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U  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)
 June 19, 2015: AGNES data flow in RINEX3 ZIMJ
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L+ Further Multi-GNSS work

* Field equipment Multi-GNSS tested and purchased: Dec.
2015 - Feb. 2016

- Campaigns measurements, data flow and analysis adjusted
 Installation and testing BSW53 (devel. Version BSW)

« 200 control points measured + analysed in Multi-GNSS
mode (April — Oct. 2016)
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By the way —web PNAC monitoring

Q http://pnac.swisstopo.admin.ch/

baselines, EPN/IGS/EGVAP/AIUB-links

=1 140008008

*  Web based status of the processing with frequent updates
Amazon web cloud based since Mid 2016
Data, coordinates (kin, day, week, year), Tropo, short

ZIM2 zanith total dalays. ms and diforances to LT PP waek 1921

* Departement: VBS ant 16/320/0 Soordinate ressatability of Zinz x T 3 ; i k
31 aps satellsres in 2880 epocna -
2 Federal Office of Topography swisstopo 5 1 15 Jerthmesy
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http://pnac.swisstopo.admin.ch/

Long file names in IGS and EPN

« Chair of Multi-GNSS WG EUREF

- Station Manager: exercise using ZIM? Data: Switched on
Juli 28, 2016 (switch; not a dublication) -> most ACs did it
like that; some dublicated data.

Obs Files ZIM2:

Day:

zim22060.16d.Z —-> ZIM200CHE R 20162060000 01D 30S MO.crx.gz
Hour:

zim2206g.16d.Z2 -> ZIM200CHE R 20162060600 01H 30S MO.crx.gz
Nav Files ZIM2:

Day: zim22060.16n.2 -> ZIM200CHE R 20162060000 01D GN.rnx.gz
Meteo Files ZIMM:

Day:

zimm2060.16m.%Z —-> ZIMMOOCHE R 20162060000 01D 30M MM.rnx.gz
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¥ RINEX3 Format in Europe

150
130
v
g1 10 —— RINEX 3 by
=90 —— RINEX 3.02 or 3.03 . IIIH fv
s 20 —— long RINEX filenames L. Ww
Q
€ 50
> 30
10
<t Ln <9
— i pn
o —t N
~ ™N N

Year

: . BKG IGS-obs daily: 177 RINEX2, 128
81.7 % stations using LongNames RINEX3-long: 82 RINEX2+3long ->

(134/164) @ BKG-IGS 53% (95/177) RINEX2, only
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L+ RINEX3 Format Problems: AGNES

* Format overflow — bug report Trimble end 2015

- -> Files cannot be compressed
-> data gaps in Files; repair pre-processor to fix problems

o « Announcment of Trimble Oct. 18, 2016
“Both bugs will be removed in firmware 5.20 in Q4, 2016”

39912943. 6 207837287 o 39912938.891 6 160712943.069 o 39912934, 168884690.568 6
39912969. 6 207837422. o 39912965.051 6 160713047.439 o 39912960. 168884800.241 6
39912994, 6 207837553, o 39912990.148 6 160713148.672 o 39912985. 168884906 .620

o o 39913014, o o 39913010.
. -214/49244/. o 67108858, . o 67108854,
67108862. -2147492331. o 67108858, o o 67108854,
67108862. 2147492220, o 67108858, o o 67108853.
67108862. -2147492112. o 67108858, o o 67108854,
67108862. -2147492009. o 67108858, o o 67108854,
67108862. -2147491909. o 67108859, o o 67108854, o
67108862. -2147491813. o 67108858, o o 67108854, 2147491447 .
67108862. -2147491721. o 67108858, o o 67108854, 2147491372,
67108862. -2147491633. o 67108858, o o 67108854, 2147491301.
67108862. -2147491549. o 67108858, o o 67108854, 2147491232,
67108862. -2147491468. o 67108858, o o 67108854, 2147491167 .
67108862. -2147491392. o 67108858, o o 67108853. 2147491105.
67108862. -2147491319. o 67108859, o o 67108854, 2147491046.
67108862. -2147491251. o 67108858, o o 67108854, 2147490990.
67108862. -2147491186. o 67108858, o o 67108854, 2147490937.
67108862. -2147601266. o 67108858, o o 67108854, 2147580373.
67108862. -2147601212. o 67108858, o o 67108854, 2147580330.
67108862. -2147601163. o 67108858, o o 67108854,
16777216. -849221785.28316 o 16777210. o o 16777206.
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U  Example: Data gaps NetR9 in EPN

