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The gLAB Tool suite

The GNSS-Lab Tool suite (QLAB) is an interactive
multipurpose educational and professional package

gLAB has been developed under the ESA Education
Office contract N. P1081434.

Main features:

» High Accuracy Positioning T
capability. T el 2
 Fully configurable. e RE—
 Easy to use. MR
« Access to internal computations.
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The gLAB Tool suite

gLAB has been designed to cope with the
needs of two main target groups:

o Students/Newcomers: User-friendly tool, with a lot
of explanations and some guidelines.

* Professionals/Experts: Powerful Data Processing
and Analysis tool, fast to configure and use, and
able to be included in massive batch processing.
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The gLAB Tool suite

Students/Newcomers:
 Easiness of use: Intuitive GUI.
o Explanations: Tooltips over the different options of the GUI.

* Guidelines: Several error and warning messages. Templates for pre-
configured processing.

g2 esa

& OUAB =VErEio 1092

dcesa gLA“Q =@ gAGEWPC

http:/ /www.gage.es

Preferences About |

Positioning ‘ Analysis

Preprocess

Modeling Options Precise Products Data Interpolation
Sateliite clock offset correction
Orbit Interpolétion Degree : [9
@ Consider satelite movement during signal flight time
® Consider Earth rotation during signal fight time Clock Interpolation Degree : |0
Satellite mass center to antenna phase center correction
- i Receiver Antenna Phase Center Correction
@ Receliver antenna phase center correction O Specify @ Read from ANTEX
® Receiver antenna reference point correction
@ Relativistic clock correction (orbit excentricity)

O lonospheric correction

@ Tropospheric correction  [niell -

@ P1 -P2 correction DCE File hd Receiver Antenna Reference Point Correction
L — O Specify @ Read from RINEX

B P1 -C1 correction Flexible = LD

& Wind up correction (Carrier phase only)
@ Solid tides correction

@ Relativistic path range correction

Sawve Config

Run gLAB

Qutput

Meodelling

Filter

A priorl receiver position

[® Errors found (on g4) |, X|

fll
ed

MODEL/INPUT: Receiver Antenna Phase Center source is set
as ANTEX, but no ANTEX file is found. Please include one in

Input section.

gLAB has found the following errors, please correct them
before processing again:

{specify)

Examine

g

gLAB - Version 1.4.4
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Preferences | About |
Posttioning | Anaiysis |
Preprocess Modelling Filter Qutput
Station Data GNSS Satellite Selection
@ Data Decimat{~n [s] [300 & e
Data decimation
Satellite Options ; ane
Elevata i Meak [E Mark this option to decimate the input data at the specified rate [in
seconds]. If this option is unchecked, every time an epoch is found in
the input RINEX observation file, all the processing takes place. If this PRN 9 PRN 17 PRN 25
& Discard satellit option is checked. the data is decimated and not even modeled. Even in
| ecimated data, all the epochs are used for cycle slip detection, and arc PRN 10 PRN 18 -
LIDECELNNER | oth computations, bt the process is st apped just befors tha
i . modelling. PRN 11 PRN 19 PRN 27
Cycle-slip Detectic This option is meant to be used ta reduce computation time.
# Geometric-fret - PRN 20 PRN 28
® Melbourne-W e - Lins o PRN 13 PRN 21 PRN 29
] L1-C1 difference [F1] Configure PRN 6 PRN 14 PRN 22 PRN 30
PRN 7 PRN 15 - PRN 31
PRN 8 PRN 16 PRN 24 PRN 32
| Save Config | SPP Termplate | PPP Template ‘ ‘ Bun gLAB ‘
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The gLAB Tool suite

Students/Newcomers:
 Easiness of use: Intuitive GUI.
o Explanations: Tooltips over the different GUI options.

 Guidelines: Several error and warning messages.
Templates for pre-configured processing.

Professionals/Experts:
« Powerful tool with High Accuracy Positioning capability.
» [ast to configure and use: Templates and carefully chosen defaults.

 Able to be executed in command-line and to be included in batch
processing .

UPC|

File Edit Wiew Terminal Help

g4:~/workspace/edunav= ./gLAB linux -input:cbs test/madr2000.060 -input:sp3 test/igs13843.sp[~|
3 -1nput:ant testjigsGS.atﬂ]
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The gLAB Tool suite

In order to broaden the tool availability, gLAB
Software has been designed to work in both
Windows and Linux environments.

