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¥  Multi-GNSS at Swiss permanent
stations

 Feb-May 2015: all 41 Swiss stations are enhanced from
GPS/GLO receivers to Multi-GNSS (+ 15 chokering
antennas: causing jumps of ~ 2 cm despite individual
antenna PCVs)

BAVE  June 19, 2015: AGNES data flow in RINEX3 ZIMJ
a——— — (Javad)
Ele o _+ ~2 Ccm
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Monitoring RINEX3 Tools . 4

Multi-GNSS
WG

* Monitoring using Anubis and BNC

http://pnac.swisstopo.admin.ch/pages/en/anubis monitor r3.html

- 130 stations with RINEXS3 (long and short names)
- BNC for editing an merging RINEX3

, Satellites

‘ orsd e
sland Suom| - —————
v =4

> 50 (R2) - 110 (R3)
plots/site/day
<

Sortable table -
1
HNAME RECEIVER . ’ ! nC nJ n% PDF

LIGE TRIMBLE NETRS 5,22 1 [ [#] 0 aige r3.pdf
ABJREC 10077M0O0S LEICA GRZS 4_02 1 3 10 lu] 2 ajac r3.pdf
ARDZ TRIMBLE WETRO9 5.22 TREMS5S800.00 NONE 3.02 30 2880 1.03 88.48 32 24 14 10 lu] 0 ardz r3.pdf
LRDE TRIMBLE NETRZ 5.22 TEM3342%,204GF NCONE 3.02 30 2880 1.24 B88.82 31 o] 4] o] 4] 0 arde r3.pdf
LUTH 10080M001 LEICA GRZS 4,02 TRMS7971.00 NCOHNE 3.0 30 2880 0.03 97.42 31 24 15 10 [#] 2 autn r3.pdf
AXPV 10057M001 TRIMBLE WETROS 4 _85 TREMS57971.00 NONE 3.02 30 2880 0.01 99.24 31 24 17 10 lu] 5 axpv r3.pdf
BADH 14288M001 LEICA GRZ25 4,10/6.523 LEIARIO NCONE 3.03 30 2880 0.04 G9B.&60 31 24 10 o] 4] 4 bhadh r3.pdf
BCEL BCEL LEICL GEX1Z00+GMNSSE 9,.20/6.40% LEIRRZS.R4 NCONE 3.02 30 2880 0.00 9%9.63 31 24 [#] L8] [#] 0 bckl r3.pdf
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http://pnac.swisstopo.admin.ch/pages/en/anubis_monitor_r3.html

U RINEX3 Format in Europe iy o

Multi-GNSS
WG

v
S110 | - RINEX 3
=

W

—— RINEX 3.02 or 3.03 '

g 90 - [ Wf !
v —— long RINEX filenames '

« /70 l

é - .-pm" mi’l’

= 30

10

< LN ©
i —{ —
o o o
~d ~ o

Year

-> still, ~50% RINEX2, only
-> hourly RINEX3 far from operational
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As of 14 Febuary 2017, 303 permanent GNSS tracking stations are part of the EUREF Permanent Network.
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Firmware & RINEX3 Wi

WG

Marker: ZIMM 14001M004

 Many lessons learned e

- during Multi-GNSS activities
(RINEXS checking)

- during field equipment data flow |
. Firmware 5.22
testing April 11, 2017

- as station manager Zimmerwald
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Multipath [ecm]

«=-u-=a INternational GNSS Service =
IGS td 1

* Examples P
- Missing observables (in case of
connecting to special antenna types)

- Format issues (Header; observation
records) — empty compressed
RINEXS files

RINEX
3.03
Update 1
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Field Equipment swisstopo

« Old GPS-only receivers end-of life reached
« Evaluation campaign in Thun (December 2015)
« All manufacturers fulfilled technical specifications

 Purchase of 8 Multi-GNSS receivers and antennas end of
2015: Trimble NetR9 in Feb. 2016; RINEX3 data flow in place
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U  Zug GNSS Test
e CAM paign

ZUG16_1470807254
ZUG16_1470809910
ZUG16_1470815109
ZUG16_1A_
ZUG16_1Al

ZUG16_2A_ .

