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Comparison of GPS-only and Galileo-
only ambiguity-fixed PPP solutions:
insights from the SPOTGINS analysis
center

M. Gravelle, A. Santamaria-Gomez, S. Loyer, the SPOTGINS team
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GPS & Galileo processing
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WORET2®T  Objective: evaluate the contribution of both constellations on spotgins

the G+E SPOTGINS products
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* Needs to be investigated
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individual antennas calibrated

\ Antennas mean bIaSGS sorted by #

WORKSHOP

t

ible impac

wm=) 10 VISI

IGS

0

[}
o

4

(o]

!

o
=7

X

' d

2

b

/
/

—=-
¢

i?mﬁfiji

el

i--i--zrl}-}-i-{'{ri-i- SSuE

== ____i_i__-______._:_

B e

e ®

v

. —— —— ——

o
T o I N i i

d

==

' d

t

——y

_ﬁ_

_.I,_i_____;_:_i____—_i_{.____.}

%??'i'i‘

——
e o o 2
e i e e o e o o e ok o o e b o ) o ] e ] e e e e e e e e e e e e e o e e e e e e

i-i-@-;—

___E,L_é____—__;_;______:_:__

-

ovied

—ageiid

Te}

Tel

0 _-_-5--_-E-é-

|
[ww] 3se3 o-

E|

N

ol m

|
[ww] yaaoN 9-3

Tel

aqN
S § & o
.:III".|-|_ B
T-,_/ =}
\ R
- B
H =]
—l— _// =]
- R
— 'R
e
e
i | 5]
Tl L 2]
m_ mI
i i 2]
- e
e
HIH | 5]
|l B
m_ 1=
Tuqlu_ "ﬂ
[ m mma
HElH L]
A =
# i
I ']
| o
Hilh 3
.|l|_ m
- =)
i N
- 5
il 2]
| ]
R I
T
- )
i =1
1 1
.
L o
L2 )
| =1
i =
=
Hill— 2]
Pl =)
H 5
m_ -
m 2]
1 =]
- ]
P =}
L =
— ca
o :
i R
_m =1
HH &)
-4 =
5o 2
[ww] dn 9-3

# ant./station pairs—=en

0Z4vII
vY° GZUVIIT
S9"YISdL

00" TL6LSWIL
Wa INVONIYAVC
00" 0066SWIL
00" 000STTWYL
AN0D 0SO9dATIML
0Z4vII

08" 0086SWYL
08" 0086SWYL
00" 0086SWYL
00" 0086SWYL
99 €92SdL
93€9 INOHIdIS
1S9 INVONIYAYC
©S09IAIML
0S09IAIML

00" 0086SWYL
4W X INV10dd3s
93€d INOHIJIS
24" 999€0/A0ON
€4 GZUVIIT

WA LNVONTHAVC
66" ASY6TOLHSY
W DSY6TOLHSY
vY " GZUVITT

€4 GZUVITT
OTYVII

L£9- INVYD AVC
"TL6LSWAL
"TL6SSWYL
*TL6SSWYL
6596 ThYL
"¥ISdL
"¥ISdL
"¥ISdL
YOSLVIIT

W 3S¥6TOLHSY
W 3SY6TOLHSY
W 3SY6TOLHSY
W 9S¥6TOLHSY
0T SL9TLvday
66" 0086SWYL

IN0Od 08 0086SWYL

)S YOGLVITT

TISVII

0TYYI3

OZUYIIT

L1€9 INVONIY AVC
VONTHAYC

W DSY6TOLHSY
79 144 L W/avov

Calibration available
- antenna + radome
|:| antenna only

-workshop-2026.com

Www.igs

SANTIAGO - CHILE



pasn suoTleJqr)ed 4O gN  pPash SuoTieJqIied 1o gN  pPasn SUOT1RIQTIED 4O QN

Te] (o} (<]

100
0
-100

LN (<]
L

U

R} W13 ezyvIiad

m 1137 4 S2dvIa

=} INON 007 000STTHYL
B} anoN 00 Tz6LSHYL
5} HSdL S9°¥JSdL

'S} anoN Wa LNYONTHAYC
S} 105 WA LNVONTHAYC
SIDS 00 0066SWYL
SIJS 0SE9IAIML
ANON 1S9 INVONIYAYC
1IJS 08 0086SWYL
1I2S 00 0086SWYL
IN0D @99 €¥ISdL
ANON 93€9 INOHIIIS
ANON 3N0D 0SO9dAIML
ANON d4W X 1INV10dd3s
ANON 0SO9IAIML
ANON 24" 999€0LAON
ANON 0ZHYIIT

ANON W DSY6TOLHSY
LIJS 66 9SY6TOLHSY
INdS 93€9 INOHIIIS
1137 €47 S2YvII]
SIJS 08 0086SWYL
SIDS 00 0086SWYL
INON 00 0086SWY.L
INON €47 G2dvII]

_ 1B} S125 £9°425dL

I INON 00 TZ6GSWYL

3
—*%’%+ 50

i
L=
-

impact
w34 ¥

B
il

7
T
'
e

ble
Y
!

