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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 15t 2004.
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gAGE/UPC
www.gage.es

| Qutput

A Priori Receiver Position From:

RINEX Observation Fie: |C:\Users\gage \Desktop\gL AB\chpi00 10.040

() Caleulate (®) RINEX

[] start Time.

[] ANTEX File:

Orbit and Clock Source
(®) Broadcast () Precise(1 fle) () Precise (2 fles)

[] End Time

O Spedfy ) SINEX

RINEX Navigation File: |C:\Jsers\gage \Desktop\glLABIprdc0010.04n
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‘ Dilution OF Precision | ‘ satelite Skyplot |
Made! Components Prefit Residuals | ‘ Pasfit Residuals | ‘ Measurement Multipath/Noise |
‘ Zenith Tropospheric Delay ‘ ‘ Tonospheric Combinations | ‘ Carrier Phase Ambiguities | ‘ Orbit and Clock Comparison |

Global Graphic Parameters

Set vertical range: -40, 40

Title |NEL Positioning Errar
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Label Fositon |TopRight v | Fractional Text | | WaterMark | | ] Expand figure
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Developed by gAGE: Research group of Astronomy & Geor
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NEU Position Error plot from gLAB.out
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Exercise 1. SPP Model components analysis

The different model
o T — =288 components will be
S analyzed with gLAB:

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

Satellite Clock Offset Correction
Check Broadcast Transmission Time

Consider Satellite Movement During Signal Flight Time

Consider Earth Rotation During Signal Flight Time

[] satellite Mass Centre to Antenna Phase Centre Offset Correction
I:‘ Receiver Antenna Phase Centre Correction
I:‘ Receiver Antenna Reference Point Correction
Relativistic Clock Correction (orbit eccentricity)

The modeling options
set in this panel are _
applied by default to A baseline example of

the SPP solution. this analysis procedure
for the ionospheric

correction is provided as
follows.

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

Tonospheric Correction | Klobuchar (GPS) hd

[] Tropospheric Carrection | UNE-3 Mominal = | | Simple Mapping =

P1-P2 Carrection RINEX Nav File ~

P1-C1 Correction Flexible -
[ wind up Carrection (carrier phase only)
[] 5olid Tides Correction

[] Relativistic Path Range Correction

Developed by gAGE: Research group of Astronomy 8 Geomatics Current Template: SPP Run gLAB Show Qutput
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Example of model component analysis: IONO.

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

1. In Modeling panel,

Disable

Default

configuration disable the model lonospheric
for SPP component to correction
— analyze.
oottt s s e | (|n th| S example: disable ozttt At ST

lonospheric correction)

m———| 2. Save as gLABL.out
: — the associated ~———, =
output file. g

In the Default .

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

arch group of Astronomy & Geonancs cunent Templite: sep

configuration.
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NEU Position Error plot from gLAB1.out
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Mode Templates Configuration Preferences Help

| Horizontal Positioning Error | ‘ Dilution Of Precision | ‘ Sateliite Skyplot |
Prefit Residuals | ‘ Posfit Residuals | ‘ Measurement Multipath MNoise |
a0 NEU Error [SPP]: No Iono 01/01/2004
ITonespheric Combinations | ‘ Carrier Phase Ambiguities | ‘ Orbit and Clock Comparison | | 1 1 ! 1 1 ‘ North Ierror
30 bbb | == East error |
o | 'fabel |Error {m) o ‘ | Clear | Up error
|WahErMark‘ |DExpandﬁguremmargm 20**
¥-min. |-40 o | Y-max. |4U Q |
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Error (m)
o
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0 S S 7
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0 10000 20000 30000 40000 50000 60000 70000 80000 90000
IDeveloped by gAGE: Research group of Astronomy & Georfiatics Currer@ Template: SPP Time (s)

North | |East Up
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Vertical Position Error plot from gLAB.out, gLAB1.out

Mode Templates Configuration Preferences Help
— T— i = _—_‘_ z L= :

Templates

| MNEU Paositioning Error | | Horizontal Positioning Error | | Dil
| |

| Mode! Companents | | Prefit Residuals | | I
| |

| Zenith Tropospheric Delay | | Ionospheric Combinations | | Carril

Global Graphic Parameters

Title |Vertical Positioning Erro

o | X-abel |T|me (s)

