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Multi-GNSS at Swiss permanent
stations / PNAC analysis

« Feb-May 2015: all 41 Swiss stations are enhanced from
GPS/GLO receivers to Multi-GNSS

 June 19, 2015: AGNES data flow in RINEX3

« May-Oct, 2016: CHTRF16 — complete MULTI-GNSS
analysis using BSW53 and CODE MGEX products
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U Operational aspects

« Degration in CPU time (cluster busy from other processes +
backups at midnight) Virtual server moved to
different physical server
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U Availability

http://pnac.swisstopo.admin.ch/restxt/cost data statistic.txt

search 52 weeks from 1923 till 1974
Statistic of produced NRT und RRT Costfiles

+= = =

Overall summary:
Numb. of Files: LPT: 8640 LPTR: 8292 files in 52 weeks
Availability: LPT: 98.90 % LPTR: 94.91 %

+= = =
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http://pnac.swisstopo.admin.ch/restxt/cost_data_statistic.txt

Multi-GNSS: Mid 2016
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Multi-GNSS: Mid 2016

Reprocessing/Postprocessing

Mumber of Satellites per System
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Reprocessing/Postprocessing

¥  Multi-GNSS: Mid 2016

Mumber of Files per Satellite System
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- 50% stations deliver Galileo
- Number of stations constant since 2016.5

0 ; ; : . . - - Slighly improved GLO+GAL+BDS support of
1996 1998 2000 2002 2004 2006 ¢ Station managers (+20% in 15 months)
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Multi-GNSS: Mid 2016.00me01)
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O

RS comparisons

« Error detected in EUR-RS comparisons (Rosa) + differences
at RS PAYE since 2017 (Beg. Aug 2017)

* RS plots operationally generated (EGVAP mail Aug. 16)

Totally, 60 stations are available (replace the corresponding station in the link name paye ->
station name you like to check):

AJAC BORJ BRST BRUX CABW CAG1 CASC COMO DYNG EPFL EXWI GOP6 GOP7
GOPE GRAZ GSR1 GUIP HERS HERT HOBU JOZ2 JOZE KOS1 LDB2 LINZ LLAG MOSE
MDVJ MEDI MLVL NEUC NICO NYA1 NYA2 OBE4 ONS1 ONSA PAYE PEN2 PENC REDZ
REYK SAA2 SAAN SMNE SOFI STCX SUR4 UCAG USAL VILL WAB1 WAB2 WARE WROC
YEBE ZIM2 ZIM3 ZIMJ ZIMM

« Error also detected at RS generation (Henrik)
« Rosa plot correction (Oct.)

« Meeting CH with RS — positive sign that GNSS detects
offsets

EGVAP Report swisstopo 30.11.2017 11
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U Radio sonde comparisons
(GNSS repro+operational — RS)

40

Zenith Total Delay Difterence for station PAYE in [mm]

Antenna changes

30
20 -
10

RS 06610, digt 0.39 km *

-0
20 |
30 |

AYE-FT minus RS, N=12092
ktd=9.4 m

bias=0.2 mm, rate=-4.8 mm/10yrs _ —

-40

18/10/2017 18:56

New humidity sensor:
May 2009

e.g. PAYE: (one out of 60 stations)
http://pnac.swisstopo.admin.ch/pages/en/gsumpaye.html#TRP RS

New RS type: Jan 2017

EGVAP Report swisstopo
Federal Office of Topography swisstopo

30.11.2017

12


http://pnac.swisstopo.admin.ch/pages/en/qsumpaye.html#TRP_RS

ZIMM and ZIMM-ZIM2 difference

Zenith Total Delay Difterence for station ZIMM in [mm]
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rate

U GNSS - RS comparisons

No significant rate in differences GNSS-RS

(offsets due to antenna changes not yet corrected)
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JOZE - JOZ2

Zenith Total Delay Difference for station JOZ2 in [mm]

40 I
30 |- RS 12374, dist 35.09 km |

2000

Antenna changes

Zenith Total Delay Difference for station JOZE in [mm]

FS 12374 sltst35-14kr£
c .:00-

-‘;.av |

18/10/2017 17:20
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Operational since Oct. 2017

JOZE — JOZ2: short baselines

Offset JOZ2 ! estimate rates

Zenith Total Delay Difference for station JOZ2 minus JOZE in [mm] after offset removal
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O

Coordinates: 5 cm jump UP

FRI3 - FRIC

Zonith Total Dalay Difference for station FRI3 minus FRIG in [mm]
40 T
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FRI3 minus FRIC: F1 minus F1, N=44277 . I_
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O

Long-term Tropo PIOtS since Oct. 2017 !

