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Team	  
Daniel	  Mandl	  –	  NASA/GSFC	  -‐	  lead	  
Robert	  Sohlberg	  –	  Univ.	  of	  Maryland/Dept.	  of	  Geography	  –	  SensorWeb	  scienRst	  
Pat	  Cappelaere	  –	  Vightel	  CorporaRon	  –	  SensorWeb	  architecture	  
Stuart	  Frye	  –	  NASA/GSFC	  –	  SGT	  Inc.	  –	  systems	  engineer	  
Vuong	  Ly	  –	  NASA/GSFC	  –	  system	  engineer,	  soUware	  developer	  
MaWhew	  Handy	  –	  NASA/GSFC	  –	  soUware	  developer	  
Donald	  Sullivan	  –	  NASA/Ames	  –	  flight	  SW,	  ground	  SW	  for	  AMES	  based	  airborne	  flights	  
Geoff	  Bland	  –	  NASA/WFF	  –	  Cessna	  flights	  
Enric	  Pastor	  –	  Univ.	  of	  Cataluña,	  Barcelona,	  Spain	  –	  UAV	  Helicopter	  
Vince	  Ambrosia	  -‐	  NASA/Ames	  –	  AMS	  instrument,	  B200/B100	  flights,	  Ikhana	  
Steve	  Crago	  –	  ISI	  –	  Univ.	  of	  Southern	  Cal/ISI	  –	  Maestro	  onboard	  computer	  arch	  
Steve	  Chien	  –	  NASA/JPL	  –	  onboard	  algorithms	  
Tawanda	  Jacobs	  –	  NASA/GSFC	  –	  flight	  SW	  
Tim	  Creech	  –	  Univ.	  of	  Maryland	  –	  NASA	  Science	  and	  Technology	  Research	  Fellow	  
Chris	  Flatley	  –	  NASA/GSFC	  summer	  intern	  
Neil	  Shaw	  –	  NASA/GSFC	  summer	  intern	  
Joshua	  Bronston	  –	  NASA/GSFC	  co-‐op	  
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ObjecRves	  
• Develop	  methods	  to	  provide	  low	  latency	  users	  of	  HyspIRI	  with	  quick	  look	  
data	  products	  

• Augment	  concept	  of	  Science	  As	  A	  Service	  by	  providing	  an	  interface	  for	  non-‐
programmer	  users	  to	  define	  new	  algorithms	  and	  select	  data	  sets	  and	  data	  
feeds	  to	  run	  the	  algorithms	  against	  

• 	  Virtualize	  the	  interface	  to	  various	  environments	  with	  adapters	  that	  take	  into	  
account	  the	  resources	  and	  methods	  to	  expose	  key	  data	  and	  data	  products	  

• Experiment	  with	  high	  performance	  mulRcore	  space	  compuRng	  architectures	  
in	  order	  to	  meet	  the	  future	  significantly	  higher	  data	  rates.	  

• Develop	  increasingly	  realisRc	  operaRonal	  architectures	  that	  emulate	  the	  
target	  satellite	  architecture	  for	  HyspIRI	  and	  other	  Decadal	  missions	  
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Original HyspIRI Low Latency Data Flow Operations Concept 
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TIR	  

VSWIR	  

130.2	  Mbps	   Command	  
&	  Data	  
Handling	  
Solid	  State	  
Recorder	  

IPM	  

804	  Mbps	  

Direct	  Broadcast	  Module	  

20	  
Mbps	  

SpacecraU	  

	  	  S-‐band	  
command	  

	  	  	  	  	  	  	  	  	  S-‐band	  	  
Housekeeping	  
data	  

X-‐band	  800	  Mbps	  
Science	  data	  

Direct	  Broadcast	  
Antennas	  To/From	  Alaska	  and	  Norway	  Ground	  Sta6ons	   4	  



SCIENCE 
USER 

Machine Learning 
Supervised Classifier 

(Regression Tree) 
Refined Offline 

Web Coverage Processing Service (WCPS)-Client 
Uploads to Various Environments 

Custom Data Product 
(KMZ, PNG…) 

Notification 
to user 

HyspIRI 

GlobalHawk, 
Ikhana, ER-2 … 

NASA Cloud  
Infrastructure As  
A Service 
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Custom 
Algorithm 

WCPS-Runtime 
Executes 
Algorithm 
Against Selected 
Sensor Data 

Cloud 

Quick look data 
products 

Quick algorithm upload 

Experimental IPM Quick Load/Quick Look Ops Con 
Enhanced	  Ops	  Con	  from	  Baseline	  IPM	  Ops	  Con	  