* due to format overflow and no repair pre-processor

KIR8BOOSWE @ Rinex 2
Completeness of Rinex 2 and Rinex 3 data @ Rinex3

2880
h |

263/2016 277/2016

# Epochs

249/2016
Date © EPN Central Bureau
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¢

LPT switch to Multi-GNSS
processing as EPN AC

E-Mail announcement on 29-Jul-2016

(EUREF Mail 8644):

“The LPT Local Analysis Centre (swisstopo) of the EPN
switched from a two system (GPS and GLONASS) to a four
system (GPS, GLONASS, Galileo and BeiDou) processing
scheme for its final products.”

Bernese GNSS Software version 5.3 (development version)
RINEX-3 observation data (if available), otherwise RINEX-2

CODE MGEX orbits, clocks and ERPs
Products available in time (as CODE Final)! THANKS to
AIUB/CODE!!

The new solutions are submitted to EUREF starting with
GPS week 1905

Geodesy
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Switch to Multi-GNSS processing

« Allincluded stations in the processing contribute GPS
observations to the finals results
95% GLONASS
66% Galileo
40% BeiDou

« ~ 13% more observations (constellations not complete, yet)

* Phase centre corrections of uncalibrated frequencies or
systems are adopted from GPS

« Dally intersystem translation parameters (ISTP) w.r.t. GPS
setup for coordinates (3 per station) and troposphere (1 per
station)

« Galileo frequencies L5 used (alternative L7 with slightly
different results due to PCVs)

* Robot calibrations used (chamber partly different values for

Galileo freugencies)

Geodesy 10
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Inter-System

!‘J:_l ImageMagick: R7_19147 TRA_E.gif

parameter: per day

=% EoR =)
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!I;l ImageMagick: R7_19147 TRA_C.gif

[=]lo ]msd

ISTF of BDS w.r.t. GPS fln [mm]
1 ; ; ; L
AUTN_10080MODL - HE - - Hib — FN
E —+—1
AXPV_10057MDOL1 A i Foo
BORJ_14268MDDZ - — - - - F T —t+
BRUX_131l0lMolo A i F
ESCN_10028MDOT - T F
CAG1_12702ZMDODZ - —+— HH k) F
DLF1_13502ZMDO0% - ol - F
EGLT_l0032MD01 A —t HHAHE F
ENTZ_l0014MD0Z A et F
GRAC_10002MD10 A e HH— F
GUIP_10004M501 - R R e F
HELG_14264MDOLl A - g F
KOS1_13504MD05 - i I
LILZ_10051MD03 A - HE F
LINZ_ 110338001 A HH- 1 H —— F
MLVI,_10092MDO1 A A -HE— F
PADO_ 127508001 A - - - F
PUYV_10065MD0L1 A W F
REDU_13102MD01 A P -1 F
SMNE_10001MOOT7 - - F
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-15  -1o -5 o 5 10 15

Vertical: Less than 15 mm

(Exception: -35 mm TRF2 for GLO)

Horizontal: Less than 5 mm

(Exception: OBE4 for GAL, GUIP

and LINZ for BDS
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U AGNES Multi-GNSS prototype (daily)

« Same network (RINEX-2 / RINEX-3 mixed processing)
 Red: GPS+GLO, green: GPS+GLO+GAL+BDS