ZIMM: Zenith Tetal Delay in [mm]
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Location

Seasonal Effects: ZIMM

United Kingdam
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« Recent years (red) seam «wet»
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compared to older years (blue) in summer “-Tm
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ZIMM: Annual ZTD fit in [mm]
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Seasonal Effects: SFER

Location
SFER: Zenith Tetal Delay in [mm]
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O

RMSE

FODITS

ZTDs with std degration: PENC/PEN2

PENC:

Zenith Tetal Delay in [mm]
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North

East

Up

Tropo

ZTDs with std degration: PENC/PEN2

Coordinate degradation

« PENZ2: 2 (3) events with changes but no indication of
equippment changes: Galileo since Mid 2016

PEN2: Inter-system translation parameters in [mm]

?g T T T L o e e e T Coordinate repeatability of PENZ in [mm]
o E: -1.22 +-2.29 mm
1g- R: -0.35 +- 1.44 mm —— I T T T T Iu‘ul I+72l1j,m \_ 1€ T T T T T ]
0
-5 ; - =
-10 : ; H — -
:%g L 1 1 i i
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 WM"’\-—.\N
d k= b
20 T T T T T
15 L E: -2.67 +- 1.54 mm ; L I T N N S N I N NN N SN RN B I I I N N B |
1g B R: 1.1+ 1.42mm ——— 38 2000 2002 2004 2006 2008 2010 2012 2014 2016 245 252 259 266 273 280 287
0 I T 1 ' T T T T 1 ' T 71 T T TJT1]"7 T T T T 1
5 -0.06 +- 1.60 mm | =+ | [ _
210
-15 1 | a9 F B
-20 L il 4 = -
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 w A
. T el
40 T T T T : 1 7
B L B 2B B mm e e b 4k .
10 R: -0.60 +- 3.65 mm i AN TS N SN NS A S AN S NN N A I N R N
18 38 2000 2002 2004 2006 2008 2010 2012 2014 2016 245 252 259 266 273 280 287
-20 T T T T T T T T T
%0 , , | : | T T T T T T LIPS, A AL 1€ L I L ]
It P e A I N P I I T I
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 b 3
20 [T T e e WA Al
15 - E: -0.32 +-2.07 mm —— H H .| 7 i
e R: 0.08 +- 1.02mm —— i - —
2 4 = -
5 i I T R N S N I T NS N SO AN B I I I N N B |
'1?, ] m| 38 2000 2002 2004 2006 2008 2010 2012 2014 2016 245 252 259 266 273 280 287
-20 L L | Amplitude spectrum (1744 samples)
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

A

erbh

Eisb

20-0ct-2017 06:17:23

Period [days]

-
a3
o

EGVAP Report swisstopo
Federal Office of Topography swisstopo

30.11.2017

23



U  Other operational issues: Multi-GNSS

http://pnac.swisstopo.admin.ch/pages/en/qgsumpen2.htmI|#MP

o RINEX2

Number of observations (RINEX 2/3) last day

Zak, par apach

Sak . par apoech

Sak. par aspoch

Zat, par apach

Marksr: PEN2Z 11206m007
Sassion: 17/288/0

31 ore satellates in 27686 epochs

Mark=r: FPEN2Z 11206m007
Sesaian: 17/283/0

31 oPE satellites in 2222 epochs

RINEX3

Marker: PEN2 11206M007
Session: 17/289/0
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http://pnac.swisstopo.admin.ch/pages/en/qsumpen2.html#MP
http://pnac.swisstopo.admin.ch/resplt/pen2_r3.pdf