Ay A\
The package contains: My A
« Windows binaries (with an installable file).

e Linux .tgz file.

e Source code (to compile it both in Linux and Windows)
under an open source Apache 2.0 license.

« Example data files.
o Software User Manual.
 HTML files describing the standard formats.
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The gLAB Tool suite

Read files capability:

RINEX observation v2.11 & v3.00
RINEX navigation message.
Satellite clocks and orbits from SP3
ANTEX Antenna information files.
Constellation status.

DCBs files.

GPS_Receiver_Type files.

SINEX position files.

Pre-processing module:

Carrier-phase prealignment.

Carrier-phase / pseudorange consistency
check.

Cycle-slip detection (customizable parameters)
- Melbourne-Wiibbena.
- Geometry-free CP combination.
- L1-C1 difference (single frequency).
Pseudorange smoothing.
Decimation capability.
On demand satellite enable/disable.
Elevation mask.
Frequency selection.
Discard eclipsed satellites.

Modelling module:

Fully configurable model.
Satellite positions.
Satellite clock error correction.

Satellite movement during signal flight
time.

Earth rotation during signal flight time.
Satellite phase center correction.

Receiver phase center correction
(frequency dependent).

Relativistic correction.

lonospheric correction (Klobuchar).
Tropospheric correction (Simple and
Niell mappings).

DCBs correction.

Wind up correction.

Solid tides correction (up to 2nd
degree).

Gravitational delay correction.
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The gLAB Tool suite

Filtering module:

Able to chose different measurements

to process (1 or more), with different
weights. This design could be useful
in future Galileo processing, where
processing with different
measurements may be desired.

Fixed or elevation-dependant weights
per observation.

Troposphere estimation on/off.
Carrier-Phase or Pseudorange
positioning.

Static/Kinematic positioning (full
Q/Phi/P0O customization).

Able to do a forward/backward
processing.

Able to compute trajectories (no need
for a priori position).

Output module:
e Cartesian / NEU coordinates.
e Configurable message output.

Other functionalities:

» Computation of satellite coordinates
and clocks from RINEX and SP3 files.

« Satellite coordinates comparison
mode. For instance RINEX navigation
vs. SP3, or SP3 vs. SP3 (along-track,
cross-track and radial orbit errors,
clock errors, SISRE).

e Show input mode. No processing, only
parsing RINEX observation files.

» Current version allows full GPS data
processing, and partial handling of
Galileo and GLONASS data.

» Future updates may include full
GNSS data processing.

9
NAVITEC 2010



Positioning Examples

e
Standard and Precise Point Positioning

e To illustrate how easy is to process GNSS data using
gLAB, a GPS receiver will be positioned in the next
examples using:

- Example 1: Broadcast orbits and clocks (SPP, kinematic).
- Example 2: Precise Orbits and clocks (PPP, static).
- Example 3: Precise Orbits and clocks (PPP, kinematic).

« Solutions will be compared with an accurate reference value
of receiver coordinates to asses the positioning error.
Note: the receiver coordinates were keep fixed during the data collection.
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gLAB works after the correlator:  Input data are code and
carrier measurements and satellite orbits and clocks.