Label Position | Top Right Text |
I:‘ Automatic Limits  X-min. | X-max. |
Automatic Ticks
) Configu. ... U P U T
(®) PlotNr. 1 tNQ ) PlotNr. 3
Source Filell |gLABl.out
Condif OUTPUT - - | |{s1=="01

X Colghnn SEC

+| s © B columrl| DSTAU AARE]

sLAB1

.OU

Developed by gAGE: Research group of Astronomy & Geomatics

Time (sec): 4
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Global Graphic Parameters

Title |\¢'erﬁml Positioning Error (m)

o | X4abel |T\rr|e (=)

Label Position | Top Right ¥ | Fractional Text|

0 | AEE! ‘Error (m)
A U

[] Automatic Limits X-min. |

| A-max, |

[ itnmiatic Ticks

| Plot(s) Configuration

() Plotir. 3

\WaterMark

() Plotnr. 4

0

| |DottedLines '|

gLAB.out

Developed by gAGE: Research group of Astronomy & Geomatics
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Horizontal Position Error plot: gLAB.out, gLABl.out

r Mode Templates Configuration Preferences  Help __ Horizontal positoning ertar [SPP] :
e Wotoms a7
Mode  Templates Configuration  Preferences  Help CI . k CI t
1A 5 .
e, e i 3
o e o restart plots :
- = S S =~ ) -
E S o - Templates i
Templatts gl [
‘ NEL) Paositioning Error ‘ ‘ Horizontal Positioning Error ‘ ‘ Dilution Of Predsian \ ’7 |
| MEU Positioning Error | | Horizontal Positioning Error | ‘ N
‘ Model Components JN Measurement MultipathMNoise ‘
R ——— X-min, Y-min, Y-max \
Zenith Tro eric Dela ’ ’ ‘ Nﬁnd Clock Comparison ‘
| Zenith Tropospheric Delay | | Tonospheric Combinations | ‘ ‘ il V =
cParameters Global Graphic Parameters
2 | positioning error [SPF] [x] | X-abel |Easterror ) Title |Horizoma\ positioning error [SPP] Q | X-Jabel |East w} N|Norﬁ1 error (m)
) 4 .~
TopRi .2 Label Position | Top Right ¥ | Fractional Text k WaterMark
[ Automatic Li K-min. ‘—20 0 | K-max. ‘20 Yillin. -20 |:| Automatic Limits  X-min. |-20
Automatic Ticks Automatic Ticks
ACebosaton 0 U P UT Individual Plot(s) Configuration
() piggeht. 2 () Plot hr,
() Plothr. 1 (®) Plothr. 2 () Plothr. 3 () Plothr. 4
Source File | |gLABL.out
Source File |gLAB.out °| |
Con ouTPUT v | v |s1=="ouTRUT)
conditonts) o8] - - (si==oumur) 0
X Colign DSTAE ¥ | |19 ¥ Columri¥ | DSTAN v
X Colann Dg@l v Y Calunn (5 Off egerciabel [Fulvace 0
LAB1.out East: 19
L]
g . | AB ou | North: 18
[ J
Developed by gAGE: Resefirch group of Astronomy & Geomatics Current]

East: DSTAE: 19

Developed by gAGE: Research group of Astronomy & Geomatics
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lonospheric model component plot: gLAB.out

(g} glABv5.1.0 = B

n] Figure 1 - olEl
Bv@

gLAB gAGE/UPC » Model Components
> : www.gage.es : : : ‘ : :

— . T e i IR S — Code

5
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¥}
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20 iy - W e
NEU Pasitioning Error Horizontal Positioning Error Dilution Of Predision Satelite Skyplat Y
10F .'_. ........ [
Model Components Prefit Residuals Posfit Residuals Measurement Multipath Noise bt e, ,
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=
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P Comd LA

—-10 h

Title \Model Components Q ¥abel |Time (5) Q ‘fabel |Model {m) Q Clear ,=':C .