O

RINEX2
RINEXS3

Unstable RINEX3 delivery (hourly):
Example PEN2

ACC: rapid AC residuals

ACC: long-term combination residuals

ACC: Zoom long-term combination residuals
EPN: rapid combination residuals

Hourly data availability (RINEX 2/3)

Sess: 222222222222222222222222222222222222222222222222222222222222
999999999999999999999999999999999999999999999999999999999999
111111111111111111111112222222222222222222222223333333333333
BCDEFGHIJKLMNOPQRSTUVWXABCDEFGHIJKLMNOPQRSTUVWXABCDEFGHIJKLM

PEN2 |21111111111171717177117111111211711711111111717171127111111211111111111| 100.0%
PEN2 |211 111+11+ 111121111711111+ 11112111111111111111111| 80.0%

Daily data availability (RINEX 2/3)

I — e L L L L L L LY
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U  RINEX3 hourly

« Since Sep 18, 2017: Hourly RINEXS3 prior to RINEX2

Hourly R2 Hourly R3

WARE [11211111111111112112111111112111111111111111111111112111111111| 100.
WEHO [112111111111121111111111112111111111111111111121112111111121| 100.
WEIN |222222222222222222222222222222222222222222222222222222222222| 100.
WROC (1121111111111111211211111112111111111111111111111112111111111| 100.
WSRT (1121111111111111211211111112111111111111111111111112111111111| 100.
WTZR |222222222222222222222222222222222222222222222222222222222222| 100.
WTZS |222222222222222222222222222222222222222222222222222222222222| 100.
WTZZ |122121211212111121221211212212122111211111221122222222212221| 100.
YEBE [11212222+211122211111221122222111212112122111221122221+31111| 100.
ZECK [1121111111111111111111111121111111111111121111111112111111111| 100.
ZERM |222222222222222222222222+22222222222222222222222222222222222| 100.
zIM2 (111111111111111111111111+41111111111111111211211111111111111111| 100.
ZIM3 |4444444444444444444444448444444444444444444444444444444444444] 100.
zIMmM |11111111111121111121111111311111111111112111211211111111111111111| 100.
ZOUF |334222342322222332322222424+22342323322223223333322232343333| 100.
_____ +____________________________________________________________+_______

o°

WARE [2111111111111111111111112111111111111111111121111211111111111| 100.0
WEHO | | 0.0
WEIN | | 0.0
WROC [2111111111111111111121111211111111111111111111111211111111111| 100.0
WSRT | | 0.0
WTZR |222222222222222222222222222222222222222222222222222222222222| 100.0
WTZS |222222222222222222222222222222222222222222222222222222222222| 100.0
WTZZ [122221212221222111221221122211122221221111122222212222212111| 100.0%
0
0
0
0
0
0
0

o° o° o oo o°

o°

o°

YEBE | | 0.
ZECK | | 0.
ZERM [1111111112111111111111111+411111111111111111111111111111111111| 100.
ZIM2 11111111111112111111121111311111111111121111111111111111111111| 100.
ZIM3 1111111111111211111111121321111111111111111111111111111111111| 100.
ZIMM [111111211111211111111211311111112111121111111111111111111111| 100.
ZOUF | | 0.

_____ +____________________________________________________________+_______
-=<0min;1=0-5min;2=5-10min; 3=10-15min; ...;+=>45min; -=<0min;1=0-5min;2=5-10min; 3=10-15min;...;+=>45min;

« Hourly: Last 2 months (1. Oct — 23. Oct): 208 stations
111 stations R3 (53.4 %);
97 stations R2 (46.6%)

o° o° o o° o°

O O O OO OO0 O0O0O0OOoOooo
o°

oo
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©  RINEX3 daily

« Since Mid 2016: Daily RINEX3 prior to RINEX2

Daily R2 Daily R3 (only R3)

