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Introduction

This practical lecture is devoted to analyze and assess different issues
associated with Standard and Precise Point Positioning with GPS data.

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

Some examples of gLAB capabilities and usage will be shown before
starting the laboratory session.

All software tools (including gLAB) and associated files for the laboratory
session are included in the USB stick 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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Model Components Analysis

Exercises 1 and 2.

They consist of 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.
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Model Components Analysis

Exercise 1: Model components analysis for SPP

— 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.
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Exercise 1: SPP Model components analysis

1. Compute SPP using files: chpiee10.040,brdc0010.04n
Cachoeira Paulista station (in the south of Brazil: A=-22.7°, $=-45.0°). January 1st 2004.
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NEU Position Error plot from gLAB.out
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Exercise 1: SPP Model components analysis

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

9
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Example of model component analysis: IONO.

Default
configuration
o for SPP

“ s ;uﬂg!iqg_* . B 9AGE/UPC
= In the Default
. = configuration the

= 25 output file was

gLAB.out €

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

1. In Modeling panel,
disable the model
component to

analyze.
(in this example: disable

lonospheric correction)

2. Save as gLABl.out

output file.
Notice that the gLAB.out

Disable
lonospheric
correction

FR

file contains the
processing results with
- the FULL model, as it
was set in the default

/AGE: Research group of Astronomy & Geomacs Current Template: sep
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NEU Position Error plot from gLAB1.out

g
Mode

Templates Configuration Preferences Help

NEL Positioning Error

gLAB1.out

IDeveloped by gAGE: Research group of Astronomy & Georfiatics

Currerl Template: SPP

North | | East

Up

©gAGE/UPC http://www.gage.upc.edu

‘ Horizontal Positioning Error | ‘ Dilution OF Precision | ‘ Sateliite Skyplot |
L~;ﬂ- ‘ Prefit Residuals | ‘ Posfit Residuals | ‘ Measurement Multipath/Moise |
I '\ N a0 NEU Error [SPP]: No Iono 01/01/2004
T T T T T T T
M ‘ ITonespheric Combinations | ‘ Carrier Phase Ambiguities | ‘ Orbit and Clock Comparison | . . : . .
~— North error
30 L] — East error |
o | Y-{abel |Error (m) o | | Clear | ; ; ; H ; ; Up error
|WahErMark| |DE)cpandﬁgurebumargin 20**
‘ ¥-min. |Aﬂ o | Y-max. |40 o | ‘ ‘ ‘ : : ‘ : :
10 1
.
E I
=
=
ol | | |DuthdLinES 'l e
~ | fsi==roumruy) 0| —1or |
X Column 4 Y Column | DSTAM - o Legend-abel ‘North error o | : : : : :
S20 S E

—30f NO I Onccorrectlon —

-40

I I I i | I i i
0 10000 20000 30000 40000 50000 60000 70000 80000
Time (s)

90000

€) gAGEwWPC

Research group of Astronomy & Geomatics
Technical University of Catalonia




Vertical Position Error plot from gLAB.out, gLABl.out
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Horizontal Position Error plot: gLAB.out, gLABl.out
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lonospheric model component plot: gLAB.out
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Summary: lono. model component analysis
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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 §, = —1
on the inverse of squared frequency:
where [ is the number of electrons per area unit I=(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= f212
of pseudoranges (PC) or carriers (LC). LC= lfz _f22
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.

