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JPL Strategic Technologies 

•  JPL maintains and monitors a set of 
Strategic Technologies managed by the 
Chief Technologist 

–  Critical to JPL’s ability to successfully 
contribute to NASA’s exploration goals 
and responding to NASA’s science 
questions  

–  Areas where JPL makes a unique or 
distinguishing contribution, bestowing 
competitive advantages 

–  Require overt JPL or NASA 
management action to nurture and 
sustain their development  

 Important part of the JPL brand 
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1.  Large aperture systems 

1.1 Lightweight apertures 
1.2 Lightweight precision-controlled 

structures  
1.3  Integrated low-temperature thermal 

control  
1.4  Advanced metrology 
1.5  Wavefront Sensing and Control  

Investment or other-support examples 
•  Short-term 

–  J. Zmuidzinas (FY07 Initiative): 
Ground opportunities enroute to 
space 

•  Long-term 
–  J. Dooley (FY09 Topic): 

KISS Large space-apertures program  
–  L. Armus (R&TD Facility): 

Coronagraph upgrades 
•  NASA, reimbursable, and SBIR projects 

–  JWST support by JPL 
•  Caltech KISS Study on Large Apertures 

Mesh reflector in 25ft chamber - SBIR 

Ground opportunities enroute to space – Init. 

Precision deployable aperture systems – Init. 
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2.  Instrument and detector systems 

2.1 Detector and focal-plane systems  
2.2 Active remote sensing  
2.3 Passive remote sensing  
2.4 In-situ sensing 
2.5 Detector and instrument cooling 

Investment/other-support examples 
•  Short-term 

–  W. Edelstein (FY07 Initiative): 
Miniaturization of Active Sensors 

–  E. Kay-Im (FY08 Initiative): Sharable 
Components for Instruments 

•  Long-term 
–  A. Lange (FY09 Initiative): Large-

format, mm/submm wave detector 
arrays 

–  W. Traub (FY08 Initiative): Exoplanet 
Science and Instrumentation 

•  NASA reimbursable projects 
•  JPL Microdevices Lab (MDL) is key to 

these technologies 
–  Sustained R&TD (Facility) support 

Microdevices Laboratory (MDL): 
 E-Beam – Facility 

Components for InSAR Mission – Init. 

Lab-on-a-chip – Init. 
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3.  Advanced propulsion and power 

3.1  Advanced electric propulsion  
3.2  Advanced chemical propulsion  
3.3  Precision micro-/nano-propulsion  
3.4  Power sources for deep-space missions  
3.5  Energy sources for deep-space 

missions  

Investment/other-support examples 
•  Short-term 

–  T. O’Donnel (FY07 Initiative): 
Solar Electric Propulsion 

•  Long-term 
–  W. West (FY09 Topic): Non-

radioisotope power for Europa and 
Titan landers 

–  E. Brandon (FY09 Topic): High power 
density supercapacitor cells for low-
temperature energy storage 

•  Some NASA support 

Ion electric propulsion test - NASA 

Cathode-life test – Init. 

Fuel-cell development - Topic 
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4.  In situ planetary exploration systems 

4.1 EDL, precision landing, and hazard 
avoidance  

4.2 Atmospheric, surface and subsurface 
mobility  

4.3 Sample acquisition and handling  
4.4 Autonomous orbiting sample retrieval, 

capture, and return  
4.5 Planetary protection 

Investment/other-support examples 
•  Short-term 

–  D. Bayard (FY08 Initiative): 
Comet Sample Return 

•  Long-term   
–  J. Hall (FY09 Initiative): 

Planetary Aerial & Surface Access System 
–  G. Brown  (FY 09 Initiative): 

Planetary Geophysics and Sampling 
Systems 

•  NASA and reimbursable projects 

ATHLETE : Lunar Mobility – NASA Direct 

Venus Prototype Balloon – Init. 

Surface Access Tripod – Init. 



