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July	  18th,	  SGP	  Intern	  Lunch	  Gme	  speaker	  
Agenda	  

•  NSco>	  Galbraith	  –	  Spectrum	  Management	  at	  
GSFC	  

•  Larry	  -‐	  RFI	  experienced	  in	  Space	  borne	  
Radiometers	  

•  Larry	  –	  RFI	  on	  Space	  Geodesy	  Project	  
introducGon	  
–  Jeremy–	  Solving	  the	  RFI	  Problems	  at	  GGAO	  

•  Tom	  –	  RFI	  on	  VLBI	  2010	  and	  legacy	  systems	  



What	  are	  the	  compeGng	  uses	  of	  the	  
spectrum?	  



Overview:	  What	  Is	  Spectrum?	  	  

•  Spectrum	  is	  a	  conceptual	  tool	  used	  to	  organize	  and	  map	  the	  physical	  phenomena	  of	  
electromagneGc	  (EM)	  waves.	  	  Visible	  light	  is	  an	  EM	  wave.	  

•  EM	  waves	  propagate	  through	  space	  at	  different	  frequencies,	  and	  the	  set	  of	  all	  frequencies	  is	  
called	  the	  electromagneGc	  spectrum.	  	  



Radio	  Spectrum	  in	  the	  U.S.	  



CommunicaGons	  Theory	  	  
Basic	  Concepts	  

The	  fundamental	  problem	  of	  communicaGons	  is	  that	  of	  reproducing	  at	  one	  point	  
either	  exactly	  or	  approximately	  a	  message	  selected	  at	  another	  point.	  

-‐Claude	  Shannon	  

L	  E	  T	   M	  E	   E	  X	  P	  L	  A	  I	  N	  

TRANSMITTER	   RECEIVER	  

CHANNEL	  

Must	  be	  loud	  enough	  
Energy!	  

Noise	  causes	  interference	  
(Iden,fy	  and	  quan,fy)	  

Has	  to	  correctly	  interpret	  the	  message	  
	  	  	  -‐	  the	  most	  difficult	  job	  

Sound	  Waves	  ‘Carr
y’	  the	  info

rmaGon	  

Distance	  weakens	  the	  sound	  
(calculate	  the	  loss)	  

Transmi(er	  and	  Receiver	  must	  use	  the	  same	  language	  



Satellite	  communicaGons	  are	  carried	  on	  
ElectromagneGc	  Waves	  that	  travel	  between	  ground	  
faciliGes	  and	  satellites	  in	  space.	  	  These	  
electromagneGc	  waves	  travel	  at	  the	  speed	  of	  light	  
(3x108	  m/s	  through	  free	  space).	  

Wavelength	  is	  the	  length	  of	  one	  complete	  cycle	  of	  
an	  electromagneGc	  wave.	  
ElectromagneGc	  waves	  used	  for	  satellite	  
communicaGon	  are	  generally	  cm	  or	  mm	  in	  length.	  	  
The	  wave	  shown	  here	  ––	  is	  5	  cm	  in	  length	  –	  the	  
wavelength	  of	  a	  6GHz	  signal.	  

ElectromagneGc	  Waves	  
CommunicaGon	  



Space	  CommunicaGons	  Environment	  

Tracking	  and	  Data	  Relay	  Satellite	  

EOS	  (LEO)	  

Space	  Sta,on	  

Transmifng	  antenna	  and	  receiving	  antenna	  have	  
to	  be	  in	  ‘view’ based	  on	  time!	  

‘View	  Period’ –	  the	  length	  of	  conGguous	  Gme	  of	  a	  
view	  

Each	  arrow	  shows	  a	  
(wireless)	  connec,on	  

A	  connecGon	  is	  either	  direct	  
or	  a	  relay	  (green).	  

Relay	  can	  	  
Forward	  the	  signal	  (bent	  
pipe),	  e.g.,	  TDRSS	  
or	  
Forward	  the	  data,	  e.g.,	  Mars	  
Orbiters	  	  



Mission	  Requirements	  	  
High	  Level	  (ConGnued)	  

•  Get	  informaGon	  from	  the	  spacecrah	  (s/c).	  
–  Data	  collected	  by	  the	  spacecrah	  (pictures,	  sensor	  data...).	  
–  Spacecrah	  informaGon	  (status,	  performance...),	  protocol	  related	  informaGon.	  

•  The	  signal	  path	  is	  called:	  
–  Return	  Link	  –	  s/c	  to	  ground	  (can	  be	  through	  relays).	  
–  Downlink	  or	  Direct	  to	  Earth	  (DTE)	  –	  Direct	  connecGon	  from	  s/c	  to	  ground.	  

Telemetry	  –	  ‘Measurement	  at	  a	  distance’	  –	  nowadays	  refers	  to	  operaGonal	  data	  except	  in	  
deep	  space	  communicaGons.	  

TDRS	  

Return	  Link	  
Downlink	  or	  
Direct	  To	  Earth	  (DTE)	  
	  Return	  Link	  



Mission	  Requirements	  	  
High	  Level	  (ConGnued)	  

•  Send	  informaGon	  to	  the	  	  spacecrah.	  
–  InstrucGons	  to	  perform	  funcGons	  on	  the	  s/c	  (Command).	  
–  s/c	  parameters,	  protocol	  related	  informaGon.	  
–  Sohware	  uploads.	  

•  The	  signal	  path	  is	  called.	  
−  Forward	  Link	  	  -‐	  Ground	  to	  s/c	  	  (can	  be	  through	  relays).	  
−  Uplink	  or	  Direct	  From	  Earth	  (DFE)	  or	  Commanding	  –	  Direct	  connecGon	  ground	  	  to	  s/c.	  