1996 1998 2000 2002 2004 2006

€) gAGEwWPC e

Research group of Astronomy & Geomatics
Technical University of Catalonia

©gAGE/UPC http://www.gage.upc.edu



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!):

I3
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Consider Satellite Movement During Signal Flight Time
Consider Earth Rotation During Signal Flight Time
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D Receiver Antenna Reference Paint Correction

=
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[[] 5P3 File:
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[T] Tropospheric Correction

I(_

P1-P2 Correction RINEX Nav Fie +

P1-C1 Correction Flexible ~
[C] Wind up Correction (carrier phase only)
[] Solid Tides Correction

[[] Relativistic Path Range Carrection

Developed by gAGE: Research group of Astronomy & Geomatics

Set again: Iono
Disable: Tropo || =

[[] RefFile:

Output Messages
Al

Print INFO
Print CS (Cyde-giip)

[] print MEAS

Run gLAB Shows Output

Print MODEL
Print EPOCHSAT

Cutput File: gLABLout

Mone
Print PREFIT
Print POSTFIT
[] Print SATSEL
Print FILTER
Print QUTPUT
Print USERADDEDERROR

Developed by gAGE: Research group of Astronomy & Geomatics

keep

gLABl1.out
as output file

Current Template: SPP

Run gLAB ow Output

» The same scheme must be applied for all other model terms (TGDs, relat...)
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Exercise 1: SPP Model components analysis
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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
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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
the main effect (~40us/day).
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Exercise 1: SPP Model components analysis

Relativistic clock correction

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

' 2
—fO;fO =%(X) +AY 446410
0 C

Cc
being f, = 10.23 MHz, we have Af=4.464 10-'° f,= 4.57 10 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) = LV (meters)
c c

Being =G Mg =3.986005 107* (m3/s?) the gravitational constant, ¢ =299792458 (m/s) light speed in vacuum,

a is orbit’'s major semi-axis, € 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

error (m)

40

error (m)

—10}

—20}

-3

—40

40

30

—20}

—30}

30 : : ~—— East error ||

L H L H L L L L
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

NEU positioning error [SPP]: Full model
T T T T T T

T
~— North error

— UP error

O [

1 etABout

i i i i i i i i
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
time (s)

NEU error [SPP]: No TGD corr.: January 1st 2004
T T T T T T T T

~— North error
~—— Easterror ||
«— UP error

gLAB1.out |

time (s)
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metres

Up error (m)

‘ i —_ ‘Full mo‘del
30,gLABl.0ut ~— No TGD corr. ||

|
w
o

— L i L i L I I I
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

I I
o 10000 20000 30000 40000 50000 60000 70000 80000 90000

Vertical positioning error [SPP]
T T T T

- gLAB.out

Time (s)

Model: Total Group Delay (TGD) [SPP]

"gLAB.out

time (s)
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Horizontal positioning error [SPP]
T T T T

. gLABL.out

North error (m)
& °
.’.Q

—101
_ i
2920 -15 10 5 0 5 10 15 20
East error (m)

P2-P1 Differential Code Bias

(Total Group Delay [TGD])
correction.

These instrumental delays
can affect up to few
meters, being the satellite
TGDs broadcast in the
navigation message for
single frequency users.
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Exercise 1: SPP Model components analysis

Total Group Delay correction (TGD)

(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.

©gAGE/UPC http://www.gage.upc.edu
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Exercise 1: SPP Model components analysis

40

NEU positioning error [SPP]: Full model
T T T T T T

T
; : ; : ; .| = North error
30} ; ; ; ; : | = Easterror |{
‘| = UP error

20

error (m)

=< slAB.out

_ i i i i i i i i
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
time (s)

NEU error [SPP]: No Sat clocks.: January 1st 2004
T T T T T T T T

1000000
~— North error
~—— East error
— UP error

—500000

gLABL.out

i i i i i i i i
o 10000 20000 30000 40000 50000 60000 70000 80000 90000
time (s)
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Vertical positioning error [SPP]
T T 7 T

1000000 . : T : :
+«— Full model

gLABL.out
LAY A I
v*’: :b\H’: ; :Lf YA

-500000 | : -
gLAB.out

—-1000000 ; i

i i i i i i i i
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
Time (s)

