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Technical Division Competencies

I

Systems
Mission design
Navigation .
Systems analysis and engineering
Spacecraft systems design *
Mission operations systems design ¢
End-to-end information systems design *
Operations research
Economics *

Telecommunications
Science and Engineering

Telecommunications systems
engineering

Information and communication theory
Microwave remote sensing

RF and optical transmitters and
receivers

Antennas

Electromagnetic wave theory

Radio astronomy and GPS
geodynamics, and metric tracking
research

Planetary radar

Digital signal processing

Satellite and wireless communications

Mechanical Systems
Engineering and Research

Mechanical systems

Structures and mechanisms
Dynamics analysis

Materials

Mobility systems
Environmental tests

Thermal and fluid systems
Computer-Aided Design (CAD)
Propulsion and pyrotechnics
Biotechnology

Chemistry and chemical systems
Gossamer systems
Microgravity sciences
Mechanical fabrication

—

Observational Systems

UV/VIS/IR imaging/spectrometry systems
Microwave/submillimeter systems
Optical/submm wave interferometry systems
and technology

In-situ instruments and technology
Advanced visible IR/submillimeter
detector/sensor technologies

Laser remote sensing

Advanced optics technology
Mission/instrument/optical modeling and
simulation

Science/system data analysis and
visualization technology

Planetary data systems .

Earth and Space Sciences

» Remote sensing and in-situ flight
experiments

Laboratory chemistry and physics
Planetary astronomy
Astrobiology
Astrophysics/Origins

Earth and planetary atmospheres
Earth and planetary geoscience
Oceanography

Asteroids, comets and satellites
Space physics

Avionic Systems and Technology

Guidance and control

Integrated space microavionic systems
Engineering sensors, actuators for
control and precision metrology
Power systems

Rovers, robotics, machine vision
Science sensors,
microclectromechanical, and
microinstruments

Neural networks, fuzzy logic, and
algorithms

Photonics, electro-optics, and optical
processing

Systems autonomy

Mission operations support

* Database management technology

Information Technologies and
Software Systems

Spaceflight and instrument operations
Mission software systems

Mission data management

Software engineering standards and
technology

Institutional infrastructure services and
contract management

Information systems engineering

Data management and information extraction
Digital communications systems and
computer networks

Computer graphics and system visualization
Artificial intelligence and operations
automation

Autonomy architecture and software
Simulation systems

Command and control systems

Secure communication

Intelligent synthesis environment
Quantum computing

Supercomputing



National Aeronautics and Space
Administration

Jet Propulsion Laboratory
California Institute of Technology

Technology and Engineering

JPL is a world leader in key areas critical to deep space
exploration

End-to-end system engineering Autonomous mobility Deep space

and project management communications Deep space navigation and highly stable

clocks

Extreme precision formation High precision spaceborne systems in
flying for science and optical to sub-millimeter, including
rendezvous interferometry

Active sensors for mapping and positioning
(SAR, altimeters, GPS)
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JPL Leadership Technologies

Solar System Astronomy Earth

. Technologies to enable: & Mars & Physics Science

Autonomous regional mobility (surface
and atmosphere) and safe landing

Deep space communications and

interplanetary network --

Deep space navigation and highly stable

clocks . T T

Extreme precision formation flying for
science observations and rendezvous

High precision space-borne systems in
optical to sub millimeter domain
including interferometry

Specialized active sensors for mapping
and positioning (SAR, altimeters, GPS, ...
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JPL Technology Expertise

Solar System Astronomy Earth

Technologies to enable: & Mars & Phvsics Science

Advanced coolers and thermal design
Advanced in-space propulsion & aerocapture
Advanced remote sensing instruments
Advanced tools for mission design

Autonomy

Electronics for extreme environments

Fault tolerant computing and sensing for
extreme environment

High performance on-board computing

Low mass advanced spacecraft systems including
nano systems

-

Low temperature batteries

Miniaturized in-situ laboratories
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JPL Technology Expertise

. . Solar System Astronomy Earth
Technologies to enable: & Mars & Physics Science

Non-Earth centric life detection
Ocean and solid Earth modeling
Planetary protection

Quantum- and background-limited detectors and
sensors

Rendezvous and sample capture

Reusable fault tolerant, object-oriented flight/
ground software

Spacecraft system modeling

Sub-millimeter, thermal infrared, and THz
sensors

Subsurface access

Virtual presence
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Earth Science Technology Emphasis Areas

Earth System Science in the future will leverage three ongoing technology revolutions:

e Technologies enabling Earth System
Science:
— Active microwave
— Submillimeter/thermal IR
— Interferometry
— Large aperture precision deployables
— 4 deg K coolers, sensors and detectors
— Precision formation flying
— Laser/LIDAR remote sensing
— GPS technologies