WARE (11111111111112111212111111111112111111121111121111121111111111111| 100. WARE [1111111121111111111112111111111111111121111111211111212111111111| 100.
WEHO ([111111111111111112211111111111111111111111121111121111111111111| 100. WEHO | | 0.
WEIN (11111111211111111121111121111121111111211111211111111111111111111| 100. WEIN | | 0.
WLCH (11111111111111112121111111111121111111111112111111111111111721| 100. WLCH [1111111121111111111121111111111111111111111111111211111111721| 100.
WROC (1111111111111111112111111111111111111111111111 11111111111 95. WROC (11111111211111111111121111111111111111111 131111 111111111111| 95.

o 0P do oe

o°

WSRT (1111111111111111121311111111111111111211111111111111111111111| 100.0% WSRT | | 0.
WTZ2 | | 0.0% wrz2 (1111111111211111111111121111111211111211111111111111111111111111| 100.
WTZ3 | | 0.0% wrz3 (11111111111111111111111111111111111 | 58.

WTZR (1111111111121121112121111111111121121111121111121111121111111111111| 100.
wrzs (1111111111111211121212111111111121121111121111121111121111111111111| 100.
wTzz (|11i11111111111111211 311111111111111111111121111121111111111111| 98.
YEBE (111111111113111111111111111121111121112112111111111111111111111| 100.
ZECK [11111111111111111111111+1+1+41121121111111171111111111111111111| 100.
ZERM [111111111111111112111111111111111111111199111111111111111111| 100.
zIM2 (111111111111111112111111311111111111112111211211111111111111111| 100.
ZIM3 [111111111111111111111++462111111111211111111111111111111111111| 100.
zIMJ (111111111111111112111112111111111111111111121211111111111111111| 100.
zIMmM |111111111111111112111111121111111111111111211211111111111111111| 100.
ZOUF [333333333333333333333333333333333333333333393333333333333331| 100.

o°

WTZR (1111111121111111111112111121111111111111111111111112112111111111| 100.
wrzs (11111111111111111111211111111111111111111111111112112111111111| 100.
WTzZ [111111111111111111111+++++7311111111111111111111111111111111| 100.
YEBE | | 0.
ZECK | | 0.
ZERM [111111111121111121111111111121111111211111211111111111111111111| 100.
zIM2 111111111111111121111111111121111111211111211111111111111111111| 100.
ZIM3 (111111111111111111112112111211111112111111111111111111111111111| 100.
zIMJ (11111111111111121111111111111211111211111211111111111111111111| 100.
zIMM (11111111211211111211111121111111211111211111211111111111111111111| 100.
ZOUF | | 0.

00 o° d° o0 d° o0 o° o

O O OO OO0 WOOOOOO oo oo
o°

o°

-=<0h;1=0-6h;2=6-12h;3=12-18h;...;+=>2d6h; -=<0h;1=0-6h;2=6-12h;3=12-18h; ...; +=>2d6h;

« Dally: Last 90 days (17. Jul — 14. Oct): 226 (210unigue) stations
128 stations R3 (56.7 %) 89: 3.02, 39: 3.03
98 stations R2 (43.3 %)
16 stations R2+R3 (1-3 days no R3), WAB2 changed R2->R3

AJAC, CAG1, CASC,GUIP, IRBE,LAMP,LFNB,MELI. NOT1, NAY2, OBE4, PADO, SMNE, TLSG, WAB2, WROC
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¥ Rinex3in operational processing

«  AGNES (dally):
210 stations

57% Rinex3
43% Rinex2

AMET (hourly):
208 stations

53% Rinex3
47% Rinex2

Mumber of RIMEX files
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Status / Summary

« Multi-GNSS is operational and running (daily since 2016.5)

* hourly RINEX3 used for stations if available (hourly
processing; since Sep. 2017)

« Operational comparisons with RS (60 stations)

« Operational long term Tropo evaluations (including short
baselines) including jump elimination + annual plots + std
plots -> more reliable estimation of ZTD changes in time

(“climate”) + detection of possible station problems
please visit: http://pnac.swisstopo.admin.ch/

« Hourly products: available from GFZ / CODE used for real
Multi-GNSS analysis
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