National Aeronautics and  
Space Administration 

Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, California 

5.  Survivable systems for extreme environments  

5.1 Survival in high-radiation environments  
5.2 Survival in particulate environments  
5.3 Electronics and mechanical systems for 

extreme temperatures and pressure  
5.4 Reliability systems for extended lifetimes  
5.5 Space radiation modeling  

Investment/other-support examples 
•  Short-term 

–  J. Polk (FY08 Initiative): 
Venus Extreme Environment 

–  T. Larson (FY09 Initiative): 
Space Environment Monitor 

•  Long-term 
–  G. Bolotin (FY08 Initiative): 

Radiation-tolerant devices for highly 
ionizing environments 

–  A. Kaul (FY09 Topic): 
Carbon nanotube switches for extreme 
environment space electronics 

Venus Pressure Vessel – Init. 

Electronics Model and Measurement – Init. 
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6.  Deep space navigation  

Autonomous Lunar navigation - Init. 

Low-thrust navigation design – Init. 

Micro-thruster modeling – Init. 

6.1 Mission Design and Navigation Methods  
6.2 Precision Tracking and Guidance  
6.3 On-Board Autonomous Navigation  

Investment/other-support examples 
•  Short-term 

–  T. Ely (FY08 Initiative): Lunar mission 
design, and Guidance, Navigation, and 
Control 

–  T. O'Donnell (FY07 Initiative): Solar 
Electric Propulsion 

•  Long-term 
–  C. Villalpando (FY09 Topic): Advanced 

imaging processor for pinpoint landing 
and stereo vision-based autonomous 
navigation applications. 

•  Also NASA/JPL Dawn mission 
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7.  Precision formation flying  

7.1 Distributed spacecraft architecture  

7.2 Wireless Data Transfer   
7.3 Formation sensing and control 

Investment/other-support examples 
•  Short-term 

–  F. Hadaegh (FY08 DARPA): 
Fractionated Spacecraft  

–  F. Hadaegh (FY07 Air Force): 
Formation Flying InSAR 

•  Long-term 
–  D. Scharf (FY07 Initiative): 

Precision Formation Flying 

•  NASA (some) and reimbursable projects 
Formation Flying Architecture - Init. 

Formation Flying Testbed - Init. & Reimburs. 

Flying Formation Sensor – Reimburs. 
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8.  Deep-space communications  

8.1 High-rate communications  
8.2 Optical communication 
8.3 Autonomous and cognitive radios  
8.4 Flight transponders  
8.5 DSN arraying 

Investment/other-support examples 
•  Short-term 

–  J. Wyatt (FY07 Initiative): 
Networked Space Mission Concepts 
and Operations 

–  N. Lay (FY08 Initiative): 
High-rate communication techniques 

•  Long-term 
–  H. Hemmati (FY07 Initiative): 

Optical communications transceiver 
•  NASA and reimbursable projects 

Detection 

Delay Tolerant Network – Init 

Optical Transceiver – Init. 

High Power Transmitter – Init. 
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9. Mission system software and avionics  

9.1 Spaceborne computing  
9.2 Mission system software  
9.3 Autonomous operations  
9.4 Software reliability 

Internal/other-support examples 
•  Short-term 

–  G. Holzmann (R&TD Center): 
Laboratory for Reliable Software (LaRS) 

–  D. Bayard (FY08 R&TD Initiative): 
Comet Sample Return 

•  Long-term 
–  H. Zima (FY08 Topic): Introspection 

framework for fault tolerance in support 
of autonomous space missions 

–  R. Some (FY09 Initiative): Advanced 
flight systems avionics technology 

•  NASA and reimbursable projects 

Touch-n-Go Test – Init. 

