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Why	  Submillimeter-‐Wave	  Radiometry?	  	  
-‐	  CriOcal	  Gap	  in	  Cloud	  Ice	  Measurements	  –	  	  
No	  ice	  cloud	  measurements	  currently	  exist	  for	  the	  intermediate	  alOtudes	  
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Science	  MoOvaOon	  

•  Cloud	   ice	   properQes	   are	   fundamental	  
controlling	   variables	   of	   radiaQve	   transfer	  
and	  precipitaQon	  

•  Large	  discrepancies	  in	  ice	  water	  path	  (IWP)	  
exist	  in	  global	  circulaQon	  models	  

•  Limited	   availability	   of	   data	   and	   poor	  
assumpQons	   about	   the	   cloud	   micro-‐	   and	  
macro-‐physical	   properQes	   of	   clouds	   are	  
principle	  contributors	  to	  the	  discrepancy	  

•  No	  ice	  cloud	  measurements	  currently	  exist	  
for	  the	  intermediate	  alQtudes	  

•  mm-‐	   and	   submm-‐wave	   radiometry	   offers	  
great	  potenQal	  to	  fill	  the	  measurement	  gap	  
in	  the	  middle	  and	  upper	  troposphere	  

The	  spectral	  region	  with	  good	  sensiQvity	  to	  ice	  cloud	  scaZering	  
(courtesy	  of	  Frank	  Evans).	  
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Measurement	  and	  Mission	  Overviews	  

883-‐GHz	  measurement	  
requirements:	  
•  Accuracy	  <	  2	  K	  
•  Precision	  (NEdT)	  <	  0.25	  K	  
•  SpaQal	  resoluQon	  <	  15	  km	  

Mission	  requirements:	  
•  In-‐flight	  operaQon	  	  28	  days	  	  
•  Periodical	  views	  of	  Earth	  

(science)	  and	  space	  
(calibraQon)	  within	  an	  orbit	  

•  Science	  data	  30+%	  (8+h	  /day)	  
•  PoinQng	  knowledge	  	  <	  25	  km	  

UHF$Band$Antenna

Radiometer$Payload

Coarse$Sun$Sensors$(6$faces)$–
Fine$Sun$Sensor$not$shown

GPS$Receiver

UHF$Radio
Battery$Pack

EPS

Payload$Interface$Module

ADACS Solar$Panels

Magnetometer$Board

GPS$Patch$
Antenna

25mm$axial$
length$margin

Motherboard$
and$Processor !

883	  GHz	  
Receiver	  Beam	  

ValidaOon	  plan:	  
•  Lab	  measurement	  and	  verificaQon	  
•  Modeled	  vs	  observed	  clear-‐sky	  

radiances	  for	  accuracy	  verificaQon	  
•  Space-‐view	  radiances	  for	  precision	  
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IceCube	  ObjecOves	  

•  Enable	  remote	  sensing	  of	  global	  cloud	  ice	  from	  space	  with	  
submm-‐wave	  technology	  

•  Raise	  overall	  TRL	  (5-‐>7)	  of	  883-‐GHz	  receiver	  technology	  with	  
spaceflight	  demonstraQon	  on	  3U	  CubeSat	  
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Common	  Goals	  and	  Benefits	  to	  NASA	  SMD	  science	  missions	  

•  Miniaturize	  science	  payload	  for	  low-‐power	  and	  low-‐mass	  
spaceborne	  sensors	  

•  Reduce	  instrument/spacecrai	  cost	  and	  risk	  for	  future	  
missions	  by	  developing	  	  efficient	  path-‐to-‐space	  with	  COTS	  
receiver	  and	  CubeSat	  systems	  
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External	  Layout	  -‐	  Deployed	  (1/2)	  

GPS	  Antenna	  

RBF	  Pin	  

EGSE	  Port	  

BCT	  XACT	  
Star	  Tracker	  

Deployable	  UHF	  Antenna	  

Double	  Deploy	  3U	  
Solar	  Panel	  x2	  

Instrument	  View	  Port	  Paraffin	  Packs	  x2	  

8/18/15	  
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External	  Layout	  -‐	  Deployed	  (2/2)	  