== NO VISI
s-workshop-2026.com

-

e o
i
——--.——_——-i-—i————

tion runs

A ETTTTETE

A

—i*}—.——{-—i—.f.——é—-}—

---H

1]

i

&=

_.___;_ ___+i_

_-L-_i_ql__

e |

N

it

0CYvIIT
ANON LED INVONIY AVC

L o
ol —

’

E

. TT

- I
b

5} INON 1€ LNVYOAYC
[N} Q0SO W JSP6TOLHSY
=} INON 19 I4Y L W/avov

edin

_.ﬂu N

To] [} (o] (o]
| — —

[ww] 3se3 9-3 [ww] Y3JON 9-3 [y dn 9-3

\ AntennaS mean bIaSGS sorted by total calibra

WORKSHOP

IGS

SANTIAGO - CHILE

Calibration available
- antenna + radome
|:| antenna only

# ant./station pairs



IGS

WORKSHOP

. Antennas meai

TIASOOESP

E-G East [mm]

ast [mm]

©Leica

LEIAS11 E 2427 ed=-6.1 mm +

_5_

_10 4

E-G North [mm]

100

r50

ol
'_.-_'
in
|
E-G Up [mm]

401

20 A -

_20,

0 S

_10 i

E-G Up [mm

# ant./station pairs—»20-

M 0SOD

Calibration available
- antenna + radome
|:| antenna only

SH701945C

AOAD/M T RFI GL NONE

SANTIAGO - CHILE

[N}
=
o
=
-
(42}
[
=
<<
o
o
>
<
lan}

a
)
=

a
IS}
)
o
=
E

JAVRIN

DM 0S0S

NT

<C
—

JAVR

=
(N
=
™
[
(W]
1
=
1
i
=
1

JAV_RINGANT G3T NONE {o]
IAR20 0SOD

LE

el AR20 0caD

LEIAS11 NONE
TEIRTS0T SCIT

RM29659.

ST

DOME

00

| Freq.[MHz]

N

w
=

(%]
—
O
w
(o2}
(o)}
(<}
(<]
«©
[e2)
n
=
o
[

.80

9800

TRM5

w
=
o
=
(<}
(<}
(o)}
n
©
[=2]
o
=
o
[

TRM59

-100

2023-012023-052023-092024-012024- 052024 -092025-012025 - 052025 -092026-01 '

Geo++ GmbH

1GS20_2417
| COPIED FROM LEICGA100
ATTENTION! COPIED WITHOUT VERIFICATION BY CALIBRATION!

Freq. Codes

Jo1 Se1 ce1

RO6
JO2
co7

cos
EO5 JO5 CO5 SO5 I05

07-SEP-22 METH / BY /
DLVA
ZEN1 / ZEN2 / DZEN

SINEX CODE
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT
COMMENT

COMMENT

=
N
[T

TPSCR3_GGD CONE
TRM59800.00 SCIT
TRM59800.80 SCIT

JAVRINGANT G5T NONE

N

TWIVC6050 SCIS
TRM59900.00 SCIS
JAVRINGANT DM SCIS

=

JAVRINGANT DM NONE

TPSCR.G5 TPSH

TRM57971.00 NONE
TRM115000.00 NONE

100

r50

LEIAR25.R4 LEIT
LEIAR20 LEIM

s-workshop-2026.com

Nb of calibrations used Nb of calibrations used

Nb of calibrations used



pasn suoTleJqr)ed 4O gN  pPash SuoTieJqIied 1o gN  pPasn SUOT1RIQTIED 4O QN

(<)

1100
0
100

WI3T 024vII]
1137 4 S2dvIa
ANON 00’ 000STTWYL
INON 00" TL6/SWdL
HSdL 9 4JSdL

ANON WA LNVONTHAVC
SIDS WA LNVONIHAVC
SIDS 00 0066SWYL
SIJS 0SE9IAIML

ANON 1S9 INVONIYAYC
1IJS 08 0086SWYL
1I2S 00 0086SWYL
IN0D @99 €¥ISdL
ANON 93€9 INOHIIIS
ANON 3N0D 0SO9dAIML
ANON d4W X 1INV10dd3s
©SO9IAIML

EF
:*’i/% + 50

—”