Label Position | Top Right * | Fractional Text WaterMark [ Expand figure to margn —20- a r rle r ----------------
Automatic Limits a d Va n Ce

Automatic Ticks ~305 10000 20000 30000 40000 50000 60000 70000 80000 S0000

=
Individual Plot{s) Configuration ime (s)

Source Fil 0
— ) lonosphere delays code and
o - B advances carrier measurements.
Select IONO Note: Use the gLAB.out file.
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: sep Plot |n gLABl ° out file this mOdel
component was switched off.

gLAB.out
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Summary: lono. model component analysis

NEU positioning error [SPP]: Full model
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7/ Code delay * |
Plot only
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Horizontal positioning error [SPP]

s ELABL.out

I

-+ gLAB.out

North emror (m)
=]

‘20 =15 -10 =5 o 5 10 15 20
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.
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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 é‘ion depends é’ion =— |
on the inverse of squared frequency: f
where | is the number of electrons per area unit N d
along ray path (STEC: Slant Total Electron Content). _[ S
« Two-frequency receivers can remove this error source e——
(up to 99.9%) using ionosphere-free combination mre - =
of pseudoranges (PC) or carriers (LC). LC=— 2 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.

©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!):

e

glLAB v5.1.0

=N .o

|| Mode Templa®s Configuration Preferences Help

Input Preprocess
Modelling Options
Satelite Clock Offset Correction
Check Broadcast 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 Paint Correction

=

glLAB v5.1.0 - B

Output Deshigabian

(] kML File:
[] kL0 Fie:

[[] 5P3 File:

[+] Tonospheric Correction | Klobuchar (GPS)

[T] Tropospheric Correction
P1-P2 Correction RINEX Nav Fie +
P1-C1 Correction Flexible ~

[C] Wind up Correction (carrier phase only)

[] Solid Tides Correction

[[] Relativistic Path Range Carrection

[ refFile:

Output Messages

Set again: Iono
Disable: Tropo

Al

Print INFO

Print CS (Cyde-slip)
Print INPUT

[ print MEAS

Developed by gAGE: Research group of Astronomy & Geomatics

Print MODEL
Print EPOCHSAT

Current Template: sPP Run gLAB Shows Output

gAGE/UPC LA B
WWww.gage.es g QMW HA A
— = — - e = e
Fitter Output Input Preprocass Modeling Fitter Qutput

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

gLAB1.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

. NEU positioning error [SPP]: Full model . Vertical positioning error [SPP] Herizontal positioning error [SPP]
a T he T T T 20
— Nur‘th errar «—  Full model
* + No Tropo. corr.
: Jgasloout S ] Telasl.out
-~ UP error f\ J
20f 20f ]f \/w 10k
h‘-}* @«M‘h}‘ FU
_ 1u z s
g £ £ N
g B ° 1 § oo .
@ a =
£
T ; g ¥ .
PO
-0 -20r 1 -10f
gLAB.out = gLAB.out | gLAB.out
~40g 10000 20000 30000 40000 50000 60000 70000 80000 90000 ~40g 10000 20000 30000 40000 50000 60000 70000 BOODO 0000 B T TR T a— o 5 0 15 20
time (s) Time (s}

East error (m)

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

o Wosu mopocomgtions s __ Tropospheric correction

W
=]

j%ﬂ“ %&W d FUW_ ' -l A ._,f' e Tropospheric and vertical
e, B S R P S S T error are highly correlated.

A displacement of vertical
component appears when
gLAB1.out neglecting tropospheric
4% 10000 20000 3000 40000 0060 50080 70000 80080 50000 0710000 20000 30000 4000 $6000 60000 70000 8000090000 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

« North error

30 = East error
* UP error
201
10
£
5 Ok
g ‘
@
-10
-20

-0 gLAB.out

] 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

NEU error [SPP]: No Rel. Clock: January 1st 2004

«—  North error
30 = East error
‘ ~—— UP error

errcr (m)

-0 gLAB1.out

] 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

©gAGE/UPC

metres

ertical positioning error [SPP]

Up errar (m)

|gLAB1.out W

+~—  Full model
~— No relat. corr.

~gLAB.out

f\wn rﬁﬁl& .‘;_

W

] 10000 20000 30000 40000 50000 60000 70000 BOODO 90000

Time (s}

Model: Relatvistic clock correction (orb. excent) [SPP]

gLAB.out

o 10000 20000 30000 40000 50000 &0000 70000 BOODD 90000
time (s)
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Horizontal positioning error [SPP]

. gLAB1.out

0H *
R
;
_ .
£’ R
:
H w
o
S o ™,
: "
z - a s
n\'
2o}

= gLAB.out

TS -1 - -5 0 5 10 15 20
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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Exercise 1. SPP Model components analysis

Relativistic clock correction

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

: 2
To—fo =1(X) AY 4464107

f, 2lc) &

being f, = 10.23 MHz, we have Af=4.464 1019 f,= 4.57 103 Hz. So, satellite should use {;=10.22999999543 MHz.