Model: Satellite clock offset [SPP]
T T T T T T

100000 ;
50000 - : : -
: :
o) S e ee———
e B . ——
e .
— T T T R
~50000| : . : : R
—
"
Q
£ 100000 e
g e —
~150000[ /S e
~200000f i : ‘ ; Lo mm—
—_—
~250000} y [ \ i
— gLAB.out
~300000

i i i i i i i i
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
time (s)
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Horizontal positioning error [SPP]
T T T

e No Sat clock
mont gLABL.0UY
00000 -+ vereeses s s s e e

k’,‘gy‘
0 .
Jhat
(S
~200000( -
~400000} - gLAB * OUt
200000 =200000 0 300000 200000

East error (m)

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
GPS system 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

ofr,

* 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 PPP

— This exercise is devoted to analyse the additional model
components used in Precise Point Positioning (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

« Compute the kinematic PPP solution using files:
chpi010.040, igs prelde0.atx, igsl2514.sp3

g

Configuration  Preferdites  Help

)

Mode Templates Configuration Preferences Help

gAGE/UPC ‘ gAGE/UPC
W v gage.es cod e e - = W www.gage.es

| Output ‘ Input Preprocess Output

A Priori Receiver Position From: AT Rilable Frequencies

oll:l l ) Calculate (®) RINEX Selection Smoothing () Single-fraquency

() spedify () SINEX P (@ Dual-frequency

(] (]
2\Deskiop|gLABYgs_pre 1400.atx ol lIl (®) Pseudorange + Carrier phat Troposphere
] et KinematicC

troposphere residual

Modeling

RINEX Observation File: ‘C:W\rs\gage\DesktoprAE\d’\uOOlO‘040

[] starfgime [] End Time

ANTEX File: ‘C:Wsers

Orbit and Clock Source
Measurement Configurat]

() Broadcast (®) Precise(1 file) () Prefjge (2 files) Ionosphere

5P3Fle: |Ci\Users\gage Deskiop\olAB g\ 14.p3 \ (] 2 ® Fixed StaDev )| O Bevaton stadey \ Use Sigma Tonosphere

(@) Fixed StdDev m [ () Elevation StdDev Receiver Kinematics

(O static

(@) Kinematic

Parameters
Phi Q Po
Coordinates ‘0 Q | |leB Q | (m3) |leB Q | (m3) [] Badward Filtering
Receiver Clock ‘U Q | |9e10 Q | (m2) |9e10 Q | (m3) Max. GDOP (m)
Troposphere ‘1 Q | |1&4 %] | (mh) |0‘25 [ | ) O Frefit Outlier
[] Tonosphere Source ?:te::q\rd
Phase Ambiguities 11 Qlp Qlmy [0 O|m reshold (m)
[ Auxiliary Files
Developed by gAGE: Research group of Astronamy & Geomatics Current Template: PPP Run gLAB Show Output g i R e 8 o) T A P e s R T Show Outpt

Note: The igs_prel400.atx file contains the APC
used by IGS before GPS week 1400.
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Exercise 2: PPP Model components analysis

Kinematic PPP solution using files chpiee1e.04o0,
igs preld00.atx, igsl2514.sp3

0.4

o
=

Set output file

Error (m)
(=]
(=]

0.3

0.2 -]

NEU Positioning Error [Kinematic PPP]

T
. . . . . . | = North error
B AR SRS SO b L......|e=— Easterror |]
.| = Up error

Ref
‘Outpe
— LAB t
[¥] Print INFO [¥] Print P g L4 O u
Print CS (Cyde-slip) Print PO!
I for the FULL model, ~0.1 AT S £ B & SO S |
Print MODE Print OUTPUT ' ' . . . . . .
[+ Print EPOC [¥] Print USERADDEDERROR aS in previous Case 0.2
Y 11 g LAB OUt ________
loped b Research group of Astronomy & Geomatics Current Template: PPP —040 10000 20000 30000 40000 50000 60000 ?0000 80(')00 90000
Time (s)
©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 27

rch gro pfAtnmy&G mt
Th cal University of Catalon



Exercise 2: PPP Model components analysis

g

Mode Templates Configuration Preferences  Help

Input
Modelling Options

Satelite Clack Offset Carrection
[ Check Broadcast Transmission Time
Consider Satelite Movement During Signal Flight Time

