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Introduction

This practical lecture is devoted to analyze and assess different issues
associated with Standard and Precise Point Positioning with multi-
constellation and mumlti-frequency GNSS data.

The laboratory exercises will be developed with actual GNSS
measurements, and processed with the ESA/UPC GNSS-Lab Tool suite
(gLAB), which is an interactive software package for GNSS data
processing and analysis.

All software tools (including gLAB) and associated files for the laboratory
session are included in the files delivered to lecture attendants.

The laboratory session will consist in a set of exercises performing a
glance assessment of the different model components involved on a
Standard or Precise Positioning.
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The gLAB Tool suite

A The GNSS-Lab Tool suite (gLAB) is an interactive
multipurpose educational and professional package for
GNSS Data Processing and Analysis.

A gLAB has been developed since 2008:

« ESA (ESAC) Education Office Contract N. P1081434
ESA (ESTEC) Contract No. 4000133662/20/NL/CRS/hh

« ESA (EPOQO) Contract 4000118045/16/NL/WE

« GSA Fundamental Elements Contract GSA/OP/12/16/SC1

A Main features:

e High Accuracy Positioning
capability. PR e

e Fully configurable.

e Easy to use.

e 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:

— 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.

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPc_ 7

Research group
Technical University of Catalonia



The gLAB Tool suite

 Students/Newcomers:

— Easiness of use: Intuitive Graphical User Interface (GUI).
— Explanations: Tooltips over the different options of the GUI.

— Guidelines: Several error and warning messages.

— Templates for pre-configured processing.

[cPECRE
Mode Templates  Corfiguration Preferences _Help

O Broadcast ®) Frecse (1 fie) () Precss (2 fies)

SP3File: [C1\GLABYS \SS_TUTBOOK MASTERWORKTTLTDYoe 15382503 -]

L] GLoresss Rmex navigation Fie:

Inout Preprocess Modeling Fiter
Rover (User} A Priori Receiver Position Fry =2 =
RINEX Observation File:. C:\pLABV\GNSS_TUTBOOK. 0% [x] O oot od Tnput
[ startTme [Jend Tme O specty @4 stnon e
BT CIgLARNSIGSS _TUTBO0S MASTERNORKTLTOgsos_Lizs.aty Q| Elosspeomamn 30 @ | @
Orecaiecsmes - ' e a
L tfscoR oo Cydde-siip Detection
Orbit and Clock Source Data Gap |40 Q)@

[ Loss of Lodk Tndicator (LUT)
PN Corsensmve sampies [3 O | tsammieny
0 PhoseCode diference (Single frequencr) | Configure

[ mebuaneaivitibens Dui frequency) | Confiowe

G Errors found

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

[saas INPUT: RINEX Observation file is a required input.

INPUT: RINEX broadeast navigation file (none provided).
[} Reference Station (DGPS)
[ Tonosphere Source

[ Aundiiary Fles

Developed by gAGE: Research group of Astronomy & Geomatics Current Tqmplate: PPP _Run
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The gLAB Tool suite

« Students/Newcomers:
— Easiness of use: Intuitive GUI. =
— Explanations: Tooltips over the different GUI options. [Z= =
— Guidelines: Several error and warning messages.

— Templates for pre-configured processing.

* Professionals/Experts:
— Powerful tool with High Accuracy Positioning capability.
— Fast to configure and use: Templates and carefully chosen defaults.

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

File Edit View Terminal Help

g4:~/workspace/edunav= ./gLAB linux -input:obs test/madr2000.06c -input:sp3 test/1gsl13843.sp[~l
3 -1nput:ant testfigs@S.atzﬂ
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The gLAB Tool suite

* |In order to broad the tool availability, gLAB
Software has been designed to work in Windows,
Linux and Mac environments.

* The package contains:
— Windows binaries (with an installable file).
— Linux .tgz file.
— Mac installable .dmg file.

— Source code (to compile it in both Linux, Windows and
Mac OS) under an Apache 2.0 and LGPL v3. licenses.

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

A Read files capability:

RINEX observation v2.11 & v3.00

RINEX navigation message.

SP3 precise satellite clocks and orbits files
ANTEX Antenna information files.
Constellation status.

DCBs files.

GNSS_Receiver_Type files.

SINEX position files.

SBAS files: EMS, RINEX-B

RTCM-v2x and RTCM-x3x

A Pre-processing module:

©gAGE/UPC

Carrier-phase prealignment.

Carrier-phase / pseudorange consistency
check.

Cycle-slip detection (customizable
parameters)

- Melbourne-Wibbena.

- 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.

A Modelling module:

http://www.gage.upc.edu

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 clock correction.
Relativistic path range correction.

lonospheric correction (Klobuchar,
NeQuick, IONEX).

Tropospheric correction

- Simple and Niell mappings.
- Simple and UNB-3 nominals.

Differential Code Bias corrections.

Wind up correction.

Solid tides correction (up to 2"d degree).
SBAS Messages.

RTCM messages.
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The gLAB Tool suite

A Filtering module:

©gAGE/UPC

Able to chose different
measurements to process (1 or
more), with different weights.

Fixed or elevation-dependant
weights per observation.

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

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

Able to do a forward/backward
processing.

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

http://www.gage.upc.edu

A QOutput module:
e Cartesian / NEU coordinates.
e Configurable message output.

A Other functionalities:

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

e 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 multi-
constellation and multi-frequency data
processing.

€ gAGEwWPC 1
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GNSS learning material package

Includes three different parts, allowing to follow
either a guided or a self-learning GNSS course:

— GNSS Book: Complete book with theory and
algorithms (Volume 1), and with a Lab. course on
GNSS Data Processing & Analysis (Volume 2).

— gLAB tool suite: Source code and binary software
files, plus configuration files, allowing processing
GNSS data from standard formats. The options [
are fully configurable through a GUI. |
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Laboratory Organization

The laboratory session is organized as an assisted activity
were a set of exercises must be developed individually or
in groups of two.

As they are conceived as self-learning work, a detailed guide
is provided in the slides (pdf file) to develop the exercises.

A set of questions is presented, and the answers are also
iIncluded in the slides.

Teachers will attend individual (or collective) questions that
could arise during exercise resolution.

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPc 15
Research group of Astronomy & Geomatics



Laboratory Organization

* The exercises are organized in three different levels of difficulty.
The student can choose the level of exercises to do, although at

least an introductory exercise is recommended to learn basic
gLAB usage.

« Basic: Introductory exercises 1 & 2.

They consist in simple exercises to assess the model components
for Standard and Precise Point Positioning.

“Background information" slides are provided, summarizing the
main concepts associated with these exercises.

— =]

Brief summaries of
fundamentals in backup slides
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Laboratory Organization

 Medium: Laboratory work project (exercise 3).
It consists in the kinematic positioning of a Low Earth Orbit satellite.

Different positioning modes are analyzed and different modeling options
will be discussed.

Given that session time is
limited, students who feel
comfortable using gLAB, can
skip part of the basic exercises
(Ex1, Ex2) and jump to the
Laboratory Work Project (Ex3).

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 17
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Laboratory Organization

« Advanced: Labeled as “Homework exercises”

A set of additional exercises addressed to those students that already have
solid background on GPS data processing.

These exercises are out of the scope of this laboratory session, and are
posed for a possible further discussion...

As in the previous cases, the answers to the posed questions are also
included as BACKUP slides.

A minimum
knowledge of
UNIX (e.g., awk)
is required for
these homework
exercises.

gawk 'BEGIN{g=(77/60)"2}{print $6, $4, (g*($13-%$14)-($15-%$16))/(g-1)}"' meas.txt > PC.txt

©gAGE/UPC http://www.gage.upc.edu @ 9gAGE/UPC 18
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We will work after the correlator: Our input data are code
and carrier measurements and satellite orbits and clocks.

RINEX: observables

RINEX FILES

Pseudoranges (C/A, P1, P2),

- phase tracking (L1, L2)

One or * Navigation data (D(t)) )
multiple .
antennas . .
| [DLL Tracking .
Low-noise & RCVR —= —= .
Amplifiers Demodularor Navigation .
. data :
2 - || processing | . Kalman .
Low-noise RF1FE - fl;}fjgn :
Amplifiers & o . -1 & espt(i)mation N DL
SAMPLING ' .
.- . ~ 777 Pseudorange .
- . ~ 777 correction . _
. Man—Machine
: . lntecface
N . :
— . = .
° Aiding or integrated receiver : :
r-yTToTo I : :
| EXTERNAL | * @ = @ = o s 2= ele e
| SENSORS |
| 1
L |
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2

OBSERVATION DATA

RGRINEX0 V2.4.1 UX AUSLIG

Australian Regional GPS Network (ARGN)
+4) FLAGS DATA COLLECTED UNDER "AS" CONDITION
HARDWARE CALIBRATION (8)
CLOCK OFFSET (S)

BIT 2 OF LLI

=0.000000000103
-0, 000000054663

coco
AU18
mrh auslig
126 93.05.25 / 2.8.33.2
327
-741950.3241 6190961.9624 -1337769.9813
i .001110 0.0000 0.0000
5 C1 L1 L2 P2 Pl
SNR is mapped to signal stremgth [0,1,4-9]
SNR: >500 >100 >50 >10 >5 >0 bad =n/fa
sig: 9 8 7 6 5 i+ 1 o]

22127685105

-11268715.8% 8

G (GPS)
10-JAN-97 10:19
- CDCOS ISLAND

126 9 52317 6
221276854014

-11118481.28445

RINEX VERSION / TYPE
PGM / RUN BY / DATE
COMMENT
COMMENT
COMMENT

COMMENT
MARKER NAME

MARKER NUMBER
OBSERVER / AGENCY
REC # / J/ VERS
ANT # /

APPROX POSITION XYZ
ANTENNA: DELTA H/E/N
WAVELENGTH FACT 11/2
# / TYPES OF OBSERV
COMMENT

COMMENT

COMMENT

END OF HEADER

Cmm— |

22672168.746  -11510817.892 7 -8969469.30045 22672158.5184 === J5
226594902.367 -12949753.825 7 -100%0708.53%45 225%4903.73% <==—= 9
22731128.796  -11621184.951 7 -9055464.16945 22731130.0004 <==—=—= §
24610920.702 -924108.174 6  -T20085.67045 24610920.0404 <==——== 23
20718775.074  -18605935.474 9 -14498133.97346 20718775.6074 <==———= 17
20842713.610 -19083282.892 9 -14870090.55546 20842713.4814 K== §
Emission ~300m
fell Reception
fell

Satellite clock offset < 300Km

Relativistic correction < 13 m

Pseudorange

PL,P2,C/A

lonospheric delay [2 - 50 m]

Tropospheric delay [2 - 10 m]
Receiver clock offset <300Km

'/]/ Receiver instrumental delays ~m

Sat. instrumental delays (TGD) ~m

Geometric distance:  p0 ~20 000Km
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(= gAGE Learning Materjal - Windows Internet

GNSS Format Descriptions [0 oemerino o

57 Favartes (& ohGE Learning Material

Observation RINEX 2.11 Format

z.11 CRSNRVATION DATR X [MINED) RINEX VERSIN [ TYRE
HLANE CR G = G5, R = GLONASS, I = GALILED, M = MO COBMGNT
ST LT-HRR-IT LI:14 PG S Em A S oATE
DOMPLE OF X DD RDEX TIX Cmemr
TR MSER HRE

 GNSS data files follow a well defined set of standards | =eeemeee =
formats: RINEX, ANTEX, SINEX... =

ATEROZE.4TOL

o.9332

« Understanding a format description is a tough task. e TR e me
« These standards are explained in a very easy and SEEEEREE  Eies

friendly way through a set of html files.

Number of Observations:

HHEEBRERA

* Described formats: e
— Observation RINEX [ |

M Thie ra

— . az.o00 sn_o02
. . * el s L. ' 1333ATE4R. BNATE
T =330
- GNSS Format Descriptions 43870RN. BSATE 108BBALOZ_10TE 3 Jv &l zrmemirnes v 4 %] |[2]-
76000 B&.202 4
4 Explained Formats 1iETETigs.3zETE  mioimmTo.zzace 3| i} . »
RINEX CLOCKS - SR 1818 0
-~
Py e 1010 December 2007 s = s - son aourazman.zaz 2 CLOCK DATA FILE 3.00 Format r
. 1 10 Dscempar 2007 1 2 | - s — 400
— e rS I O r ] 3 22 doe 2008 = . : 5 and GLONASS obssnations. osmspoeExzoE 3 200 ctock T © iees) RINER VERSION / TYPE
L 10 December 2007 i ] RINEX format for GLONASS Nawgation Message File. &6.000 ELANK OR € = €GPS, R = CLONASS, E = GALIIEQ, M = MINED COMMENT
i 10 Decemoer 2007 = &l RINEX fomat for GPS Namgation Message Fée. gRGE / URC 20100317 121400 UIC PG / RUN BY / DATE
LA Hansa X ‘. RINEX fom or e oo Do Gata of BXMSLE E A CLOCK [RTA ANALYSIS FILLE cormr
SR T S | s32s3mz3.imcs 3| MO EE-ALIGRENT G CLOCKS EAS EEN ASFLIED cavmr
ary 1308 _— N L i i X P TELS PILE I3 BART OF TEE gLiB TOOL SUITE carmwr
T b b s e e e 11EN7138E. 185138 GOE2AEZE.SELE  3f| FILE SREZARED BY: ATRTA ROVIRA GARCTA COMMENT
ati o arocming s of 8 GASS hackng am.am0 1.000 PLEASE FMATL ANY COMENT OR REQUEST T0:  gagefmad.upe_edu CONVENT
ok 15719703, 89028 133310m3E szE0s ) G 4 CIF LW O L 575 / & / 0B TIEES
SP3 format or GNS ar and ook sskions 1000 g =) TIVE SYSTEM 1D
ANTEX trmat o P Cotis Dt (C03) d = = 15 LE2p sECNDS
§ 11958858 19508 GIDOSZEE.DGEIE 3
‘Careas Varations (PCVS) of geadetic GHSS Ee . & ceayaree plelbias hist B goby.nsl.navy.mil 575 / DCBS APPLIED
terroe ivmznive zezoE pieissis.siess 3] € aeEs igatS.atx @ igscb. plonzsa.gav St / POVS AFRLIED
3. 000 & o0 a Az AR @ DR # / TYPES OF DATA.
B e P e B
43,200 o .
10 3 8 0 030.0000000 0 EEL! ‘m"‘l e Station Clock Reference:
! aoamizes. soice amsesdnesees 3l oot
“ . I nz.000 B2-202 o i aisad s
o = bt e TIED 5010 o Forma
w70 .
e GO TR NG - 1331390883078 205761556-25255 3| conp soen
e———— 73202 B3 AREQ 82207 Note: This record ks required for data types TR
LEILTAEEE. BIEDE LDITTIERLLETTIE 3} rrmp sonoder EEELIEE TOS oc iiiiitituss Tih ek [ wen
. . . - &s.200 HARK 30302M007 50B4625425 2670366816 -27684%403650LN STA NNE / WM
W |t F Iretox | nte rn et rowser 119333783, 47038 vai0 sosossest 111710800 ~$04205507  ISOOSEOASOLN TR WK / WM
70000 2 # OF sou sats
L14311383.28308 GIOTELEI.ENLCE 3 co1 coz G0 GO4 GOS GOE B07 GOE GOS G0 613 G14 GLS GLE G17T PEN LIST
T2.0M EX.000 G18 €195 621 €27 €23 24 G5 GI€ G27 G2° Ga0 €Al FEN LIST
0 or KERER
L AR AEEQ 1854 07 14 20 S8 0.000000 6  -0.12285678S0LZE00 -0.122456TESOLZEHOL
-0.1238567080L2E402 ~0_1T2SETEBILIERDE 0 24567ES0LIENDS
45616 1584 07 14 20 520000000 2 2456785022400 —0.L224SETESOLIEL
. DR TSN 1954 07 14 20 55 0.000000 Z -0 LZ348ET8SOLEAOC -0.1Z4SETBSOLIEADL
. . AR 3REQ 1554 07 14 20 55 0.000000 &  —0_LZ348ET8SOLZEAOC -0 1ZZ4SETESOLIEADL
ore details a www . gage.es
- . L] .
v
C & Local intranet ia v Heow -
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Basic: Introductory laboratory exercises

Exercise 1: Model components analysis for Standard
Point Positioning (SPP) service.