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

Jia

rel =—2-——=esin(E) = LSS (meters)
C C

Being 1=G Mg =3.986005 104 (m?3/s?) the gravitational constant, c =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

errcr (m)

errcr (m)

NEU positioning error [SPP]: Full model

« North error
30 = East error
* UP error

20

10

-10

—20}

-0 gLAB.out

] 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

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

« North error
30 = East error
* UP error

-0 gLAB1.out

] 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)
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metres
|

ertical positioning error [SPP]

~—  Full model
= No TGD corr.

» gLAB1l.out

Up error (m)

I
w
=]

gLAB.out

] 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
Time (s}

Model: Total Group Delay (TGD) [SPP]

"gLAB.out

o 10000 20000 30000 40000 50000 60000 70000 BOODD 90000
time (s)
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Herizontal positioning error [SPP]

. gLAB1.out

North error (m)
b =]
Iﬂ‘.

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.

gA GE/UPC

ooooooooooooooooooooooooooooooooooo
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
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Exercise 1. SPP Model components analysis

error (m)

1000000
« North error
= East error
* UP error
500000
° N
v
~500000
gLAB1.out
~1000000

NEU positioning error [SPP]: Full model

« North error

30 = East error
* UP error
201
10
ofy
-10
—70}

-0 gLAB.out

o 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

1
r
=]

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

o 10000 20000 30000 40000 50000 &0000 70000 BOODD 90000
time (s)

©gAGE/UPC

0 ; s Full moc;el
gLAB1.out
o dl
y I
gLAB.out

metres

ertical positioning error [SPP]

o 10000 20000 30000 40000 50000 &0000 70000 BOODD 90000
Time (s}

Model: Satellite clock offset [SPP]

100000
50000
L3
(1] S———— sl ————
— —— e e S e e—
PE—— e e B— N
50000 :
p—
—100000 - ————————
S ———
—150000 :
—200000F

ool g AB. OUt

=300000

o 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

http://www.gage.upc.edu

Horizontal positioning error [SPP]

gLAB1.out

400000

200000

=200000+

gLAB.out

=A00000

—400000 200000 0 400000

East error (m)

200000

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:

 In 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 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:
chpig©10.040, igs preldo0.atx, 1gsl2514.sp3

)

g
| Templates | Configuration Preferglies Help

Mode Templates Configuration Preferences Help

gAGE/UPC
G www.gage.es

gAGE/UPC

= . _ = = WY www.gage.es
| Output Input Preprocess Output
A Priori Receiver Position From:

Measurements Bilable Frequencies
off . | l O calaulate ® Rinex Selection smoothing () Single-frequency

E SINEX
[ starigime [] End Time O specfy o @B (®) Dual-frequency

L] L]
e\PeskiopigLABligs_pre 1400.atx ol lIl (®) Pseudorange + Carrier pha: Troposphere
— et KinematicC

troposphere residual

Modeling

RINEX Observation File: ‘C:W‘rsbage\Desktop‘gLAEWnOOm‘040

ANTEX File: \c:\users

Orbit and Clock Source
Measurement Configurat]

() Broadcast () Precise(1 file) () Prefjge (2 files) Tonosphere

SPaFile: C:\Users\gage Deskion|gLAB oS \gs 4.5p3 \ [x) 2 ®) Fixed Stilev )| O Bevaton e \ P

(®) Fixed StdDev m) I () Elevation StdDev Receiver Kinematics

) static
(®) Kinematic
Parameters
phi Q Po
Coordinates |0 Q | |leB Q | m3y) |].eB Q | my [ Backward Filtering
Receiver Clock |0 Q | |9&10 [x] | (m3) |9&10 [x] | (m3) Max. GDOP (m)
Troposphere |1 Q | |le-4 Q | () |g‘25 [ | [ee) O Prefit Outiier
[] Tonosphere Source ?:Es?;d
Phase Ambiguities [t 9l Qlm [ Qlm reshold (m)
[ Auxiliary Files
P e i e e A it Current Tempate: PPP Run gLAB Bl ek Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP -Run gLAB Show Output

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 chpieeie.04o0,
igs preld400.atx, igsl2514.sp3

0.4

SP3 File:

o
=

Set output file

Error (m)
(=]
[==]

gLAB.out

ARORRR[ | &
T3 333 g 7
333 3 3 3 o

0.3 |

0.2 -]