Coarse	  Sun	  	  
Sensor	  Pyramid	  

(5)	  Cell	  2U	  Solar	  Panel	  

(2)	  Cell	  Solar	  Panel	  

Deployment	  Switch	  x2	  

Spring	  Plunger	  x2	  

8/18/15	  
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Spacecra_	  Subsystems	  –	  All	  COTS	   8	  

Subsystem	   Design	   POC	  

Electrical	  system	   Spacecrai	  Interface	  Card	  (SIC)	  
PDU-‐SIC	  interface	  

C.	  Duran-‐Aviles	  

Mechanical	  structure	   3U	   J.	  Hudeck	  

GPS	   Novatel	  GPS	  Receiver	   T.	  Johnson	  

NavigaQon	  and	  Control	   BCT	  XACT	   S.	  Heatwole	  

Power	  system	   Clyde	  Space	  
EPS,	  Solar	  panels,	  BaZery	  40Whr	  

C.	  Purdy	  

Thermal	  control	   Passive	  paraffin	  packs	  
RadiaQng	  surfaces	  

M.	  Choi	  

CommunicaQon	   L2	  Cadet	  radio	  	  
ISIS	  UHF	  Antenna,	  	  

B.	  Corbin	  

Flight	  soiware	   Pumpkin	  Motherboard,	  CPU	  
Modified	  DICE	  flight	  soiware	  
Beacon	  telemetry	  

T.	  Daisey	  

Ground	  system	   WFF	  18m,	  GMSEC/DICE	  design	   R.	  Stancil	  
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Internal	  Layout	  

Instrument	  RF	  

Instrument	  IF	  

Instrument	  RIC	  
Instrument	  PDU	  

Spacecrai	  Interface	  Card	  (SIC)	  
Pumpkin	  Motherboard	  
Pumpkin	  Processor	  
Clyde	  Space	  EPS	  

Clyde	  Space	  BaZery	  Pack	  (40whr)	  

Novatel	  GPS	  Receiver	  

L3	  Cadet	  Radio	  

BCT	  XACT	  

ISIS	  UHF	  Antenna	  

Paraffin	  Packs	  x4	  

PDU-‐SIC	  	  
Interface	  Connector	  

8/18/15	  
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Instrument	   10	  

Courtesy	  of	  Mike	  Solly	  Code	  562	  
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ULTEM Spacers (12) to 
thermally isolate Instrument 
from bus 
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Instrument	  IntegraOon	  &	  Test	   11	  

MLA	  

IFA	  

RIC	  

iPDU	  

Engineering	  Model	  IceCube	  Instrument	  
• 	  VerificaQon	  has	  been	  done	  via	  alternaQng	  between	  room	  
temperature	  and	  LN2	  target	  

• 	  Ambient	  setup	  includes:	  
• 	  Chopper	  wheel	  with	  room	  temperature	  absorber	  
• 	  12”	  x	  12”	  mirror	  
• 	  GSE	  spacecrai	  simulator	  
• 	  LN2	  absorber	  (Eccosorb	  AN	  72)	  
	  

• 	  The	  instrument	  will	  be	  tested	  over	  temperature	  with	  a	  Thermal	  
Vacuum	  Chamber	  (TVAC)	  
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Instrument	  TVAC	  	   12	  

Sub-‐MMW	  blackbody	  
cold	  target	  (100	  K)	  &	  hot	  
target	  (300	  K)	  for	  
external	  calibraQon;	  
tolerance	  ±	  1	  K	  	  
	  
45deg-‐offset	  rotaQng	  
mirror	  to	  alternate	  
observed	  scene/target	  
	  
Instrument/IceCube	  
	  
Sub-‐MMW	  blackbody	  
target	  (variable	  100-‐300	  
K);	  tolerance	  ±1	  K	  

IceCube	  CalibraQon	  Fixture	  
(mounQng	  hardware	  not	  shown)	  

(22.6”	  x	  22.6”	  x	  36”)	  
	  

Courtesy	  of	  Kevin	  Horgan,	  555	  (inspired	  by	  MIT	  
Lincoln	  Laboratory	  MicroMAS	  TVAC	  structure)	  