	  

Manual Input 



Matsu	  Cloud	  
• Has	  35	  Tbytes	  of	  EO-‐1	  data	  
• Plan	  to	  grow	  to	  1	  -‐5	  Petabytes	  (Robert	  Grossman/Director	  Open	  Cloud	  
ConsorRum)	  

• Web	  Map	  Service	  with	  Hadoop	  file	  system	  for	  Rling	  
• 	  Run	  science	  collaboraRon	  tools	  for	  large	  data	  sets	  
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Storage	  –	  3	  years	  
Hyperion	  &	  ALI	  Level	  1R	  

and	  Level	  1G	  AC	  

Storage	  –	  3	  years	  
Hyperion	  &	  ALI	  Level	  1G	  	  

Storage	  –	  3	  years	  
Hyperion	  &	  ALI	  Level	  1R	  

CREST	  Hydrological	  
	  Model	  

Storage	  –	  3	  years	  
User	  Defined	  L2	  

	  Products	  
e.g.	  EO-‐1	  Flood	  Mask	  	  

Matsu	  Cloud	  ConfiguraRon	  
Namibian	  River	  Gauge	  
StaRons	  -‐	  Daily	  
Measurements	  

Namibia	  River	  Gauge	  
Data	  base	  

TRMM	  	  based	  Global	  
Rainfall	  EsRmates	  

Flood	  Dashboard	  
Display	  Service	  

-‐	  Mashup	  
-‐	  Google	  Maps	  Inset	  
-‐	  Plot	  Package	  

hWp	  server	  
Global	  Disaster	  and	  

Alert	  and	  
CoordinaRon	  System	  

(GDACS)	  

MODIS	  Daily	  Flood	  Extent	  
Map	  	  

Radarsat	  Images	  &	  
flood	  extent	  maps	  	  

Radarsat	  	  API	  
to	  access	  
data	  

Namibia	  
Infrastructure	  Layer	  	  

Radarsat	  	  
automated	  

algorithm	  to	  create	  
flood	  map	  
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Matsu	  Cloud	  (In	  process)	  
Hadoop	  and	  Tiling	  Handles	  Large	  Dataset	  Displays	  

Hadoop	  /	  HBase	  
ParRRon	  into	  Cloud	  Cache	  

Suitable	  for	  
Google	  Earth	  /	  Open	  Layers	  

Web	  map	  
Service	  (WMS)	  

HBase	  storage	  
of	  mulRple	  

missions	  over	  
mulRple	  days	  Storage	  –	  3	  years	  

Hyperion	  &	  ALI	  Level	  1R	  
and	  Level	  1G	  AC	  

Storage	  –	  3	  years	  
Hyperion	  &	  ALI	  Level	  1G	  	  

Storage	  –	  3	  years	  
Hyperion	  &	  ALI	  Level	  1R	  

Storage	  –	  3	  years	  
User	  Defined	  L2	  

	  Products	  
e.g.	  EO-‐1	  Flood	  Mask	  	  
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Web	  Coverage	  
Processing	  
Service	  
(WCPS)	  

Atmospheric	  
CorrecRon(AC)	  GeoTorrent	  

File	  sharing	  –	  efficient	  data	  
distribu6on	  with	  bit	  torrents,	  
trackers	  and	  seeders	  	  



Joyent	  Cloud	  (commercial)	  

GeoTorrent	  
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GeoBPMS	  –	  
satellite	  tasking	  

Workflows	  

GeoBliki	  

Radarsat	  	  
Tasking	  API	  
extension	  to	  
GeoBPMS	  

GeoBliki	  (data	  product	  
crea6on	  and	  distribu6on)	  

File	  sharing	  –	  efficient	  data	  
distribu6on	  with	  bit	  torrents,	  
trackers	  and	  seeders	  	  



OpenScienceDataCloud Experimental Website	  
	  



Available Matsu Data 
All Hyperion and ALI Images on Cloud	  

	  



Available Matsu Data (Zoom in) 
All Hyperion and ALI Images on Cloud	  

	  



OpenScienceDataCloud Experimental Website	  
	  



Hadoop Based WMS Product Display 
Flood Classifier Over Multiple ALI Images	  

	  



Hadoop Based WMS Product Display 
Flood Classifier, Time Span Reduced	  

	  



OpenScienceDataCloud Experimental Website	  
	  



Hadoop Based WMS Product Display 
CO2 Detection	  
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Selected	  scene	  with	  
applied	  algorithms	  
including	  atmospherics	  
correcRon	  