NEU Positioning Error [Kinematic PPP]

T
: : : . . . | = North error
) IO SRR IS b ‘| = Easterror ||
i | = Up error

|
FO [] Prin T
i ip) (] Print POSTFIT
w for the FULL model, —oatflf [ SO —
[¥] Print OLTPUT : . : : : .
Jmess=s - @sin previous case. AP 8 5 TS A N N S R S S
+|l  gLAB.out
roup of Astronomy & Geomatics Current Template: PPP | | RunglLAB _040 10600 20600 30600 40600 50600 60600 ?0600 80600 90000
Time (s)
©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 7
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Exercise 2: PPP Model components analysis

* Additional model
components are used

gAGE/UPC

i now in the FULL

Input Preprocess Fi Qutput

Modelling Options Precise Products Data Interpolation m O d e I to aSS u re a

Satelite Clock Offset Correction Interpolation Option

[] Check Broadcast Transmission Time Interpolation Degree: C e n ti m ete r I eve I

Consider Satellite Movement During Signal Flight Time

Max Consecutive Gaps Between Samples:

.
nncida arth Ratating [ na S| ah me
Total Gaps Allowed: I I I Ode I I nq
Satellite Mass Centre to Antenna Phase Centre Offset Correction .

Satelite Antenna Phase Centre Variation [’] show Concatenated SP3/CLK options

Receiver Antenna Phase Centre Correction

Receer Antenn Plias Gere orecon e Precise orbits and clocks

Relativistic Clock Correction (orbit eccentricity) () Specify Offset (8) Read Offset from ANTEX

e 9] Receves e s Cenve varin instead of broadcast ones.

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

Tropospheric Correction | Simple Nominal Ljell Mapping  +

[ — Receiver Antenna Reference Point Correction o D u a I freq u e n Cv CO d e a n d

() Specify (®) Read from RINEX,

rccmn ] Carrier data instead of only
e ey single frequency code.

Relztivistic Path Range Correction

¢ l[ono-free combination of
codes and carriers to
remove ionospheric error
Developed by gAGE: Research group of Astronomy & Geomatics Run gLAB | | Show Output an d Pl_Pz 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
*

*

Foo Wy 1
ik & “Code is x
B = Zoom of iou |
, unambiguous,
preft LC + ..l . .
36 | prefitPC  x carrier noise but noisy *  * .
s | L.(Zih,-:.'l.‘i";.m““’ e ; ;
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:

 Few metres of
accuracy for
broadcast orbits
and clocks

10 Broadcast Clocks accuracy
‘ T T T T T 7 T 10 T : T T " "
SR | Aong
S : o [+ + Cross -
S " N + + Rad
§ basy et SSSOUORN ORPUPRR: SUOL SRS Y : J ]
et 't . o ‘ i ... ,~x‘fi"' ....
e P Ry e .,‘ .
|” ',..o-u.,u’“‘ o"" »-' !ﬂ.
i ill Ila ig il .ilt '
9 Il i | I | | | || :
5 0 ' — g |
2 ]
£ | ! t" E
. ., Pt o ,: .-". :
':.’E!mliq;!"‘ 2 e .w et -~ ;. .I;e. n t:!.
T :" ! .‘::!,..‘.7’:;..
; ; ; ; ; ; ; ;
% 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 o015 Session 3. 2 Ex7b: Precise 30s clock |nterpo\at|on error
T T T T T T T T . w T T
+ » Along .
+ =« Cross 010
- + Rad ’
0.05
g " 0.00
= =
Q [
£
£ _oosh
—0.10F------
8
. . e
B 1T T P PR e .
L e
_0.10 i i i i i i | | ~0.20
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 -

time (s)

©gAGE/UPC

1 1 1 i L 1 1 i
10000 20000 30000 40000 50000 60000 70000 80000 90000

time (s)

http://www.gage.upc.edu

Precise:

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

e ass . e=x| Proceed as In the
e st previous exercise: T —

] Gk Braackast Tarsssasion T 5 —— e ol bk

o
[ Canacie Satelne Mspmare Do Tight T = [ heds Brascast Transmsan Tise - &
g S igha Max Coroccubve G Betoren Sanples: B 9 2 (] . = = s o : g
7 Consdr Lt Rettor B S g Tt Conater et e e i - s 3
- == ... | 1. InModeling panel, |:z=== —
Vet Gaen u +
. ¢ 0 = ] ¥ sanehe =
Gt e P e Viintr | Show Concatenated SF3/(LX options
o Ll Bt Phise Cembe Viriton ] Gl Concationstied 1 CLE aptises

v # Carres . #
o i St tefees bt Lot Rrwives Anbanina Pluse Contra Cormetion (] Receiver dréema Phase Cenive Comecton

o Bl Dteh Carston et sty ' Speaty Offsee W iearl Cffoet o MTEX [ Recatver Arsema Refermce Font amecion Receiver Anitenna Phase Centre Correction
C o e devseris Phase Cenie it ——— # oy Som nVTED

| 540 processng HArterna' Radome 5 not found i MNTEX

v Corere
[ Tropmebere Corecton. Sepieliooral * | HelMaprg  * Stop sroxzaeg # ot Rt w0t b AATEX
Rscoiver Antenna Reference Poit Cormection  opmgbene Corecton, St = el gy
ot 5 o Receiver gt Reference Pont Comoction
=

e Default analyze. = Disable
configuration 2 Save as B Solid Tides

e —for PPP ... ... gLABl .out the sis swrsasssrmensoes_ COLFQEEIQN o swoms
associated output

i 1 i gUABYSID - o]
fl | e ‘Mode Templats Corfgirsion PbremesHol ) i i
. A
@ gAGE/UPC | - gAGE/UPC
= = 7 - S Wnw.aaae.es d as - D W 1308 85

Tput Preprocess Wadzing Fiter Oytput s S Madetng Fter ouput

.| Notice that the gLAB.out | -f=== ——
- file contains the

Pk

o In the Default EFI;OCFESETQ redSU||t5 W_izh o~ Set output file
- i i e - Mode!, as | T
“..cz configurationthe |y as"setin the default i a3
oo e output file was Conﬁguration_ s game gLABl .out
gLAB.out Make plots as in previous
exercises (see slides 38-40).

Developed by gAGE: Research group of Astronomy & Geomatics Current Temolste: SPP Run gLAg | Show Output Developed by gAGE: Resaarch group of Astranomy & Geomates Current Templata: PPP

€ gAGEIUPC
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Vertical Position Error plot from gLAB.out, gLABl.out

Vertical Positioning Error [Kinematic PPP]

~— Mo Solid Tides Correction
— Full Model

Mode Templates Configuration Preferences  Help
a3
g 3 01
B
Mode Templates Configuration Preferences  Help CI IC k C I ea r to H o0
= - = === 0.1
= = &
-0z
rempltes restart plots
-03)
—_— e | MEL Positioning Error | | Horizontal Positioning Error | | Dilution Of Predision 10003 20000 30000 40000 0000 G000 70060 50900 300
Templates L L
| Model Components Lesiduals | | \@asurement MultipathMoise |
| MELI Positioning Error ‘ | Harizontal Positioning Errar | o N
| Zenith Tropospheric Delay| - l I l I n - l I l a X le Ambiguities | | Orbit a Comparisan |
| Model Components ‘ | Prefit Residuals | ]
Global Graphic Parameters
| Zenith Tropospheric Delay ‘ | Tonospheric Combinations |

Title |Vertical Bacitinnina Fregr [Kinematic PPF] o | X-abel |'ﬁme (s)

¥abel |Errnr (m)

Global Graphic Parameters Label Positic :I Fractional Text |

Title |Vertical Poslhonlng Erral o | X-abel |T|rne (s) [] Automai ! | | X-max, |

Label Position |Top Right Text | . Automal

[T Automatic Limits  X-min. 2 ‘ X-max. | Individu: figuration

Automatic Ticks () Plotnr, 1 () Plotnr, 3 () Plothr. 4

i <) Configuration O U P UT Source File Q| | [pottedLines ~ |

(®) Plothr, 1 % Mr. 2 (J Plot Nr —— NT -
Source Fil gl AB1.out I K — o |
Cond QUTPUT - T | (s1==

XC n

gLAB1.out

Developed by gAGE: Research group of Astronomy & Geomatics

LAB.out

gloped by gAGE: Research group of Astronomy & Geomat|cs

Time (sec)

Current Templata:

Vertical

urrent Template: PPP

Time (sec): 4

©gAGE/UPC

Vertical: DSTAU: 20

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

Mode Templates Configuration  Preferences Help
q
Mode Templates Configuration Preferences Help
. — S — Horizental Positioning Exror [Kinematic PPP]
— e e ey m T S - rmmnmm'
—— - ———- e 2 > = o < 2 Full ocel
Templates o CI- k CI . - — o .
RSN SIS IC earto Eee |- ol
| MEL Positioning Error ‘ | Harizontal Positioning Error | | Dilution Of _ I 5. ) .
| Model Components ‘ | Prefit Residuals | | Posfit Re ‘ NELI Positioning Error | | i o OFPrecia |: o3
T 1 N S LN N e
| ~-mjith Tropospheric Delay ‘ | Tonospheric Combinations | | Carrier Phase Model Comi — — X Measurement Multipath/Noise |
A A Ny
ic Parameters Zenith Troposp X_l I I I n’ Y_l I I I n’ Y_l I IaX fies | | Mﬂddodd:cmparison |
3| Positioning Error [Kinematic PPP] Q | x-abel |EastError (m) Q | ‘f-ab
m Global Graphic Parameters
Title |Horizontal Positioning Error [Kinematic PPP] ° Xab, st Error (m) G ‘¥abel Morth Error (m)
(] Automatic Lt X-min, |-0.4 Q xmex. 0.4 Ymin, 0.4 | | | N |

Automatic Tid

It

T [] Automatic Limits Ymin, |-0.4 O | r-max. 0.4 Q|
(®) Plot hr. 1 ) Plgjghir. DU PUT ) Plothr. 3 LETRETES
fividual Plot(s) Confi tion

Source File | |gLAB1.out I » /

() Plothr, 1 () PlotNr. 3 () Plothr. 4
Condit OUTPUT | |(s1=="ouTPUT)

Source Fil G | | Circles A
¥ Couffn W |DsTAE ML ON rcoumfpstan - 3 €

Condi §1=="0UTPLT") Q|

gLAB1.out

Developed by gAGE: Research groud of Astronomy & Geomatics Current Template:

East: DSTAE: 19

North: DSTAN: 18

©gAGE/UPC

Column ‘ DSTAN

De

East: 19

'L AB. out

ed by gAGE: Research group of Astronomy & Geomaticg

North: 18

http://www.gage.upc.edu

‘? Q‘ Legend-abel |Full Model

e: PPP
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Solid Tides model component plot: gLAB.out

Mode Templates Configuration  Preferences  Help
gAGE/UPC
= —_— x www.gage.es
Templates
MEU Positioning Error | Harizontal Positioning Error | | Dilution Of Predision | | Satellite Skyplot |
| Prefit Residuals | | Posfit Residuals | | Measurement MultipathMNoise |
Zenith Tropaspheric Delay | Ionospheric Combinations | | Carrier Phase Ambiguities | | Orbit and Clack Comparison |
Global Graphic Parameters
Title |Solid Time Model [Kinematic PPF] o ¥4zbel Time (5} o ‘¥abel Model (m) o Clear

Label Position | Top Right ~ | Fractional Text WaterMark
Automtic Limits
Automatic Ticks
dividual Plot(s) Confi ion
(®) Plothr. 1 () Plothr. 2 () Plot hr. 3 () Plothr. 4
I Source File  |gLAB.out I o
Conflen(s) |MODEL - v | |(§1=="MODEL [x]
X Colfinn SEC hd o Columi Legendabel

gLAB.out

[] Expand figure to margin

\ Select
SOLIDTIDES

Developed Dy GAGE: Research group of AStronomy & Geomatics

©gAGE/UPC

Current Template: PPP

Dots i
Blue ~
Plot

http://www.gage.upc.edu

0.10 .

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

Model (m)

—0.20

; ; ; ; 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.

(’C)}_} Sun
¥

O

Moon

©gAGE/UPC

Error (m}

Madel (m)

Vertical Positioning Error [Kinematic PPP]

0.4 - -
LAB 1 t No Solid Tides Correction
0.3 g L] O - Full Model
o.zf
0.1
0.0
=0.1
-0.2
-0.3
gLAB.out
04010000 20000 30000 40000 50000 GO0GD 70000 BOOGO 0000
Time (5)
010 Solid Time Model [Kinematic PPP]

0.20

“* gLAB.out

[4]

10000 20000 30000 40000 50000 &0000 70000 80000 S0000
Time (s)

http://www.gage.upc.edu

Horizontal Positiening Error [Kinematic PPP]

= No Solid Tides Correction
= Full Model

.| gLAB1.out

E et
E . ot e .
g . L
&5 0.0 9 .
£ .
S
£ -
. .