— This exercise is devoted to analyze the different model
components of measurements (ionosphere,
troposphere, relativity, etc.). This is done both in the
Signal-In-Space (SIS) and User Domains.

sllg
—
-
| ’\5> g
{ 12
. £

e Brief summaries of
T fundamentals in backup slides
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Exercise 1: SPP Model components analysis

1. Select the SPP Template

2. Upload the files
- GNSS measurements: NNOROOAUS R 20211830000 01D 30S MO.rnx
- “NNOR” station in New Norcia, Australia (A = 116.2°, = —31.1°).
- 24 hours collected during July 2", 2021 by a permanent (i.e. not moving) receiver.
- GNSS orbits and clocks: BRDMOODLR S 20211830000 01D MN.rnx
- Reference station coordinates: igs21P21645.snx
- to remove the error of the coordinates in the RINEX observation file header (approx. meter)

3. Decimate Data to 300 seconds to reduce computation time

@ glaBveno - u} %
|

Mode Templates Configuration Preferences  Help

_ gAGE/UPC

gAGE/UPC
: Www.gage.es - =P "& C o 3 Www.gage.es
Input Preprocess Madeling Fiter Output Input Preprocess Modeling Fiter Qutput
Rover (User) A Priori Receiver Position From: X Satellite Options
RINEX Observation Fie: [C:Users\user Pacuments\SPPNNORODAUS_R_20211330000_01D_305_MO.mx O cakaiite O RIvEX Elevation Mask (degrees)
[ start Time [ End Time () specify @ SINEX 3 o
[ ANTEX Fie: Cycle-slip Datection [ i SR Mask
Orbit and Clock Source i mems\SPP\gle.PZli'ﬁ.snx& DData o el Lt sies
RS e (RO O e ) = Fes ch Lo e T Align carrier phase mezsurement with code
N Eoeaive Satf {sampes) [[] Discard Satelites Under Edipse Condition
RINEX Navigation File 1: C:\sersluser\Documents\SPPIERDMODDLR_S_20211830000_010_M gl [x] |D ] Phase-Code dfference (Sing frequency) || Contigre. | Discard Unhealthy Satelites
[ ] MelboirneWiibbens (D Fregency) Configre | GNSS Satellite Selection
[ Geometry-free (Dual frequency) Configure | [ oo [ sows |0 GE0
[ 16F (Triple or Quadruple frequency) Configure [ Bos | qess | mmss
Satalits Selection for GPS: [

— S

[ Reference Station (DGPS)

[1sBas

[[] Tonosphere Source

[ Auxiliary Files

Current Template; SPP RunglaB | |Show Oupat

€) gAGEWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia

Developed by gAGE: Research group of Astronomy & Geomatics Current Teliplate: SPP | Runglag Shaw Output Developed by gAGE: Research group of Astronomy & Geomatics
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Exercise 1: SPP Model components analysis

1. Compute SPP using files: NNOROOAUS_R_ 20211830000 01D_30S_MO.rnx

(Observation File), BRDMOODLR_S 20211830000 01D MN.rnx (Navigation File), igs21P21645.snx

“NNOR” station (in New Norcia, Australia: L = 116.2°, ¢ = —31.1°). July 2" 2021.

@) gLAB 600

Mode Templates Configuration Preferences Help

[ start time of summary

[ print C5 {Cycle-slip) [ Print PREFIT
[1 Print SFCSDATA [[] Print EPOCHSAT
[ Print MWCSDATA [ Print POSTFIT
[ Print LICSDATA [ Print FILTER
[ Print IGFCSDATA Print OUTPUT

®) Metres () Nanoseconds

MODEL messages 2

Model break down message. It is shown when a model can be fully computed for each measurement. Messages will be sorted by constellation, with
this order: GPS, Galieo, GLONASS, GEQ, BeiDou, QZSS, IRNSS. Satelite coordinates are in WGSS84 system. All time tags are in GPS time.

*Field 1: 'MODEL' * Field 26: Satelite Z velocity [m]
«Field 2: Year * Field 27: Satelite-receiver geometric distance [m]
gAGHUPC *Field 3: DoY * Field 28: Satelite clock correction [m]
L - = == wWww.gage.es = Field 4: Seconds of day * Field 29: Satelite phase centre projection [m]
e = e ——— * Field 5: Time of day * Field 30: Satelite phase centre varation projection [m]
* Field 6: GNSS System * Field 31: Receiver phase centre projection [m]
Input Preprocess Madeling Eiter Output = Field 7: PRN satelite identifier * Field 32: Receiver phase centre varation projection [m]
* Field 8: Sateliite block type * Field 33: Receiver Antenna Reference Point (ARP) projection [m]
flas * Field 9: SWN (Space Vehicle Number) * Field 34: Relativity correction [m]
Output Fi *Field 10: Arc number * Field 35: Wind-up correction [m] (for carrier phase measurements)
- = Field 11: Arc length * Field 36: Troposphere nominal correction [m]
Output File: |C=\USEFS\USF—'\DL'IEIJ""EF'‘E\SPP‘QL»"‘-E‘-Uut [x] | | «Field 12: Satelite elevation [degrees] * Field 37: lonosphere correction [m]
o o »Field 13: Satelite azimuth [degrees] * Field 38: Gravitational delay correction [m]
[ KL File: (( ”  Field 14: Measurement identifier (as string) * Field 39: Sold tides correction [m]
: e e C r I n I n »Field 15: Broadcast message type used for orbit computation * Field 40: (Reserved for future fields)
[ kMLO File: = Field 16: 10D of the broadcast message used for orbit « Field 41: (Reserved for future fields)
computation * Field 42: (Reserved for future fields)
[ 5P3 File:  Field 17: GLONASS fraquency number (k) * Field 43: Inter system clock bias [m]
! *Field 18: Leap seconds (GLONASS) or BeDou to GPS time offset * Field 44: P1-C1 DCB (GPS only) [m]
] Ref File: t h e O t t M e S S a e S [s] « Field 45: Total Group Delay (TGD) correction [m]
| l l I * Field 19: Measured value [m] * Field 46: Inter Signal Correction (if applied) [m]
Output Messages Summary p g . FIEE 20: S\gna‘l\ fight time [SF(]] . tFleld 47: C;;n{xuﬁed DCB for single frequency and precise orbits
= Field 21: Satelite X position [m] BeiDou only) [m
Al Print Summary * Field 22: Satelite Y position [m] * Field 48: Sum of al DCB corrections applied (Field 44 + Field 45 +
—— * Field 23: Satelite Z position [m] Field 46 + Field 47) [m]
Print INFQ Percentle Value (35 €D | (acimensional « Field 24: Sarelire X velociry [] + Field 49 SR (Sinal to Nose Rario) [dbtz]
[ eI cpochs fo il
OR [«] Print MODEL - pachs for summary until epach Oh Om T 3

Developed by gAGE: Research group of Astronomy & Geomatics

Current Template: SPP RunalAB

©gAGE/UPC

Receiver solution message. This message provides the estimated receiver position in WGS84 system. It is shown in each filter execution. Al time tags
are in GPS time.

+Field 1: 'QUTPUT' * Field 27: Receiver formal error in North direction [m]
~Field 2: Year « Field 28: Receiver formal error in East direction [m]
+Field 3: DoY * Field 29: Receiver formal error in Up direction [m]
= Field 4: Seconds of day « Field 30: Receiver horizontal difference in relation to nominala
« Field 5: Time of day priori posttion [m]
= Field 6: Processing mode indicator * Field 31: Receiver vertical difference in relation to nominal a priori
= Field 7: Processing direction indicator position (absolute value of the error in Up direction) [m]
* Field 8: Number of satelites used in the navigation solution * Field 32: Receiver 3D difference in relation to nominal a priori
= Field 9: Number of constellations used in the navigation solution position [m]
=+ Field 10: List of constelations used in the fiter (separated by * Field 33: Constellation used as reference clock
dashes () « Field 34: Receiver clock offset [m]
«Field 11: Square root of the sum of the X, Y and Z components « Field 35: Receiver clock formal error [m]
of the covarance matrix. This is @ measure of the convergence of « Field 36: Geometric Dilution of Precision (GDOP)
the fitrer s Field 37: Positioning Dilution of Precision (PDOP)
= Field 12: Receiver X position [m] * Field 38: Time Dilution of Precision (TDOP)
« Field 13: Receiver Y position [m] « Field 39: Horizontal Diution of Precision (HDOP)
+Field 14: Receiver Z position [m] * Field 40: Vertical Diution of Precision (VDOP)
= Field 15: Receiver X position - Nominal a priori X position [m] « Field 41: Zenith Tropospheric Deley (including nominal value) [m]
+Field 16: Receiver Y posttion - Nominal a priori ¥ position [m] * Field 42: Zenith Tropospheric Delay (excluding nominal value) [m]
= Field 17: Receiver Z position - Nominal a priori Z position [m] « Field 43: Zenith Tropospheric Delay formal eror [m]

« Field 18: Receiver X formal error [m]
= Field 19: Receiver Y formal error [m]
= Field 20: Receiver Z formal error [m]
+Field 21: Receiver titude [degrees]
« Field 22: Recewer langitude [degrees]

*Field 23: Receiver height [m]

http://www.gage.upc.edu

€ gAGEwWPC
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NEU Position Error plot from gLAB.out

Select Analysis Mode (ctrl + A)

€) glAB vEDD

Mode @Templates  Configuration  Preferences  Help

— ]

Templates
Horizontal Positioning Error | | Dilution Of Predsion | | Satellite Skyplot
Prefit Residuals | | Posfit Residuals | | Measurement Multipath Moi:
I N\ N
1 ; i Tonospheric Combinations: | | Carrier Phase Ambiguities | | Orbit and Clock Comparisor|
Global Graphic Pa/leters
Title |NEU Pasih’ol’g Error [SPPT: Full Mode\ o | X-Iabw G | ‘Y-label |Error {m} 0 | |

Label Position  2Pp Right * | Fractional T

N

DAubomati imits  X-min, |

\ |><-ma:(. |

WaterMark. [ Expand figure|

Configuration

() Plothr. 2

() Plot Nr, 3

Conditiin(s)

¥ Colufin | SecondsofDay

~ IZ Q| ¥column

North

East

Developed by gAGE: Research group of Astronomy & Geomatics

| [gs1=="outPUT)

|DeltaRech

Up

Current Template: SPP

NEU plot template conflguratlon

errar (m)

x
i NEU positioning error [SPP]: Full model
| | =~ North errer
30 4 == East error
= Up error

20

10 1

o MW
_10 -
_20 -
730 =3

FULL SPP model

—40 T

T T T T
0 20000 40000 60000 80000

time (s)

Set Vertical range: -40,40

Plot

©gAGE/UPC

http://www.gage.upc.edu
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Check SPP summary from gLAB.out

Time To First Fix: @ seconds (1 epoch) at epoch ©2/07/2821 06:00:06.08 / 2021 183 e.ee / 2164 A32660.00
Constellations used 58 Percentile: 6 | 95 Percentile: 6 | Mean: 5.99 .
Constellations not used 58 Percentile: @& | 95 Percentile: @ | Mean: .81 Cllck On
Number of epochs with constellations used: GPS+QZS 1 ( B.835% ) GPS+GLO+BDS+QZS+IRN 21 ( ©.729% ) GPS+GAL+GLO+BDS+QZS+IRN 2858 ( 99.236% )
Number of epochs with constellations not used: GAL+GLO+BDS+IRN 1 ( ©.835% ) GAL 21 ( ©.729% ) Y7; ”
Constellations used as reference clock: GPS 2888 ( 100% ) ShOW Output
Satellites used (all constellations) 58 Percentile: 52 | Percentile: | Mean: -
Satellites used (GPS) Percentile: | Percentile: | Mean:
Satellites used (GAL) Percentile: | Percentile: | Mean: : to Open
Satellites used (GLO) Percentile: | Percentile: | Mean: 5
| Percentile: | Mean:
| Percentile: |
1 1

e LAB.out and
Percentile: Mean: - g . O u a n
95 Percentile: 11 | : .95
95 Percentile: 3 =7 =]
95 Percentile: = 5 CheCk for the
95 Percentile: -71
95 Percentile: B

|
|
| <
95 Percentile; i :BB processing

Satellites used (BDS) Percentile:
Satellites used (QZS) Percentile:
Satellites used (IRN) Percentile: 4
Satellites used (all constellations) 58 Percentile:
Satellites used (GPS) 58 Percentile:
Satellites used (GAL) 58 Percentile:
Satellites used (GLO) 58 Percentile:
Satellites used (BDS) 58 Percentile:
Satellites used (QZS) 58 Percentile:
Satellites not used (IRN) 58 Percentile: 95 Percentile: .57

Minimum satellites used (all constellations) 13 (G 1@ J epoch B82/07/2621 06:08: .88 ;s 2021 E 2164 A32068.

Minimum satellites used (GPS) 6 epoch ©2/87/2021 B4:27:00.00 / 2021 ; 2164 448020.00 Summary at
Minimum satellites used (GAL) (%] epoch 82/87/2821 88:108: .88 J 2821 183 : 2164 4326308.068

Minimum satellites used (GLO) epoch B2/07/2821 00:00: .ee / 2821 183 £ 2164 432000.00
'y
s

8
1
1
1
2
1
2
)

Minimum satellites used (BDS) epoch ©2/07,/2021 ©0:00:00.00 / 2021 183 : 2164 432000.00 the end Of the

Minimum satellites used (QZS) epoch ©2/07/2021 20:01: .8e 2021 183 . 2164 504660.00

Minimum satellites used (IRN) epoch 82/87/2821 86:88:86.868 / 2821 183 i 2164 4326866 .88 .

Maximum satellites used (all constellations) 62 (G 11 E 3 R 9 C 26 J 3 I 4) at epoch 82/87/2821 88:35: * 2021 183 2130.00 434130. flle

Maximum satellites used (GPS) & i ] at epoch ©2/87/2621 ©@:22: i 2821 183 1328.00 A33328.

Maximum satellites used (GAL) 5 at epoch 82/87/2821 89:56: 5 2821 183 357608.88 A6T7760 .

Maximum satellites used (GLO) 9 at epoch ©2/867/2621 23:38: o 2821 183 85116.06 51711@.

Maximum satellites used (BDS) 26 at epoch B82/87/2821 B5:42: s 20821 182 20520.80 452520,

Maximum satellites used (QZS) 3 at epoch ©82/87/2621 23:59: 5 2821 183 B6370.08 518370.

Maximum satellites used (IRN) 5 at epoch 82/87/2821 18:34: - 2821 183 66878.80 A98878.

Minimum satellites not used (all constellations) {J11I2) at epoch 82/07/2821 ©1:808:00.88 / 2021 .ee 2164 435600.

Minimum satellites not used (GPS) at epoch 82/07/2021 23:48:90.00 2021 .88 2164 517680. GAGE/IPC
Minimum satellites not used (GAL) at epoch ©2/067/2621 17: :39.08 2821 .ee 2164 493470. = Www.gage.es

%
/

Minimum satellites not used (GLO) at epoch 82/67/2621 23: :38.88 / 2821 2164 517118. a
£
/

[l
o0

Minimum satellites not used (BDS) at epoch 82/67/2621 81: :30.e8 2821 2164 437970.

Minimum satellites not used (QZS) at epoch 82/87/2821 23: :38.88 2821 2164 518378.

Minimum satellites not used (IRN) at epoch 82/067/2621 21: :08.00 / 2821 / 2164 503500.

Maximum satellites not used (all constellations) R9C 26 311 6) at epoch 82/87/2821 006: 2821 183 a. A32000 .
Maximum satellites not used (GPS) at epoch 82/87/2821 84: 2821 183 16418. 448410.
Maximum satellites not used (GAL) at epoch @2/87/2021 ©80: 2821 183 638. 432630.
Maximum satellites not used (GLO) at epoch 82/87/2821 00: 2821 183 e. 43206806 .
Maximum satellites not used (BDS) at epoch 82/67/2621 66: 2821 183 . 432060.
Maximum satellites not used (QZS) at epoch B2/87/2821 2821 183 o 5848608 .
Maximum satellites not used (IRN) epoch @2/87/2821 2821 183 . 432000.

