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ISC Key Technology Areas - Key Drivers

? Distributed Space Systems/Constellation

? Advanced Automation and Autonomy

? Advanced Smart Instruments

? Advanced Tools for Access and Analysis of Science Data

? Rapid Mission Formulation and Implementation

? Ultra Low-cost Mission Systems and Development



Landsat-7
EO-1

SAC-C Terra
25 min

15 min
1 min

Distributed Spacecraft Systems-Distributed Spacecraft Systems-
Enabling New Earth & Space ScienceEnabling New Earth & Space Science

Co-observation

Multi-point
observation

Interferometry

A new era of  space exploration will be enabled 
by cooperating fleets of small spacecraft

Coincidental
Observations

Tethered Interferometry



User
 Community

Advanced Sensors

Sensor Webs

InformationInformation

NASA’s Earth Science Vision
Architecture of the Future

Information
Synthesis

Access to
Knowledge



NASA’s Earth Science Vision-NASA’s Earth Science Vision-
  Example:Example: Information Synthesis in Support of Information Synthesis in Support of
Predicting & Monitoring Volcanic EruptionsPredicting & Monitoring Volcanic Eruptions

“Virtual Instruments” Derived from Space-
based, Airborne, and In-situ Assets

? System is Dynamically Reconfigurable
? Digital Libraries/Metadata Warehouses
? Ability to Rapidly Carry Out New Scientific

“Experiments” with Existing Sensor Suite
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GSFCGSFC-Supported Constellation Missions*-Supported Constellation Missions*  
Mi ssi o n Techno l o g y Needs

Current ( or near - term) : AM Co n s tel lat i o n CP S, SDF
PM Const ell ati o n CP S, SDF
Un i versi t y  Nan o sat Cr oss l i n k, AN,  AGS, FC

 Devel o pment (Appro v e d): ST- 5  (Na noSa t  Conste ll.  Tra ilbla z er) Cr oss l i n k, CPS
Tech Sat - 2 1 Cr oss l i n k, AN,  FC AMC
MM S Cr oss l i n k, FC

 F orm u l ati o n  ( &PrePh aseA) MAXIM Pat h f i n der Cr oss l i n k, AN,  HPFC
MAXIM Cr oss l i n k, AN,  HPFC, AMC
GPM AN, CPS ,  GDF , AGS, AMC
Ma gCon (DRACO) AN, CPS ,  SDF
Ra dia tion Belt Ma p pers AN, CPS ,  SDF
S o lar Sen t i nels AN, CPS ,  SDF, AMC
I o n ospher ic Ma p pers AN, CPS ,  SDF, AMC
Co n s tel lat i o n-X Cr oss l i n k, AN,  HPFC, AMC
LISA Path f i n der Cr oss l i n k (Op t ical ), AN, HP FC
LISA Cr oss l i n k (Op t ical ), AN, HP FC

Co ncep t De vel o pmen t : SPECS Cr oss l i n k ( if n o t  tet h ered ) , AN, AMC
Ma gCat SDF, AGS, FC
Leonar d o Cr oss l i n k, AN,  SDF, F C
Co ach Cr oss l i n k, AN
S tel lar I mager Cr oss l i n k, AN,  HPFC

K e y: CPS = Co n stellatio n  Pla n ning & Sc h e d uling
SDF = Scie n c e D ata Fu sion
A N = Au t o n omous Nav i gati o n
A GS =  A utonomous Gro u n d  Systems
FC =  Formatio n  Co n trol
HPFC =  High Pr ecisio n  Formatio n  Co n trol
AMC = A utonomo u s Man e u v er C o ntrol* List not exhaustive nor guaranteed to be up-to-date
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Landsat-7
EO-1 SAC-C Terra

25 min

15 min
1 min

EOSEOS “Morning” Constellation “Morning” Constellation

EO-1 Objectives:
Perform land surface imaging in multiple bands and resolutions
Validate the hyperspectral imager on EO-1



Aura

MODIS/ CERES
Determines the IR
Properties of Clouds

AIRS
Temperature and H2O
Sounding

GOES/
           Triana

MLS
H2O & T
Sounding

CloudSat
Radar imager

DAO Forecast
Cloud 

Conditions

AQUA

EOS EOS “Afternoon” Constellation“Afternoon” Constellation

Parasol
Polarimeter

Picasso
Cloud lidar

Visible and IR
Imagers

15 minutes

Science Goal: Understand Cloud Properties
Within 15 minutes, 7 satellites will view the same cloud fields 
- Multiple temperature and water vapor measurements
- Multiple cloud property measurements
- Chemical measurements
- Radiation measurements (IR emission, Visible reflectivity)