=2 . April 5-6, 2016
ZUG16_4A_ ]

ZUG16B

ZUG16B0__

shcitor - 1 session old equipment

- 1 session new equipment
wea: o Data flow validation
ZucteLd_bokz (repair formats; missing

ZUG16L5__

ZUG16M

“i.  APROX POSITION
ZUG16M11N_I

ZUG16M13T .

ZUG16M13T_I

ZUGTBM21N 18] RINEXS)
ZUG16M21N_5

ZUG16M23T

ZUG16M23T_5

ZUG16M41N

ZUG16M41N_5

ZUG16M41N_B

moman o BSW5H3 Test
ZUG16M41N_I

ZUG16M41N_N es S
ZUG16M43T

- MGEX orbits CODE

ZUG16M43T.bck2
ZUG16M43T_I

- 60 BSW53 BPE alternatives analysed

ZUG16041N
ZUG16043T
ZUG16P

ZUG16P41N
ZUG16P43T - -
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¥  Influence: GPS -> Multi-GNSS

Session 1 versus Session 2 &
FILE 1: F1 160970.CRD: AUTOCAMP 160970: Final session coordinate results
FILE 2: F1 160980.CRD: AUTOCAMP 160980: Final session coordinate results
LOCAL GEODETIC DATUM: IGbO8

RESIDUALS IN LOCAL SYSTEM (NORTH, EAST, UP)

| NUM | NAME | FLG | RESIDUALS IN MILLIMETERS |
| | | | | |
| 1 | 1100 | A A | -0.08 0.01 0.58 |
| 2 | 1131.652 | A A | -0.37 1.79 13.27 | V |
| 3 | 1200 | A A | =0, 95 0.67 0.20 |
| 4 | 1300 | A A | 0.22 -0.50 -1.24 |
| 5 | 300 | A A | 0.45 -0.28 -0.60 |
| 6 | 800 | A A | 0.36 0.09 1.06 |
| | | | | |

| | RMS / COMPONENT | | 0.57 0.44 0.92 |
| | MEAN | | 0.00 0.00 0.00 | |
| | MIN | | -0.95 -0.50 -1.24 | |
| | MAX | | 0.45 0.67 1.06 |

. _ Steel mast vs. Tripod
Comparison: Old (GPS) — New (Multi-GNSS) > Tripod for CHTRF
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¥ CHTRF2016 Multi-GNSS campaign

All ~200 reference points to be measured

Multi-GNSS experiences gained on this campaign
permanent analysis second step; less time critical
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¥ CHTRF2016 Multi-GNSS campaign

10 operators
15 weeks (Mo — Sa)
April 11 — October 14, 2016
~ 44 hours of measurements per point
All data analysed already: Multi-GNSS; BSW53
- Horizontal position ~ 1 cm with official coordinates

- Vertical position: to be validated (switch from relative to
absolute antenna PCVs)

Multi-GNSS in EPN and CH 10
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week 1905

1.7e+06

Switch to Multi-GNSS for EUREF

« E-Mail announcement on 29-Jul-2016 (EUREF Mail 8644)

* RINEX-3 observation data (if available), otherwise RINEX-2
« CODE MGEX products available in time! Thanks to AIUB/CODE
* Troposphere modelling changed from GMF to VMF

« ~13% more double-difference observations w.r.t. GPS+GLO
(additional constellations not yet complete)

Number of observations

1.68+06 |
1.56406 |-
1.48+06 |-
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1.10+08
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2016.2

2016.8

2017

Impact on coordinates is small: std N/E/Up: 0.3/ 0.3/0.7 mm

LIST OF OUTLIER STATIONS

STATION RESIDUALS (MILLIMETERS)

N E U
EGLT 10032M001 -0.91 -0.01 -0.87 Egletons, FR (GREC)
GUIP 10004M501 -0.37 -0.87 0.94 Guipavas, FR (GREC)
OBE4 14208M007 1.14 0.87 0.14 Oberpfaffenhofen, DE

(GRE)
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U AGNES Multi-GNSS: Repeatabilities