(7]
[<¥]

/
/
/
o
/
/

(]

MARNNANNNG

433718.08
433620.
432000.00
434130.
451500.
432000,
447930.
447930.

with satellites (G 4) epoch B2/87/2821 :28:30.80 183
with satellites (G 4) epoch 82/87/2821 :27:00.00
with satellites (G epoch B82/87/2821 :00:00.00
with satellites (G 4) epoch B2/87/2821
with satellites (G 4) epoch 82/87/2821
with satellites (G epoch ©02/07/2821
with satellites (G 4) epoch B2/87/2821
with satellites (G 4) epoch 82/87/2821
Maximum HDOP with 13 satellites (G 18 ) epoch 02/07/2821 08: 432006 .
Maximum VDOP with 13 satellites (G 18 J 3) epoch 82/87/2821 432900.
First epoch of summary for computing positioning error percentiles: ©2/67/2621 08:00:00.00 / 20621 183 8.80 / 2164 432600. Cument I=mpate:
Last epoch of summary for computing positioning error percentiles: 82/@7/20821 23:59:30.00 / 2821 183 86370.80 / 2164 518370.
Horizontal 95 Positioning Error Percentile: 1.53 metres
Vertical 95 Positioning Error Percentile: 3.54 metres
North 95 Positioning Error Percentile: 1.48 metres
East 95 Positioning Error Percentile: B.60 metres
D 95 Positioning Error Percentile: 3.74 metres
Maximum Horizontal Positioning Error: = metres with 54 satellites epoch 82/67/2021 15:26:36.680 / 2621 183 55590.80 / 2164 AB7590.60 AGE/UPC
Maximum Vertical Positioning Error: s metres with 58 satellites epoch B2/07/2021 19:20:36.00 / 2021 183 69630.80 / 2164 581630.00 g
Maximum MNorth Positioning Error: - metres with 54 satellites epoch 82/07/2021 15:26:30.00 / 2021 183 55590.80 / 2164 A87590.00
Maximum East Positioning Error: & metres with 54 satellites epoch B2/07/2621 ©5:31:30.00 / 2021 183 198%90.060 / 2164 A51898.00
INFO Maximum 3D Positioning Error: = metres with 50 satellites epoch B2/87/2021 19:20:38.00 / 2021 183 696308.80 / 2164 581630.00

Minimum PDOP
Minimum GDOP
Minimum TDOP
Minimum HDOP
Minimum VDOP
Maximum PDOP
Maximum GDOP
Maximum TDOP

PoRrPpPpokRPo
e

proup of Astronomy & Geomatics
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Exercise 1: SPP Model components analysis

@ qlABvEDD - ] X

Mode Templates Configuration Preferences  Help

gAGE/UPC
T e www.gage.es
Filter Qutput
Modelling Options road igation [ ge Types

Satellite Clock Offset Correction
Check Broadcast Transmission Time

Set Default

Consider Satelite Movement During Signal Flight Time

Consider Earth Rotation During Signal Flight Time Galileo
[ satellite Mass Centre to Antenna Phase Centre Offset Correction GLONASS
|:| Receiver Antenna Phase Centre Correction B

|:| Receiver Antenna Reference Foint Correction

Relativistic Clock Correction (orbit eccentricity) e

Ionospheric Correction ‘Iﬂobuchar {GPS) v| IRNSS

Tropospheric Correction ‘UNB—B Mominal V] ‘S\mp\e Mapping ~ Preferred a [<Mc)

[[] wind up Correction {carrier phase only}
[ solid Tides Correction
[1 Relativistic Path Range Correction

The modeling options
set in this panel are
applied by default to
the SPP solution.

Curren t Template: SPP Run gLAB Show Output

[ show DCB Options

Developed by gAGE: Research group of Astronomy & Geomatics

©gAGE/UPC http://www.gage.upc.edu

The different model
components will be
analyzed with gLAB:

» Using the previous data
file, the impact of
neglecting each model
component will be
evaluated in the Range
and Position domains

* A baseline example of
this analysis procedure
for the ionospheric
correction is provided as
follows.

* The same scheme must
be applied for all model
terms.

€ gAGEwWPC ”s

Research group of Astronomy & Geomatics
Technical University of Catalonia



Example of model component analysis: IONO.

The procedure

explained here is
applicable for all the
cases: iono, tropo...

1. In Modeling panel,

gAGE/UPC

@ GAGE/UPC
wwwi gage.es WWw.gage.es

el = Prefunedace tve: (3500 O | @)

Default disable the model
configuration Comlponent to lonospheric
analyze.
i e ;fﬁgmr SPP ol (in this example; disable T e Corregw’g IP n — 0

lonospheric correction)

Save as gLAB1.out

(B, 9ACE/UPC . —— — g;AB e B, gAGE/UPC
- the associated ~y| -
T 8l I e | )
" In the Default output file. 2
~— - configuration the | Notice thatthe gLAB.out _,Set output file
—— = Ziitoutput file was file contains the W

- as
gLAB1.out 3

processing results with
BLAB.OUt €—— the FULL model, as it

was set in the default
R .. .| configuration. R —

® g DOODOORE
i i1

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPc 27
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NEU Position Error plot from gLAB1.out

©) gLAB v6.0.0

Mode Templates Configuration

Horizontal Positioning Error | | Dilution OF Precision | | Satellite Skyplot |

Prefit Residuals | | Posfit Residuals | | Measurement Multipath/Moise |

Ionospheric Combinations | | Carrier Phase Ambiguities | | Crbit and Clock Comparison |
o | Yabel |Ermr {m) o ‘ Clear

dition{s) |ouTPUT

¥ Column |SecondsofDay

| [ Expand figure to margin
1

| watermark |

¥-min. ‘40 o ‘ Y-max, ‘40

gLAB1.out

North

IF Astre

() PlotNr. 3 ) Plothr. 4
o] | [Dotiesnes
] | v [s1=="ouPuT) Q] e %
v E E ¥ Column DelaReat v 24 [x] | Legend-abel |Nnrﬁ1 error [x] |
te: SPP Plot

error (m)

40

20+

10 1

—-104

=204

—30 4

MNEU error [SPP]: No lono. correction

North error
== FEasterror
== Up error

—

No lono. correction

T T T
40000 60000 80000

time (s)

T
0 20000

East Up

©gAGE/UPC

http://www.gage.upc.edu

€ gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia




Vertical Position Error plot from gLAB.out, gLAB1.out

@ gLAB v6.0.0 9 gLAB vE.0.0 Vertical positioning erar [SPP]

Mode  Templates  Configuration  Preferences  Help Mode Templates Configuration Preferences  Help 0y

Click Clear to

|

— o = i 5 e = T = 104
— restart plots
Templates Templates %
| NEU Positioning Error | | Horizontal Pasitioning Error | | | NEL Positioning Error | | Horizorital Pod — R e e R
e (9
. -
| Model Components | | Prefit Residuals | | | Model Components. | | Prefit R Y— I I l I n Y— l I l a X Measurement Multipath/Moise |
’ N

| Zerith Tropospheric Delay | | Ionospheric Combinations: | | | Zenith Tropospheric Delay | | Ionospheric Combinations | | Vaﬂ'ief Fhase Ambiguities | | Maﬂd Clock Comparison |
Global Graphic Parameters Global Graphic Parameters
Title: [iertic= Bositioning Error [SPP] (m) [x) | X-label |T|me &) Title |\c'erhca| Positioning Errar [SPP] {m) (%] | X-zbel [Time () (%] | Y-abBNWp Error (m)

TopRight | Fractional Text | Lebel Position |TopRight | Fractional Text |

imits  X-min, | | X-max, | |:| Automatic Limits  X-min, | |)<-rnax. | “f—m o | ¥-max. |40

icks Automatic Ticks

lot(s) Configuration Individual Plot(s) Configuration

) Plothr, 1 S-let : ) Plathr. 2 ) Plothr, 3 ) Plotnir. 4

Source File Ci\gLABVE'4. 1_SPPi\gLAE L.out

T ource File C:\gLABVEY4. 1 SPPI\gLAB.out o | L DottedLlnes -

lrg1==cu oI Conditian | OUTPUT | ;_?_Jue >
¥ Calumn DeltaRecl ¥ Column SecondsofDay “| |4 ¥ Colu Legend-abel |FU" Mode! [x] ‘

gLAB1.out gLAB.out

e Curre!  peveloped by gAGE: Research group of Astronomy & Geomatics Current Temiate: SPP ~ Plot

7z |
Time (SecondsofDay): 4 Vertical: DeltaRecU: 26

& g9AGEUPC

Research group of Astronomy & Geomatics
Technical University of Catalonia

©gAGE/UPC http://www.gage.upc.edu



Horizontal Position Error plot from gLAB.out, gLAB1.out

@) gLaB vEDD

Mode  Templates Configuration

Preferences  Help

0 gLARVEDD

Harizental positioning error [SPR]

Mode Templates Configuration  Preferences  Help

Click Clear to
restart plots

Horth errar (m}

« Hafon. correc
o Full madel

Templates Templates il
1T 1 ¥ 100 bh \ |
| MEU Positioning Errar | | Horizontal Positioning Error | | Dy | S0 75 80 i i 5o 735 100
. .
| Model Components | | Prefit Residuals | | | X_l I l I n’ X_l I IaX’ Y_l I l I n’ Y_l I IaX Messurement Multipath Nojss
N
| Zenith Tropospheric Delay | | Ionospheric Combinations | | Carr| | Zenith Tropospheric Delay | | Tonospheric Nwa‘hons | | Carrier Phase Ambiguities | Maﬂd Clock Comparisan
Global Graphic Parameters Global Graphic Parameters
Title |Horizonta| Positioning Error [SPP] {m}) o | ¥-abel |East Error {m) c Title ‘Horizonial Positioning Error [SPF] {m) Q | X-abel |EastError (m) \ _ Q | Y-jabel |Nonﬁ Error {m)

Label Position |Top Rj
[ Automatic Limits

Automatic Ticks

tion

Label Position | TopRigh

D Aurtomatic Limit]

Automatic Ticks

1 Plot{s) C Individual Plot(s) Configuration
O PlotNr. 1 ) Blathr, 3 @ iPlotNr. 1. O Plothr. 2 O Plothr. 3 ) Plothr. 4
Source File |c:\gLaBVs\4. 1_SPPigLAB.out NILIDILIT Source File C:\gLABVE\4. 1_SPP\gLABL.out ol .
A\ A4 "4 1=
v lrei=—qumeum) OUTPUT i v Blue v
Column X Colurm |DelteRecE v/ |z Q | Beokm gendabel [No lono. correction =}
UEVEIUDED DY UMOED MESEAILI UIDUD U1 ASLTOTIONTY & ueumatics Current Te| Developed by gAGE: Research group of Astronomy & Geomatics Plot

e

East (DeltaRecE): 25

North: DeltaRecN: 24

©gAGE/UPC

€ gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia

http://www.gage.upc.edu




lonospheric model component plot: gLAB.out

€ glAB V600 - u] X

Mode Templates Configuration Preferences Help

gAGE/UPC
www.gage.es

e

glLAB

Templates

MEL Positioning Error | Horizontal Positioning Errar | | Dilution Of Predision | | Satelite Skyplat |
Prefit Residuals | | Posfit Residuals | | Measurement Multipath/MNoise |
Zenith Tropospheric Delay | Ionospheric Combinations | | Carrier Phase Ambiguities | | Orbit and Clock Comparison |
Global Graphic Parameters
Title ‘Mode\: Iono Carrections [SPF] [] ‘ ¥-abel iT\mE {s) [x] ‘ Y-{abel |Mode\ {m) %] | Clear

Label Position | Top Right + | Fractional Text | \WaterMark | ‘ [ Expand figure to margin
Automatic Limits
Automatic Ticks

Individual Plot{s) Configuration

@) PlotNr. 1 Plot lr. 2 Plot Mr. 3 Plot Mr. 4

ot Nr £ ot @ lothe () Plot Nr

Source File IC: \gLABYE'4.1_SPP\gLAB.out Dot ~

Condition{s) | MODEL ~ ~ Blue ~

X Column | SecondsofDay v |4 o olumn | Slantlonosphere i |37 o LegWad-abel |

/l

Select Slantlonosphere: 37

gLAB.out

http://www.gage.upc.edu

Developed by gAGE: Research group of Astronomy & Geomatics

©gAGE/UPC

Model: lono. corrections [SPP]

lonosphere delays code and
advances carrier measurements.

Note: Use the gLAB.out file.
In gLAB1.out file this model
component was switched off.

€ gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia




Summary: lono.

error (m)

error (m)

NEU positioning error [SPP]: Full model

40
«— North error
30 4 == Easterror
== Up error
20
10 i i
o] g R
—104
—204
—304
gLAB.out
—40 ~— T T r r
0 20000 40000 60000 80000
time (s)
e NEU error [SPP]: No lone. correction
«— North error
30 4 == Easterror
== Up error
20
10 | i
—104
—204
—304
gLAB1.out
—40 ~— T T r r
0 20000 40000 60000 80000
time (s)
©gAGE/UPC

model component analysis

40

304

20

104

Up error (m)
(=]

~104

—204

—-304

—40

Vertical positioning error [SPP]

+— Full model
+—= No lono. correction

gLAB1.out
gLAB.out

Time (s)

Model: lono. corrections [SPP]

T T T T T
0 20000 40000 60000 80000
time (s)

Code delay
Plot only

http://www.gage.upc.edu

Horizontal positioning error [SPP]
10.0

* No lono. correction
7.5 4 = « Full model

gLABl.out

5.0
2.5 1

0.0 1 . *&'
.

—2.5 4

North error (m)

—5.0 4

7| gLAB.out

. T T T T T
—10.0 =7.5 =5.0 —-2.5 0.0 2.5 5.0 7.5 10.0
East error (m)

lonospheric correction
(broadcast Klobuchar )

lonospheric delays are larger
at noon due to the higher
insulation.

Large positioning errors
(mainly in vertical) appear
when neglecting iono. corr.

€ gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia



Exercise 1: SPP Model components analysis

lonospheric delay

The ionosphere extends from about 60 km over the Earth surface
until more than 2000 km, with a sharp electron density
maximum at around 350 km. The ionospheric refraction
depends, among other things, of the location, local time and
solar cycle (11 years).

40.3
« First order (~99.9%) ionospheric delay 0, depends o, —1
on the inverse of squared frequency:
where [ is the number of electrons per area unit (N4
along ray path (STEC: Slant Total Electron Content). __[ 45
« Two-frequency receivers can remove this error source
(up to 99.9%) using ionosphere-free combination L= 212
of pseudoranges (PC) or carriers (LC). LC= lfz_;z
1 2

» Single-frequency users can remove about a 50% of the
ionospheric delay using the Klobuchar model, whose
parameters are broadcast in the GPS navigation message.

2000 2002 2004 2006

@ 9AGE/UPC
33

rch group of A t onomy & Geomatic:
Technlcal Universit ity of Catalonia
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Example of model component analysis: TROPO.

The gLAB configuration can be set-up as follows, to repeat the processing without
applying the tropospheric correction (but using the ionosphere again!):

© gLaB w600

Mode Templates Configuration  Preferences  Help

. =

e

Input Preprocess
Modelling Options
Satelite Clock Offset Carrection
Check Broadeast Transmission Time
Consider Satellite Movement During Signal Flight Time
Consider Earth Rotation During Signal Flight Time
[] satelite Mass Centre to Antenna Phase Centre Offset Correction
D Receiver Antenna Phase Centre Correction
D Receiver Antenna Reference Point Correction

Tonospheric Correction

Kobuchar (GPS)

[ Wind up Correction (carrier phase anly)
[[] solid Tides Correction
[ Relativistic Path Range Correction

[] show DCB Options

Developed by gAGE: Research group of Astronomy & Geomatics

A, gAGE/UPC
WWW.gage.es

- O X [@ g0
Mode Templates Configuration Preferences  Help
gAGE/UPC
= Www.gage.es
e ——— = - J—— e _— —
Fitter Qutput Input Preprocass Modeling
Broadeast Navigation Message Types
SetDefault |
2 2E sl C:\Users'user Documents\SPPigLAB L.out
e [l KL Files
Galleo [ 190 File:
keep
Ref File:
e [ refFie
Qzss Output Messages Summary
IRNSS Al Nane Print Summary
Print INFO [ Print MEAS Percentile Value (35 o {adimensional] P
Preferred age time: Print USERADDEDERROR.  [/] Print MODEL Ignore epochs for summary until epoch oh Om
[ print INpUT [] print SATSEL [ stk e oFsuimrary
[ print 5 (Cycle-slip) [ Print PREFIT O
L]
E e t a a I n 0 I O n O [] Print SFCSDATA [ Print EPOCHSAT a S O ' l ' l I e
g . [ print MWCSDATA [ print POSTFIT
[ print LICSDATA [ print FILTER
[] print IGFCSDATA Print QUTPUT
.
Disable: Tropo o
L (@) Metres () Manoseconds
Current Template: SPP RunglAB | |Show Output | | peyeloped by gAGE: Research group of Astronomy & Geomatics Curent Template: SPP

Run gLAB

» The same scheme must be applied for all other model terms (TGDs, relat...)
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Exercise 1: SPP Model components analysis

error (m)

error (m)

NEU positioning error [SPP]: Full model
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== Up error
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10 i i
o] g R
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—204
—304
gLAB.out
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0 20000 40000 60000 80000
time (s)
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== Up error
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—204
—304
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Tropospheric correction
(blind model)

Tropospheric and vertical
error are highly correlated.

A displacement of vertical
component appears when
neglecting tropospheric
corrections.
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Exercise 1: SPP Model components analysis

Tropospheric delay

The troposphere is the atmospheric layer placed between Earth’s surface and an
altitude of about 60 km.

The effect of troposphere on GNSS signals appears as an extra delay in the
measurement of the signal travelling from satellite to receiver.