Satelite Mass Centre to Antenna Phase Centre Offset Correction
Satelite Antenna Phase Centre Variation
Receiver Antenna Phase Centre Correction

Relativistic Clock Correction (orbit eccentricity)
[ Tonospheric Correction

Tropospheric Correction | Simple Nominal

D P1-P2 Correction

P1-C1 Correction Flexible

Wind up Correction {carrier phase only)
¥lsold

Rela

Developed by gAGE: Research group of Astronomy & Geomatics
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* Additional model
e | COMpoNents are used
—===d - now in the FULL

o s o model to assure a

centimeter level

Max Consecutive Gaps Between Samples:

Total Gaps Allowed: m Od e I i n q .

["] Show Concatenated SP3/CLK options

Precise Products Data Interpolation

Receiver Antenna Phase Centre Correction
() Specify Offset (®) Read Offset from ANTEX

e Precise orbits and clocks
instead of broadcast ones.

Receiver Antenna Phase Centre Variation

[ Stop processing if Antenna's Radome is not found in ANTEX

Receiver Antenna Reference Point Correction
() Specfy (®) Read from RINEX

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

¢ lono-free combination of
codes and carriers to

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

Code and carrier Measurement noise

52

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

meters

Carrier is ambiguous, but precise x
*

Ci ) oW B
} E PRCRES PR B P w COde |S ‘
| | Zoom of unambiguous,
prefit LC w2 . .
36 | prefitPC x carrier noise but no|sy * * .
34 1 el dB‘l( ZZZZZZ 1 1
10000 15000 20000 25000 30000

Note: Figure shows the noise of code and carrier prefit-
residuals, which are the input data for navigation equations.

©gAGE/UPC

seconds of day 2009 328

35000

http://www.gage.upc.edu

Code measurements are unambiguous
but noisy (meter level measurement
noise).

Carrier measurements are precise but
ambiguous, meaning that they have
some millimetres of noise, but also have
unknown biases that could reach
thousands of km.

Carrier phase biases are estimated in the
navigation filter along with the other
parameters (coordinates, clock offsets,
etc.). If these biases were fixed,
measurements accurate to 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.
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Exercise 2: PPP Model components analysis
Orbits & clocks accuracies

Broadcast Orbits accuracy

Broadcast Clocks accuracy

Broadcast:

* Few metres of
accuracy for
broadcast orbits
and clocks

10 ‘ ‘ T T ‘ 1 T 10 :
o : o [+ * Cross ‘ -
N " N + + Rad
5 .’..,.»." e .'...._. S S S : 4 1
ifj'.,......:,:.."b..:‘:‘ .;
i !ll lll lg i .ilt '
5 0 I B g 1
2 ]
E | ! z" £
K , Bl -.H ,: """.::'. x.....
o :."!1 tliq;i"' 32 .:;. jnet ii" i :!'
- U ‘_ '."33"",,."
o Cager, . "
_ i i i i i i i i
1% 10000 20000 30000 40000 50000 60000 70000 80000 80000 ~190 10000 20000 30000 40000 50000 60000 70000 80000 90000
time (s) time (s)
Session 3.2, Ex5a: GPS CODE vs IGS Combined Final Product o1s Session 3. 2 Ex7b: Precise 30s clock |nterpo\at|on error
T T T T T T T T . L Il T T
+ « Along .
010 @ G . ]
0.05
g " 0.00
j= 5
[ [
£
E _005 . .- N H s @
H
-0.10 = =
_015_ B . .|
L e
_0.10 i i i i i i i i ~0.20
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 -

time (s)
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time (s)
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L 1 1 1 L L 1 1
0 10000 20000 30000 40000 50000 60000 70000 80000 90000

