GNSS SELECTION".

X 54
Configure Campaign RINEX  Orhits/EOP Processing Service Conversion BPE User Help

RXOBV3 2: Input Options 1

TITLE |EXAME’LE: Session $Y+0-$S+0: tutorial lecture

GNSS SELECTION
P~ GPs F~  GLONASS F~  Galileo
[~ SBAS [T BeiDou [~ QzZss

STATION NAMES

Gather station names from FILE_NAME hdl

Action if station not in abbreviation list ERROR v]

SESSION IDENTIFIER
Session ID used for Bernese observation files $S+0 (blank: AUTO)

GENERAL RINEX OPTIONS

Use observation window 7|
Change hdr strings to upper case on read I
Only GPS/GLO and freq. 1 or 2 for RINEX 2 1
Output errors from input headers &
| ~Top | ~Prev | ~Next | Cance”l | SaverAs | ASave | ARun | "Ouiput | Rer"un | ~+Day A-Day

> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSER54/PAN/RXOBV3.INP

b & 4
Configure Campaign RINEX  Orhits/EOP Processing Service Conversion BPE User Help

RXOBV3 2.1: Observation Window
OBSERVATION WINDOW

& Defined by Year and Session identifier

Year 8Y+0 Session 5S+0

c Defined by Start and End times

hh mm ss yyyy mm dd hh mm ss
Start Jpo ( End TR+ 23 59 5
| ~Top | ~Prev | ~Next | Cance”l | Save"As | ASave | ARun | “Ouiput | Rer"un | ~+Day A-Day
| > User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSERS4/PAN/RXOBV3.INP 4

b & 4
Configure Campaign RINEX  Orhits/EOP Processing Service Conversion BPE User Help

RXOBV3 3: Input Options 2

SAMPLING
Sampling interval 30 seconds (0: use all observations)
Sampling offset to full minute o seconds
Sampling tolerance [0.5 seconds

RULE FOR APPLYING PHASE SHIFT CORRECTIOCNS FROM HDR ON READING OBS
Phase shift corrections appeared with RINEX version 2.12

Rule SUPPRESS [
REJECTION OF FAKE OBSERVATIONS
Maximal freg. considered 0 2 (0: no rejection)

Tolerance 0

ﬂ ~Top ‘ “Prev ‘ ~Next ‘ Cance”l | SaverAs | ASave ‘ ARun | AOutput ‘ Rer’un ‘ ~+Day “-Day

§> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSER54/PAN/RXOBV3.INP A
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4.1 Importing the Observations

X 54
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

RXOBV3 4: Input Options 3

SIGNAL STRENGTH REQUIREMENTS

Minimum signal strength 1 3‘
Accept signal strength = 0 I §
Accept cycle slip flags from RINEX | i

REQUIREMENTS REGARDING THE CONTENT OF BERNESE OBSERVATION FILES
Define conditions to write a Bernese obs. file [ i

OPTIONS CONCERNING ANTENNAS

Consider radome code of the antennas ¥

Correct position of radome code i

Check antenna correction file for antenna type 7 else ’Wj
Ignore measurements with antenna calib. method |NONE

FREQUENCY CHECK FOR SLR
Check frequency information file for frequency

ROUNDING OF OBSERVATION EPOCH

Round fractional part of observation time DONT_ROUND -

| ~Top | ~Prev | ~Next | Cance”l | SaverAs | ASave | ARun | "Ouiput | Rer*un | ~+Day A-Day

> User: bern54 Campaign: ${P}YINTRO $Y+0=2019 $S+0=0440 File: /home/bern54/GPSUSER54/PAN/RXOBV3.INP

When switching for instance the option “Ignore measurements with antenna calib. method”
to ADOPTED from GPS the observations from those GNSS are not imported where no
antenna calibration is available for (see Table 1.2). It may also make sense to completely
exclude stations where no calibration for the antenna with the specific radome is available
(ADOPTED from NONE). In the case of the example dataset this would affect the station

ONSA.