2006 stations, 15 parallel proc. weeks
new vs old processing scheme

Repeatability: Change
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AGNES processing using Multi-GNSS
Since Nov. 2016 on pnac web
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DAV2: Inter-system translation parameters in [mm]
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TRANSITIO

:
U 1GS14 antenna PCV change 16514

http://pnac.swisstopo.admin.ch/pages/en/gsumpots.htmi#TRA MONTH

KOPS antenna change (2012)
APOS — dh 3 cm GLO-GRE ;

KIRE | I i i .
« POTS (JAV_RINGANT_G3T NONE 316) ol
] . KOPE oAb & H -
case EPN: ind. PCVs from Robot incl. GAL o] -
o = ] v
IGS08 group E14 robot calibration Laa e
ez 4o TP PR N
POTS: Inter-system 1rar}la|iun parameters in [mm)] ::: ::—
15 T v T T T v T T T T T T 1 ——
10 b E: 3.01L4:4.37 mm 2.033 %244 mm —— LIND HHb
R L o GLO o -
[+] 0 g T e - B . HH—iH
“ ) . - : N I P oo GAL was | S
15 i i H ] ] f MOSE - T e
16/359 17/007 17/021 17/035 17/049 17/063 17/077 MARZ [
MARZ L
12 - ' E: -[].()IS += O.QEImm —-I— ' R: 1.8!; 1.20 I1'|rr'| —~I— ' ' ! MAR3 ¥
5L MARE il
E 0 S MART il |
L= I S S — MARE a—
0 [ T MARS it ——
s 17/007 ] s
MATE - ——
:g - ' E: S.SIQ + B8.79 MOV B
PO G e e ey, il GAL satellite PCVs | v i
o N S S T N S S from GPS/GLO zi: 1T o i
30 16/359 ‘ 17/007 I 17/021 I 17/035 ‘ 17/049 I 17/063 ‘ 171077 MDA R
15 MOPZE o it—
10 ' E: -1.0I6 +- 1.04Imm —-I— ' R: O.GSI 0.63 Inm —.-7 : : :f: | e
o 5 i i o s S SR S R
Q. - e L KEUZ A —+ih
E _g .“f ol v ,,,,,,,, i ol s il SR e, TR @ NICcQ - ettt
12 —— | ............ ; | NON  N—— |‘ A : | S .I_ xii : ru - I<{|:u‘-l-| o
16/359 17/007 17/021 I 17/035 17/049 17/063 171077 oALE 4 - —s
Mean estimates for all stations: R :4P - 2P o oy
IGS14 rec. antenna model change Mean estimates for all stations: E :4P - 2P ouen .
Feb 2017 Mean estimates for all stations: C:4P - 2P LArE - -
( ) Multi-GNSS in EPN and CH T 14

E. Brockmann


http://pnac.swisstopo.admin.ch/pages/en/qsumpots.html#TRA_MONTH

¥ Antenna model change at e
2017-01-29 -> long-term solutions

+ reference frame change 1GS08 -> IGS14 with no effect (network
solutions simply aligned to another set of coordinates)

« antenna model (PCV): IGS08 -> [GS14 introduces jump in time
series (mean of 20->25 antennas; usefull?)
« tested methods (using 204 stations EU+CH)
- Keep 108 station PCVs + 114 satellite PVCs: no jump

- 3 weeks parallel processing: jumps calculated + applied
jumps: N+E:<8mm ;H:<15mm (std: 1.5| 4.2 mm)
3-W-std:N+E: < 0.1 mm; H: < 0.5 mm (mean: 0.03 | 0.15 mm)

SAPQOS - SIGM (TRM59800.00 SCIS): Group->Indiv. PCVs
jump continue 108 PCV OR jump repair 114 PVC
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¥  Summary (view on # satellites)

* Reprocessing 2(BSW52): GPS+GLO - next planned in 2-3 yrs 55
e Campaigns (BSW53): GPS+GLO+GAL+BDS
« EUREF /AGNES (BSW53): GPS+GLO+GAL+BDS

- AMET (hourly) (BSW53): GPS+GLO — Multi-GNSS if EPN hourly
Number of processed satellites available
. /N
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¢

Thanks for your attention

— Marker: ZIM3 14001M008
Session: 17/114/0
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