National Aeronautics and Space Administration 
Goddard Space Flight Center  

Concept	  of	  OperaOons	  
NASA	  CRS/COTS	  Orbit	  Baseline	  
AlQtude	  =	  424-‐422	  km 	  Period	  =	  90.5	  min 	  InclinaQon	  =	  51.65°	  

Spacecrai	  attude/	  roll	  rate	  
remains	  controlled	  during	  
eclipse.	  Instrument	  is	  OFF	  

ConQnuous	  
ObservaQons	  
spacecrai	  
revolving	  about	  
sun	  vector	  

OperaQons	  

Sunrise	  t=0.	  
Spacecrai	  
attude/	  roll	  rate	  
remains	  controlled	  
Instrument	  powers	  
on	  
ObservaQons	  Start	  

Terminator	  
t=4min	  

FOV	  Past	  Limb	  	  
near	  equator	  
crossing	  	  

FOV	  Past	  Limb	  
Instrument	  turns	  off	  
ACS	  Remains	  on	  
	  t=31min	  

Whr	  
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Science	  only	  in	  Sun	  	  Limit	  
20%	  DOD	  

	  
	  
	  
	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  
	  
	  
	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  
	  
	  
	  
	  

	  
	  
	  
	  
	  

	  	  Sun	   Eclipse	  
	  	  W	   W	  

Instrument	   5.4	   0	  
GN&C/C&DH	   4.145	   4.145	  

Com	   0.32	   0.32	  
Power	   0.31	   0.46	  

EPS	  Losses	  16%	   1.628	   0.788	  
Total	  out	   11.803	   5.713	  

	  	   	  	  
Arrays	   25	   0	  

PDU	  losses	  20%	   -‐5	   0	  
Total	  in	   20	  	  	  

Cell	  Temp	  Loss	  20%	  	   -‐4	  	  	  
Total	  in	   16	   0	  
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Simulated	  IceCube	  Sampling	  for	  Feb	  25,	  2015	  

(Courtesy	  of	  Y.	  Liu,	  SSAI)	  
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Simulated	  Sampling	  for	  June	  10-‐16,	  2015	  (DayQme-‐Only)	  

(Courtesy	  of	  Y.	  Liu,	  SSAI)	  
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Wallops-‐Morehead	  Ground	  Network	  (NWMGN)	  
•  Two large-aperture Earth Stations:  

o  Wallops 60’ diameter UHF Radar CubeSat Ground Station 
o  Morehead State University 21-Meter Ground Station 

•  NWMGN can provide services to a wide variety of mission 
customers at multiple frequency bands through all phases of a 
mission’s lifetime 

•  Cutting-Edge CubeSat communication over a government-
licensed UHF frequency allocation that enables high data rates 
(>2.0 Mbit/Sec)  

Wallops UHF CubeSat 
Groundstation 

Morehead State 
University 21 Meter 

antenna 

AviaOon	  Week	  and	  Space	  Technology	  ArOcle	  
HighlighOng	  Wallops	  UHF	  CubeSat	  groundstaOon,	  

August	  19,	  2013	  
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Launch	  Opportunity	  and	  Orbit	  

•  NASA	  CubeSat	  Launch	  IniQaQve	  (CSLI)	  
–  CoordinaQon	  of	  upcoming	  launches	  
–  1U,	  2U,	  3U,	  or	  6U	  	  

•  InternaQonal	  Space	  StaQon	  (ISS)	  
–  Secondary	  cargo	  payload	  on	  ISS	  resupply	  

missions	  	  
–  Mid	  2016	  
–  350-‐450	  km,	  51.6°	  inclinaQon	  near-‐circular	  

orbit	  
–  β	  angle	  variaQon:	  0-‐75°	  

•  3U	  CubeSat	  Launchers	  
–  NanoRacks	  CubeSat	  Deployer	  from	  ISS	  
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Conclusion	  

•  IceCube	  is	  NASA’s	  Science	  Mission	  Directorate	  
(SMD)	  first	  Earth	  Science	  related	  CubeSat	  
mission	  
–  It	  will	  raise	  the	  technology	  readiness	  level	  of	  an	  
874	  GHz	  Sub-‐millimeter	  wave	  radiometer	  

•  All	  spacecrai	  components	  are	  Commercial	  Off	  
The	  Shelf	  (COTS)	  

•  Ready	  for	  launch	  in	  2016!	  
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