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Overview	  

•  The	  ITU,	  NTIA,	  FCC	  
•  A	  Study	  Ques8on	  before	  the	  ITU	  	  
•  DICE	  Opera8ons	  experience	  and	  8meline	  

– The	  460	  -‐	  	  470	  MHz	  band	  



CubeSat Telemetry 
Systems are Limited by 

Regulation and Policy not 
Technology 



What	  is	  the	  ITU,	  NTIA,	  FCC	  

•  ITU	  is	  the	  United	  Na.ons	  specialized	  agency	  
for	  informa.on	  and	  communica.on	  
technologies	  

Government	  Agencies	  
NASA	  
NSF	  
NOAA	  
DOD	  

Civilian	  Uses	  
Amateur	  	  
Radio,	  TV,	  Cellphone	  
	  



Regula8ons	  “The	  Law”	  
•  The	  NTIA	  

–  US	  Frequency	  Alloca8ons	  
–  hVp://www.n8a.doc.gov/osmhome/redbook/

redbook.html	  
–  hVp://www.n8a.doc.gov/osmhome/redbook/4b.pdf	  
	  

•  The	  ITU	  
–  All	  satellites	  go	  through	  

interna8onal	  licensing	  	  
	  

•  Category	  of	  usage	  
–  Earth	  to	  Space	  
–  Space	  to	  Earth	  

•  Amateur	  
–  430	  -‐	  440	  MHz	  
–  2.4	  GHz	  

•  ISM	  “industrial,	  scien8fic	  and	  medical”	  

–  433.05	  -‐	  434.79	  MHz	  	  
–  2.402	  -‐	  2.417	  GHz	  

•  Government	  (Primary)	  
–  137-‐138	  MHz	  
–  400	  -‐	  402	  MHz	  
–  450	  MHz	  
–  2.2	  –	  2.3	  GHz	  	  
–  5.25	  –	  5.46	  GHz	  
	  



The	  ITU	  Study	  Ques8on	  	  
•  “the	  dis8nc8ve	  characteris8cs	  of	  nano	  and	  pico	  satellites	  and	  

satellite	  systems	  in	  terms	  of	  their	  use	  of	  the	  radio	  spectrum	  as	  
defined	  by	  data	  rates,	  transmissions	  8me	  and	  bandwidths”	  

•  “the	  specific	  spectrum	  requirements	  for	  nano	  and	  pico	  satellite	  
systems”	  

•  “under	  which	  radiocommunica8on	  services	  can	  nano	  and	  pico	  
satellites	  and	  systems	  composed	  of	  those	  satellites,	  operate”	  

•  The	  ques8on	  further	  decides	  that,	  “that	  the	  results	  of	  the	  above	  
studies	  should	  be	  included	  in	  one	  or	  more	  Recommenda8on(s)	  
and/or	  Report(s);”	  and	  “that	  the	  above	  studies	  should	  be	  
completed	  by	  2015.”	  	  	  



US	  WP	  7B	  Drah	  of	  Document	  



Highlights	  of	  Drah	  

•  Development	  and	  opera.onal	  lifecycle	  
– A	  characteris8c	  to	  define?	  

•  Typical	  Life8me	  Characteris8cs?	  	  	  

TABLE 1 

Typical mission lifetime of a nano- or picosatellite mission 

Milestone Day 

Preliminary Design Review 0 

Critical Design Review 53 

Launch 206 

In Orbit Tests 277 

In Orbit Mission 287 

De-orbit 392 

 

 



Highlights	  of	  Drah	  

•  3 	  Physical	  characteris.cs	  
– The	  CubeSat	  Standard	  	  

•  1U,	  2U,	  3U	  
•  No	  discussion	  of	  larger	  

•  	  4 	  Launch	  and	  orbital	  characteris.cs	  
– Operator	  may	  have	  a	  number	  of	  poten8al	  
launches	  available,	  	  

– Will	  not	  have	  a	  knowledge	  of	  specific	  orbital	  
characteris8cs.	  



Highlights	  of	  Drah	  

•  5 	  Spectrum	  requirements	  
–  “Nano-‐	  and	  picosatellites	  have	  also	  occasionally	  used	  the	  
902-‐928	  MHz	  and	  2.4-‐2.5	  GHz	  bands	  which	  are	  designated	  
under	  note	  5.150	  of	  the	  Radio	  Regula8ons	  for	  use	  by	  
industrial,	  scien8fic	  and	  medical	  (ISM)	  applica8ons.	  	  ISM	  
applica8ons	  do	  not,	  however,	  include	  radiocommunica8on	  
services.	  Developers	  should	  be	  aware	  that	  that	  nano-‐	  and	  
picosatellites	  are	  not	  ISM	  applica8ons,	  and	  that	  they	  
consequently	  may	  not	  operate	  on	  the	  same	  unlicensed	  
basis	  as	  ISM	  equipment”	  



Highlights	  of	  Drah	  

•  The	  class	  of	  objects	  to	  which	  the	  studies	  
apply:	  
– A	  convenient	  way	  to	  classify	  satellites	  is	  by	  their	  
mass.	  	   TABLE 2 

Classification of small satellites by mass 

Denomination Mass (kg) 
Minisatellite 100-500 

Microsatellite 10-100 
Nanosatellite 1-10 
Picosatellite 0.1-1 

Femtosatellite <0.1 
 



Want	  a	  Copy?	  