The tropospheric delay does not depend on frequency and affects both the
pseudorange (code) and carrier phases in the same way. It can be modeled by:

— An hydrostatic component, composed of dry gases (mainly nitrogen and oxygen)
in hydrostatic equilibrium. This component can be treated as an ideal gas. Its
effects vary with the temperature and atmospheric pressure in a quite predictable
manner, and it is the responsible of about 90% of the delay.

— A wet component caused by the water vapor condensed in the form of clouds. It
depends on the weather conditions and varies faster than the hydrostatic

component and in a quite random way. For high accuracy positioning, this
component must be estimated together with the coordinates and other parameters

in the navigation filter.
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Exercise 1: SPP Model components analysis

NEU positioning error [SPP]: Full model
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@
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Horizontal positioning error [SPP]
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Relativistic correction
on satellite clock due to
orbit eccentricity.

This is an additional
correction to apply at the
receiver level. The satellite
clock oscillator is modified
on factory to compensate

10.0

the main effect (~40us/day).
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Exercise 1: SPP Model components analysis

Relativistic clock correction

1) A constant component, depending Oan on nominal value of satellite’s orbit major semi-axis. It
is corrected modifying satellite’s clock oscillator frequency:

' 2
% = %(3) +£ = —4.464-107"
0 C

C
being f, = 10.23 MHz, we have Af=4.464 1070 f,= 4.57 10-3 Hz. So, satellite should use f,=10.22999999543 MHz.

2) A periodic component due to orbit eccentricity must be corrected by user receiver:

rel = Y& esin(E) = LY (meters)
c c

Being u=G M, =3.986005 10'* (m®s?) the gravitational constant, ¢ =299792458 (m/s) light speed in vacuum,
a is orbit’s major semi-axis, e is its eccentricity, E is satellite’s eccentric anomaly, and r and v are
satellite’s geocentric position and speed in an inertial system.
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Exercise 1: SPP Model components analysis

Relativistic clock correction

Eccentricity (e)
GPS : <0.02
QZSS: 0.075 + 0.015

Eccentricity being about 4 times
more significant for QZSS
constellation than GPS one and
the rel being proportional to it,
the correction is 4 times more
significant for QZSS satellites.

QZSS uses three satellites in Tundra-type highly
inclined, slightly elliptical, geosynchronous orbit.
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Exercise 1: SPP Model components analysis
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40

30
204
104 i i
. '.‘.h*"'i""""'l!llﬂl‘:ﬂlﬂl:l::iiﬁl""
10
204
304

-40

40

NEU positioning error [SPPI: Full model

«— North error

== East error
== Up error

gLAB.out

T T T
40000 60000 80000

time (s)

T T
0 20000

NEU error [SPP]: No TGD correction

304

20

104

~104

+— North error
== Easterror
== Up error

| PR

—204
o] — gLAB1.out
- 6 20(‘]00 4—0600 60600 80000
time (s)
©gAGE/UPC

(m)

Up error

40

30 4
201

1014
~104
—20

-30

-40

15 4

10 1

—-104

gLAB out

Vertical positioning error [SPP]

+—= Full model

gLAB1.out

|

North

gLAB out

+=—= No TGD correction

T T
60000 80000

o

2 0000 40000

Time (s)

Model: Total Group Delay (TGD) [SPP]

|

1I~

T T T
40000 60000 80000

time (s)

20000

http://www.gage.upc.edu

error (m)

10.0

7.5

5.0 1

2.5 1

0.04

254

504

—754

-10.0

-10.0 =75 =5.0

Horizontal positioning error [SPP]

Full model

oy

gLAB.out

gLABl o Out : : No TGD correc

tion

T T T
=25 0.0 25 5.0
East error (m)

.5 10.0
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correction.

These instrumental delays
can affect up to few
meters, being the satellite

TGDs broadcast in the
navigation message for
single frequency users.

@ gAGE/UPC
40

rch group of Asi t onomy & Geomatic:
Technical Universit ity of Catalonia



Exercise 1: SPP Model components analysis

Total Group Delay correction (TGD)
(GPS P2-P1 Differential Code Bias [DCB])

 Instrumental delays are associated to antennas, cables, as well as different filters
used in receivers and satellites. They affect both code and carrier measurements.

« Code instrumental delays depend on the frequency and the codes used, and are
different for the receiver and the satellites.

» Dual frequency users cancel such delays when using the ionosphere free
combination of codes and carrier phases.

 For single frequency users, the satellite instrumental delays (TGDs) are broadcast
in the navigation message. The receiver instrumental delay, on the other hand, is
assimilated into the receiver clock estimation. That is, being common for all
satellites, it is assumed as zero and it is included in the receiver clock offset
estimation.
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Exercise 1: SPP Model components analysis

Total Group Delay correction (TGD)

(GPS P2-P1 Differential Code Bias [DCB])

» To disable the TGD: in the “Modelling” tab, check “Show DCB Options”, then manually
remove the DCB values from all constellations (not the Inter Signal Correction [ISC]).

Keep the DCB C1-P1. In
the case of GPS C1-P1], it
is called DCB for
historical reasons (as at
that time the term "ISC"
| | did not exist), but it is
indeed an Inter Signal
Correction between C1C
and C1P.
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Exercise 1: SPP Model components analysis

30

NEU positioning error [SPP]: Full model
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== Up error
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should disable in the filter tab the Prefit Outlier Detector Threshold.
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Horizontal positioning error [SPP]

* No Sat clocks
® o Full model
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Satellite clock offsets

This is the largest error
source, and it may
introduce errors up to a
thousand kilometers.
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Exercise 1: SPP Model components analysis

Satellite clock offsets

— They are time-offsets between satellite/receiver clocks time and
GNSS time (provided by the ground control segment).

— The receiver clock offset is estimated together with receiver
coordinates.

— Satellite clock offset values are provided:

* |n real-time, within the broadcast navigation message with a
few meters of error

or,

* In post-process mode, by IGS precise products with
centimeter-level accuracy.
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Basic: Introductory laboratory exercises

Exercise 2: Model components analysis for Precise
Point Positioning (PPP)

— This exercise is devoted to analyse the additional model
components used in PPP (the ones which are not required
by SPP). This is done in Range and Position Domains.
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Exercise 2: PPP Model components analysis

1. Select the PPP Template

2. Upload the files
- GNSS measurements: NNOROOAUS R 20211830000 01D 30S MO.rnx
- Precise GNSS orbits and clocks:
- CODOMGXFIN_20211830000_01D_05M_ORB.SP3
- CODOMGXFIN_20211830000_01D_30S_CLK.CLK
- Satellite Antenna Phase Center corrections: igsl4 2186.atx
- Reference station coordinates: igs21P21645.snx

3. Decimate Data to 300 seconds to reduce computation time

© LB 600 - o X

Mode Templates Configuration Preferences Hel

gAGE/UPC
www.gage.es

gAGE/UPC
WWW.gage.es

Modeling Fiter Output

Fiter Quiput

A Priori Receiver Position From: SRR Satellite Options

RINEX Observation File: ‘C:VJsevs\user\Dc:umeN‘ll_PPP\NNORODAUS_R_P.O211.630000_01D_305_M0mx [x] ‘m O Caladite O Rex af & levation Mas {degrees)

[ Start Time [ End Time ) Spedify (® sEX

[4] ANTEX File: ‘C:VJsevs\usEr\Dntumems\‘k 2_PAQYgs14_2186.ab¢ Q ‘ m Cycdle-slip Detection [ vin St Mask
SRS [ Max MR Mask
1 Wsers\user\Docum: ,2_PPPYjgs. L SNX

[Tl mec. ANTEX File: Data Gap 0]
Orbit and Clock Source ] Loss of Lock Indicator (LLT) Align carrier phase measurement with code
) Broadeast () Precise (1 fil(® Precise (2 fies) et s Dy it sbndes ke Condlion
[ Phase-Code difference (Single frequency) | Configure | [ Discard Unhealthy Satellites
5P3 File: |c:wserswser\nocumems\«z_PPP\coDOMGKFIN_zom1330000&;05:4_0%5?3 <] | (. ] Melbourne-Wiibbena (ual frequency) o [] Discard Marginal Satelites
CLKFie: [C:\Jsers\user|Documents\é, 2_PPPICODOMEYFIN_20211830000_0 10 8g5_CLK CLK [x] | ] ] ety s i) Configre GHSS Sateliite Selection

[[] GLONASS RINEX Havigation File:

[ 1GF (Triple or Quadruple frequency) Configure Galileo GLONASS O GEQ
| B80S Hl s E mwes |
Sotelite Selection for GPS: o

z

jone

[JsBas
[] Referance Station (DGPS)
[] Tonosphere Source

[ Auiliary Files

Developed by gAGE: Research aroup of Astronomy & Geomatics Current Temphte: PPP Run gLAB Show Qutput Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP Run gLAB Show Output



Exercise 2: PPP Model components analysis

Compute the kinematic PPP solution using files:
NNOROGOAUS_R_20211830000_01D 30S_MO.rnx
CODOMGXFIN_20211830000_0©1D_0O5M ORB.SP3
CODOMGXFIN_20211830000_01D_30S_CLK.CLK
igsld 2186.atx
igs21P21645. snx

@) gLAB 600 - ] e
Mode Templates Configuration Preferences  Help
~
gAGE/UPC
- www.gage.es
= — e _———a -
Input Preprocess Modeling Filter Output
Measurements Available Frequencies
() Pseudorange () Pseudorange Smoothing (®) Pseudorange + Carrier phase () Single-frequency
Measurement Configuration and Noise ® Dual-frequency
Il Set GNSS Frequendes and Measurements Order. Troposphere
| calies [ clonass | G0 s || azs mNss [ Estimate wet
= i : : troposphere residual
Configuration for GPS: | + =
=5 " Tonosphere
Code Freg: |Auto V]Meas: IAum VHauto V|| StdDev: [Fiset | 3 0 )
[] Use Sigma Tonosphere
Phase Freq'.|Auto V|Meas: lAubo VHAubo V“ StdDewv: |Fisd 0.0z @ (m)
DOP Fifters
Parameters
[ Max. HDOP
Phi Q Po
Crrtraes E_Bl= Bles = Olm Om O randomvioh, 1M 7008
—_— = dles 8 Homms T -
Inter-System Clock Bias b [x] [x] 9210 (7) Random Walk Other Options
A ol slen beoim [ mcorma g
N F Prefit Outlier
Phase Abiguities LR m_ Qlm DT,
[] show Reference Clock Configuration S Threshold (m)
[] show Inter-System Clock Bias Source e t
K i t i
< > v
Developed by 0AGE: Research group of Astronomy & Geomatics Current Template: PPP Run gLAB | Show Output |
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Exercise 2: PPP Model components analysis

+ Compute the kinematic PPP solution using files:
NNOROGOAUS_R_20211830000_01D 30S_MO.rnx
CODOMGXFIN_20211830000_0©1D_0O5M ORB.SP3
CODOMGXFIN_20211830000_01D_30S_CLK.CLK
igsld 2186.atx
igs21P21645. snx

€) gLAB vEDO - o ®

Mode Templates Configuration Preferences  Help

gAGE/UPC
www.gage.es

Wi NEU positioning error [Kinem PPP]

«—s North error
0.3 4 - | | | == Easterror
. — Up error

Input Preprocess Medeling Eitter Output

Output Files,

Output Fie: I [c:\aLaBvs 4.2 PPR\GLAB.cut Q]
0

s Set output file 021

KMLO File:
[] 33 File:
= gLAB.out &
Outpu tMmgs Summary E

[ Print Summary ": 0.0

Dt 255 ee—ufor the FULL model, | 2
Print USERADDEDERROR [ Ignere epachs for summary until epodh oh 0m 7]
L] print LT FringRA ot [] Start time of summary —-0.1 4
Lt e s S - T | o preV|OUS case
B ninid S W )

Formal Eror Threshads GorfveraD) 0.5 @ [ /[0 @ [/[os @] m —0.2 1

Time Periad Thresholds (Hor Ver/2D) 300 0|,’|3uu Qi 0le
7 —0.3 1 g ° Ou

Select “Print MODEL” in s - - Y

[] Print LICSDATA
[ Print IGFCSDATA
Clock unit

the Output Messages 0 20000 40000 60000 80000
o n e e e Current Template: PPP SthOutpu(v time (s}
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Exercise 2: PPP Model components analysis

€ gLaB 60D

Mede Ternplates Configuration Preferences  Help

gAGE/UPC
www.gage.es

>

* Additional model
components are used
now in the FULL
model to assure a
centimeter level
modeling.

e 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

— - = e
Input Preprocess Modeling Fitter Qutput

Modelling Options Precise Products Data Interpolation
satellite Clock Offset Correction Interpolation Option Orbits Clocks
[] check Broadcast Transmission Time Interpolation Dearee: |‘LU Q | |]. 2 |
[ Consider Satellite Movement During Signal Flight Time Max Consecutive Gaps Between Samples: |B 0 | |2 <] |
Cansider Earth Rotation During Signal Flight Time Total Gaps Allowed: |16 Q| [+ 0|
Satellite Mass Centre to Antenna Phase Centre Offset Correction [] show Concatenated SP3/CLK options

Satellite Antenna Phase Centre Variation
[ Receiver Antenna Phase Centre Correction Receiver Antenna Phase Centre Correction

(®) Read Receiver APC Correction from ANTEY (O | Speafy Carretion
| Relativistic Clodk C cli bit trici
b CiidesrE R A E s i) Receiver Antenna Phase Centre Variation
[ 10naspheric Carraction - [ stop processing if Antenna's Radome is not found in ANTEX
Tropospheric Correction ISWF‘%’\V‘ |NiE” Mapping i Receiver Antenna Reference Point Correction
[ wind up Correction {carrier phase only) (O Specify @) Read from RINEX
[] Solid Tides Correction
Relativistic Path Range Correction
~| Show DCB Options
‘Show GBS

DCB: C1-P1 Flexible ~

DCB: P1-P2 Mo V| —

15C: L1CJA - L1P(Y) Mo v

P S PR
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP | RunglAB Show Cutput

remove ionospheric error
and P1-P2 DCBs.
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Exercise 2: PPP Model components analysis

Code and carrier Measurement noise

 Code measurements are unambiguous

Comparison of measurement noise of LC and PC: GUSN, PRN14

52 — - - - - . but noisy (meter level measurement
Carrier is ambiguous, but precise x

X, x noise).

e Carrier measurements are precise but
ambiguous, meaning that they have

i some millimetres of noise, but also have

| unknown biases that could reach

thousands of km.

meters

e Carrier phase biases are estimated in the
BT | ko i navigation filter along with the other

3 [ ‘ol Zoomof S i parameters (coordinates, clock offsets,
oy o . _ _ unambiguous, tc.). If th bi fixed
s | peitpC x| carrier noise but noisy * * ! etc.). €se Dlases were Tixed,

e x measurements accurate to the level of

o000 5003 oo 25030 ook =00 Tew millimetres would be available for

aaconde ol day 2009928 positioning. However, some time is

Note: Figure shows the noise of code and carrier prefit- needed to decorrelate such biases from

residuals, which are the input data for navigation equations. the other parameters in the filter, and
the estimated values are not fully
unbiased.
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Exercise 2: PPP Model components analysis
Orbits & clocks accuracies

Broadcast Orbits accuracy
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Precise:

 Few centimetres
of accuracy for
broadcast orbits
and clocks
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Example of model component analysis: Solid Tides

9AGE/UPC
www.gage.es
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Proceed as in the

previous exercise:

1. In Modeling panel,
disable the model
component to
analyze.

Save as
gLAB1.out the

associated output
file.

Notice that the gL AB.out
file contains the
processing results with
the FULL model, as it
was set in the default
configuration.