-
igs-workshop-2026.com

-

WWw

fi
©RGP/IGN

LEICA AR20 LEIM

e

=

o -

o
e e =
T

CARGOOESP
2025

DAZI

ZEN1 / ZEN2

09-JUN-19 METH / BY /

2024

|||||||||||||||||||

-- Other event

mm

=-6.0 mm +/
2023
64

3006: med

Antenna change
2022

2021

Antenna model change
2020

2019

-5
20

[M} 40SO WA LNVONIYAVC

T
2

a
IS}
N
o
un
<
o
—
o
~
T
"))
<

5
10 1

[ww] 3se3 9-3 [ww] YIJION 9-3  [yy] dp 9-3

WORKSHOP

w
=
ks
o
1
O
L)
<
-
<
g
w

IGS

Calibration available
- antenna + radome
|:| antenna only

2
)
Q
<
2
~
3
S
~
c
@
H*



pasn sUOTIRJQTIRD JO QN  Pasn SUOTIRIQTIRD JO QN  Pash SUOTIRIQTIRD JO GN
=) =) o

=3 =Y
° = b} °

R} w31 ozuvian

m 1137 v¥°SZvIaT

(2} anon 00 0e0STTHYL
[} anon e Tz6s5HaL
E} HSdL $9°4ISdL

[} anon wa™ tnvoNTuAVC
[B} s125 Wa tnvoNTuAVC
[} s1o5 00" 00665HIL
SIS 0SE9IAIML
INON 1S9 LNVONT¥AVC
LIS 08°0086SHIL
LIS 00°0086SHIL
3N0D G99 E¥ISdL
3NON 9368 INOHIIIS
3NON 3NOD 0SO9dAIML
INON 4 X LNY10dd3S
INON ©SO9IAIML

INON 24" 999E0LAON
3NON 0ZY¥VIIT

INON W ISPETOLHSY

1111
1113

7.5 10.6 12.5 15.0 17.5 20.0

Dispersion of GPS Up series [mm]

,T?T_}

"ia*%li

2.5

B
=

) =) 0

0.8

=) =)
1< ~ n o~ =) ~ 1) ~
—

& B N 2
[ww] soT4as dn 09)1T1e9 JO uoTSJadSTIQ

&

o I S L N F=Tgws
a L TeﬁT (LA M | ¥ "

-workshop-2026.com

T

10

wWww.igs

= 3

\
1
'

8
.

- =
e i e

iﬂfi—f—?ﬁhi

6

&

12} 3noN 00° T6sSHuL
3NON LE9-INVY9 AVC
3ANON €9°¥ISdL

i} INON vY¥°SZYVII
1=} anon eravran

=} 1125 W 3SPETOLHSY
n Q9Z1 00 TL6LSWYL
5} HSd1 €9°¥2SdL

_m 3NON vOSLVIIT

B} S12S W ISYETOLHSY
{5} 3non W 3sveTOLHSY
[} SIDS W 8SP6TOLHSY
B} dS 0ZT SLITLIVHIV
u 9Z1 00 TL6SSHYL
(S} INON 00" 6596ZWdL
[} SIJS 66°0086SWYL

4

2
Dispersion of GPS North series [mm]

|

o © © < ~ ©

[Www] S9TJdS Y3JON 091T1EH JO UOTSIAASTQ

10

é’ﬁiii
=

Til %_,_i_{.

6

aNON TTSVIIT

iy

'

INON L€9 LNVONTY AVC

4

-

2
Dispersion of GPS East series [mm]

oS-

n

n n =) n =) ®
| -

[ww] 3se3 9-3 [ww] yidoN 9-3

10
(]

[ww] dn 9-3

= © © < ~ o)

2
[ww] S9TJdS 3se3 091T1e9 4O UOTSJadSTQ

iIspersion still

»
C
Q
%
=
O
-
O
O

t biases for several antennas (up to

)

ignifican

need to be investigated

10 mMm

WORKSHOP

IGS
* Some big differences in the d

Ll
—
==
()
1
o]
o
<
=
<
<
»

*S




180° 120°W 60°W 0° 60°E 120°E 180°

Perspectives
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* Need to densify the analysis using the potential
of the SPOTGINS network: up to 3000 Galileo-
only time series

ik w-ﬁ—g/«" * % -
180° 120°W 60°W 0° 60°E 120°E 180°

* No Galileo : 3082 (45%)

© Galileo-recorded, Antenna EOQ1+EO5 not calibrated: 710 (10%)

o Eval_u ate the impa Ct Of receiver mOdel o Galileo-recorded, Antenna EOI+EQ5 calibrated: 2991 (44%)
S e W A RI0200ARG

and flrmwa re? Antenna model change Antenna change Other event

20_ i i 1 1 1 1
£ 10 : 1o |

o O 853 ; :
= | ~ :
(@) -10 - : 1 . : : 1
L ! T ! |
~20- | i | |
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Rcv: SEPT ASTERX4, fw version: 4.8.0 Rcv: SEPT ASTERX4, fw version: 4.8.2
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m Status of the 533 IGS stations
- Perspectives

1GS 2026

WORKSHOP

* Need to densify the analysis using the potential
of the SPOTGINS network: up to 3000 Galileo-
only time series

* Evaluate the impact of receiver model HN-N-EE
and firmware? |GS  SNSS stmvice

Impact on IGS products
* Impact when data from new constellations arrive?

Galileo not recorded

Antenna not/not fully Galileo calibrated
No significant bias

Significant bias - #16 antennas

Bias not evaluated

* |Impact on velocities when combining Gal and no-Gal solutions?

Results are freely available: open to compare
“problematic” time series with other softwares or

broducts THANK YOU FOR YOUR ATTENTIO!
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Calibration copied from another antenna without verification by cali
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Calibration available
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