Precise:

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

9]

= . |

glABV51.0

Mode Templates Configuration Preferznces  elp
LAB =
a = W gage.ss
Input Predracess Moceling Fiter output
Modeling Options <+ s Data Interpolation
Satelte Clock Offet Correction Interpolation Option Orbits Clocks
[[] Chedk rsadcst T-ansrission Tne: e Do o 0 b 0
Conséer Stelite Movenent During Sl ight Tme
o Sarelfid Max Consecutve Gaps Betveen Sanples: |8 Q| | ]
Consider Eart Rotation Durng SgnalFight T
Total Gaps Alowed: Q) 4 4]

ire tc AntsnnaPhase Centre Offset Carrecton

ateite Anterma Phase Centre Variation
Receiver Antenna >hasz Centre Correctior

Receiver Antenna 2eference Pont Carrecton

Reletvistic Clock Correcon (orb: eccentrity)
[ tonespheri Correcton
¥ Tropospheric Correction |Smple Nominal ¥ | Nl Mapaing
[JP1-P2 Correction
[YIP1-C1 Cormrection Fexibe +
Wind up Corecton (carier phase orly)

{Sold Tides Carrecton’

Relztivisic Path Range Correction

Developed by gAGE: Researc group of Astronomy & Geomatics

[] show Concatenated SP3/CLK options

Receiver Antenna Phase Centre Correction
O Specfy Offret ®) Fead Offset fram ANTEX

Recever Artenna Phase Centre Varaton
] stop processing f Antennais Radom is ot found n ANTEX

Receiver Antenna Referenca Point Correction

O Speafy (@) Read fram RINEX

Default
configuration
~f0F PPP ..o s

gLABVS10 - o

gAGE/UPC

www.qage es

- = e = -
Tnput. Preprocess Madeling Eiter Oytput
Output b
. e
[ ouorie:

Output Messages
Al Hane
Pt 70 e

[ protCs Erces) (2]t pOSTPIT

Femtrenr  [Jemsrs
Cemties  [Fomeenme
¥ Prrt MoDEL (] Print oUTPUT
[V et BOOST (V] it USSUCOEDERAOR

Developed by gAGE: Research group of Astronomy & Geomatics

In the Default
configuration the
output file was

gLAB.out

Run giAB | | Showe Output

©gAGE/UPC

Proceed as in the
previous exercise:

. 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

9] gLABYS.1.0 =
Mode Templates Configuration  references  Help
LAB ==
a = W gage.cs
e s S —
Tnut Preprocess Madeling Fitr Output
Modeling Options ts Dzta Interpolation
aelite Clock Ofset Corecton Interpolation Option orbits Clocks
] Check Broadtast Transmission Tine e 0 Ql | )
cnsider Satelite Movemen: Durng Signal Fight Time
o senelrie Vex Consequtive Gops BetveenSanples: |9 e & ]
ensider Earth Rotaton During Sgnal igh: Tme
Total Gaps Aloweds s Q) | ]
aelite Mass Centre t AntennaPhase Centre Dffet Conection
Satelte Antena Phase Cenie Variation [] Show Concatenated SP3/CLK options.
eceiver Anvennz Phase Centre Correcton
eceiver Anemz Refrence Point Corecton Receiver Antenna Phase Centre Correction
elativistic Cock Correction (orbit eccentriaty) (O Specify O set (@) Read Offset from ANTEX
W e Receiver Atenna Phase Centre Variton
] stop processingif Antenna's Redame is ot found r ANT=X
ropospheric Correctin|smpleNominal ~ | [Nl vapping ~
Recelver Antenna Reference Point Correction
[ P1-P2Correction N
pecify (© Read from RINEX
.
E—— Disable
latiisticPath Range Correction
S I . d I [ d
.
Developed by gAGE: Research graup of Astroromy & Geormtics ‘ O r Fne@tal O I l Run gLAB | [Show Output

|G

gLABVS.1O =

| Mode Templates Confiqurstion Preferences  Help

RefFie:

Output Messages
L Nene
¥ roteo 9] PrntsRerT

[¥] Pt (cyde-sip) [¥] Print POSTFIT.