Lab for Reliable SW- Init. 
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10.  Lifecycle integrated modeling and simulation  

10.1  Trade space exploration  
10.2  Coupled/integrated physics-based 

modeling  
10.3  Model validation  
10.4  Model integration 

Investment/other-support examples 
•  Short-term 

–  C. Hoff (FY07 R&TD Initiative): 
Advanced Simulation and Modeling of 
Large Apertures with Cielo 

–  C. Norton (FY07 R&TD Initiative): 
OSSE for the HyspIRI Hyperspectral 
Spectrometer Mission 

•  Long-term 
–  E. Larour (FY09 Topic): Sensitivity 

studies for large-scale ice-flow 
models of Antarctica and Greenland 

–  E. Upchurch (FY08 Topic): 
Heterogeneous Multi-Core 
Architectures for Emerging NASA 
Applications 

•  Lee Peterson (Jul08 Strategic Hire): 
Integrated modeling validation 

SIM TOM3 siderostat integrated model – Init.  

Integrating instrument models and data – Init.  
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 Data Pipelines, Distribution and Analysis 

Instrument Software and Science Data Systems 

•  Data Distribution 

•  Pipeline Instrument Data Processing Systems 

•  Data Analysis - Machine Learning 



Example: Distributed Bioinforma6cs Grids for Cancer Biomarker 
Research 

Highly Distributed Data Intensive Systems 
•  Mul7ple domains 

–  Planetary science 
–  Earth science 
–  Biomedicine 

•  Technology thrusts 
–  Frameworks for distributed data 

management and computa7onal 
processing 

–  Ontology modeling and seman7c 
architectures 

–  Distributed search (free‐text, facet 
and forms‐based) 

–  Intelligent data dissemina7on 
–  SoIware architectures 

•  Collaborators 
–  Na7onal and Interna7onal Space 

Agencies 
–  NASA, NIH, DOE, DOD, … 
–  University parters (USC, UCLA, 

George Mason, UC Irvine, etc) 

Example:  Climate data exchange for models and observa6onal data 

15 
POC: Dan Crichton: Daniel.J.Crichton@jpl.nasa.gov  “OODT: Middleware for Metadata” 



Distributed “e‐science” Deployments 

16 

Planetary Science Data System  
•   Highly diverse (40 years of science data 
   from NASA and Int’l missions) 
•   Geographically distributed; moving int’l 
•   New centers plugging in (i.e. data nodes) 
•   Mul7‐center data system infrastructure 
•   Heterogeneous nodes with common 
    interfaces 
•   Integrated based on enterprise‐wide data 
   standards 

•   Sits on top of COTS‐based middleware  

EDRN Cancer Research  
•   Highly diverse (30+ centers performing  
    parallel studies using different instruments) 
•   Geographically distributed 
•   New centers plugging in (i.e. data nodes) 
•   Mul7‐center data system infrastructure 
•   Heterogeneous sites with common interfaces allowing 
    access to distributed portals 
•    Integrated based on common data standards 
•    Secure data exchange 

D. Crichton, S. Kelly, C. Mabmann, Q. Xiao, J. S. Hughes, J. Oh, M. Thornquist, D. Johnsey, S. 
Srivastava, L. Esserman, and B. Bigbee. A Distributed Informa7on Services Architecture to 
Support Biomarker Discovery in Early Detec7on of Cancer. In Proceedings of the 2nd IEEE 
Interna7onal Conference on e‐Science and Grid Compu7ng, pp. 44, Amsterdam, the 
Netherlands, December 4th‐6th, 2006.   POC: Dan Crichton: Daniel.J.Crichton@jpl.nasa.gov 



Pipeline Systems for Distributed Science Processing 

Example: Process Control System (PCS) for OCO, NPP 
Sounder PEATE and SMAP 

C. Mabmann, D. Freeborn, D. Crichton, B. Foster, A. Hart, D. Woollard, 
S. Hardman, P. Ramirez, S. Kelly, A. Y. Chang, C. E. Miller. A Reusable 
Process Control System Framework for the Orbi7ng Carbon 
Observatory and NPP Sounder PEATE missions. To appear in 
Proceedings of the 3rd IEEE Intl’ Conference on Space Mission 
Challenges for Informa7on Technology  July   2009 

