
2. Data trans fe r

As  s h ow n in fig. 3, proprie tary raw  data of e ach  GFZ  GNSS ne tw ork  s tation is  trans fe re d to 
a GFZ  s e rve r as  a re altim e  s tre am  w ith  file  trans fe r as  back up s olution in cas e  of de te cte d 
data gaps . More  pre cis e ly, th e  data trans m is s ion is  controlle d by tw o m onitor program s , 
one  running on th e  local h os t at th e  re ce ive r's  location and th e  oth e r running on th e  re m ote  
h os t at GFZ . 

Th e  local m onitor program  pe rform s  tw o tas k s : 
- s tre am ing of individual data pack e ts  de live re d by th e  re ce ive r ins trum e nt to th e  
  re m ote  h os t at GFZ  us ing Trans m is s ion Control Protocol (TCP)
- as s e m bling of th e  s am e  raw  data from  a pe riod of us ually 15 m in into a file .

Th e  re m ote  m onitor program  at GFZ  
colle cts  th e  TCP pack e ts  and as s e m ble s  
anoth e r file  from  th e  s tre am e d raw  data. 
If th e  data file  at GFZ  h as  a diffe re nt s iz e  
com pare d to th e  original data file  s tore d 
on th e  local h os t, th e  latte r file  is  
trans m itte d to GFZ  us ing s cp protocol 
and re place s  th e  re m ote  copy; oth e rw is e , 
th e  file  on th e  local h os t is  m ove d into a 
local arch ive . Th is  m e th od com bine s  th e  
s pe e d of re altim e  s tre am s  w ith  th e  
re liability of file  trans fe r m e ch anis m s .

Th e  raw  data s tre am s  of e ach  s tation are  
additionally conve rte d into RTCM3 form at 
and forw arde d to a GFZ  Ntrip 
Broadcas te r. Us ing an Ntrip clie nt (e .g. 
BKG Ntrip Clie nt), th e  data s tre am s  can 
be  dire cte d to a re altim e  analys is  s oftw are  
or to a RINEX conve rs ion tool.

Curre ntly, data s tre am s  of 21 s tations  are  
available  at GFZ 's  Ntrip Broadcas te r. One  
of th e s e  s tations  cons is ts  of a m ovable  
ante nna on th e  roof of a GFZ  building and 
can be  us e d to ge ne rate  pre -de fine d 
h e igh t ch ange s  w h ich  are  us e d to validate  
both  re altim e  and pos t-proce s s ing analys is  
s trate gie s . 

De tails  of acce s s  to th e  GFZ  Ntrip broadcas te r m ay be  re q ue s te d from  th e  auth ors .

1. Station h ardw are

Th e  re ce nt GFZ  GNSS ne tw ork  cons is ts  of 29  s tations  (w ith  21 of th e s e  s tations  providing 1-H z -
h igh rate  / re altim e  data) and is  m ainly us e d for radio occultation m e as ure m e nts  and for CH AMP-
s upport. In addition, it de ns ifie s  th e  IGS ne tw ork  (s e e  ne tw ork  m ap in fig. 1) in re m ote  re gions . 

Curre nt activitie s  conce ntrate  on th e  de ve lopm e nt of ne w  GFZ  GSS (Ge ode tic Se ns or Stations ) w ith  
im prove d re liability fe ature s  and e nh ance d re m ote  adm inis tration capabilitie s . Th e  m ain fe ature s  of 
th e  ne w  rack  de s ign (s e e  fig. 2) are :

- “no m oving parts  de s ign”: re m ove able  s olid s tate  h ard dis k s , no fans  for pow e r s upplie s  or CPU
- “12 Volt de s ign”: all com pone nts  ope rate d w ith  12 Volt DC or be low  (e xce pt m onitor)
- “off th e  s h e lf de s ign”: alm os t all com pone nts  are  
  bough t from  re gular h ardw are  provide rs
- no s ingle  ve ndor s ource
- inte grate d LCD m onitor, k e yboard and m ous e
- low  pow e r cons um ption
- low  h e at production
- h igh  inte rnal UPS autonom y e ndurance
- clim ate  ch am be r te s te d from  -20 °C to + 40 °C 
- virtually no nois e  production unde r norm al conditions  
- s e cure  VPN conne ction th rough  VPN route r, te s te d 
  e .g. w ith  VSAT
- h igh  re dundancy: tw o PCs  ins talle d
- h igh  re m ote  m anage m e nt capability dow n to 
  PC BIOS le ve l
- pow e r s w itch ing for all com pone nts , 
  e ith e r autom atically or th rough  w e b inte rface
- all s w itch ing ope rations  are  logge d s e parate ly
- re al pow e r s tatus  fe e d back  th rough  pow e r s e ns ing 
  be h ind s w itch e s
- re m ote  te m pe rature  and voltage  logging
- h igh  fle xibility: e .g. diffe re nt m ode ls  of GPS re ce ive rs  
  pos s ible
- upgrade able  for future  re q uire m e nts