Miniature Spacecraft
? Systems Design Integration and Test

Technologies

Candidate Spacecraft Technologies
? 5V bus - 1/4V logic
? Li-Ion batteries
? Miniature transponder
? Miniature Thrusters
? Multi-functional structure
? Variable emittance coatings

Constellation Control, 
Coordination, and Operations
Architecture

? Ground system autonomy
? Relative ranging
? Intra-constellation communications

200 km

5.6 Re

Virtual Platforms
For Science
Missions

Constellation Class
Missions
Simultaneous, Multipoint,
In-Situ Characterization of
the Magnetosphere

Single Nanosats and Probes
Reduced Risk Small
Spacecraft Bus for Low
Cost Missions

NMP ST5 Project Concept
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Global Precipitation Measurement (GPM)Global Precipitation Measurement (GPM)

Mission Objective:
? Measure Rainfall Microphysics

and Global Quantities on 3 Hour
Time Scale

Primary Instruments:
? Dual Frequency Precipitation

Radar; Passive Microwave
Radiometers

Key Technologies:
? Lightweight/Low-cost Rainfall

Passive Microwave Radiometers
? Low Cost, Long Life Mini-

Satellites
Key IS& T Technologies:
? Science Data Fusion
? Constellation Managment

Status:  The GPM Project is currently in “science definition” and “technology 
             definition” phase as a precursor to authorization for official formulation



Solar
Dynamics

Observatory
Radiation

Belt
Mappers

Ionosphere
Mappers

 11

LWS Missions For The Next Sola r Maximum

“Living With a Star” Missions

Sentinels

Science Goal
 Living With a Star is a new NASA initiative

to develop the scientific understanding
necessary to effectively address those
aspects of the Connected Sun-Earth
system that directly affect life and society.
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Technology Capabilities Needed in 2010+ Timeframe
to Support Future Science Enterprise Missions

? Multiple spacecraft, multi-instrument, multi-point observations &
measurements supporting continuous dynamic studies

? Constellation management
? Goal-driven mission control
? Automated health and status monitoring
? Triage management- situation assessment and information synthesis tools to help

anomaly diagnosis in “lights out” situations where operators must intervene.

? Intelligent user interfaces- data visualization techniques to reduce information
overload and present the results in an easily assimilated manner.

? Dynamic response to science event detection or changing science
priorities

? Event-responsive control systems
? Dynamic planning/replanning
? Goal-driven mission control
? Spacecraft-initiated communications events/ situation alerts

? Information shared seamlessly  between sensors & sciencecraft
? Common communication schemes
? Collaborative payload and platform tasking ….



Mission Autonomy Technologies
Guidance  Navi gation & Cont rol
? Onboar d   t rajec tory de termina tion
? Tr aje cto ry p lanning
? Maneuver  des ign  & e xecut ion
? Fe atu re i denti f icati on a nd t racki ng
? Ta rge t  re lat ive  ma neuveri ng
? Ha zard coll isi on avo idanc e

Mul t iple S/C
? Fo rmat ion  keepi ng
? Coordi nat ed P lat forms

? Resour ce shar ing
? Sc ience  dat a  ga the ring
q  Informa tion fusi on

? Engi nee ring sensor  dat a  fusion
Sc ience  observa tion
? Sc ience  dat a  fusion
? Re -ta rgeti ng t o  repea t  sc ien ce

ob serva tions
? Capt ure  oppor tunis tic  sci ence
? Optimize sc ience  downli nk d ata

Goal -based commanding
? Ta sk dec omposi t ion
? Automa ted  se quenc ing
? Ev ent  dr ive n  sequ encing
Onboa rd planning
? Automated  pl anning
? Pl anning in  uncer tai n  envi ronment s
? Dynamic planning &  plan

op timiz ati on
? Cont ingency  pla nning
? Re al t ime schedul ing

S/C resour ces
? Resour ce man agement  and

op timiz ati on
? Se lf mon ito ring and s elect ive  hea lth

repor ting
Anoma ly r esoluti on
? Model- based  fau lt prot ect ion
? Fl exibl e  conti ngent  res ponse
? Respon se t o  un antic ipa ted  fault s



ISC Strategic Technology Focus Areas
Objectives and Visions

The ISC Strategic Plan  is currently based on 3 major technology focus areas:

1. Rapid Mission Formulation, Design & Execution:
Enabling revolutionary mission concepts through rapid mission formulation,

implementation  and execution
Vision: Mission scientists and engineers seamlessly evolve science objectives into

mission concepts through virtual model to an operational science system

2. End-to-End System Autonomy:
Enabling effortless science collection through autonomous  mission systems

Vision: Mission scientists operate, maintain and reconfigure systems from anywhere
in order to optimize an on-board observation and maximize science return

3. Advanced Scientific Analysis Tools & Data Systems:
Enabling science knowledge discovery through seamless and transparent access to

information
Vision: Academic and research community has continuous and transparent access

to data and information for scientific research

10 March 1999 14ISC Strategic Technology Plan



ISC Strategic Technology Capability Roadmap*

End-to-End System
Autonomy

Advanced Scientific
Analysis Tools & Data
Systems

Rapid Mission
Formulation, Design,
and Execution

•Low Cost, Internet-based,
Secure Distributed Computing
Architectures.