Make plots as in previous
exercises (see slides 38-40).

http://www.gage.upc.edu

—
1 Disable Solid
Tides correction

—
2 Set output file

gLAB1.out

3
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Vertical Position Error plot from gLAB.out, gLABl.out

Vertical positioning error [Kinem PPP]

o Tull madel
- | |+ WoSeiid Tiges comection

|
©) gLAB V600 € glaBvEDD . i i
E
Mode Templat Configurati Pref Hel Cl k CI t 5
Mode Templates Configuration Preferences Help Mode Templates Configuration Preferences Help IC ea r O ; Lo ‘
E— 5 [ L ’
restart plots |
- glLAB Y . |
E = — = = gt = — == ‘ 1
= = e — = — = = s 1
3 20000 0000 60000 0000
Templates Templates Time 3}
| NEU Positioning Error | | Horizontal Positioning Errar | | | MEU Positioning Error = = if Predision m Satelite Skyplot |
o b
| Model Components | | Prefit Residuals | | | Model Companants Y_ m I n Y_ m a X Residuals | |
V4
| Zenith Tropospheric Delay | | Tonospheric Combinations | | | Zenith Tropospheric Delay — - se Ambiguities | |
Global Graphic Parameters Global Graphic Parameters

Title |Vertical Positionning Ert 1

Q | xdabel [Time )

Title |\u'ertica| Positionning Errc PP] Q | X-label |T|me {s)

‘Y-abel ‘Up Error {m}

Label Position | Top Right Text |

[] Automatic Limits X-min. | xmax. |

Automatic Ticks
Individual Plot(s) Confi

Label Position Top Right alText |

Yomin, [-0.4

[] Automatic Limits X-min. | | x-mas. |

o ‘ ¥-max. |0.4

[ automatic Ticks

onfig

O Plothr, 1

Time (SecondsofDay): 4

gLAB1.ou

Developed by gAGE: Research group of Astronomy & Geomatics

Curren

(®) Plothir. 1

Source File

O Plothr. 2 () Plothr. 3 O Plothr. 4
C:\gLABVS'\4 2_PPP\gLAB.out Q|
+ | [ts1=="outPUT? Q |Blue ~]

e
gLAB.out Vertical (DeltaRecU):26

©gAGE/UPC

http://www.gage.upc.edu

€ gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia



Horizontal Position Error plot: gLAB.out, gLABl.out

Horizontal positioning error [Kinem PPP]

« Mo solid Tides correction
« Full medel

-0.05

North errar (m)

-0.10

-015

0.2

@ gLAB V600 @ gLrBv60.0 .
Mode Templates Configuration Preferences Help Mode Templates CI I C k C I e a r to
restart plots
S =E—— — B = = — e

Templates Templates

| MEL! Positioning Error | | Horizontal Positioning Error | | Dilution | NEU Positioning Error | | Horizontal Positioning Error |

| Model Componants | | Prefit Residuals | | X e e

-min, X-max, Y-min, Y-max
| Zenith Tropospheric Delay | | Tonospheric Combinations | | d ’ Y ’
Glohal Graphic Parameters Global Graphic Parameters

o
~020 ~-0.15 -010 -0.05 000 005 010 0I5 020
East error (m)

wmbiguities

Title |Horizuma\ Positionning Error [Kinematic PPF] Q | %-label |East Error {m)

Q|

| Fractional Text |

Label Position | T

| watermark

(] Automatic Limits  ¥-min. [-0.2 © | xmax. [0.2

a ‘ -min, |-0.2

Automatic Ticks

Plot(s) G tion
() PlotNr, 1 () PlotNr, 3
Source File Ci\gLABVE'4. 2_PPP\gLAE L. out
dition{s)
X@olumn

East (DeltaRecE): 25

gLAB1.out

Developed by gAGE: Research group of Astronomy & Geomatics

Current Template

Q | Y4abel |North Error {m)

Title |Horizcnta| Positionning Error Dﬁnemaﬁc# (%) | ¥-abel |East Errar {m)

Source File

O Plathr. 3 O Plot i, 4
|c:\gLaBv614.2_PPP\gLAB Ut O . ||ps v
o Blue v
Legend-abel [Full Mode! 0]
AB t North (DeltaRecN): 24
gLAB.ou
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP Plot
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Solid Tides model component plot: gLAB.out

€ gL 60D — u *
Mode Templates Configuration Preferences Help
2b: Madel: Solid Tides [Kinem PPP]
= : g : == .gage.es '
e Rp—— e = s e e e  —
Templates 0.075 4
MEU Positioning Error | Horizontal Positioning Error | | Dilution OF Predision | | Satellite Skyplot | 0.050 -
Prefit Residuals | | Posfit Residuals | | Measurement Multipath MNoise | 0.025 4
| Zenith Tropospheric Delay | | Ionospheric Combinations | | Carrier Phase Ambiguities | | Orbit and Clock Comparison | @ 0.000 4
5 5
[}
E
Global Graphic Parameters —~0.025 1
Title ‘Salld'ﬁdes Mode! [Kinematic PPP] 0 | X-abel "ﬁme =) Q | ¥-abel ‘Model {m) Q | Clear
" E —0.050 A
Labe! Position | Top Right » | Fractional Text | WaterMark ‘ | [[] Expand figure to margin
Automatic Limits —0.075
Automatic Ticks
Plot{s) € tion —0.100 7
T T T T T
® Flothir. 1 O Plothr. 2 O Plothir. 3 ) Plothr. 4 0 20000 40000 60000 80000
time (s)
Source File |c:\gLagvs\s.2_ppeigLaB.out 1 [} Dots v
— ' .
fon(s) _|MODEL - o |ts1==mopEL" [=] Blue v
T = - o Lege”d*“e' | | S I i d T i d I t
gLAB . OUt Select
.
L]
SOLIDTIDES Note: Use the gLAB. out file.
. .
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP Plot | n g LAB 1 ° O u t fl | e t h I S I I I Od e |
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Exercise 2: 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

©gAGE/UPC

metres

Up error (m)
[=]
o

0.100 4

0.075

0.050

0.025 4

0.000

—0.025 4

—0.050 4

—0.075

—0.100 +

Vertical positioning error [Kinem PPP]

gL

ABl o Out = Full model

No Solid Tides correction

gLAB.out
0 20000 40000 60000 80000
Time (s)
2b: Model: Solid Tides [Kinem PPP]

T T T T
20000 40000 60000 80000
time (s)

http://www.gage.upc.edu

North error (m)

Horizontal positioning error [Kinem PPP]
0.20

* No Solid Tides correction
0.15 4 = « Full model

oo ELABL1.ouUt

0.05 1
o "
.

0.00 -

—0.05 -

—0.10

s gl AB.out

-0.20 T T T T T T T
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20

East error (m)

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.
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Exercise 2: PPP Model components analysis

Receiver Antenna Phase
center (APC)

_" L2 Antenna Phase center
APC ® L1 Antenna Phase center

’ | __Antenna Reference Point

ARP (ARP)

i

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.

©gAGE/UPC

metres

0.00 4

Vertical positioning error [Kinem PPP]

gLABl . Out: Full model

No receiver APC correction

| gLAB.out

T T T T
20000 40000 60000 80000
Time (s)

Model: Receiveir APC to ARP offset [Kinem PPP]

o |
—0.02 132

—0.04 4

—0.06

—0.08 4

—0.10 +

o124 & Sy

—0.14 4

T T T T
20000 40000 60000 80000

gLAB.out""

http://www.gage.upc.edu

North error (m)

Horizontal positioning error [Kinem PPP]
0.20

= No receiver APC correction
0.15 4 * o Full model

gLAB1.out

0.10 1

0.05 4

o

|
=4
o
&

—0.10

~s1r gl AB.out

-0.20 T T T T T T T
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20

East error (m)

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.
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Exercise 2: PPP Model components analysis

Satellite Mass Center to
Antenna Phase Center

Satellite
Antenna
Phase Center
(APC)

- Satellite
Mass
Center
(MC)

Broadcast orbits are
referred to the antenna
phase center, but IGS
precise orbits are referred

to the satellite mass center.

©gAGE/UPC

r(m)

Vertical positioning error [Kinem PPP]

gLABl Out: Full model

gLAB out

No satellite APC correction

T T
20000 40000 60000 80000
Time (s)

Model: Satellite MC to APC offset [Kinem PPP]

0 20000 40000 60000 80000

gLAB.out

http://www.gage.upc.edu

Horizontal positioning error [Kinem PPP]
0.20

= « No satellite APC correction
0.15 4 = o Full model
gLAB1.out
0.10 1 T T
£ 005 i i g
5 .| {
5 0.004 1 1 % -
£ ? P |
2 —0.05 4
—0.10
s gl AB.out
—0.20

T T T T T T
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20
East error {m)

Satellite MC to APC:

The satellite MC to APC
eccentricity vector depends on
the satellite. The APC values
used in the IGS orbits and clocks
products are referred to the
iono-free combination (LC, PC) .
They are given in the IGS ANTEX
files (e.g., 1gs14 2186.atx).
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Exercise 2: 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
1, Phase
' _“‘-. H

> F-.=— variation

{)ﬂ

©gAGE/UPC

Up error (m)

metres

Vertical positioning error [Kinem PPP]

gLABl . Ou‘t = Full model

No wind-up carrection

gLAB out

T T
60000 80000

ZOOUU

40000
Time (s)

Model: Carrier phase wind-up correction

gLAB. out

T T
Cl 20000 40000 60000 80000

time (s)

http://www.gage.upc.edu

North error (m)

Horizontal positioning error [Kinem PPP]

0.20
+ No wind-up correction
0.15 4 « « Full model
gLAB1.out
0.10 4
,
0.05 4 .
—0.05 -
—0.10
s gl AB.out
-0.20

T T T T T T T
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 015 0.20
East error (m)

Wind-Up

Wind-up changes smoothly along

continuous carrier phase arcs.

In the position domain, wind-up
affects both vertical and
horizontal components.
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Exercise 2: PPP Model components analysis

Relativistic correction

In August 2014, two Galileo
satellites FOC-1 (E18) and FOC-2
(E14) were launched -due to an
anomaly in the Fregat upper
stage of the launch vehicle- into
a wrong, elliptic orbit.

A recovery mission with a series
of orbit maneuvers were
performed to raise the perigee
and to reduce the eccentricity
allowing the navigation payload
to be switched on.

Due to propellant limitations,
the final achieved an orbit is

(e=0.16; a=27977 km; i=50°),

whereas the nominal orbit for
other Galileo satellites is

(e=0.00; a=29600 km; i=56°).

©gAGE/UPC

100

50

-50

—100 4

Vertical positioning error [Kinem PPP]

| gL B1. out

+— Full model

gLAB out \\4’/

ZOOUO 40000 60000 HOOUO
Time (s)

Model: Relativistic clock correction (orb. excent) [PPP]

* GALEl4
5 = « GALE18

- + + Allsat.
S .
'- -
[ [}

gLAB.out % L

T T
Cl 20000 40000 60000 80000
time (s)

http://www.gage.upc.edu

Horizontal positioning error [Kinem PPP]
10.0

+ + No relat. correction
+ + Full model

F -
gLABl.out *

7.5 4

5.0 1

%
£ 251 ~fomas .-oﬂ"'l .
g . e e ; P i
£ 00+ oty e - .ﬁ ‘o".‘-'
£ o . o Gage
S -25- i w6 .
. (L ',

5.0 4

"*1gLAB.out

-10

.0 T T T T T T T
—-10.0 =7.5 =5.0 —=2.5 0.0 2.5 5.0 7.5 10.0
East error (m)

Relativistic correction
on satellite clock due to
orbit eccentricity.

This is an additional
correction to apply at the
receiver level. The satellite
clock oscillator is modified
on factory to compensate
the main effect (~40us/day).
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Medium: Kinematic positioning of a LEO satellite

« Akinematic positioning of GRACE-A satellite is proposed in this
exercise as a driven example to study and discuss the different
navigation modes and modelling options for code or code & carrier
positioning of a rover receiver.

GRACE SATELLITES (A & B)

GPS Omnidirectional

Nominal altitude:
Orbital periode:
Mass:

Launch date:
Space Agency:
Designed life-time:

Antenna: Satellite Attitude
and Orbit Control System

460 km

1.5 h (aprox.)
432 kg

May 17¢%, 2002
NASA/GFZ

5 years

Receiver pseudorange noise:
Receiver carrier-phase noise:
Receiver GRAPHIC noise:
Antenna phase center:

40 cm
8 mm
12 cm
(0.0, 0.0,-0.414) m

GPS 452 FOV Antenna: Radio

GPS Backup
Omnidirectional
Antenna: AOCS

Occultation Data

More details at: Gravity Recovery and Climate Experiment Mission | GRACE

©gAGE/UPC
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https://www.gfz.de/en/section/global-geomonitoring-and-gravity-field/projects/closed-projects/grace-gravity-recovery-and-climate-experiment-mission#c12081

Exercise 3: Kinematic positioning of a LEO satellite

« The following “preliminary” questions are posed:

— Could a LEO satellite like GRACE-A be kinematically positioned as a
rover receiver (i.e., car, aircraft...)? Why?

— Would both Standard and Precise Positioning be achievable?

Note: The RINEX file graa®800.070 contains GPS dual freq.
Measurements.

— Which model components should be set for each positioning mode?
» Relativistic correction?
» Tropospheric correction?
» lonospheric correction?
* Instrumental delays (TGDs)?
« Solid Tides correction?
« Antenna phase centre corrections?
» Others 777 _ G
— In case of successful positioning, which accuracy is expected?

©gAGE/UPC http://www.gage.upc.edu
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Exercise 3: Kinematic positioning of a LEO satellite

A The following positioning modes are proposed to be explored:

— Code positioning + broadcast orbits:
1. Single frequency: C1 code (and no ionospheric corrections).

2. Dual frequency: PC code combination (i.e., ionosphere-free
combination).

— Code and carrier positioning + precise orbits and clocks:

3. Dual frequency: PC, LC combinations (i.e., ionosphere-free
combinations).

4. GRAPHIC combination of C1 code and L1 carrier phase.

5. Single frequency: C1 code and L1 carrier (and no ionospheric
corrections).

A Data files:
A Measurements file: graa0800.070
A GPS orbits and clocks:
A Broadcast: brdc0800.07n
A Precise: c0d14193.sp3, cod14193.clk, igs05 1402.atx
A GRACE-A Precise Reference Orbit file: GRAA_07_080.sp3
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Mode1: Single frequency C1 code with broadcast orbits & clocks

Example of computation with gLAB:
Code positioning + broadcast orbits: Single frequency: C1 code.

1

D Set SPP
3
A\

Select files Set calculate Set data decimation to 30
£raad800.070 seconds to have a high
brdc9800.07n 2 number of output samples

©gAGE/UPC http://www.gage.upc.edu @ 9gAGE/UPC 44
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Mode1: Single frequency C1 code with broadcast orbits & clocks

Example of computation with gLAB:

Code positioning + broadcast orbits: Single frequency: C1 code.

€ gLaB w600 - O X

Mode Templates Configuration Preferences  Help

gAGE/UPC
www.gage.es

©) glAB 60D

Mode Templates  Configuration

Set output SP3 file as

(@) 9AGE/UPC

T

0l

From SPP template
disable:

Preferred age time: |2600

[7] solid Tides Correction
[[] Relativistic Path Range Carrection

[] show DCB Options

* lonospheric

* Tropospheric

Developed by gAGE: Research group of Astronomy & Geomatics Current Template: SPP Run gLAB Show Cutput

Qutput

gLAB.sp3

|c\gnevsiFLEs TUTEIgLAB.out

K o]

|c:aamveiFiES TUTeoLAB 03

Constellation Letter; PRN Number; (3 €Y

s = = e =g ———— =
Input Preprocess Modeling Fiter Output Input
Modelling Options Broadcast Navigation Message Types
Qutput Files
o
Satelite Clock Offset Carrection = o R S
Check Broadcast Transmission Time _ ) )
Consider Satelit Movement During Signal Flight Time PS5 [k File:
[ Consider Earth Rotation During Signal Flight Time Gallea
[ satelite Mass Centre to Antenna Phase Centre Offset Correction CLONAS:
[[] Receiver Antenna Phase Centre Correction T
[[] Receiver Antenna Reference Point Correction
Q55
IRNSS

(] Print USERADDEDERRCR
] Print uPUT

[] Print CS (Cydle-siip)

[] Print SFCSDATA

[] Print MWCSDATA

[ ] Print LICSDATA

[] Print IGFCSDATA

@ Metres () Nanoseconds

Developed by gAGE: Research group of Astronomy & Geomatics

e o eﬁlsable all messages except:

] 1anore epochs for §immary until epoch oh 0m

= * Print INFO Messages

* Print OUTPUT Messages
to avoid big output files

] print MEAS

[T] Print MODEL

] Print SATSEL
] print PREFIT
] print EPOCHSAT
] Print POSTFIT
] Print FILTER
Print QUTPUT

Current Template: SPP

©gAGE/UPC
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Mode1: Single frequency C1 code with broadcast orbits & clocks

e Accuracy assessment of the computed solution (from gLAB.sp3 file) with
the reference coordinates of file GRAA_©07 080.sp3:

|| € gLABVEDD = 0 w0

| Mode Templates Configuration Preferelices Help

Pesitioning Ctrl+P
I Analysis I Ctri+ & | MB gAGE/uPC
| Converter Ctrl+M i . . g E==—— www.gage.es

= e

I'® Compare Orhits 8 Clocks  Ctrl+0 |~ —
I i Options
f Show Orbits & Clocks Ctrl+W |
| AddUserErortoRINEX  Culey 19 Orbit Camparison Rate: ()
| Exit Ctrl+Q : %) | [] compare satelite Clock Carrection
Chedk Broadcast Transmission Time
Orbit and Clock File 2 Se'ect ﬁles fart Tme

d Time

G RAA—@ 7_68@ L S p 3 rise Products Data Interpolation
g L AB . S p 3 terpolation Option  Orbits Icmks

rpd

ANTEX File 4 Haxty Set: 3és

() Broadeast (®) Predse(1 file) () Predse (2 files)