— Sensor web integration and sensor
networks

— Evolvable systems
— Synthetic aperture radar

— Quantum gravity radiometer and quantum
sensors

— Miniature in situ sensor package
— Subsurface exploration techniques
— High fidelity simulation and modeling
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RF Communications

e Small Deep Space Transponder
(SDST) exists today

e Space Transponding Modem
(STM) by FYO07

e 3m X/Ka-Band Inflatable
Lens Antenna by FY10

¢ 3.5m X/Ka-Band Reflect-
Array Membrane design by
FY08

e 5-7m design by FY12

o 35W Ka-band TWTA enables
4x improvement over X-band
by FY03

e 100W X-band TWTA by FY04

e 100W Ka TWTA by FY07

e High power amp by FY09

o Grid amplifier by FY11
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- Optical Communications

- Measuring atmospheric
visibility & cloud cover
statistics from space

Low-mass, low-complexity
optical terminal

Multi-beam scintillation N o
mitigation strategies Multi-Gbps WDM link
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Examples of JPL'’s Technologies
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Mesa Antenna Range

Microdevices Laboratory

Supercomputers

Space Simulators

FIDO Rover Testbed Frequency Systems Lab Deep Space Station 13
in Mars Yard

Center for Integrated
Space Microsystems
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* Additional Depth
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JPL Technology Areas

Create revolutionary sensor
technologies to enable new areas of
scientific observations

Microdevices and
Compact Instruments

¢ Micro and nano devices for transducers, iInformation processors and actuators

4 Sensors based on micro/nmano structures (electromechanical, biogeochemical,
field and particle)

¢ Actuators for micro and nano scale manipulation and mechanical control

¢ Integrated micro/nano systems for spacecraft and information systems

¢ Micro and nano devices for computing and memory

‘\
5
3
¥ 3
{millions pf atoms)
-
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JPL Technology Areas

Develop robotics technologies that will
enable new revolutionary NASA
missions. Increase science return by
orders of magnitude while increasing
system reliability and safety

Space Robotic
Systems

¢ Intelligent, self reconfiguring and cooperating robots

¢ Autonomous space, aerial, surface and subsurface vehicles
for in-situ exploration

¢ Planetary and deep space spacecraft systems

¢ On-board information processing, self diagnosing and fault
tolerant spacecraft

¢ Safe descent, landing, ascent and rendezvous at planetary
and deep space bodies

¢ End to end space science mission systems analysis
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JPL Technology Areas

Enable large, lightweight, low
cost optical systems and
structures for future missions

Interferometry and
Large Aperture
Wavefront Sensing &
Control

¢ Point to point metrology and control technology

¢ Optical surface metrology and control téchnology

¢ Cryrogenic optical systems technology

¢ Separated aperture interferometry technology

¢ Lightweight optics and in-space assembly technology

¢ Integrated modeling and simulation of precision optical
systems
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JPL Technology Areas

In Situ Life Detection: Create

the ability to search for and
Life Detection recognize life in all
environments

% 3:%
P
[

R

¢ Develop appropriate measurement technologies and
biosignature options for non-Earth-specific life

¢ Develop high energy probes for biomaterials and
biosignature characterization

¢ Non-destructive sample handling and preparation for
in-situ analysis and return of samples to near Earth location

¢ Quantitative methods to extract multi-scale (spatial and
temporal) signatures of life from remotely sensed and
in-situ data sets

4 Cleaning and validation technology



Key Technology Developments for
Solar System Exploration

-

2231t (67 m) |

Cassini S/C

Low m

Cassini Bays X2000 First Delivery Chassis

X2000 Avionics:
ass, rad hard, high performance

System on a chip
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Maghetic On-Chip Microinductors

Highly integrated, survivable microsystems:

Aerocapture:
Low-mass orbit insertion

Advanced
Shorter flight times and smaller launch
vehicles

Advanced power sources
Propulsion:
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Applying our capabilities to our own planet

TOPEX/Poseidon

SeaWinds Surface Winds and Vorticity ;.4
Gabrielle, 1114 UTC 11 Sept. 2001 speed

ien 15 .20 2105 s
Data Average Vorticity

Gram/Sharp

Quikscat

Shuttle Radar Topography Mission

lnSRand G;S
NASA and NOAA are using data to

improve El Nino and hurricane
forecasts

NASA, NSF and USGS are using
data to better asses seismic risks

Savings for NIMA: JPL’s SRTM
mission reduced topographic maps
cost 74 times over conventional
methods
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NASA

JPL’s Vision by 2020

Explored the Jovian and Saturnian satellites in detail

Established a continuous and probed their surfaces and interiors for possible

presence around and on the
surface of Mars

pre-biotic nd Iife-favorle environments.

Returned first samples
from other solar system
bodies beyond the moon.

Began exploring

. ) Established operational Established the
neighboring solar systems. capability to monitor Interplanetary
dynamics of solid Earth Network, which is
and its oceans and being commonly

atmosphere. used by students.