Ficheros RINEX: observables
2 OBSERVATION DATA G (GPS) RINEX VERSION / TYPE
0000000000000 0000000 09, RGRINEXD V2.4.1 UX AUSLIG 10-JAN-97 10:19 PGM / RUN BY / DATE
® ° Australian Regional GPS Network (ARGN) - COCOS ISLAND COMMENT
° BIT 2 OF LLI (+4) FLAGS DATA COLLECTED UNDER "AS" CONDITION COMMENT
° ° -0.000000000103 HARDWARE CALTBRATION (S) COMMENT
° =0.000000054663 CLOCK OFFSET (S) COMMENT
° ° €oco MARKER NAME
) w1s MARKER. NUMBER
¢ Pseudoranges (C/A, P1, P2), . mrh auslig OBSERVER / AGENCY
. phase tracking (L1, L2) ° égg 93.05.25 / 2.8.33.2 % : Jfr / VERS
One or e MNavization data (D(t)) ° -741950.3241 6190961.9624 -1337769.9813 APPROX POSITION XYZ
ltipl A ° 0040 0.0000 0.0000 ANTENNA: DELTA H/E/N
multiple ° ° 1 1 WAVELENGTH FACT L1/2
antennas ° 5 €1 L1 L2 P2 P1 # / TYPES OF OBSERV
[ SNR is mapped to signal stremgth [0,1,4-9] COMMENT
o ° SNR: 500 >100 >0 >10 >5 >0 bad n/a COMMENT
7 sig: 9 8 7 6 5 4 1 [} COMMENT
| |DLL Tragking ® . ERVA )
Low-noise| —= RCV > o> ® | B L 8 22 s 300000000 TOME OF LAST OF
i Demodulator : cati ° F LAST O
Amplifiers Navigation ° i o am i e END OF HEAD!
7 ¢ 7 30.000000( 125 523 1
2 . data Kalman | ® 22177685.105  -14268715.899 & —11118481.28405 22127685.4014 <==== 1
- =] PrOCESSINGE | p—.d ° 20672158.746  -11510817.892 7 -8969469.30045 20672158.5184 <=== 25
[ f] Iter 22594902.367 -12949753.826 7 -10090708.53945 22594903.7394 «==== 9
Low—noise RFIAF ° Lt o= 20731128.796 -11621184.951 7 -9055464.16945 22731130.0094 <=== 5
- position | e, 24610920.702 -924108.174 6 -T20085.67045 20610920.0404 <==—— 23
Ampliﬁe:s & ° & c - ° DISPLAY 20718775.074 -18605935.474 9 -14498133.97346 20718775.6074 <==—= 17
L ) === estimanon 20842713.610  -19083282.892 9 -14870090.55546 20842713.4814 <==——= §
SAMPLING | - ° ] ° —
o Pseudorange ° EHUSSIOHDOD ~300m Recent
- — - - == S eception
° correction ° - P
o Man—-Machine
o o Interface ) DOD
N 8 pe Satellite clock offset < 300Km
[}
— - ° = : Relativistic correction < 13 m
: l'_ll ° Pseudorange Sat. instrumental delays (TGD) ~ m
o ¢ T e P1,P2, C/A
™ Aiding or imtegrated receiver : ®
° | ® Geometric distance: p0 ~20 000Km
r—-——-—=—=-—7 1 | [ J
| EXTEmLe P 0000000000000 000
I SENSORS 1 .
I I Tonospheric delay [2 - 50 m]
I 1
________ Tropospheric delay [2 - 10 m]
Receiver clock offset <300Km .
@ /]/ Receiver instrumental delays ~m
| - _--------H'"“*-H




GNSS Format Descriptions
e

GNSS data sets follow a well defined set of standar ds
formats: RINEX, ANTEX, SINEX...

Understanding a format description is a tough task.

These standards are explained in a very easy and fr  iendly
way through a set of html files.

Described formats:
e Observation RINEX
* Navigation RINEX
e RINEX CLOCKS
e SP3Version C
e ANTEX

GNSS Format Descriptions

Explained Formats

E-:.‘! @ M :R:R ‘D
£ g : i

£
]
B

More detalils at:
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Example 1: Standard Point Positioning (SPP)

SPP Template : Kinematic positioning with single freg. C1 code +
broadcast orbits and clocks.

Select the SPP mode
2. Upload the RINEX files:

- Measurement :
- Navigation:

3. RUN gLAB

=

AV
Default output file:

gLAB.out

Note: Reference coordinates are from RINEX
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Example 1: Standard Point Positioning (SPP)

Plotting Results

Positioning with few meters of error
IS achieved in kinematic SPP mode

* Receiver navigated as a rover in
pure kinematic mode.

* Broadcast_orbits and clocks.

* Single frequency C1 code is used.

14
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Example 2: Static Precise Point Positioning (PPP)

PPP Template : Static positioning with dual freq. code & carrier (ionosphere-
free combination PC,LC) + post-processed precise orbits & clocks.

1. Select the PPP mode
2. Upload data files:

- Measurement :

- ANTEX;
E —J - Orbits & clocks:
D 2 - SINEX:
3. RUN gLAB

— 4
3 Default output file:

N e I gLAB.out

15
NAVITEC 2010



Example 2: Static Precise Point Positioning (PPP)

Plotting Results

 Coordinates are taken as
constants in nav. filter.

* Dual frequency Code and
Carrier measurements.

e Precise orbits and clocks.
 Measurements modelling

at the
- — Centimetre level accuracy
centimetre over 24h data Is achieved

level. in PPP static mode

-

[ —————————wSSS ]
16
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Example 3: Kinematic Precise Point Positioning

From default configuration of [PPP Template] ,
» Select kinematics in the [Filter] panel. Run gLAB and plot results.