•Data interface and distribution
framework for Subsystem
Design and Analysis Tools

•System-level, Model-based
design

•Immersive Virtual Environments
for Collaborative Engineering and
Science

•Collaborative Design &
Operations Environments.

•Integrated Simulation and Design
Systems

•Ground-based, Goal Driven
Commanding

•Science Feature Identification

•Automated Spacecraft Health &
Safety

•Missions operate as IP nodes on
the net

•On-board, Goal Driven
Commanding drives Reactive
Mission Execution

•Constellation Management

•Mission operates as mobile-IP
nodes on the net

•Multi-mission collaboration
for Dynamic Science Agenda

•Mission operate as mobile-
routering  nodes on the net

•Multi-S/C (including
Constellations) Data Processing,
Fusion & Analysis

•Advanced Information
Prospecting and Capture Tools

•Collaborative Visualization and
Analysis tools

•Collaborative (Multi-Source)
Updates to Science Models

•User selectable subscription
services for Data Distribution

•Feature Extraction and
Identification Tools (Data Mining &
Knowledge Capture)

•Platform Independent Visualization
& Analysis Tools

•Real-time Updates to Science
Models

•Interface and Distribution
Framework for Science Data &
Science Models

•Seamless, transparent access
to distributed data, info. and
knowledge ("Virtual Data
Communities")

•Knowledge Extraction using
Natural Language Interface in
an Immersive Environment

ISC Technology Focus Areas Near (2003)                              Mid (2006 )                  Far (2010 )

13 Sept 1999 15ISC Strategic Technology Plan

(Key Capabilities for future Mission Information Systems)

* v1.2 - 9/13/99



Technology Readiness Levels
Applied to Systems (v1.0*)

TRL 9

TRL 8

TRL 7

TRL 6TRL 6

TRL 5TRL 5

TRL 4

TRL 3

TRL 2

TRL 1

System Test,
Fielding &
Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to
Prove Feasibility

Basic Technology
Research

TRL 9: Actual system “mission proven” through successful mission operations
(ground or space) Fully integrated with operational hardware/software systems.  Actual system has
been thoroughly demonstrated and tested in its operational environment.  All documentation completed.
Successful operational experience.  Sustaining engineering support in place.

TRL 8: Actual system completed and “mission qualified” through test and
demonstration in an operational environment (ground or space) End of system
development.  Fully integrated with operational hardware and software systems.  Most user
documentation, training documentation, and maintenance documentation completed.  All functionality
tested in simulated and operational scenarios. V&V completed.

TRL 7: System prototype demonstration in operational environment (ground or
space) System prototype demonstration operative. System is at or near scale of the operational
system, with most functions available for demonstration and test.  Well integrated with collateral and
ancillary systems.  Limited documentation available.

TRL 6: System/subsystem model or prototype demonstration in a relevant end-
to-end environment  Prototype implementations on full-scale realistic problems.  Partially integrated
with other systems. Limited documentation available.  Engineering feasibility demonstrated in actual
system application.

TRL 5: System/subsystem/component validation in relevant environment Thorough
testing of prototype in representative environment.  Basic technology elements integrated with reasonably
realistic supporting elements. Prototype implementations conform to target environment and interfaces.

TRL 4: Component/subsystem validation in laboratory environment  Standalone
prototype implementation and test.  Integration of technology elements.  Experiments with full-scale
problems or data sets.

TRL 3: Analytical and experimental critical function and/or characteristic proof-
of-concept  Proof of concept validation. Active R&D is initiated with analytical and laboratory studies.
Demonstration of technical feasibility using breadboard/brassboard implementations that are exercised
with representative data.

TRL 2: Technology concept and/or application formulated  Applied research.  Theory
and scientific principles are focused on specific application area to define the concept. Characteristics of
the application are described.  Analytical tools are developed for simulation or analysis of the application.

TRL 1: Basic principles observed and reported  Transition from scientific research to
applied research. Essential characteristics and behaviors of systems and architectures.  Descriptive tools
are mathematical formulations or algorithms.*not guaranteed to be latest version


