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Introduc)on	  
Geode%c	   co-‐loca%on	   sites	   are	   important	   for	   the	  
Interna%onal	   Terrestrial	   Reference	   Frame	   (ITRF)	  
to	   connect	   different	   space	   geode%c	   techniques.	  
So-‐called	  local	  %e	  vectors	  between	  the	  technique	  
specific	  reference	  points	  need	  to	  be	  known	  with	  
high	  accuracy.	  	  
The	   Onsala	   Space	   Observatory	   (Fig.	   1)	   is	   the	  	  
geode%c	   co-‐loca%on	   site	   with	   the	   longest	   VLBI	  
observa%on	   history	   in	   Europe.	   The	   main	  
instrument	   today	   is	   the	   20	  m	   radome	   enclosed	  
telescope	   (Fig.	  3)	   that	   is	  used	   for	  geode%c	  VLBI.	  	  
A	  dedicated	  twin	  telescope	  for	  geode%c	  VLBI	  has	  
been	   funded	   in	   2012	   and	   the	   installa%on	   is	  
expected	  in	  early	  2016.	  The	  observatory	  operates	  
also	   other	   instrumenta%on	   in	   support	   of	   space	  
geodesy	  and	  the	  ITRF:	  
• 	  several	  GNSS	  antennas/receivers	  (e.g.	  Fig.	  2)	  
• 	  a	  superconduc%ng	  gravimeter	  
• 	  a	  seismometer	  
• 	  several	  water	  vapour	  radiometers	  (WVRs)	  
• 	  several	  %de	  gauges.	  	  

Results	  
The	  results	  for	  the	  local	  %e	  vector	  obtained	  from	  
both	   semi-‐kinema%c	   and	   kinema%c	   campaigns	  
agree	  with	  standard	  devia%ons	  of	  2-‐3	  mm	  (Fig.	  6,	  
Tab.	  1).	  The	  baseline	  between	  the	  VLBI	  and	  GNSS	  
reference	  point	  has	  a	  standard	  devia%on	  of	  1	  mm	  
but	   differs	   by	   4	   mm	   from	   the	   ITRF	   2008	   value	  
(Tab.	   1).	   The	   results	   for	   the	   axes	   offset	   agrees	  
with	   the	   value	   previously	   determined	   from	  
classical	   methods.	   The	   applica%on	   of	   PCV	  
correc%ons	   modified	   for	   the	   telescope	   azimuth	  
orienta%on	  are	  important	  (red	  circles	  in	  Fig.	  6).	  	  

Conclusions	  
The	   results	   indicate	   that	   the	  VLBI-‐GNSS	   local	  %e	  
vector	   at	   Onsala	   can	   be	   monitored	   using	   this	  
method	   con%nuously	  with	   an	   accuracy	   of	   a	   few	  
millimetres.	  

The	  local	  )e	  vector	  at	  Onsala	  
A	  determina%on	  of	  the	  local	  %e	  vector	  at	  Onsala	  
with	   classical	   geode%c	  methods	   is	   difficult	   since	  
(1)	  the	  telescope	  reference	  point	  at	  Onsala	  is	  not	  
a	   physical	   point	   and	   thus	   cannot	   be	   observed	  
directly	   but	   only	  with	   indirect	  methods,	   and	   (2)	  
the	   telescope	   is	   enclosed	   in	   a	   radome	   [1].	  
Therefore,	   two	   GNSS-‐antennas	   were	   gimbal-‐
mounted	  in	  2013	  on	  both	  sides	  of	  the	  telescope	  
dish	   (Fig.	   4,	   Fig.	   5).	   GPS	   data	   were	   recorded	  
during	   nine	   campaigns,	   both	   dedicated	   semi-‐
kinema%c	   ones,	   and	   standard	   VLBI-‐sessions	  
(kinema%c).	   The	   data	   were	   analyzed	   together	  
with	   data	   from	   the	  ONSA	   site	   (Fig.	   2)	   using	   the	  
double-‐difference	   strategy.	   Absolute	   phase-‐
centre	   varia%on	   (PCV)	   correc%ons	  were	   applied,	  
with	   modifica%ons	   for	   telescope	   azimuth	  
orienta%on	  [4].	  The	  antenna	  reference	  point	  in	  a	  
geocentric	   system	   and	   the	   axis	   offset	   were	  
determined	   by	   least-‐squares	   fi`ng	   of	   a	  
mathema%cal	  model	  ([2,	  3],	  Fig.	  4).	  

Fig.	  5	  	  GNSS	  	  
antennas.	  

Tab.	  1	  	  Results	  for	  local	  %e	  vector	  (VLBI-‐GNSS)	  and	  further	  model	  parameters	  [4].	  

Fig.	  4	  	  A	  sketch	  of	  the	  model	  parameters	  and	  the	  local	  	  
%e	  vector	  between	  the	  VLBI	  and	  the	  GNSS	  reference	  points	  [4].	  

Fig.	  6	  	  Results	  for	  local	  %e	  vector	  and	  axis	  offset	  [4].	  

Fig.	  2	  The	  IGS	  antenna	  ONSA.	  

Fig.	  3	  The	  IVS	  telescope.	  Fig.	  1	  Aerial	  photo	  of	  the	  Onsala	  Space	  Observatory	  
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