The next two panels are only displayed, if you specified a station information file in
“RXOBV3 1: Filenames’. They allow you to configure the RINEX header information veri-

fication:

X 4
Configure Campaign  RINEX  Orbits/EOP Processing Service Conversion BPE User Help

RXOBV3 5.1: Check Content of RINEX Header 1

ACTIONS IN CASE OF INCONSISTENCIES

Station name ERROR - Try also filename F
Antenna type ERROR H
Antenna number ERROR B
Antenna position ERROR E
Marker type WARNING B
Receiver type WARNING B
Receiver number WARNING B
NO_CHECK : No check is done
WARNING : Write warning and continue
SKIP : Skip file and continue with next file
ERROR : Write error message and stop processing
| ~Top | “Prev | ~Next | Cance”l | Save"As | ~Save | “Run | "Output | Rer’un | ~+Day ~-Day

> User: bern54 Campaign: ${P}/INTRO $Y+0=2019 $5+0=0440 File: /home/bernS4/GPSUSERS54/PAN/RXOBV3.INP

X 4
Configure Campaign RINEX  Orbits/fEOP Processing Service Conversion BPE User Help

RXOBV3 5.2: Check Content of RINEX Header 2

ADDITIONAL VERIFICATION

Verify station name/number using ¥ MARKER DOMES &
F

Verify station name using RINEX filename

HANDLING OF KNOWN INCONSISTENCIES

Accepted station information CRX

|| ~Top | “Prev | ANext | Cancerl | Saveras | ASave | “Run | "Oumpur | Rertun | A+Day A-Day

> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /home/bern54/GPSUSER54/PAN/RXOBV3.INP

Bernese GNSS Software, Version 5.4
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4 Terminal Session: Tuesday

The last panel allows for checking the compliance of the input RINEX file with the format
definition.

X
Configure Campaign RINEX  Orbits/EOP Processing Service Conversion BPE User Help

RXOBV3 6: Check Content of RINEX Header 3
Action if marker name doesn't match file name WARNING =

ACTIONS IN CASE OF MISSING MANDATORY HEADER RECORDS

Missing record: GLONASS SLOT / FRQ # WARNING ~| (RINEX vers ge 3.01)
Missing record: GLONASS COD/PHS/BIS WARNING H (RINEX vers ge 3.02)
Missing record: SYS / PHASE SHIFT WARNING B (RINEX vers ge 2.12)
Other missing mandatory records WARNING z

ACTIONS IN SPECIAL SITUATIONS BETWEEN OBSERVATIONS

On epoch events SKIP &
On inconsistent header modifications WARNING B
NONE : Just continue
WARNING : Write warning and continue
SKIP : Skip file and continue with next file
ERROR : Write error message and stop processing
|| ~Top | ~Prev | ~Next | Cancenl | Saveras | ~save | ARun | “Output | Rerun | ~+Day A-Day

i> User: bern54 Campaign: ${PYINTRO $Y+0=2019 $5+0=0440 File: /nome/bern54/GPSUSER54/PAN/RXOBV3.INP

Start the program with the “Run—button.

Various warning messages appear. In an automated processing they are sorted according to
a priority and become better readable. In this case they are ordered just by the processing
order. Most of them are not critical and do just inform about assumptions made by the
program RXOBV3 based on the RINEX format description:

### SR SAVMEA: Receiver clock offset in RINEX file found.

It is assumed, that the observations in the
RINEX file are not corrected by applying the
receiver clock offset. Please check the

keyword "RCV CLOCK OFFS APPL" in the RINEX file
header!

RINEX FILENAME: ...RO/RAW/BRSTOOFRA_20190440.RX0

or actions taken on the observations that do not influence the processing re-

sults:

### SR SAVMEA: JUMP INTRODUCED INTO PHASES

DUE TO FORMAT OVERFLOW

RINEX FILE : ...RO/RAW/HERTOOXYZ_20190440.RX0
FREQUENCY : L1

SATELLITE :122

JUMP (CYCLES): 579337875.0

EPOCH :2019-02-13 18:10:00

In some cases where there are several (inconsistent) header sequences in the RINEX
files containing different information (e.g., related to the APPROX POSITION XYZ

record):

### SR O_RNXBASE:wrtHdrEntryChkErrsToLfnErr, PG RXOBV3
Inconsistency between the following two RINEX headers detected:
Filename (header to update):

${P}/INTRO/RAW/J0Z200XYZ_20190440.RX0

Filename (new header):

${P}/INTRO/RAW/J0Z200XYZ_20190440.RX0

Geocentric approx. ant. marker pos. (APPROX POSITION XYZ)

in header to update: ’(3.6648784825E+06,1.4091900878E+06,5.0096170459E+06) ’
in new header: ’(3.6648768963E+06,1.4091892139E+06,5.0096167523E+06) ’

The amount of these massages may be managed by the setting in panel “RXOBV3 6: Check
Content of RINEX Header 3" .
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4.1 Importing the Observations

More relevant are messages indicating observations were removed due to an entry in the
“Satellite problems” file. In the example, station ONSA provides data for the two GLONASS
satellites R12 and RO6 (satellite system R for GLONASS in RINEX whereas satellite
numbers between 100 and 199 are in use within the Bernese GNSS Software) which are
removed because of an entry in the “Satellite problems” file specified. in panel “RXOBV3 1.1:
General Files”.