Command	  –	  InstrucGons	  sent	  to	  the	  spacecrah	  (TDRS	  commands	  on	  uplink).	  
Sequence	  –	  A	  set	  of	  commands	  with	  informaGon	  about	  when	  and	  what	  to	  execute.	  

TDRS 

  

Forward Link 
Uplink or 
Direct From Earth (DFE) Forward Link 



Tracking	  and	  Data	  Satellite	  System	  

TDRS-‐8	  
271°W	  

TDRS-‐6	  
046°W	   TDRS-‐9	  

041°W	  

TDRS-‐5	  
167.5°W	  

TDRS-‐3	  
049°W	  

TDRS-‐7	  
275°W	  TDRS-‐10	  

174°W	  

1st	  genera,on	  

2nd	  	  genera,on	  
TDRS	  1	  –	  decommissioned	  October	  2010	  
TDRS	  2	  –	  lost	  in	  Challenger	  accident	  
TDRS	  4	  –	  decommissioned	  December	  2011	  

Second	  
TDRSS	  
Ground	  
Terminal	  

White	  Sands	  	  
Ground	  Terminal	  

Guam	  Remote	  
Ground	  Terminal	  



Space-‐Based	  Sensors	  

AcGve	  sensor:	  uses	  transmi>er	  and	  receiver.	  	  	  	  
Passive	  sensor:	  uses	  only	  receiver.	  	  	  

Soil	  moisture	  measurements	   Sea	  ice	  over	  North	  America	  	  

Sea	  surface	  temperature	  	  
measurements	  

Atmospheric	  verGcal	  water	  content	  	  



Purpose	  of	  Spectrum	  Management	  

•  Ensure	  that	  systems	  that	  use	  the	  radio	  frequency	  (RF)	  spectrum	  
comply	  with	  naGonal	  statutory	  and	  internaGonal	  treaty	  obligaGons	  

•  Ensure	  that	  a	  system	  in	  which	  Gme	  and	  money	  has	  been	  invested	  for	  
development	  provides	  the	  required	  quality	  of	  service	  upon	  
deployment	  and	  installaGon	  
–  Ensure	  that	  systems	  operate	  as	  intended	  -‐-‐	  they	  neither	  create	  more	  

interference	  than	  is	  acceptable	  nor	  experience	  more	  interference	  than	  is	  
acceptable	  

•  Apply	  order	  to	  the	  use	  of	  the	  orbit/spectrum	  resource	  

•  Provide	  technical	  bases	  for	  coordinaGon	  

•  Promote	  the	  efficient	  use	  of	  the	  radio	  frequency	  spectrum	  

•  Accommodate	  new	  services,	  applicaGons,	  and	  technology	  



GSFC	  Spectrum	  Management	  

•  GSFC	  projects	  need	  to	  be	  aware	  that	  there	  are	  regulatory	  constraints	  that	  will	  affect	  their	  
frequency	  authorizaGon.	  

•  InternaGonally:	  ITU-‐R	  and	  related	  TreaGes	  and	  Agreements	  

•  DomesGcally:	  NTIA	  and	  FCC	  

•  Agency:	  NPD	  2570.5E	  and	  GPR	  2570.1B	  

•  The	  frequency	  allocaGons	  available	  to	  each	  mission	  depends	  on	  mission	  objecGves	  

–  Generally,	  missions	  with	  Earth	  ExploraGon	  objecGves	  operate	  under	  Earth	  ExploraGon	  Satellite	  Service	  
(EESS)	  allocaGons	  

–  Generally,	  missions	  which	  have	  objecGves	  to	  study	  space	  and	  objects	  external	  to	  the	  Earth	  operate	  
under	  Space	  Research	  (SR)	  Service	  allocaGons	  

–  Both	  types	  of	  missions	  can	  use	  Space	  OperaGons	  (SO)	  allocaGons	  for	  space	  tracking,	  space	  telemetry,	  
and	  space	  telecommand	  operaGons	  

•  The	  width	  of	  the	  available	  allocaGons,	  as	  well	  as	  exisGng	  agreements	  between	  NASA	  and	  other	  
administraGons,	  may	  impose	  constraints	  on	  the	  maximum	  bandwidth	  available	  to	  the	  mission.	  

•  GSFC	  project	  personnel	  should	  contact	  the	  GSFC	  spectrum	  manager	  early-‐on	  to	  ensure	  that	  
project	  personnel	  fully	  understand	  which	  allocaGons	  are	  available	  for	  their	  mission,	  the	  
constraints	  imposed	  on	  these	  allocaGons,	  and	  any	  issues	  that	  may	  affect	  the	  frequency	  
authorizaGon	  for	  their	  mission	  



Spectrum	  of	  Interest	  –	  Part	  1	  



Spectrum	  of	  Interest	  –	  Part	  2	  



InternaGonal	  Spectrum	  Regulated	  
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The shaded part represents the Tropical Zones as defined in Nos. S5.16 to S5.20 and S5.21.

REGION 1

REGION 2

REGION 3 REGION 3

u The ITU-R Radio Regulations divides the world into three 
Regions 



U.S.	  Frequency	  AllocaGons	  –	  VLBI?	  



U.S.	  Frequency	  AllocaGons	  –	  VLBI?	  



U.S.	  Frequency	  AllocaGons	  –	  VLBI?	  



U.S.	  Frequency	  AllocaGons	  –	  VLBI?	  