]
Decimetre error level
— navigation after the best
Receiver navigated as a rover part of an hour

In a pure kinematic mode.

e —————EEE
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SPP Model components analysis

* The different model
components may be
analyzed in the SIS and
User domain.

» Using the results file with
the full model, the impact
of neglecting each model

The modeling component may be
options set in this evaluated in different
panel are applied scenarios.

by default to the « The same scheme may be

_ applied for all model terms.
SPP solution.

[ —————————wSSS ]
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SPP Model components analysis

&

O

O

N

— L .

O Relativistic correction
<|‘|: on satellite clock due
% to orbit eccentricity

This is an additional
correction to apply at the
receiver level. The satellite
clock oscillator has been

! modified to compensate for
the main effect (~40ns/day)

e ——
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SPP Model components analysis

off Zoom

Satellite movement
during signal flight
travelling time

S/A=

Notice in the upper figures
that the error introduced
This figure generation is when neglecting this
! excluded from the exercise correction is at the level of
S/A error.
L ————=—— ]
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SPP Model components analysis

=

)

O

N

© Earth rotation during
<"': signal travelling flight
D time.

Notice the clear eastward
shift when neglecting this
This figure generation is term of the model.
! excluded from the exercise

21
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PPP Model components analysis

» Additional model
components are used
In the FULL model to
assure a centimeter
level measurements
modeling.

» Precise orbits and clocks
Instead of broadcast ones.

e Dual frequency Code and
Carrier data instead of only
single frequency code.

* lono-free_combination of
codes and carriers to
remove ionospheric error

and P1-P2 DCBs.
L R RS /Y]
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PPP Model components analysis

Solid Tides

It comprises the Earth’s
crust movement (and
thence receiver coordinates
variations) due to the
gravitational attraction
forces produced by external
bodies, mainly the Sun and
the Moon.

—_ Sun

Moon

Solid Tides:

These effects do not affect the
GNSS signals, but if they were
not considered, the station
coordinates would oscillate with
relation to a mean value.

They produce vertical (mainly)
and horizontal displacements.

23
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PPP Model components analysis

Receiver Antenna
Phase center (APC)

® <— L2 Antenna Phase center
APC @ <— L1 Antenna Phase center

Antenna Reference Point

ARP L o — (ARP)

GNSS measurements are
referred to the APC. This is not
necessarily the geometric
center of the antenna, and it
depends on the signal
frequency and the incoming
radio signal direction.

For geodetic positioning a
reference tied to the antenna
(ARP) or to monument is used.

Receiver APC:

The antenna used for this
experiment, has the APC
position vertically shifted
regarding ARP.

Thence, neglecting this
correction, an error on the
vertical component occurs, but
not in the horizontal one.

24
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PPP Model components analysis

Satellite Mass Center to
Antenna Phase Center ! |
Satellite
D Antenna
Phase Center
(APC)
. < Z— Satellite
Mass
Center
- (MC) Satellite MC to APC:
The satellite MC to APC
: eccentricity vector depends on
Broadcast orbits are the satellite. The APC values
referred to the antenna used in the IGS orbits and
phase center, but IGS clocks products are referred to
i i the iono-free combination (LC
precise orbits are referred At !
: PC) . They are given in the IGS
to the satellite mass center. AN)TEx ﬁﬁés (e_g_, ).

25
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PPP Model components analysis

Wind-up affects only carrier
phase. It is due to the
electromagnetic nature of
circularly polarized waves of
GNSS signals.

As the satellite moves along its
orbital path, it performs a
rotation to keep its solar panels
pointing to the Sun direction.
This rotation causes a carrier
variation, and thence, a range
measurement variation.

Satellite rotation
Phase
variation

Wind-Up

Wind-up changes smoothly
along continuous carrier phase
arcs.

In the position domain, wind-up
affects both vertical and
horizontal components.

26
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CONCLUSIONS

The gLAB tool is an advanced interactive educationa |
multipurpose package.

~irst release allows full GPS processing capability , and
partial handling of Galileo and GLONASS data.

t provides a graphical interface for ease of use, and a
powerful ploting tool.

The core processing part may be used in command-lin e
mode for batch processing.

Developed under a contract with ESA Education Offic  e.

It is intended to fill an educational gap supportin g both
university students and professionals.

It will be provided with an open source license.
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Thanks for your
attention

e —————EEE
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