•  Charles.Swenson@USU.EDU	  

•  Send	  me	  comments	  on	  how	  you	  
would	  create	  a	  legal	  defini.on	  of	  a	  

nano-‐	  and	  picosatellite	  	  



Operational Use of the 460-470 MHz Band 
 for CubeSats  

DICE 



CEDAR CubeSat Communications Review and Concepts (7/2/09) 14 

NTIA “Red Book” Table on 460-470 MHz 

Lower case means secondary user 
Must read the notes 
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Regulations on 460 to 470 MHz 

•  5.289 Earth exploration-satellite service applications, other than the 
meteorological-satellite service, may also be used in the bands 
460-470 MHz and 1690-1710 MHz for space-to-Earth transmissions 
subject to not causing harmful interference to stations operating in 
accordance with the Table.  

•  US201 In the band 460-470 MHz, space stations in the Earth 
exploration-satellite service may be authorized for space-to-Earth 
transmissions on a secondary basis with respect to the fixed and 
mobile services. When operating in the meteorological-satellite 
service, such stations shall be protected from harmful interference 
from other applications of the Earth exploration-satellite service. The 
power flux-density produced at the Earth’s surface by any space 
station in this band shall not exceed -152 dBW/m²/4 kHz.  

10 MHz Bandwidth available 
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Frequency License 460-470 MHz Band 

•  Frequency Allocation  
–  Started  (7/20/2011) 
–  Completed (8/25/2011) 

•  The DICE team would like to express 
gratitude to Andy and the NTIA for 
processing the DICE application in 
record time. 

7/20/2011 - 
“The DICE certification request has been 
submitted. There is no chance whatsoever 
that we will obtain certification and 
authorization by August 25, 2011, so that 
should be stricken from the list of scenarios 
right off the bat.” 
 
-Andy Clegg 
(NSF Spectrum Manager) 

8/25/2011 – 
“Attached are the approved frequency 
assignments for the DICE ground stations, 
suitable for framing. The spacecraft 
assignment was sent previously (NSF 
110002). This completes all of the needed 
paperwork.” 
 
-Andy Clegg 
(NSF Spectrum Manager) 



DICE	  CubeSats	  (X2)	  

Cadet-‐U	  



1.56	  	  
dB	  Gain	  	  

1.39	  	  

1.18	  	  

0.91	  	  

0.52	  

-‐3.5	  	  

DICE	  Telemetry	  Systems	  (3	  Mbit/s)	  

With	  FEC	  the	  throughput	  is	  
2.69	  Mbps	  on	  downlink	  



Telemetry	  System	  

WBX	  50-‐2200	  MHz	  Rx/Tx	  

Ethernet	  

LNA/BPF/Switch	  

10	  Msamp/s	  
I/Q	  data	  

MSQL	  
Database	  

Sohware	  
Radio	  



Timeline	  

Nov.	   Dec.	   Jan.-‐	  Feb.	   Mar.	  -‐	  Apr.	   May.-‐Jun.	   Jul.-‐Aug.	  

2011	   2012	  

Sept.-‐Oct.	  

Wallops	  1st	  contact	   Wallops	  
offline	  

Wallops	  g.s.	  online	   Wallops	  g.s.	  online	  
SRI	  1st	  contact	  

465	  MHz	  opera8ons	   468	  or	  465	  MHz	  opera8ons	  

Original	  demodulator	  sohware	  

RFI	  cancella8on	  

10	  -‐	  20%	  of	  data	  recovered	   50%	  of	  data	  recovered	  

New	  radio	  sohware	  

90-‐100%	  	  

Reprocessing	  of	  old	  data	  	  60%	  -‐	  100%	  	  of	  data	  recovered	  



Spectrogram	  
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Interference	  at	  Wallops	  Site	  Interference	  at	  SRI	  Site	  



Before	  and	  Aher	  
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Housekeeping	  Data	  

1	  day	  

External	  Temperatures	  Internal	  Temperatures	  

TransmiVer	  on	  



Magnetometer	  Data	  



Summary	  
•  Interference	  at	  465	  MHz	  

1.  Sohware	  modifica8ons	  
•  More	  robust	  demodulator	  
•  Added	  interference	  cancella8on	  

2.  Moved	  carrier	  frequency	  from	  465	  to	  468	  MHz	  
•  Poin8ng	  problems:	  Wallops,	  Jan.	  1	  –	  Feb.	  15	  
•  Periodic	  lock-‐ups	  of	  the	  satellites	  
•  Second	  ground	  sta8on	  at	  SRI,	  Mar.	  10,	  2012	  
•  Steadily	  improving	  and	  geqng	  more	  science	  data	  down	  

and	  into	  database	  
•  	  Interference	  by	  the	  Accomack	  TV	  Booster	  Sta8on	  June	  10	  

–	  June	  19	  
•  460-‐470	  MHz	  band	  can	  be	  used	  for	  high-‐speed	  downlink	  
•  Willing	  to	  share	  what	  we	  have	  learned	  about	  frequency	  

licensing	  with	  the	  NTIA	  