SP3File: |gLAB.sp3

Betwed

[ anTEX File: ol . .
- "’,| Disable: Compare satellite
Okaitetes [amok clock Correction
Dutput Messages oCkEn
Al None (®) Metres \_) Manosefonds

Print INFO Print SATSTAT O

Print SATDIFF Print SATSTATTOT S et I ® O u
tput file

Developed by gAGE: Research group of Astronomy & Geomatics Shaw Dutput
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Mode1: Single frequency C1 code with broadcast orbits & clocks

I € gLaB 600 — ] b4
| Mode Templates Configuration Preferdices Help

Il Analysis Ciri+A LAB gAGE/UPC
I Conver‘ter| Make plots with gLAB's output files. - - _.__g__ — 3 =

Compare Orbits & Clocks
Show Orbits & Clocks
Add User Error to RINEX

Ctrl+0
Cirl+W
Ctrl+l

| Ivipdel Components

www.gage.es

Dilution Of Precision

|
D Harizontal Positioning Error I I
Set plotting ranges

||
]

Satellite Skyplot |

Measurement MultipathMoise

| Zenith Tropaspheric Delay

| = X:[ 43000 : 67000]

Orbit and Clodk Comparisan

Global Graphic Parameters

Y:[-20:20] ]

Title |Orbiis and Clock Comparisan

o ‘ ¥-abel ‘Tlrne (=) [x] | ¥-label |Discrepancy {m}

Q]

Clear

Label Position | Top Rig!

ure to margin

[] Automatic Limits % in. [43000

Automatic Ticks
Individual Plot{s) Configuration

@) Plothr. 1

Source File

Condition{s

X Colummn SecondsofDay

Developed by gAGE: Research group of AstronomZomal

@ | x-max. [s7000 @ | v-min. [-20 @ | vmax. [20 Q]
ron =2 - |(s1-="5a1DIFF) Blue -

v;‘ ¥ Column [x] |

|RadialDifference egend-abel |Radial

©gAGE/UPC

Upload file diff.out in
Plot 1, Plot 2 & Plot 3
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metres

20

Plotting

with the GUI

GRACE-A Broadcast positioning [C1]

15 4

* « Radial
* @« Along Track
= = Cross Track

T T
55000 60000

time (s)

T T T
45000 50000 65000
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Mode1: Single frequency C1 code with broadcast orbits & clocks

GRACE-A Broadcast positioning [C1]: Radial error

5 GRACE-A Broadcast positioning [C1]: Along Track error

| r"‘M

.
.

i

° tedhe
"uvnd-

P i

-10
-15
-20 +— T T T T
0 20000 40000 60000 80000
time (s)
2 GRACE-A Broadcast positioning [C1]: Cross Track error
15
10 4
54
1]
§ o Mu’ f\g" J“ )h\n-
sk
-10 s
~15 4
-20 — T T T T
0 20000 40000 60000 80000
time (s)
©gAGE/UPC

Rl | j
: s : i
1 i
-10 i .
.
=15
-20 T T T T T
0 20000 40000 60000 80000
time (s)
GRACE-A Broadcast positioning [C1]
20
+ « Radial
Zoom e
= = Cross Track
10 A 1
5k ; *\ .
1 A, T YT E
.
: 5.} \'\! %
0
o
-5 {s
(]
10§
-15
—-20 T T T T T
45000 50000 55000 60000 65000

time (s)

Questions

1. Isit reasonable to disable
the tropospheric and
ionospheric corrections?

2. Like GPS satellites, LEOs
are also affected by
relativistic effects. Is it
necessary to introduce an
additional model term to
account for this effect?

3.  What could be the reason
for the large error peaks
seen in the plots?

http://www.gage.upc.edu
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Mode1: Single frequency C1 code with broadcast orbits & clocks

A Answer to Question 1:
Is it reasonable to disable the tropospheric and ionospheric corrections?

— Troposphere:

The troposphere is the atmospheric layer placed between Earth’s surface and an
altitude of about 60 km.

GRACE-A satellite is orbiting at about 450 km altitude, thence no tropospheric error
is affecting the measurements.

— lonosphere:

The ionosphere extends from about 60 km over the Earth surface until more than
2000 km, with a sharp electron density maximum at around 350 km.

GRACE-A satellite, orbiting at about 450 km altitude, is less affected by the
ionosphere than on the ground, but nonetheless a few meters of slant delay
could be experienced. On the other hand, as the correction from Klobuchar

model is tuned for ground receivers, its usage could produce more harm than
benefit (see HW1).

A Homework:

A HW1: Assess the ionospheric delay on the GRACE-A satellite measurements.
Compare with the Klobuchar model corrections.
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Mode1: Single frequency C1 code with broadcast orbits & clocks

A Answer to Question 2:

In this approach, is it necessary to introduce an additional model term to
account for the relativity effect on LEO satellite?

— GRACE-A clock is affected by general and special relativistic effects (due to the
gravitational potential and satellite speed). But this is not a problem, because the
receiver clock is estimated along with the coordinates.

Notice that this relativistic effect will affect all measurements in the same way, and
thence, it will be absorbed into the receiver clock offset estimation.

A Answer to Question 3:

What could be the reason for the large error peaks seen in the plots?

— The large error peaks are associated to bad GPS-LEO satellite geometries and
mismodelling. Notice that the satellite is moving at about 8 km/s and therefore the
geometry changes quickly (see HW2). Also, the geometry is particularly poor when
GRACE-A satellite is over poles.

A Homework:

A HW2: Plotin the same graph the “True 3D error”, the “Formal 3D error” (i.e, the 3D-
sigma) and the number of satellites used. Analyze the evolution of the error.
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Mode 2. Dual frequency PC code with broadcast orbits & clocks

Example of computation with gLAB:

Code positioning + broadcast orbits: Dual frequency: PC
- _ code combination.

@ oLiB V00
Made Terpiste:  Co

Complete the steps
(from previous configuration):
1. [Modeling]:

e Disable P1-P2 correction
2. [Filter]:

From previous
configuration, us From previous

disable (TGD): configuration, set:

disable (TGD): sl Froauen e Dual Frequency

* P1 — P2 Correction . L

P — wof © PC Measurement i Tercats: see it * PC measurement
3. Run gLAB

4. |In Compare Orbits &
Clocks mode:

* Compute differences
with reference file
3 GRAA 07 080.sp3
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Mode 2. Dual frequency PC code with broadcast orbits & clocks

metres

metres

=}

GRACE-A Broadcast positioning [PC]: Radial error
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GRACE-A Broadcast positioning [PC]: Along Track error
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Plotting

Make the same plots as in
the previous case.
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Questions

4.

Why is the solution noisier
than the previous one with
C1 code?

Discuss the pros and cons
of the ionosphere-free
combination of codes (PC),
compared with C1 code.

How could the
performance be improved?

€ gAGEwWPC
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Mode 2. Dual frequency PC code with broadcast orbits & clocks

4 Answer to Question 4:
Why the solution is noisier than the previous one with C1 code?

pe-LBZLE_PRE ()
AR y-1 60

Thence, assuming uncorrelated P71, P2 measurements with equal noise o, it follows: Op. = 30

The iono-free combination of codes P1 and P2 is computed as:

A Answer to Question 5:

Discuss the pros and cons of the ionosphere-free combination of codes (PC).

— Combination PC removes about the 99.9% of ionospheric delay, one of the most difficult error
sources to model, but two frequency signals are needed. On the other hand, PC is noisier than the
individual codes C1, P1 or P2 (see HW3).

A Answer to Question 6:

How could the performance be improved?
— Smoothing the code with the carrier and/or using precise orbits and clock products as well.

A Homework:
A HWa3: Assess the measurement noise on the C1, P1, P2 and PC code measurements.

Research group of Astronomy & Geomatics
Technical University of Catalonia
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

Example of computation with gLAB:
Code & Carrier + precise orbits & clocks: Dual frequency (LC, PC)

© LB 600 - O X
Mode Templates Configuration
woe| Set PPP
PRP i e 1 ' gAGE/UPC
SBAS 1F R T =+ www.gage.es
SBASDFMC  F4
i ' Filter Output
Rover(us&f ) A Priori Receiver Position From:
RINEX Observation Fie: |C:\oLABV\FILES TUTE\graa0800.07 Q| O rnex
[ tartTime ] End Time O SINEX
ANTEX File: :\GLABV\FILES TUT6\igs05_1402.3tx [x] \ [
[[] Rec. ANTEX File:
Orbit and Source
() Broadglt () Predse (1 fil Precise (2 fles) ‘
sp3 il |C:\gL ABV6IFILES _TUT6\cod13193.5p3 Q
|c\oLaBvsPLES TUTE0d14183.ckc [}

Select files
graad800.070
cod14193.sp3
cod14193.clk
igs@5 1402.atx

Set calculate

Set Precise (2 files)

v

Rnglas | | SnowOutput |

€ gLAB\VEDD

Mode Templates Configuration Preferences  Help

Current Template: PPP

LAB gromne
. - —:__g e o www.gage.es
Input Prepracess Modeling Filcer Output

b Satellite Options
Data Decimation © HevatonMask |5 © | (degrees)
T SHR
[ Min ShR Mask
[ e SNR Mask
Loss of Lock Indicator (LLI) Align carvier phase measurement with code
N Consecutive Samples [3 {samples) Discard Satelites Under Eclpse Candition
[[] PhaseCode difference (Single frequen® Configure [ Discard Unhealthy Satelites
[ Melbourne-Wibbena (Dual frequency) Configure [7] biscard Marginal Satelites
Geometry-free (el frequency) qure ST St It Geler i
0 GPS Galileo GLONASS # GEQ

Set data decimation to
30 seconds to have a
high number of output

BDS. Qﬁsé

ite Selection for GPS: Al None

TRNSS.

samples 3

Developed by gAGE: Research group of Astronomy & Geomatics

Current Templte: PPP Run gLAB Show Output
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

Example of computation with gLAB:
Code & Carrier + precise orbits & clocks: Dual frequency (LC, PC)

€ gLaB w600 - O X
Mode Templates Corfiguration Preferences. Help
W
LAB ghcee
- S= g www.gage.es
— e —— = P e il ) N
Input Preprocess Modeling Fitter Output
Measurements Available Frequencies
() Pseudorange () Pseudorange Smoothing (@) Pseudorange + Carrier phase (0 single-frequency
Measurement Configuration and Noise (® Dual-frequency
O SetGNSS Fféquendes and Méasuremihis Order Troposphere
Galien GLONASS &0 BDS Qzss IRNSS [ Estimate wet
troposphere residual
Configuration for GPS:
Ionosphere
Code Freq: ‘Aum V‘Meas:‘Aubo VHAum VlideDev: Fised N1 @ {m)
2 [[] Use Sigma Tanesphere
hase Freg: !Autu | Meas: [auto VHAutu || stdoevs |- v 001 8 () -
. : . . DOP Filters
From PPP configuration, disable: | ’
_— Max. HDOP
g Phi Q Po
* Receiver Antenna Phase Center |.... PO w O]en  Osa O Rk M 008
o R . A t R f P . t ceiver Clock o Qe Q[ V‘ e @ [me  ~|Oconstent (@ wilaiioks (O Random wak e EDCe
eceliver Antenna Reft. Foin ter-System Clock Biss [1 G RS “ben @ V| @cmstent O [ Ngke O Random walk Other Options
° H ( 8 ) oposphere 1 [x] (mah) my [] Backward Filtering
Ionospherllc ac;regfﬂy SI'Sgbled cemores 0o 0w o uiS* o
° Pl — P2 (a rea y Isa e ) I show Reference Clock Configuration SWitCh to Threshold {m)
° Tro OS h e ri C I show Inter-System Clock Bias Source
posp Kinematic
* Solid Tides correction
< roaal |
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP Run gl AB Show Dutput.
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks
Example of computation with gLAB:
Code & Carrier + precise orbits & clocks: Dual frequency (LC, PC)

Set output SP3 file as
gLAB.sp3

(@ 9AGE/UPC

uuuuuu

2

Disable all messages except: 3 1. Run gLAB
centle Value T@IE (admendora) |
-—=o-e-Print INFO Messages _
Set plotting ranges
* Print OUTPUT Messages X1143000:670001 Y2 2] 2. Generate
diff.out file
to avoid big output files
R 3. Make plots
as before
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

GRACE-A Broadcast posutlomng [LCPC]: Radlai error
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5 GRACE-A Broadcast positioning [LCPC]: Along Track error
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Questions

7.

10.

11.

Which is the improvement
in precise orbits and clocks
accuracy, regarding the
broadcast case?

How do carrier phase
measurements allow to
improve the accuracy?

Why do large peaks appear?

Why does a 40-50 cm bias
appear in the radial
component?

Why do wind-up and
satellite antenna phase
center offset corrections
have to be applied? What
about the solid tides
correction?

@ 9AGE/UPC
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

A Answer to Question 7:

Which is the improvement in precise orbits and clocks accuracy, regarding
the broadcast case?

— Broadcast orbits and clocks are accurate at the level of few meters.

— Precise orbits and clocks IGS products are accurate at few centimeter level (see HW4).

A Answer to Question 8:

How do carrier phase measurements allow to improve the accuracy?
— Code measurements are unambiguous but noisy (meter-level measurement noise).

— Carrier measurements are precise but ambiguous (few millimetres of noise, but with
an unknown bias that can reach thousands of kilometres).

— The carrier phase biases are estimated in the navigation filter along with the other
parameters (coordinates, clock offsets, etc.). If these biases were fixed, then
measurements accurate at the level of few millimetres, would be available for
positioning. However, some time is needed to decorrelate such biases from the other
parameters in the filter, and the estimated values are not fully unbiased.

 Homework:

A HWA4: Assess the broadcast orbits and clock accuracy using the precise products as
the truth.
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

A Answer to Question 9:

Why do large peaks appear?

— The peaks are related to massive cycle-slips experienced after each revolution (about
1.5 h).

— After a cycle-slip happens, the filter has to restart the carrier ambiguity. This is not a
problem when it occurs on a single satellite (being the others well determined), as its
ambiguity is estimated quickly. But when a massive cycle-slip occurs, the filter needs
more time to converge (see HWS).

A Answer to Question 10:

Why does a 40-50 cm bias appear in the radial component?

— This is the GRACE-A antenna phase centre offset. Please notice that we are
positioning the Antenna Phase Centre (APC), while the coordinates in the SP3
reference file (GRAA_07_080.sp3) are referred to the satellite Mass Centre (MC).

 Homework:

A HWS5: Analyze the carrier phase biases convergence in this kinematic PPP
positioning.
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

A Answer to Question 11:

Why do wind-up and GPS satellite antenna phase center offset corrections
have to be applied? What about the solid tides correction?

— Wind-up correction: Wind-up only affects the carrier phase measurements, but not
the code ones. This is due to the electromagnetic nature of circularly polarised waves
of GPS signals.

The correction implemented in gLAB only accounts for the satellite movement relative
to a receiver with fixed coordinates. An additional correction to account for the
GRACE-A motion along its orbital path could also be included, but since most part of
this effect will be common for all satellites, it will be absorbed by the receiver clock
offset estimation.

— GPS satellite antenna phase center: Precise orbits and clocks of IGS products are
relative to the GPS satellite mass centre (unlike the broadcast ones, which are
relative to the satellite antenna phase centre [APC]). Thence an APC offset vector
must be applied.

— Solid tides correction: No Earth’s Solid Tides corrections are needed because the
rover is not on the ground.
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Mode 4. Single freg. with L1, C1 GRAPHIC comb. and precise orbits & clocks

Example of computation with gLAB: Code and Carrier + precise
orbits & clocks: Single frequency (GRAPHIC)

Single frequency
- Complete the steps
(from PPP configuration mode
[mode 3]):
. Set plotting ranges 1. [Filter]:

Il T o1 Graphlc X:[ 43000 : 67000] Y:[-4 :4] _

— H\ " |combination * Single Frequency

e = e e e * Set Graphic combination

. s o | C1C E e * Code: C1C | phase: L1P

== 1 L1P (GRAPHIC)

—_——— = — 2. [Preprocess]:

* Disable dual-freq

e detectors
— =  Enable single-freq
e detector.
e 3. RunglAB
;im e 4. In Compare Orbits & Clocks:
e * Compute differences with
2 e Disable dual-freq detectors reference file
* Enable single-freq detector 4
e e e ——— . — http://www.gage.upc.edu Make Q'OtS as before.




meures

meues

Mode 4. Single freg. with L1, C1 GRAPHIC comb. and precise orbits & clocks

GRACE-A Broadcast positioning [GRAPHIC]: Radial error

T T T
40000 60000 80000

time (s)

T T
0 20000

GRACE-A Broadcast positioning [GRAPHIC]: Cross Track error
4

T
20000

O T wwwmw *s [

T T T
40000 60000 80000

time (s)

©gAGE/UPC

metres
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Questions

12.