Number of observations

1.7e+06

1.66406 | 1
0
1.5e+06 | +15 % |

1.4e+06 | VAT “N/ |

o :’H\“,\"\I\l(w::,’\\J,“z‘v/‘t'sl’.*“‘j".\'.’w,“,‘/\V\y\[\%’w M
1.3e+06 [ /1, VAR
PN /WM o |
U LMl N

1.20406 | '

1.16+06 : : : :
2016 20162 20164  2016.6  2016.8 2017

Year

* Unknown parameters: ~15500 = +5 % (ambiguities, ISTPs)
* A posteriori RMS of unit weight not changed significantly
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Up [mm] East [mm] North [mm]

Tropo [mm]

Inter-System parameter

daily

DAV2: Intersystem Translation Parameters

DAV2

15 T T T T T T T 20 T T T

10 C:-0.23 +-6.14'mm E: 0.55 +- 1.47 mm R: 0.24 +- 0.64 mm - - 15 C:-1.44 +- 4.09 mm h
5k 4 E F E: 0.63 +-0.72 mm 1l
of - s 8f--BR88s02 | ST T

=

S b 5 i

-10 F - z 4

_15 1 L 1 1 1 1 1 1 1 1 1 1
230 240 250 260 270 280 290 300 310 320 330 2000 2005 2010 2015

15 T T T T T T T 20 T T T T

10 F C: 1.324-873mm E: 0.20 +- 1.74 mm —— R: 0.27 +- 0.60 mm 4 _ 15F C: 4.16 +- 2.98 mm o
& | - E UF  E-025+091mm ]
0+ 4 E o R: 0.10 +- 0.70 mm M
5 - % 5 —

10 . ﬁ -10 | ]

15 :;g C 1 1 1 I il
230 330 2000 2005 2010 2015

30 40 T T T T

2L 4 30 [ C:-7.53 +- 7.32mm ]

10 - : T 20 E-7.39+315mm ]
ok - E OF R:-2.02 +- 3.26 mm G

-10 |- - a - -

C ] S RF g
20 0 ]
-30 :40 1 1 1 1

230 330 2000 2005 2010 2015
15
20 T T T T
10 - h = 15F C:-0.41 +-1.91 mm B
5 E E 10  E-001+092mm ]
or ] s § —BisalZnn s
5+ i Q
g or a
-10 | - S -0 4
15 1 1 1 1 1 1 1 1 1 -;g - | . i L -1
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GPS/GLO Multi-GNSS
from repro2 BSW53
Geodesy 13

AGNES processing prototype Multi-GNSS
Since Nov. 2016 on pnac web

GLO
GAL

Long-term

DAV2: Intersystem Translation Parameters d a | Iy Weekly
T
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Up [mm] East [mm] North [mm]

Tropo [mm]

AGNES Multi-GNSS prototype
MARS: Marsellle, FR

MARS: Intersystem Translation Parameters

MARS: Intersystem Translatior

: I T
C: 1.23 +-4.29 mm

1 Y T
E:-0.81 +- 1.53 mm —1

North fmm]

08/20

09/03

09/17 10/01

: I T
C: 0.63 +-4.66 mm

RN NS I LN

1 ¥ 1
E: 0.98 +- 1.34 mm —

East [mm]

08/20

08/03

09/17 10/01

Tp [mm]

08/20

09/03

09/17 10/01

T T T
C: 6.07 +- 5.58 mm

T % T
E:!-0:67 +- 2,79 mm \—

08/06

08/20

09/03

Tropo [mm]

09/17 10/01

2000 2005 2010 2015
I I I L)
- C: 1.29+-1.31 mm b
= E: 0.88 +-0.81 mm —— ]
e R o
B l 1 1 1 7]
2000 2005 2010 2015
- C:-12.52 4-3.30 mm '
N E: 7.74 +-3.25mm ——
e RE3088 - 93 MM e
C l 1
2000 2005 2010 2015
I ) ) 1)
B C: 6.06 +-3.13 mm T
- E:-0.73 +-1.09 mm —— ]
C | ] ] 1 7]
2000 2005 2010 2015