Example: Airborne Cloud Compu6ng Environment 

17 

•   Spaceborne and Airborne Environments 
•   Pipeline and workflow systems 
•   End‐to‐end automa7on and process  
    management 
•   SoIware architectures for process control  
    systems 
•   Science data system genera7on, dissemina7on     
    and archiving 

POC: Dan Crichton: Daniel.J.Crichton@jpl.nasa.gov 



18 POC: Dan Crichton: Daniel.J.Crichton@jpl.nasa.gov 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POC: 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Daniel.J.Crichton@jpl.nasa.gov 



Machine Learning and Instrument Autonomy 

•  Goals and Objec7ves 
–  Automated change detec7on 

–  Iden7fica7on of transient targets 
–  Timely autonomous decision making 

–  Efficient communica7on priori7za7on 

–  Dynamic event detec7on 

•  Historical and current work with astrophysics data sets 
–  Star/Galaxy separa7on 
–  Morphological clustering of galaxies 

–  Sky object iden7fica7on 

20 



MLIA Core Technology Capabili7es 
•  Computer vision:  

–  event detec7on, mo7on es7ma7on, object recogni7on, tracking 

•  Image analysis:  
–  scene classifica7on, change detec7on, anomaly detec7on, feature search 

•  Time series analysis:  
–  segmenta7on, classifica7on, anomaly detec7on, search 

Mars crater 
iden7fica7on. 

POC: Robert Granat: Robert.A.Granat@jpl.nasa.gov 

Anomaly detec7on in crowd images.   

Signal detec7on in GPS networks. 

21 



Automated Landmark and Change Detec7on  
in Orbital Images 

•  Detect landmarks as sta7s7cally unusual features 
–  KL divergence, entropy, covariance descriptors 

•  Classify landmarks using machine learning 
–  Craters, dust devil tracks, dark slope streaks 
–  94% classifica7on accuracy 

•  Change detec7on 
–  Build regional landmark graph 

–  Detect changes in subsequent 
images 

Kiri Wagstaff, Julian Paneba, Ron Greeley, Mary Pendleton Hoffer, Melissa Bunte, Norbert Schorghofer, and Adnan Ansar 
Funded by the NASA Applied Informa7on Systems Research Program 

Crater 
Dust devil track 
Dark slope streak 
Unknown 

THEMIS POC: Kiri Wagstaff: Kiri.L.Wagstaff@jpl.nasa.gov 

22 



Novelty Detec7on: 
Finding SpacecraI on Mars 

•  Capability 
–  Demonstrated proof‐of‐concept 

system for detec7ng man‐made 
objects (such as spacecraI parts) 
using a reformula7on of exis7ng CD 
technology. 

•  Approach 
–  Compare local window sta7s7cs 

(covariance descriptors) to the 
sta7s7cs of a fixed global (larger) 
window designa7ng the surrounding 
context. This leads to divergence 
values signaling “outlier‐ness” of 
surface features in a single image. 

–  Compute divergence between local 
windows (yellow) and the en7re 
image (red), thus signaling sta7s7cal 
“outliers” throughout image 

MPF site in HiRISE 

MPF 

Backshell 

Parachute 

POC: Baback Moghaddam: Baback.Moghaddam@jpl.nasa.gov  23 “Change Detec7on” 



Resul7ng 
Divergence Map 

POC: Baback Moghaddam: Baback.Moghaddam@jpl.nasa.gov 

Novelty Detec7on Example (cont) 

Features: 
• neither color nor luminance 
were used as input features  
• Instead our results are 
based on the more robust 
Hessian‐Determinant feature 
which models local edge‐
structure. 

Divergence Map/Image Overlay 

Example Results: 
• Both MPF Lander and its 
Backshell are clearly 
detected 
• The dust‐covered & flat 
parachute structure however 
was not detected 

24 