### SR SAVMEA: PROBLEM FOR SATELLITE: 112
INDICATED IN SATCRUX : ${CONFIG}/SAT_2019.CRX

PROBLEM : BAD PHASE+CODE

REQUESTED ACTION : 0BS. REMOVED

TIME WINDOW : 2016-11-22 00:00:00 2019-06-19 23:59:59
IN RINEX FILE : ...RO/RAW/ONSAOOXYZ_20190440.RX0

### SR SAVMEA: PROBLEM FOR SATELLITE: 106
INDICATED IN SATCRUX : ${CONFIG}/SAT_2019.CRX

PROBLEM : BAD PHASE+CODE

REQUESTED ACTION : 0BS. REMOVED

TIME WINDOW : 2018-04-08 00:00:00 2099-12-31 23:59:59
IN RINEX FILE : ...RO/RAW/ONSAOOXYZ_20190440.RX0

The program produces an output file RX0_20190440.0UT in the directory ${P}/INTRO/0UT
(resp. corresponding filenames for the other sessions). This file may be browsed using the
“Output button or with "Menu>Service>Browse program output" . After echoing the input options,
the file provides an overview of the observation intervals), on the station information
records in the RINEX observation file header and on the values that are used for the
processing in the Bernese GNSS Software. In addition some observation statistics are
available. In the last section you may check the completeness of the Bernese observation
files by the available number of epochs:

TABLE OF INPUT AND OUTPUT FILE NAMES:

———————————————————————————————————— #observ. #satell.
Num Rinex file name Bernese code header file #epo #C1/P1 #P2 GPS GLO GAL
Bernese code observ. file
Bernese phase header file #epo #L1 #L2 GPS GLO GAL
Bernese phase observ. file
1 ...BRSTOOFRA_20190440.RX0 ${P}/INTRO/0BS/BRST0440.CZH 2880 75780 74934 31 22 24

${P}/INTRO/0BS/BRST0440.CZ0
${P}/INTRO/0BS/BRST0440.PZH 2880 75654 74864 31 22 24
${P}/INTRO/0BS/BRST0440.PZ0

2 ...GANPOOSVK_20190440.RX0 ${P}/INTRO/0BS/GANP0440.CZH 2880 77299 76553 32 22 24
${P}/INTRO/0BS/GANP0440.CZ0
${P}/INTRO/0BS/GANP0440.PZH 2880 77040 76362 32 22 24
${P}/INTRO/0BS/GANP0440.PZ0

3 ...HERTOOXYZ_20190440.RX0 ${P}/INTRO/0OBS/HERT0440.CZH 2880 52454 51981 31 22 0
${P}/INTRO/0BS/HERT0440.CZ0
${P}/INTRO/0BS/HERT0440.PZH 2880 52454 51970 31 22 0

${P}/INTRO/0BS/HERT0440.PZ0

16 ...ZIM200CHE_20190440.RX0 ${P}/INTRO/0BS/ZIM20440.CZH 2880 79238 78472 32 22 24
${P}/INTRO/0BS/ZIM20440.CZ0
${P}/INTRO/0BS/ZIM20440.PZH 2880 78966 78274 32 22 24
${P}/INTRO/0BS/ZIM20440.PZ0

17 ...ZIMMOOCHE_20190440.RX0 ${P}/INTRO/0BS/ZIMM0440.CZH 2880 28964 28819 32 0 0
${P}/INTRO/0BS/ZIMMO440.CZ0
${P}/INTRO/0BS/ZIMMO440.PZH 2880 28844 28729 32 0 0

${P}/INTRO/0BS/ZIMM0440.PZ0

If epochs or satellites are missing for some RINEX files you may check this with the
RINEX observation graphic from program RNXGRA ("Menu>RINEX>RINEX utilities>Create ob-

servation statistics"). In February 2019 32 GPS, 22 GLONASS, and 24 Galileo satellites were
active.

At the end of the RXOBV3 output there is a table of RINEX files rejected during the

import for some reasons.
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4 Terminal Session: Tuesday

4.2 Data Preprocessing (I)

4.2.1 Receiver Clock Synchronization

Now we are ready to enter the processing part of the Bernese GNSS Software. We have to
run three programs for this example. The first program is called CODSPP ("Menu>Processing

>Code-based clock synchronization" ) .

with respect to the GPS system time.

X 4