Web Coverage Processing Service	  
	  



Namibia Flood Dashboard 
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Top	  Level	  Ops	  Concept	  
	  

Cloud	  

SCIENCE USER IPM Flight Testbed 

Create	  
algorithm	  

WCPS	  Algorithm	  	  
Builder	  Service	  

WCPS	  
RunRme	  
Service	  

Onboard	  Algorithm	  
Buffer	  

Algorithm	  

High	  speed	  
instrument	  data	  
source	  

Run	  

Level	  2	  
Data	  
Product	  

SpaceCube	  
FPGA	  	  Co-‐
Processor	  

Select	  algorithm	  
to	  run	  



Revised	  Bussmann	  Plate	  for	  Helicopter	  
Pro-‐E	  Design	  (C.	  Flatley,	  N.	  Shah),	  
Merged	  Tilera	  and	  Space	  Cube	  Box	  

22	   NASA/GSFC/SoUware	  Engineering	  Division	  

Mechanical	  Design	  of	  IPM	  Box	  
	  

Chai640	  Instrument	  



Plan	  to	  Mount	  IPM	  to	  Helicopter	  for	  Tests	  Under	  AIST	  
ESTO	  Research	  Grant	  
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Joshua	  Bronston/581	  

Chris	  Flatley/581	  
Summer	  intern	  

Mike	  Mandl/UMCP	  
student	  

Steve	  Bussmann/Bussmann	  AviaRon	  

VibraRon	  isolaRon	  mount	  for	  helicopter	  

Mike	  Flick	  talking	  to	  Bussmann	  AviaRon	  technician	  



Intelligent	  Payload	  Module	  (IPM)	  
Prototype	  without	  Box	  

24	  

Tilera	  board	  

Freewave	  Radio	  
Transceiver	  &	  
Antenna	  

Solid	  state	  disk	  

Dream	  plug	  
(processor)	  

Power	  supply	  

SpaceCube	  board	  
Tim	  Creech/NSTRF	  

Vuong	  Ly/583	  

MaW	  Handy/583	  

Joshua	  Bronston/581	  coop	  

Neil	  Shah/581	  summer	  
intern	  



First	  RooUop	  Test	  with	  IPM	  

Drove	  abut	  1	  mile	  away	  with	  ground	  soOware	  



Ground	  System	  Control	  for	  
IPM	  

ASIST	  Ground	  SoUware	  -‐	  	  Used	  by	  Earth	  Observing	  1	  
Flights	  Ops	  Team	  to	  control	  EO-‐1	  



Georeferenced	  Image	  from	  GLiHT	  

27	   NASA/GSFC/SoUware	  Engineering	  Division	  

Code	  GeolocaRon	  of	  GLiHT	  Image	  

GeolocaRon	  augmented	  with	  ArcGIS	  

Overlay	  of	  both	  	  

Research	  being	  done	  by	  Joshua	  Bronston,	  581	  Coop	  
Navajo	  Tech	  College,	  in	  Masters	  for	  EE	  Program	  	  



Geo-Correction for Airborne Platforms (GCAP) 
Operating on G-LiHT Airborne Data 	  

	  

Run	  GCAP	  

Run	  WCPS	  

Headwall	  imaging	  
spectrometer	  	  



Flight	  	  &	  Ground	  Architecture	  Using	  OperaRonal	  SW	  
Components	  

CASPER	   WCPS	   TlmOut	  

CmdIn	   CFDP	  

WCPS – Web Coverage Processing Service 
CmdIn – Command Ingest 
TlmOut – Telemetry Output 
CASPER - Continuous Activity Scheduling Planning Execution and 
Replanning  system 
CFDP -  CCSDS File Delivery Protocol 
ASIST -  Advanced Spacecraft Integration and System Testing Software 

ASIST	  



Benchmark Metrics 



Geo-Correction for Airborne Platforms (GCAP) 
Operating on G-LiHT Airborne Data 	  

	  



Auto-‐parallelizing	  Using	  AESOP	  on	  
Spectral	  Unmixing	  Algorithm	  

32	  

• Speedups	  on	  the	  TilePro64	  obtained	  enRrely	  automaRcally	  
ü Tool	  chain	  consists	  of	  ~1000	  lines	  of	  C	  code	  
ü WriWen	  by	  a	  NASA	  collaborator	  (Antonio	  Plaza)	  for	  x86	  with	  no	  special	  knowledge	  
of	  or	  intent	  for	  AESOP	  or	  TilePro64	  hardware	  
ü 	  Speedups	  shown	  are	  for	  TilePro64,	  used	  as	  a	  proxy	  for	  Maestro	  which	  was	  not	  
yet	  available	  