¥ Pt neuT
Frint MEAS

/) Print MODEL (] Print QUTRUT

4 Pt SO0EAT (7] rint USERADDEDERROR

Input Prepracess

Developed by GAGE: Research group of Astronomy 8 Geomatics

@gAGEJUPC
g st
AR W TG el e = =
Madslng Fiter Output
-]

Set output file
as
gLAB1.out

Curent Template: ppp
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Vertical Position Error plot from gLAB.out, gLABl1.out

Vertical Positioning Error [Kinematic PPP]

~— No Salid Tides Correction
— Full Model

Error (m)
H

Mode Templates Configuration Preferences  Help
J .
Mode Templates Configuration Preferences  Help CI IC k C I ea r to
- - = E—
—_— SIS
Templates resta rt plots
—— —""‘_E"_ SE= i | NEU Pasitioning Error | | Horizontal Positioning Error | | Dilution OFf Precision
Templates

0000 70000 30000 40000 50000 80000 70000 60000 500
Time ()

1 [
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| MEL Positioning Errar Horizontal Positioning Error

[
[

| Zenith Tropospheric Delay|
Prefit Residuals

| Model Components

Y-min, Y-

Max

residuals | | \Easurement MultipathMoise |
"
ie Ambiguities | |
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Global Graphic Parameters

| Zenith Tropaspheric Delay Tonospheric Combinations

[

Title |Vertica! Preitinnina Fregr [Kinematic PPF] Q | ¥-abel |T|me (s)

Global Graphic Parameters

‘¥ abel |Error (m)

Label Positic ¥ | Fractional Text |
Title |Vertical Poslhomng Errol [x] | Xabel |T|rne (s) [ Automat | ‘ | X-max. | Y-min. |_0|4
Label Position | Top Right Text ‘ fre=|
[ Automatic Limits  X-min. ‘x-max ‘ m Individu: ‘iguration
Automatic Ticks () PlotMr. 1 () PlotNr. 3 () PlotNr. 4
)@ < o U P UT Source File| [x] | | | |Dotbed Lines ~ |
(®) Plothr, 1 o Nr., 2 () PlotNr
Conditontg
Source Fil gLAB1.out I
X Column Legend-abel |F|..||I Model o |
Condy OUTPUT v v | |(s1=="01
X Cgffton W |SEC v |4 © | B columf DsTAU -

LAB.out

gk}ped by gAGE: Research group of Astronomy & Geomatjcs

Time (sec)

Currenft Temp

gLABl1.out

Developed by gAGE: Research group of Astronomy & Geomatics urrent Template: PPP

Time (sec): 4

Vertical: DSTAU: 20
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Horizontal Position Error plot: gLAB.out, gLABl.out

Mode Templates Configuration Preferences  Help

Mode Templates Configuration Preferences Help

- - = Horizontal Positioning Error [Kineratic PPP]
——" R e = g

. - + + Na Said Tides Correction
- 3 e g T = 03] o Full Mogel
— ——— e = —x Mokl

Templates

| | | B _BteterT l S Click Clear to ——

Horizontal Positioning Error

Dilution Of -
e restart plots
| Model Components ‘ | Prefit Residuals ‘ | Posfit Re ‘ NELI Positioning Error | | H on O Precis |: 03
T 1

4T 3wz oL_@a o
£ (m)

Nart rror (m
H

e

e o o

Ny
7-1ith Tropaspheric Delay ‘ | Tonospheric Combinations ‘ | Carrier Phase Model Comi X Measurement Multipath/Moise
— ed X-Min, Y-min, Y-m -
ic Parameters Zenith Troposp| - I n ) - I n ) - a X fies | | Mﬂd Clock Comparison |

