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Motivation and Outline

Local tie height discrepancies Outline
at Wettzell from ITRF2008D

e GNSS network at Wettzell

 GNSS processing

e Station coordinate time series
e Accumulated solution

 Local tie comparisons

« Kinematic solution

 Impact of individual antenna
calibrations

e Conclusions
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GNSS Station History

Site Start End Network # ACs
WETT  07/1991 01/1997 IGS -
WTZR  02/1995 IGS 7
WTZT  02/1997 05/2005 IGS -
WTZA  11/1997 IGS 3
WTZzZ  02/1999 IGS 4
WTZJ 07/2001 IGS 2
WTZL  03/2004 09/2008 DREF -
WTZS  07/2005 IGS 1
WTZX  01/2009 CONGO -
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GNSS Permanent Stations at Wettzell (1)

Geodetic Observatory Wettzell
Local Survey Network

50 m

16 survey pillars
10 ground markers
10 platform markers
9 space technique reference points
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GNSS Permanent Stations at Wettzell (2)

WTZS

WTZS
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The precision of the local ties in Wettzell is in the order of 1-2 mm

REFAG 2010, Marne-la-Vallée, 4 — 8 October 2010

(bkg 2 I



GNSS Processing

Double difference solution with Bernese 5.1
WTZA as reference: no antenna change, no discontinuities

Reprocessed (1997-2008) and operational (2009/10) CODE
products:

- Satellite orbits and Earth rotation parameters

- Troposphere zenith delays and gradients for WTZR
Estimation of troposphere parameters for all stations but WTZR
- Zenith delays with 2h parameter spacing, GMF, GPT

- One pair of east-west and north-south gradients per day

- Elevation-dependent weighting: cos?z

Ambiguity fixing for L1 and L2 with Sigma method, mean resolution
rate of 94 %

Computation of L1, L2, and L3 (ionosphere-free) solutions
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East [mm] North [mm]

Up [mm]

385 !

Coordinate Time Series of WTZT w.r.t. WTZA
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Coordinate Time Series of WTZT w.r.t. WTZA
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Cumulative Solutions: Height Component

Differences between baseline (w.r.t. WTZA) and local tie L1 L2 L3
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Possible Error Sources

Antenna calibration Multipath

/ Far field
2 L |

Satellite Zenith

vV
Individual robot calibrations Multipath effects repeat after one
for several antennas available sidereal day (23" 56™)

Comparison of solutions with type-  Estimation of kinematic coordinates
mean and individual calibrations Comparison of different days
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Kinematic Solution: WTZR w.r.t. WTZA

North [mm]

East [mm]

Up [mm]

Time [h]
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Kinematic Solution: WTZR w.r.t. WTZA
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

14 April
2010

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

North [mm]

East [mm]

Up [mm]

Time [h]
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REFAG 2010, Marne-la-Vallée, 4 — 8 October 2010




Kinematic Solution: WTZR w.r.t. WTZA

10

— I i : i | | ®
E 5 » | Il | TH 2 ! [ '! x I: \ h II -Il"~i||. i L d i K II' Iil f _ =
E oy | |“ill !Ill I' | i !|. ' II:III r :!!l i ||I.r!- Iltll : .|| I ! & IT:P]- Ill i E || £ 11 |I |II| ' !I .'i“- “ Il l‘ ill:‘l " ! I I!:I: i;-:-’lllli l.:'f.‘l I' Illlf 1 7 Ap rI I
= ONRLIITIRS AT TR Y Thembl e L TRy by
-'E ¢ '|L |;Il I T 'I'!!I:! '-_._i-i--. tll I ! 'i.l ’ l‘I l: |. | ."I I|I| |_ | ||= f hl I. '_..;. & ! | i & nli.i;!!i-_ : I. I.! |ii_ | 2010
2 SE l;ii:'! ' ! a3 " 1 *] ik 'Ii. ' KA
-10
10
E Clig Ty bt . i
O ] L LR i i 43 s 1 . R4 Lgy
é 0 | ji“, 4 ' alls -'ii : ._- | ! ! l :ll & I*‘ I I ! I“ £ l]‘l ! - | F| '|-I.’: u':|| t ".I:i‘;'!-l:ifgz':___:iI:. . Ill - lili‘il
-.0_9' 18d.& H | L Eglt "‘i |||I '.i. & 4 4 i f P op i SN
W50 i F i ' :