ü 	  	  



SpaceCube	  FPGA	  Running	  6S	  Atmospheric	  
CorrecRon	  

• Running	  FPGA	  code	  wriWen	  by	  MaW	  French	  and	  ISI	  team	  
• Hyperion	  scene	  processed	  in	  under	  one	  second	  
• Points	  to	  using	  Field	  Programmable	  Gate	  Array	  (FPGA)	  as	  co-‐processor	  

33	  



Backup 



Small	   Medium	  to	  Large	  	   Very	  Large	  

Data	  Size	  

10’s	  

100’s	  

1000’s	  

Number	  

Public	  
infrastructure	  

Dedicated	  	  
infrastructure	  

Shared	  community	  
infrastructure	  

Individual	  scienRsts	  &	  
small	  projects	  

Community	  based	  
science	  via	  Science	  as	  a	  
Service	  

very	  large	  projects	  
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36	  
www.opencloudconsorRum.org	  

•  U.S	  based	  not-‐for-‐profit	  corporaRon.	  
•  Manages	  cloud	  compuRng	  infrastructure	  to	  support	  

scienRfic,	  environmental,	  medical	  and	  health	  care	  
research,	  such	  as	  the	  Open	  Science	  Data	  Cloud.	  

•  Manages	  cloud	  compuRng	  testbeds	  such	  as	  the	  Open	  
Cloud	  Testbed.	  

•  Develops	  reference	  implementaRons	  of	  standards	  
based	  soUware	  for	  clouds	  

•  Engages	  in	  outreach	  and	  educaRon	  to	  support	  cloud	  
compuRng.	  



OCC	  Members	  

•  Companies:	  Cisco,	  Yahoo!,	  Citrix,	  …	  
•  UniversiRes:	  	  University	  of	  Chicago,	  
Northwestern	  Univ.,	  Johns	  Hopkins,	  Calit2,	  
ORNL,	  University	  of	  Illinois	  at	  Chicago,	  …	  

•  Federal	  agencies	  and	  labs:	  NASA,	  LLNL,	  ORNL	  
•  InternaRonal	  Partners:	  AIST	  (Japan)	  
•  Partners:	  NaRonal	  Lambda	  Rail	  
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Global	  Lambda	  Integrated	  Facility	  (GLIF)	  
OCC	  CollaboraRon	  with	  Starlight	  (part	  of	  GLIF)	  

	  

GLIF	  is	  a	  consorRum	  of	  insRtuRons,	  organizaRons,	  consorRa	  and	  country	  NaRonal	  Research	  
&	  EducaRon	  Networks	  who	  voluntarily	  share	  opRcal	  networking	  resources	  and	  experRse	  to	  
develop	  the	  Global	  LambdaGrid	  for	  the	  advancement	  of	  scienRfic	  collaboraRon	  and	  
discovery.	  	  



OSDC	  DistribuRon	  of	  ScienRfic	  Data	  
•  By	  the	  end	  of	  the	  2012,	  the	  OSDC	  will	  make	  available	  
approximately	  1.5	  PB	  of	  scienRfic	  and	  data	  to	  the	  
research	  community.	  

•  The	  data	  is	  available	  through	  both	  the	  commodity	  
internet	  and	  through	  high	  performance	  research	  
networks,	  including	  NLR	  and	  Internet2	  

•  The	  data	  is	  from	  a	  variety	  of	  scienRfic	  disciplines:	  
–  100+	  TB	  of	  earth	  science	  through	  Project	  Matsu	  (joint	  with	  
NASA)	  	  	  

–  500	  TB	  of	  genomic	  data,	  including	  the	  1000	  Genomes	  data	  
set	  

–  100	  TB	  of	  astronomy	  data	  
–  100	  TB	  of	  web	  related	  data	  

39	  



OCC	  Investments	  
Year	  	   OrganizaRon	   $M	   Comment	  
2009	   Cisco	   c.	  $1M+	   Cisco	  provides	  access	  to	  the	  Cisco	  C-‐

Wave	  to	  connect	  OCC	  data	  centers	  and	  
partners	  with	  10G	  wide	  area	  networks	  

2009	   Yahoo!	   c.	  1.2M	   Yahoo!	  donated	  a	  2000	  core	  cluster	  to	  
the	  OCC	  

2011	   NSF	   $3.5M	   NSF	  grant	  “Training	  and	  Workshops	  in	  
Data	  Intensive	  CompuRng	  Using	  The	  
Open	  Science	  Data	  Cloud”	  