“| gLAB.out..

—0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
E.

ast 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)

‘ | __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.

©gAGE/UPC

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

Up errar (m)
=
o

Vertical positioning error [Kinem PPP]

| - Full del
|Ig LAB 1 (] Olu t Nl; r:cuei:er APC correction
|

gLAB.out

10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
Time (s}

Model: Receiveir APC to ARP offset [Kinem PPP]

[ |-
[ ':.t:'-: dg
[ i, "

et
PO =

o gLAB . ourt

10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

http://www.gage.upc.edu

Horizental positioning error [Kinem PPP]

0.4
* + No receiver APC correction
03 l * Full model
» ELAB1.out
g 01 " -
E oot i m" -
E -0.1
=02
-« gLAB.out
=04 :

-0.4 =03 0.2 01 0o 01 0.2 03 04
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.

€ gAGEIUPC

Research group of Astronomy & Geomatics
Technical University of Catalonia



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

Up errar (m)

-o.3f |}

-0.4

Vertical positioning error [Kinem PPP]

- ] del
g LAB 1 (] O u t :ILCI: sr:T:JeI:te APC correction

A

/ ",\-\\'J f\\‘ A

gLAB.out

0.2

[ 10000 20000 30000 40000 50000 60000 70000 80000 90000

Time (s}

Model: Satellite MC to APC offset [Kinem PPP]

0.0

.., gLAB.out

~0.4f
oel
osl

i i v L
“10 '"“’aﬁ-wu:--m!gﬂé'ﬁ?ﬂﬂas:::m........nwiuaaaiir!a:?"-""

_1'20 10000 20000 30000 40000 50000 60000 70000 80000 90000

time (s)

http://www.gage.upc.edu

Horizontal positioning error [Kinem PPP]

o ‘- * No satellite APC correc! tion
03 + « Full model
. ELAB1.out
E [h ] g . > .
£ oo 'ﬁw' . '
» gLAB.out

—0.4 -0.3 -0.2 -0.1 0.0 01 0.2 0.3 0.4

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
@ -~ variation

(D ©

©gAGE/UPC

metres

Up errar (m)
=
o

| gLAB.out

Vertical positioning error [Kinem PPP]

gLAB1.out | foumucon
A

o 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
Time (s}

Model: Carrier phase wind-up correction

gLAB.out

* *i e -I"‘ 4
et iz

o 10000 20000 30000 40000 50000 &0000 7FOOOO BOODO 90000
time (s)

http://www.gage.upc.edu

Horizontal positioning error [Kinem PPP]
* =+ No wind-up corr.
0.3 + « Full model

| gLAB1.out

01

l g

-0.1

.o'-‘ .

North error (m)

=021

.« gLAB.out’

_DEU 4 =03 0.2 01 0o 01 0.2 03 04
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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Thanks for your
attention
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Tutorial 1: GNSS data processing laboratory exercises
(oY0) GNSS Format P a v Master MAST (UPC)
o Descriptions Tutorial 2: Measurement analysis and error budget Master Of Science (ENAC)
GNSS Webinars Tutorial 3: Differential positioning with code measurements

. . . o . B User login
PI'OjECtS Tutorial 6: Differential positioning and carrier ambiguity fixing
Username:
gAGE/UPC Associated Software and Data Files (Linux) jaume.sanz il
CAGENANAST CDROM zipped tar file. How to install the CODROM [Linux] Password:
L CDROM ISO. How to install the CDROM [Linux] ssessens
Q. Patents
WARTK Associated Software and Data Files (Windows) o - o
+J . . og in usin en
Fast-PPP Instalable Toolkit (gLAB + Cygwin) R' g X ap )
P . eqguest new passwor
: Iono. Corrections Data Files

Tono. Disturb. Mitig. How to install the Software

_ _ _ Who's online
Receiver orientation

Bootable USB stick (Linux live) There are currently 0 users

gAGE-GLUE (to buid-up a botable USB stick). How to burn the gAGE-GLUE. How to use the bootable USB and & guests online.
stick.

How to start-up the laboratory session.

Useful tools for Windows: Windows users can install the next ports of Linux tools (instead
of Cygwin) at gnuwin32.sourceforge.net/packages.html:
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