13.

14.

Which is the main benefit
of the GRAPHIC
combination?

Why is the solution noisier
than the previous one with
LC, PC?

Would the performance be
improved directly using the
L1, P1 measurements (like
in the LC, PC case)?
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Mode 4. Single freg. with L1, C1 GRAPHIC comb. and precise orbits & clocks

A Answer to Question 12:
Which is the main benefit of the GRAPHIC combination?

— The GRAPHIC combination is defined as: G :%(P1 +1,)

— Thence, since the ionospheric refraction has opposite sign in code P, and carrier L,
GRAPHIC removes the ionospheric error.

— On the other hand the code noise is reduced by a factor 2 (i.e., o.=1/20 ).
— However, this is an ambiguous measurement due to the unknown carrier phase bias.

— Note: Due to the gLAB filter design, a code measurement must also be provided to the
filter along with the GRAPHIC one. Nevertheless, a large sigma noise is set to this code
in order to downweight this measurement in the filter (in this way the solution will be
driven by the GRAPHIC combination).

A Answer to Question 13:

Why is the solution noisier than the previous one with LC, PC?

— Unlike the previous case (where carrier phase data with few millimetres of error were
provided), now the most accurate measure provided to the filter is the GRAPHIC
combination with tens of centimetres of error.

A Answer to Question 14: Let's see the next two exercises.
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Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks
Example of computation with gLAB:
Code and Carrier + precise orbits & clocks: Single frequency (L1, C1)

From previous configuration, complete

the following steps:

1. [Input]: Upload the brdc@800.07n

file in the P1-P2 correction.

Select DCB source: Broadcast (specify)

[Model]: Set Show DCB Options, Show
GPS, select RINEX Navigation File as

DCB P1-P2.

=

Note:

TGDs (i.e, P1-P2
DCBs) are needed
for single-
frequency
positioning.

©gAGE/UPC

Input

Modelling Options

Preprocess

Satelite Clock Offset Corfliction

[ Check Broadcast Transmi:
Consider Satelite Movemd
[ Consider Earth Rotation D
Satelite Mass Centre to An

Satellite Antenna Phase

on Time

During Signal Flight Time:
ing Signal Fiight Time:
nna Phase Centre Offset Correction

Entre Variation

[ Receiver Antenna Phase CH
[] Receiver Antenna Referencs
Relativistic Clock Correction

[ Tonospheric Carrection

[ ropospheric Correction

bre Correction
Point Correction

bit eccentricity)

Wind up Correction (carrier phifke only)

Solid Tides Carrection

Relatvistic Path Range Correct

Show DCB Options

Show GPS

DCB: P1-P2

Developed by gAGE: Research group of Astronomy & Geomatics

N

Modeling

Precise Products Da
Interpolation Optid
Interpolation Degree;
Max Consecutive Gaps B
Total Gaps Alowed:

[ show Concatand

@) gLaB V600

Mode

Ternplates  Configuration  Preferences  Help

. 9lLAB

gAGE/UPC

Y wWww.gage.es

Input Preprocess

OSErVETON MIE: (L \gLADYD VILED_|UI0\graausuu.u/e

[ start Time [ End Time

ANTEX File: oL ABV6'FILES TUT6Ygs05_1402.atx

[ Rec. ANTEX File:
orbit and Clock Source

() Broadcast () Precise (1 file) @) Precse (2 files]

SP3File: |C: \gLABY&EIFILES_TUT6\cod14193.5p3

CikcFie; [c2\gLABVGIFILES TUT6eod14193.dk

—
Maodeling Fitter Output
LA | @ Calouste O RINEX
O Specfy O sINEX
o | Select the start position:
(@) Earth's surface () RINEX
() User defined
[] Reference Pasition File: ‘
0
(]

|:| GLOMASS RINEX Navigation File:
[1ssas
[ Reference Station (DGPS)
[ fonosphere Source

Auxiliary Files
[] PS P1-C1 DCB Correction

[ user Added Error

Developed by gAGE: Research group of Astronomy & Geomatics

DCB Correction

DCB Source: ‘Bmadmst (spedfy) W

RINEX Mav, File: !C:\QLABVEF]J.ESiTUTS\brdCOSOD‘U?n

v

Current Template: PPP RunglAB _shuw Output |

Current Template: PPP

Run oLAB Show Output
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Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

Example of computation with gLAB:

Code and Carrier + precise orbits & clocks: Single frequency (L1, C1)

Select Pseudorange + Carrierphase
C1P + L1P

Single frequency

Set
== [T O¢p=1 meter

T C
s sriins o —

I Show Reference Clock Configuration

Show Inter-System Clock #ias Source

6,.1p=0.01 meters

* Disable dual-freq detectors
* Enable single-freq detector 2

e g i s — = http://www.gage.upc.edu

Complete the steps

3. [Filter]:

* Single Frequency

measurements

e L1P (L1 carrier)

 C1P (P1 code)
4. [Output]:

* Set gLAB.sp3 format file.
5. [Preprocess]:

* Unable MW, LI detectors
6. Run glLAB
In Compare Orbits & Clocks:

* Compute differences with
reference file
GRAA 07 _080.sp3

Make plots as before.

€ gAGEwWPC s
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Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

metres
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GRACE-A Broadcast positioning [P1L1]: Radial error
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Questions

15.

16.

Explain why the solution
has a more defined
pattern, with large
oscillations.

No ionospheric corrections
have been applied in this
run. What would happen if
the Klobuchar model is
applied?

€ gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia




Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

A Answer to Question 15:

Explain why the solution has a more defined pattern, with large
oscillations.

— This effect is due to the error introduced by the ionosphere and the broadcast
differential code biases inaccuracy.

A Answer to Question 16:

No ionospheric corrections have been applied in this run. What would
happen if the Klobuchar model is applied?

— In general, the performance will degrade. As commented before, the correction from
Klobuchar model is tuned for ground receivers, only removes about the 50% of
ionospheric delay, and its usage can produce more harm than benefit. (see HW6).

A Homework:

A HWBG6: Apply the Klobuchar model and discuss the results.

A HWT7: Generate a file with the satellite track (in a Earth-Fixed Earth-Centered
reference frame) to be viewed with

Google earth
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Proposed Homework exercises

A HW1: Assess the ionospheric delay on the GRACE-A satellite measurements.
Compare with the Klobuchar model corrections.

A HW?2: Plotin the same graph the “True 3D error”, the “Formal 3D error” (i.e,
the 3D-sigma) and the number of satellites used. Analyze the evolution of
the error.

A HWS3: Assess the measurement noise on the C1, P1, P2 measurements and
the PC code combination.

A HWA4: Assess the broadcast orbits and clocks accuracy using the precise
products as the truth.

A HWS5: Analyze the carrier phase biases convergence in this kinematic PPP
positioning.
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Proposed Homework exercises

A HWS6: Apply the Klobuchar model to the L1, P1 positioning with precise
orbits and clocks and discuss the results.

A HWY7: Generate a file with the satellite track (in a Earth-Fixed Earth-Centered
reference frame) to be viewed with Google earth
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Backup slides

Homework help and answers
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

© glaB w600 — m] X

Mode

Templates  Configuration  Preferences  Help

sace Freh

Output File: |crgLaBve\FILES TUTE\GLAB Ut Q]

glLAB

—— =

Input Preprocess Modelling Filcer

Output Files

[ kML File:
[ kLo File:
[ieP3Fie:
[[] Ref File:
‘Output Messages Summary
Al None: Print Summary
Print INFO [ Print MEAS percentle Value [55 € | (adimensional)

RROR Print MODEL Tanore epache for summary until epoch Oh Om
Print INPUT

[ Print SATSEL
— [ Print PREFIT
[ prigFCsDATA [ Print EPOCHSAT
] offft MwCSDATA [ Print POSTFIT
[ frint LICSDATA =
W Frint IGFCSDATA
Clock unit

INPUT messages

[] start time of summary

Input data message. It is shown after an epoch is read, decimated and added user-defined error It contains the measurements for each satelite for this
epoch Messages will be sorted by constelation, with this order: GPS, Galleo, GLONASS, GEQ, BeiDou, QZS5, IRNSS. All time tags are in GPS time.
NOTE: INPUT message is deprecated, use MEAS message instead.

* Field 1: 'TNPUT’ * For Galileo:
* Field 2: Year * Field 10: C1A [m]
* Field 3: Doy * Field 11: C1B [m]
* Field 4: Seconds of day = Field 12: C1C[m]
* Field 5: Time of day * Field 13: C7Q [m]
* Field 6: GNSS System * Field 14: C8Q [m]
 Field 7: PRN satelite identifier * Field 15: L1A (prealigned) [m]
* Field 8: Arc number * Field 16: L1B (prealigned) [m]
* Field 9: Arc length * Field 17: L1C (prealigned) [m]
* For GPS: = Field 18: L7Q (prealigned) [m]
* Field 10: C1 (C1C) [m] * Field 19: L8Q (prealigned) [m]
* Field 11: P1 (C1P) [m] * For GLONASS:
« Field 12: P2 (C2P) [m] « Field 10: 1 (C1C) [m]
* Field 13: L1 (L1P) (prealigned) [m] * Field 11: C2 (C2C) [m]
* Field 14: L2 (L2P) (prealigned) [m] = Field 12: L1 (L1P) (prealigned) [m]
* Field 13: L2 (L2P) (prealigned) [m]
* For GEO:

= Field 10: C1 (C1C) [m]

Sample:INPUT 2006 200 0.00 00:00:00.00 GPS 19 1 1 23119003.9020 23119002.6110 23119004.0750 23119002.7507 23119004.0925

©gAGE/UPC http://www.gage.upc.edu

Configure gLAB as in Mode 1 and
complete the following steps:

1. [Output]: set
* Print INPUT Message
* Print MODEL Message

(see message content in the Tooltips)

2. RunglAB.

3. Make plots:
[Analysis] section:

* Click on the preconfigured lonospheric
combinations option.

* Complete the [Plot1, Plot2, Plot3] panels
configuration as indicated in the next
slide.

Note: This configuration will provide:

Plot 1: L1-L2 as a function of time for ALL sat.
Plot 2: L1-L2 as a function of time for PRN16.
Plot 3: P2-P1 as a function of time for PRN16

€ gAGEwWPC
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HW1: Assessing the ionospheric delay on the GRACE-A satellite
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

ospheric Combinations Plot HWl_a Comments:

on
15 1TEE
M1 delay™ l 22 My gelay e o AllPRN: LI=(L1-L2)
® @ PRN 16 : LI=(L1-L2)

e o PRN16:Pi=(p2py | ® Theionospheric delay (STEC) computed from L1-L2 (aligned)
carriers is shown in blue for all satellites.

e The red circles show the L1-L2 delay for sat. PRN16

e The green circles show the ionospheric delay on PRN16
computed from P2-P1 code measurements.

As it is shown in the plot, the STEC variations are typically at
the meter level, but in some cases they increase up to
several meters.

Metres of L1-L2 delay {m)

combination is typically at the meter level, but in the ends of
data arcs (low elevation rays) can reach up to a few meters.

z | | )
45000 50000 55000 60000 65000
Time (s)

The previous plot can be also generated in console mode as follows (see graph -help):

graph -f gLAB.out -c '($1=="INPUT")' -x4 -y'($13-$14)' -1 "ALL"

-f gLAB.out -c '($1=="INPUT") & ($6=="GPS") & ($7==16)" -x4 -y'($13-$14)' -so -1 "PRN16 L1-L2

-f gLAB.out -c '($1=="INPUT") & ($6=="GPS") & ($7==16)"' -x4 -y'($12-$11)' -so -1 "PRN16 P2-P1"
--Xn 43000 --xx 67000 --yn -10 --yx 15 --x1 "time (s)" --yl "STEC (metres of L1-L2 delay)" -t "Ionospheric delay"
--sv FIG/LWP_HW1la.png

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPc
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

A Working in console mode

The next commands compute the ionospheric delay from C1,L1 measurements:
1

Using the configuration file meas. cfg, read the RINEX and generate the MEAS message with
data format:

[MEAS YY Doy SoD ToD GPS PRN Sat block_type SVN Arc_number Arc_lenght el Az N. list C1C L1C C1P L1P C2P L2P]
i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Execute:

gLAB linux -input:cfg meas.cfg -input:obs graae800.070 > meas.txt

2. From file meas.txt, compute the ionospheric delay as I :%(CI‘LI)J’Z’W

gawk '{print $7,%4,($16-$19)/2}"' meas.txt > Il.txt

3. From previous file, plot the ionospheric delay for the time interval [43000:67000]. Show in the
same plot: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW1-b in next slide).

graph -f Il1.txt -x2 -y3 -s. --cl y -1 "ALL"

-f Il.txt -c '($1==16)"' -x2 -y3 -so --cl r -1 "PRN16"

-f Il.txt -c '($1==21)"' -x2 -y3 -so --cl g -1 "PRN21"

--Xn 43000 --xx 67000 --yn -10 --yx 10 --x1 "time (s)" --yl "STEC
(metres of L1 delay)" -t "Ionospheric delay3

©gAGE/UPC
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STEC (metres of L1 delay)

HW1: Assessing the ionospheric delay on the GRACE-A satellite

lonospheric delay

10.0
« o ALl
— ® ® PRN16
® @ PRN21
5.0 i
°
251 g - :
0.0 AL o & .q
254" i ], . 5] =y !
_5.0_
—7.5 1
_10.0 T T T T T
45000 50000 55000 60000 65000
time (s)
Plot HW1-b:

STEC variations of few meters are typically
experienced , but in some cases they reach
up to 8 meters of L1 delay.

©gAGE/UPC http://www.gage.upc.edu

lonospheric delay
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Plot HW1-c:

L1-C1 iono estimate is less noisier than the P2-P1.On
the other hand, large discrepancies appear when
comparing with Klobuchar corrections
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

A Plot HW1-c generation (working with the GUI and in console mode):

1. Using the gLAB configuration of exercise 1, activate the “lonospheric Correction” option in the
[Modelling] panel and run again gLAB. The program will output the file gLAB. out.

(see help and file format executing: gLAB_linux -messages, or gLAB linux -help).

2. “grep” the MODEL messages of file gLAB. out, selecting the C1P [PRN, time Klob_iono] data:

grep MODEL gLAB.out |grep C1P|gawk '{print $7,$4,$37-3}' > klob.txt

Note: the Klob_data is shifted by “-3” meters to align the curves in the plot

3. Plotin the same graph the ionospheric delays of satellites PRN16 and PRN21 from I1.txt and
klob.txt file (see Plot HW1-c in the previous slide).
Note: Both the Graphic User Interface (GUI) panel or the graph tool (in console mode) can be
used for plotting.

€ gAGEwWPC os
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HW?2: Plot in the same graph the “True 3D error”, the “Formal 3D
error” and the number of satellites used. Analyze the result.

A Complete the following steps

1. Configure gLAB as in Model and set Print EPOCHSAT Messages in Output panel.
(see message content in the Tooltip, or executing gLAB_linux -messages).

Remember that IONO corrections were unable in Mode 1.

2. Run gLAB.
The program will output the file gLAB. out.

3. Generate thediff.out file from gLAB.out asin the previous exercises.

Plot the results:

In the same graph, plot the “3D error” [from file diff.out], the formal error (the 3-D sigma)

and the number of satellites used in the computation [from file gLAB. out].

graph -f diff.out -x4 -y10 -c '($1=="SATDIFF")' -s- -1 "3D error (m)"

-f gLAB.out -c '($1=="EPOCHSAT")' -x4 -y9 -s- --cl g -1 "N. satellites used"
--yn O --yx 20 --x1 "time (s)"

Note: 3D-sigma ~ c PDOP
In the previous plot, the 3-D sigma is multiplied by 5 to enlarge the image.

-f gLAB.out -c '($1=="OUTPUT")' -x4 -y'($11*5)' -s- --cl r -1 '5 * 3D formal error (m)’

€ gAGEwWPC o
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HW?2: Plot in the same graph the “True 3D error”, the “Formal 3D
error” and the number of satellites used. Analyze the result.

20.0
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2.5 1
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T T T TT T 17T 0 | | 1
‘ — 3Derror (m) —= 3D error (m)
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Plot HW2-a Plot HW2-b: Zoom of Plot HW2-a.

Periodic error peaks appear, mostly

associated with losing a satellite and/or

with bad geometries.