2011	   Yahoo!	  	   c.	  $1M	   Approximately	  $1M	  of	  equipment	  for	  
OCC-‐Y	  Hadoop	  Cluster	  

2011	   Moore	  
FoundaRon	  	  

$2M	   $1M	  per	  year	  for	  2	  years	  for	  equipment	  
to	  support	  OCC-‐Adler	  &	  OCC-‐Sullivan	  
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The	  Open	  Science	  Data	  Cloud	  (OSDC)	  is	  a	  hosted	  
distributed	  facility	  managed	  by	  the	  OCC	  that:	  

•  Manages	  &	  archives	  medium	  and	  large	  size	  datasets.	  
•  Provides	  computaRonal	  resources	  to	  analyze	  them.	  
•  Provides	  networking	  to	  share	  the	  datasets	  with	  your	  
colleagues	  and	  with	  the	  public.	  
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Matsu Cloud Functionality Enhancements 

•  Began developing method for automated co-registration using WCPS 
in Matsu Cloud 

•  Radarsat tasking Application Processing Interface (API) integrated 
with GeoBPMS (due in summer or fall 2012) 
–  Funded by AIST ESTO QRS 2011 

•  Radarsat processing, and data distribution API 
–  Display Radarsat data on IPAD 
–  Funded by AIST ESTO QRS 

•  Waterpedia for Architecture Implementation Pilot 2 (AIP-5) (due 
summer/fall 2012) 
–  High resolution water mask on map 
–  Open street format 
–  Crowd sourcing to validate and calibrate 
–  Funded by AIST QRS 2011 

•  EO-1 tasking API for Pacific Data Center (due summer/fall 2012) 
–  Funded by AIST ESTO QRS 2011 

What’s	  New	  
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•  Data distribution API for SERVIR nodes 
–  CATHALAC (SERVIR in Caribbean) 
–  RCMRD     (SERVIR in Africa) 
–  ICIMOD      (SERVIR in Asia) 

Radarsat	  data	  processed	  in	  cloud	  and	  Rled	  displayed	  on	  Ipad	  for	  field	  work	  and	  in	  
preparaRon	  for	  Waterpedia	  with	  crowdsourcing	  

Matsu Cloud Functionality Enhancements 
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•  HyspIRI will have large data sets 
•  Experiment with managing, processing and distributing large data 

sets in cloud on a “do-it-yourself” basis 
•  Prototype Science As A Service for users of the HyspIRI large data 

sets  

Conclusion:  Relevance to HyspIRI 



StarLight	  –	  “By	  Researchers	  For	  Researchers”	  

AbboW	  Hall,	  Northwestern	  University’s	  
Chicago	  downtown	  campus	  View	  from	  StarLight	  

StarLight	  is	  an	  experimental	  opRcal	  infrastructure	  
and	  
proving	  ground	  for	  network	  services	  opRmized	  for	  
high-‐performance	  applicaRons	  
GE+2.5+10GE	  
Exchange	  
Soon:	  
MulRple	  10GEs	  
Over	  OpRcs	  –	  	  
World’s	  “Largest”	  
10GE	  Exchange	  
First	  of	  a	  Kind	  
Enabling	  Interoperability	  
At	  L1,	  L2,	  L3	  	  



iCAIR:	  Founding	  Partner	  of	  the	  Global	  Lambda	  Integrated	  Facility	  
Available	  Advanced	  Network	  Resources	  

VisualizaRon	  courtesy	  of	  Bob	  PaWerson,	  NCSA;	  data	  compilaRon	  by	  Maxine	  Brown,	  UIC.	  

www.glif.is	  

GLIF	  is	  a	  consorRum	  of	  insRtuRons,	  organizaRons,	  consorRa	  and	  country	  NaRonal	  
Research	  &	  EducaRon	  Networks	  who	  voluntarily	  share	  opRcal	  networking	  resources	  
and	  experRse	  to	  develop	  the	  Global	  LambdaGrid	  for	  the	  advancement	  of	  scienRfic	  
collaboraRon	  and	  discovery.	  	  







TransLight/Pacific	  Wave/StarLight	  
10GE	  Wave	  Facilitates	  US	  West	  Coast	  ConnecRvity	  

Developing	  a	  distributed	  exchange	  facility	  on	  the	  US	  West	  Coast	  (currently	  SeaWle,	  
Sunnyvale	  and	  Los	  Angeles)	  to	  interconnect	  internaRonal	  and	  US	  research	  and	  
educaRon	  networks	  

www.pacificwave.net/parRcipants/irnc/	  





Flatsat	  Version	  of	  IPM	  