*"n |||i

II; L -'| | " "

6 12 18 24

Time [h]

REFAG 2010, Marne-la-Vallée, 4 — 8 October 2010




Kinematic Solution: WTZR w.r.t. WTZA

18 April
2010
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]
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Kinematic Solution: WTZR w.r.t. WTZA

East [mm] North [mm]

Up [mm]

S -. b 1 | ] { -
fl ¥l ML 3 ot I i ks
| I s .I - I":':: ; HE ¥ |- 1 okt XL
t B .'1|r! e v '!,: | " _Is'.i! ‘_: .5 ' | i I’!l ; { \ i gF % : -_i!I i ) i':;_: ! ;l ,!IE
-y Vig e B9 [H+ TN 18 el e i " e % e
0 i ] i Al a ¥ B I ~AE Rty oy LR s> i,
I 4] - I: lli Ay | i 31T ilir 1y g H | .
f ! i ! ,l i ] 1 :l. i I i€ Bl 1 "L
il !
- b ]

0 6 12 18 24

Time [h]

22 April
2010

REFAG 2010, Marne-la-Vallée, 4 — 8 October 2010




Kinematic Solution: WTZR w.r.t. WTZA

E 23 April
£ 2010
P
10
e or 1 i;"i i T 1.
é fit i ,li'iq T A " ‘[i_'!lgil A .1 ‘ .‘..li..,:' Al g i.a*?!I!|l l’l'-' I“I, Il : ,r At '.I'F'.I i
"07" 0 :",I';:i!'i | llililil l:lll'" .i y ||” % ; Lk ;;_ii;;""g I !fh ;I.'Ii_ ::".i"-‘. (gl ",;._ ok | 'l
o sk i : ' | .
-10
10 1T, RS ERE TN 3 T
[ | 3 R it BT L i1 0 /A
bl i / | il il 111 gl | o
— 5hi il- i 14 b NIED : ek “| i |!| i ! ‘!i!.l ki
E i i ”“ i if Wi 'il |" ! .!lhlq'|'i| '!.!|| i 19 '|?"'5i|'ﬂlll:|!|:!'-l ; i ii":Ii"'||i'l"" 'J‘i.-l I
= I. | ||| ,,|, “|||| 'IH ' i!l [ i 'hH .|.|| [ :;'! ||||||i | !ili'll||!| A ‘L ;08! I' Uy
o ‘ |' ‘| |||. k i||I|i||| stil g Iili,'i': AN il.I,‘ | R\ ||
> - ""Im I&i 'll\ it i R TR | N
. I} e - il
10 (il ‘ " { I

12 18 24

Pattern shifted by 4 minutes per day due to multipath

REFAG 2010, Marne-la-Vallée, 4 — 8 October 2010




—— Impact of Individual Antenna Calibrations: WTZJ —
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— Impact of Individual Antenna Calibrations: WTZR —
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Summary and Conclusions

Precision of the local ties at Wettzell is at the 1-2 mm level

L1, L2, and L3 GPS solutions differ by up to 5 cm

In particular L3 differences to local ties can reach cm level
Discrepancies are caused by GPS, not the local tie measurements
Multipath can clearly be seen in kinematic coordinate solutions
Multipath is most probably causing the frequency-dependent biases
Worst case scenario: uncalibrated radome

Individual antenna calibrations can change estimated station
positions by several mm but no clear improvement compared to type-
mean calibrations

Testing new locations for the permanent GNSS stations

Further analysis: residual maps, troposphere, ...
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Thank you for your attention.