©gAGE/UPC

Along the peaks associated to bad geometries,
mismodelling is also producing some error
trends.
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

A) The next commands compute the C1 code noise and multipath:

1. Using the configuration file meas.cfg, READ the RINEX and generate the MEAS message with
data format:

[MEAS YY Doy SoD ToD GPS PRN Sat block_type SVN Arc_number Arc_lenght el Az N. list C1C L1C C1P L1P C2P L2P]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Execute:

gLAB linux -input:cfg meas.cfg -input:obs graae800.070 > meas.txt
2. From meas.txt file,

77\
Compute C1 code noise and multipath as: [MC1 = CI—LI—%_I(LI—LZ)] y:(%j

gawk 'BEGIN{g=(77/60)"2}{print $7, $4 , $16-$19-2*($19-$21)/(g-1)}" meas.txt > Cl.txt

3. From C1.txt file,

Plot the C1 code noise and multipath for time interval [43000:67000]. Show in the same graph: 1)
ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-a)

graph -f Cl.txt -x2 -y3 -s. --cl y -1 "ALL"

-f Cl.txt -c '($1==16)"'" -x2 -y3 -so --cl r -1 "PRN16*

-f Cl.txt -c '"($1==21)"' -x2 -y3 -so --cl g -1 "PRN21*

--Xn 43000 --xXx 67000 --yn 8 --yx 28 --x1 "time (s)" --yl "metres" -t
"Cl code measurement noise and multipath"

©gAGE/UPC
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

B) The next commands compute the P1 code noise and multipath:

1. Using the meas.txt file generated before, with the MEAS message data format:

[MEAS YY Doy SoD ToD GPS PRN Sat block_type SVN Arc_number Arc_lenght el Az N. list C1C L1C C1P L1P C2P L2P]
i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

2
Compute P1 code noise and multipath as: [MP1 =P1—L1—%_1(L1—L2)] y =(%)

gawk 'BEGIN{g=(77/60)"2}{print $7, $4 , $18-$19-2*%($19-$21)/(g-1)}" meas.txt > Pl.txt

2. From previous P1.txt file,

Plot the P1 code noise and multipath for time interval [43000:67000]. Show in the same graph:
1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-b)

graph -f P1.txt -x2 -y3 -s. --cl y -1 "ALL"
-f P1l.txt -c '($1==16)" -x2 -y3 -so --cl r -1 "PRN16*
-f P1l.txt -c "($1==21)" -x2 -y3 -so --cl g -1 "PRN21*
--Xn 43000 --xx 67000 --yn 8 --yx 28 --x1 "time (s)" --yl
"metres" -t "P1 code measurement noise and multipath”
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

C) The next commands compute the P2 code noise and multipath:

1. Using the meas.txt file generated before, with the MEAS message data format:

[MEAS YY Doy SoD ToD GPS PRN Sat_block_type SVN Arc_number Arc_lenght el Az N. list C1C L1C C1P L1P C2P L2P]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

77Y
Compute P2 code noise and multipath as: [MP2 =P2—L2—2%_1(L1—L2)] y :(5j

gawk 'BEGIN{g=(77/60)"2}{print $7, $4 , $20-$19-2*g*($19-$21)/(g-1)}"' meas.txt > P2.txt

2. From previous P2.txt file,

Plot the P2 code noise and multipath for time interval [43000:67000]. Show in the same
graph: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-c)

graph -f P2.txt -x2 -y3 -s. --cl y -1 "ALL"

-f P2.txt -c '"($1==16)" -x2 -y3 -so --cl r -1 "PRN16“

-f P2.txt -c "($1==21)" -x2 -y3 -so --cl g -1 "PRN21*

--Xn 43000 --xx 67000 --yn 15 --yx 35 --x1 "time (s)" --yl
"metres" -t "P2 code measurement noise and multipath”

¢) gAGE/WUPC
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

D) The next commands compute the PC combination noise and multipath:

1. Using the meas.txt file generated before, with the MEAS message data format:

[MEAS YY Doy SoD ToD GPS PRN Sat_block_type SVN Arc_number Arc_lenght el Az N. list C1C L1C C1P L1P C2P L2P]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

- _I’R=fP_yR-P,

, , nN=fr 7l
Compute PC noise and multipath as: | M, =Pc-Lc
f12L1 _f22L2 yL—L,
Le= =
h=5h y-1

gawk 'BEGIN{g=(77/60)"2}{print $7, $4, (g*($18-$19)-($20-$21))/(g-1)}" meas.txt > PC.txt

2. From previous PC.txt file,

Plot the PC combination noise and multipath for time interval [43000:67000]. Show in the
same graph: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-d)

graph -f PC.txt -x2 -y3 -s. --cl y -1 "ALL"

-f PC.txt -c '($1==16)"' -x2 -y3 -so --cl r -1 "PRN16*

-f PC.txt -c '($1==21)"' -x2 -y3 -so --cl g -1 "PRN21“

--Xn 43000 --xx 67000 --yn -10 --yx 10 --x1 "time (s)" --yl
"metres" -t "Ionosphere free combination measurement noise PC-LC"

€) 9AGE/UPC
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

C1 code measurement noise and multipath . .
T P1 code measurement noise and multipath
. <. [ r Comments
25.0
e Large noise patterns appear at the end
225 . .
of each data arc. This is due to
g interference cross-talk with other
£ 0 components. The figure at bottom shows
= the multipath map for the GRACE-A .
125 I e P2 code is noisier than P1 or C1.
e Plot:H\ e PC code combination is the noisiest one,
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HW4: Broadcast orbits and clocks accuracy assessment using the IGS
precise products as the accurate reference (i.e, the truth).

Complete the following steps:

File brdc@800.07n contains the orbit and clocks data broadcast in the GPS navigation message.
Files cod14193.sp3, cod14193. clk contain the precise orbits and clocks computed in post-
process by “CODE” center (IGS precise orbits and clocks products program).

1. Execute the following sentence to compute the difference of satellite coordinates and clock

offsets between both orbits and clocks sources:

glLAB linux -input:nav brdc0800.07n -input:SP3 cod14193.sp3 -input:ant igs@5 1402.atx > dif.tmp

2. Select the SATDIFF message of dif.tmp file:
grep SATDIFF dif.tmp > diff.out

SATDIFF message content is shown in the table beside.
(see gLAB_linux -messages).

The IGS post-processed products are accurate at few cm
level, thence they can be taken as the truth.

3. Plot diff.out file asin the first exercise.

Note: SISRE = \/(ARad ~ACIK)* + o (Adlon’ + ACross?)

©gAGE/UPC http://www.gage.upc.edu

* Field 1: 'SATDIFF'

* Field 2: Year

* Field 3: DoY

* Field 4: Seconds of day

* Field 5: Time of day

* Field 6: GNSS System

* Field 7: PRN satelite identifier

* Field 8: SISRE difference [m]

* Field 9: SISRE orbit-only difference [m]
* Field 10: 3D orbit difference [m]

* Field 11: Clock difference [m]

* Field 12: GPS P1-P2 DCB difference or QZSS C1C DCB

difference. If not GPS or QZSS, this value is 0 [L1 m]

* Field 13: Radial position difference [m]
* Field 14: Along-track position difference [m]
* Field 15: Cross-track position difference [m]

*Field 16: X position difference [m]
*Field 17: ¥ position difference [m]
*Field 18: Z position difference [m]
*Field 19: Ephemerides block type name (LMNAV, CNAV, etc.) or 'SP3’

if precise products are used (separated by a dash -')

*Field 20: 10D number or '-1' if no 10D in broadcast message or

precise products are used for first source

*Field 21: 10D number or '-1' if no 10D in broadcast message or

precise products are used for second source

* Field 22: Health letter (H=Healthy, M=Marginal, U=Unhealthy),

health value. If unhealthy, health flags are shown by frequency for
first source

*Field 23: Health letter (H=Healthy, M=Marginal, U=Unhealthy),

health value. If unhealthy, health flags are shown by frequency for
second source
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HW4: Broadcast orbits and clocks accuracy assessment using the IGS
precise products as the accurate reference (i.e, the truth).

metres
=]

-2

—4

metres
=]

—4

GPS Broadcast - Precise [IGS APC]: Radial error

* ALL
= PRN16

Plot HW4-al
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GPS Broadcast - Precise [IGS APC]: Cross Track eerror
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= PRN16

Plot HW4-c1
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GPS Broadcast - Precise [IGS APC]: Along Track error
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GPS Broadcast - Precise [IGS APC]: Clock error

Plot HW4-d1
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time (s)
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Comments

e Meter level errors are found on
broadcast orbits and clocks.

e The bias seen in the radial component is
due to the different APC’s used by the
GPS ground segment (i.e, in broadcast
orbits) and by IGS (precise products).

e This bias is compensated by a similar
shift in clocks.

For the Signal-In-Space-Range-Error
(SISRE), please see the plot below.

metres

10

GPS Broadcast - Precise [IGS APC]: SISRE

Plot HW4-e1 o

= PRN16

T T
40000 60000
time (s)
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HW4: Broadcast orbits and clocks accuracy assessment using the IGS
precise products as the accurate reference (i.e, the truth).
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Plot HW4-32
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GPS Broadcast - Precise [BRD APC]: Along Track error
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GPS Broadcast - Precise [BRD APC]: Clock error
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Plot HW4-d2
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Comments

The previous computations have been
repeated, but using the ANTEX file
gps_brd.atx instead of
igse5_1402.atx

This new ANTEX file contains the GPS
antenna phase center offsets used by the
GPS ground segment, not the IGS ones.

Notice that the biases in the radial
component have disappeared.
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GPS Broadcast - Precise [BRD APC]: SISRE

Plot HW4-e2 AL
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HWS5: Analyze the carrier phase biases convergence in the kinematic
PPP positioning.
A Complete the following steps

1. Configure gLAB as in Mode 3 for the Kinematic PPP positioning. Activate the “Print POSTFIT
messages” in the OUPUT panel
(see message content in the Tooltip, or executing gLAB _linux -messages).

2. Run gLAB.
The program will output the file gLAB. out.

3. From gLAB.out, “grep” the POSTFIT message and generate the file amb.out, containing
the estimates of ambiguities for each epoch. Take the last estimated value of the ambiguities

for each epoch. This can be done by executing:

grep POSTFIT glAB.out| gawk '{i=$7" "$4;a[i]=$21}END{for (i in a) print i,a[i]}' |sort -n > amb.out
4. Supress the first line of amb.out: sed -i '1d' amb.out

Plot the results: Plot the ionosphere-free bias estimates as a function of time for the time interval
[40000:70000]. Show in the same graph: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see
Plot HW5-d).

Note: The GUI can be graph -f amb.out -x2 -y3
used instead of the -f amb.out -x2 -y3 -c '($1==16)"' -1 "PRN16“
“graph” command. -f amb.out -x2 -y3 -c '($1==21)" -1 "PRN21"
-t "Carrier phase ambiguities estimations™ --x1 "time
(s)" --yl "metres" --yn -10 --yx 10

€) 9AGE/UPC
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HWS5: Analyze the carrier phase biases convergence in the kinematic
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Comments

* Large peaks appear in the carrier phase

biases due to massive cycle-slips:

— Satellite tracking loses happen
periodically after each revolution.

— These satellite loses produce massive
cycle slips which leads to a global
reinitialization of carrier-phase biases
in the navigation (Kalman) filter .

— After such ambiguities reinitialization,
the filter needs some time to
converge.

Carrier phase ambiguities converge
quickly thanks to the rapid variation of
geometry due to the LEO movement
along its orbital path.
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HW6: Single freq. L1, Cl carrier and code with precise orbits & clocks

using Klobuchar ionospheric corrections

Code and Carrier + precise orbits & clocks: Single frequency (L1, C1)
+ Klobuchar ionosphere

B gAGE/UPC
- [ www.gage.es |
- o T i S == =
Input Preprocess Modeling Fiter Output
[ ey acE_1 U DIrEAUBULLU/D W | @ Calculate ) RINEX
[] start Time [] End Time (O specfy (O SINEX
ANTEX File: |c:\gLAEus\:[LES_st\igsn5_14nz.am Q ‘ Select the start position:
[] Rec. ANTEX File: (®) Earth's surface () RINEX
Orbit and Clock Source ) User defined
(O Eroadcast () Predse (1 fie) (@) Predse (2 files) [[] Reference Position File:

SP3 Fle: [C\gLABVEVFILES TUT6\cod14193,53

CLKFle: |[C:\gLABVGIFILES_TUTG\cod14193.ck

[[] GLONASS RINEX Navigation Fi le:

[1sBas

[ Reference Station (DGPS)

Tonosphere Source

[] 6PS P1-C1 DCB Correction

Developed by gAGE: Research group of Astronomy & Geomatics

~

-

Configure gLAB as in Mode 5 and
complete the following steps:

1. [Input]: Upload the

* brdc0800.07n file to IONO
* brdc0800.07n file to DCBs

L~

2. [Model]: set
* P1 - P2 corr.
* IONO corr.

—

©gAGE/UPC http://www.gage.upc.edu
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HW6: Single freq. L1, Cl carrier and code with precise orbits & clocks

using Klobuchar ionospheric corrections

Code and Carrier + precise orbits & clocks: Single frequency (L1,C1)+
Klobuchar ionosphere

Single frequency

—

Set
Oc1p=1 meter
c,,p=0.01 meters

sy

el Tt Sefpiate “Ehitoen -
g < —
i R ol AR

@n

Set plotting ranges
________ X:[ 43000: 67000] Y:[-8:8] —’*‘_""ﬁ

¥ v
T | e B e | [ |
E | —— |

Complete the steps

3. [Filter]:

* Single Frequency
measurements:

e L1P (L1 carrier)
e C1P (P1 code)

4. Compute differences
with reference file
GRAA 07 _080.sp3

Make plots as before.

Ugload file diff.out in
Plot 1, Plot2 & Plot3 U

©gAGE/UPC
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HW6: Single freq. L1, Cl carrier and code with precise orbits & clocks
using Klobuchar ionospheric corrections

metres

4 GRACE-A Broadcast positioning [P1L1] + Klob: Radial error

i
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8GRACE—»@\ Broadcast positioning [P1L1] + Klob: Cross Track error
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ERACEA Broadcast positioning [P1L1] + Klob: Along Track error

T T T T T
0 20000 40000 60000 80000
time (s)
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Comments

e Aclear degradation is seen when
applying the Klobuchar model to the LEO.

e This is due to the large error introduced
by this model which was designed for
ground receivers, not for LEOS.

e Next plot compares the L1 delay
computed from Klobuchar with the STEC
experienced by the GPS signal.

| heric del
5 onospheric delay

® @ PRN16: Klob (shifted)

& ® @ PRN21: Klob (shifted)
i e o PRN16 1/2(C1-L1)
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HW?7: Generate a file with the satellite track (in a Earth-Fixed Earth-
Centered reference frame) to be viewed with Google earth

A Option A: GUI

@ 9AGE/UPC i

Input Preprocess Modeling Fitrer H Qutput

1. Set KML File:

None
e gLAB.kml
[ print MEAS .
[ print MODEL
[ Print SATSEL
[1 Print PREF 5
[ Print EPOCHSAT
Convergence ti
Print POSTFIT
[ Print FILTER. Formal Error Thresholds {Hor fVer/30) |0.4 Q ‘ 7 |D.4 [] | i |0‘4 Q ‘ m)

Print OUTPUT
Dl erin Time Period Thresholds (HorVer/30) |300 € ‘ / isuu O/ © ‘ ®

Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PP | RunglAB Show Output

A Option B: Command Line

1. Addthe header (Prefix.kml)

2. Select the satellite [longitude, latitude, height] coordinates of message OUTPUT in the gLAB.out
file. Generate a file with these coordinates (comma-separated).

3. Addthetail (Postfix.kml) filesto the previous track data file

cat Prefix.kml > grace_track.kml
grep OUTPUT gLAB.out |gawk 'BEGIN{OFS=","} {print $22,$21,$23}' >> grace_track.kml
cat Postfix.kml >> grace_track.kml



Thanks for your
attention
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Other Tutorials are available at

GNSS Tutorials — Research group of Astronomy and GEomatics. gAGE — UPC. Universitat Politécnica de Catalunya - Chromium

GMNSS Tutorials — Rese

c 23 gage.upcedu) arni ake i oc ab-tool | ab-tutori

Home  Personnel Publications gAGE Products I Learning Materials
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i
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s

Research group of Astronomy and GEomatics. gAGE

| wbrary GNSS Tutorials

WwWOOCMmO
gLAE Tool Suite GMES Course (associated to the GNSS Data Processing Book)
gAGEbuntu Live DVD/CD = About the course
gLAB: Tool Suite = GNSS Data Processing: Theory Slides (Full compendium) = =
o Lecture T: Introduction to GMNSS

o Lecture
o Lecture

o Lecture

o Lecture 5: ¢

o Lecture b

e lecture 7:C "&
o Lecture § :i-'i
o Lecture ‘ |

o Lecture

o Lecture

//www.gage.upc.edu

o Lecture

o Lecture

= GNSS Data Processing: Laboratory Exercises (Full compendium)

o Tutorial O Introduction o

http

o Tutorial 1 55 fomats descr
o Tutorial 2- 1

o Tutcrial 3: b

o Tutorial 4

o Tutorial 5:

o TTutorial &: =

o Tutorial 7

o Tutcrial 8: C

o Tutorial 9
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