In th e  follow ing ye ars , it is  inte nde d to e q uip all GPS 
s tations  w ith  th e  ne w  GSS rack  de s ign.
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Abs tract:
Curre ntly, Ge oFors ch ungs Z e ntrum  Pots dam  (GFZ ) is  w ork ing on th re e  diffe re nt fie lds  tow ards  re altim e  GNSS: 
robus t on-s ite  GNSS h ardw are  as  a foundation of a re liable  data s ource , re altim e  data trans fe r/s tre am ing of GNSS raw  data and de ve lopm e nt of a re altim e  GNSS analys is  s oftw are .
 

On th e  h ardw are  s ide , GFZ  e xte nds  its  e xis ting GNSS ne tw ork  of 29  s tations  (21 of th e m  providing h igh rate  / re altim e  data) for e .g. radio occultation and CH AMP s upport. 
Th e re fore , ne w  s tation h ardw are  is  be ing de ve lope d w ith  im prove d re liability fe ature s  and e nh ance d re m ote  adm inis tration capabilitie s .

On th e  data trans fe r/s tre am ing s ide , s o far, both  TCP data s tre am s  of proprie tary data form at and trans fe r of data file s  containing 15 m inute s  of 1-H z -raw  data h as  be e n us e d. 
Now , in addition, th e s e  proprie tary data s tre am s  are  be ing conve rte d into RTCM3 form at and uploade d to a GFZ  Ntrip-broadcas te r. Th is  approach  guarante e s  both  low  late ncy and com ple te ne s s  of GNSS raw  data.

Figure  1: GFZ  GNSS s tation ne tw ork

Figure  2a: GFZ  GSS (Ge ode tic Se ns or Station), 
te s t ins tallation at Pots dam  

Figure  3: GNSS raw  data flow  from  GNSS s e ns or s tation to GFZ
Figure  6: UML com pone nt diagram  of future  GFZ  GNSS re altim e  s oftw are

3. Re altim e  s oftw are

For th e  analys is  of re altim e  GNSS ne tw ork s  GFZ  curre ntly us e s  a re altim e -capable , s q uare  root 
inform ation filte r (and th us  e poch -by-e poch ) analys is  s oftw are  bas e d on PANDA, originally de ve lope d 
at W uh an Unive rs ity, Ch ina. Us ing th is  s oftw are  s ate llite  orbits , s ate llite  clock s , ne tw ork  s olutions  and 
PPP s olutions  for s ingle  s tations  can be  obtaine d. Re s ults  of th is  prototype  s oftw are  are  s h ow n in 
figure s  4 and 5. 

Figure  4 s h ow s  a com paris on of e s tim ate d s ate llite  clock s  w ith  re s pe ct to IGS final clock s  us ing 
diffe re nt orbits . Com pare d to th e  IGS final orbits  th e  e s tim ate d s ate llite  clock s  agre e  w ith in a s tandard 
de viation of 0.11 [ns ].

Figure  5 s h ow s  an e xam ple  of a pre cis e  point pos itioning s olution for MAC1 (Aus tralia): Th e  
agre e m e nt w ith  re s pe ct to th e  IGS W e e k ly s olution is  about 2.1 [cm ] (accuracy) and about 2.3 [cm ] 
(pre cis ion) for X, Y, Z . Sim ilar re s ults  are  obtaine d for oth e r s tations .

Figure  4: Diffe re nce s  of s ate llite  clock s  e s tim ate d w ith  
GFZ  re altim e  prototype  s oftw are  and IGS finals  us ing 
diffe re nt IGS orbit products .

Figure  5: Pre cis e  point pos itioning s olution for MAC1 
ge ne rate d w ith  GFZ  re altim e  prototype  s oftw are .

Th e  curre nt s oftw are  is  th e  bas is  for a ne w  re altim e  GNSS analys is  s oftw are  w h ich  is  curre ntly be ing 
de ve lope d at GFZ . Figure  6 s h ow s  an UML diagram  of th e  com pone nts  of th e  ne w  s oftw are . Th e  ne w  
s ys te m  w ill be  us e d in various  applications , s uch  as  re altim e  s ate llite  orbit and clock  de te rm ination or 
de form ation m onitoring of volcanos  or lands lide s .

Figure  2b: Fold-aw ay KVM unit

Figure  2c: Monitoring and s w itch ing GUI
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