« |ISTPs of GLO and GAL relatively stable, BDS not (yet?)
« Equipment change on 26-Sep-2012, “%JUMP” introduced

Geodesy
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AGNES monthly

Examples: POTS+NYA?2
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.works also with PPP
...Since Dec. 2
 North: 6-7 mm; GPS-GLO, 6-7 mm GPS-GAL

!J‘;l ImageMagick: pots_tra_ppp_tst.gif

!A“nil ImageMagick: nyaZ_tra_ppp_tst.gif

=N |EcR =3)

POT8: Inter—system translation parameters in [mm] NYAZ2: Inter—-system translation parameters in [mm]
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¢

Multi-Annual solutions using Multi-

GNSS: ZIM2 BS\//52 + BSW53 (daily)

Coordinate repeatability of ZIM2

4 std £ 0.86 mm North —e— -
T2l . " 2 .
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= ¥ i
o
zZ 2 -
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'E' 2
= 0F
2]
©
w .2
4 F -
10 I I I I I
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5 ] “ ‘ -
E AR AW
(2,70, ¥.) S (U . N S S & 1T 48R ; i %‘1 W & RUVERY ) .
Q 5 \ [\ 3 4 ‘}1 % X ] \‘ ' R I\
o ) /7 : \
-5 "L .
-10 1 1 1 1 1
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U  Multi-GNSS daily repeatability (daily)

e 206 stations

Repeatability
B GPS/GLO M Multi_GNSS

2.
‘£
E
East North
Geodesy 05.12.2016
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U  AGNES Multi-GNSS prototype (daily)

« 206 stations, new vs old processing scheme
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Up [mm] East [mm] Nerth [mm]

#OBS

Potential Improvement for Kinemtics

(S

hort time Iintervals -> as hourl
« CODE final rapid product

y)

« Left: GPS only (V_USE=G), right: GPS+GLO (V_USE=GR)

Kinematic coordinate repeatability of ZIM3

Kinematic coerdinate repeatability of ZIM3
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¥ Potential Improvement Kinemtics:
PPP for product/strategy evaluation

 Kin. coordinate repeatabilities over one week for ZIM3

COD G 8.52 9.57 16.07 10.1

COD GR 5.67 (-33%) 5.32 (-445%) 11.67 (-27%) 18.3 (+81%)
COM* G 11.23 11.42 21.79 9.9

COM GR 6.86 (-39%) 7.03 (-38%) 14.56 (-33%) 17.7 (+79%)
COM GRE 6.54 (-42%) 6.50 (-43%) 13.29 (-39%) 21.4 (+116%)
COM GREC 6.27 (-44%) 6.21 (-46%) 13.22 (-39%) 24.2 (+144%)
GBM G 9.06 9.78 17.46 10.1

GBM GR 5.82 (-36%) 5.50 (-44%) 12.46 (-29%) 18.2 (+80%)
GBM GRE 5.65 (-38%) 5.00 (-49%) 11.87 (-32%) 22.0 (+118%)
GBM GREC* 5.78 (-36%) 10.24 (+5%) 13.49 (-23%) 25.4 (+151%)

*COM: Satellite clocks have 300 s sampling, all others 30 s
*GBM: Issue with C05 (GEO), which is not included in COM

« General benefit adding more GNSS

Geodesy 21
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JUJO new antenna

[

* New antenna / radom pair capable to track Multi-GNSS
- Antenna was individually calibrated in Feb 2016

* To be installed in March 2016 -> already malfunctioning pre-
amp -> installation Oct 2016 sucessfull
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¢

Multi-GNSS status: daily -> hourly
processing

« Multi-GNSS is operational and running (daily)

* Prototype Hourly processing developed and running (mixed
RINEX2/3 Input) for daily / campaign analysis

« Cutting-Scripts (8 hours) to be modified to RINEX3 handling

* hourly RINEX3 only for minority of stations available and
stable

* Hourly products: available from GFZ (not yet CODE)
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