3 Positioning Error [Kinematic PPP] Q | X-abel |EastError (m) Q | Yab

Global Graphic Parameters

Title |Horizoma| Positioning Error [Kinematic PPF] ° | X-ab, st Error (m) \ G ‘fabel ‘Ncriﬁ Error {m)
[ Automatic i temin, |-0.4 \

Label Position

i3

Automatic Ticks

T [] Automatic Limits Ymin, |-0.4 O | r-max. 0.4 Q|
(®) Plot r. 1 O Plgjglir. DU PUT ) Plothr. 3 LETRETES
lividual Plot(s) Confi tion
Source File l§ | gLABL.out I a /
() Plothr, 1 () PlotNr. 3 () Plothr. 4

Condit OUTPUT | |(s1=="ouTPUT)

Source Filg
¥ coiffn W | DSTAE MBES Of vcoumfosTan iz @
' e 0

Column ‘DSTAN E Q‘ Legend-abel |Full Model
gLAB .out ! East: 19
Developed by gAGE: Research grou® of Astronomy & Geomatics Current Template: L A B t
° O u North: 18

De ed by gAGE: Research group of Astronomy & Geommaticy 2: PPP

G | | Circles A

East: DSTAE: 19

North: DSTAN: 18
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olid Tides mo

Mode Templates Configuration  Preferences  Help

el component plot: gLAB.out

gAGE/UPC
www.gage.es
= e . =
Templates
MEU Positioning Error | Horizontal Positioning Error ‘ | Dilution Of Predision | | Sateliite Skyplot |
Prefit Residuals ‘ | Posfit Residuals | | Measurement Multipath MNoise |
Zenith Tropaspheric Delay | Tonospheric Combinations ‘ | Carrier Phase Ambiguities | | Orbit and Clock Comparison |
Global Graphic Parameters
Title |Solid Time Model [Kinematic PPF] o ¥-abel Time (s) o Yabel Model (m) o Clear

Label Position | Top Right ~ | Fractional Text
Automatic Limits
Automatic Ticks

dividual Plot(s) Confi ion

(®) Plothr. 1 O Plothr. 2
I Source File  |gLAB.out I
Corflen(s) | MODEL - * | |($1=="MODEL")
¥ Colfgnn SEC v 4 @ | coum@® SOLIDTIDES

gLAB.out

Developed Dy GAGE: Research group of ASronomy & Geomatics
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WaterMark.
() Plothr. 3 () Plathr. 4
o
by} o Legend-abel

[] Expand figure ta margin

\ Select
SOLIDTIDES

Current Template: PPP

Dots i
Blue ~
Plot

http://www.gage.upc.edu

0.10 .

Solid Time Model [Kinematic PPP]
T T . T T T

Model (m)

-0.20

i i i i i i i i
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
Time (s)

Solid Tides plot

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

Moon

©gAGE/UPC

Model (m)

Error (m)

0.4

031
0L F{fer
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—0.2F - . = . .

gLAB.out
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Time (5)
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A
0.2 1|}

Solid Time Model [Kinematic PPP]
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10000 20000 30000 40000 50000 60000 70000 80000 90000

Time (s)
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Horizontal Positioning Error [Kinematic PPP]
T T T T T T

0.4 T
¢ No Solid Tides Correction
0.3k : : : e o Full Model
.. §LAB1.out
T o1 o
£ . I A
5 . L
5 0of i ; o -
.
£ -
s
2 -0.1 . ; o |
. .
.
0.2}
| gLAB. out
%3 03 -0z o1 0. 0 01 02 03 0.4
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)

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.
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Horizontal positioning error [Kinem PPP]
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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.
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Horizontal positioning error [Kinem PPP]
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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., 1gs05.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
C} -=—" variation

() °
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Horizontal positioning error [Kinem PPP]
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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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Thanks for your
attention
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