
these processes will q”i$p 

require observations made by a network of satellites 
distributed within this domain. MC-DRACO will reveal 

simultaneously for the first time both the global spatial 
structures and the time variations of the magnetotail. It will 
determine which phenomena are responses to solar wind 
inputs and which occur as a result of internal instabilities. In 
particular, it will reveal the locations and extents of the 
instabilities that trigger the explosive release of solar wind 
energy, mass, and momentum stored within the magnetotail, 
how these entities are transported, and the means by which 
magnetotail phenomena are propagated between regions and 
to the auroral ionosphere. 

- \- -- _--- -- __- c __ 

MC-DRACO, the logical outgrowth of a sequence of STP missions, will explore plasma transport and energy con- 
version processes over a broad range of spatial sizes. Designed to be a ”meso-/macroscope” for the magnetotail, it will 
resolve persistent controversies and yield a new understanding on which to build a predictive science of next-genera- 
tion magnetospheric meteorology. 

Most important phenomena involve simultaneous variations in space and time. In some cases cases measurements at  two locations will 
provide unambiguous results.. . [Ilt may be necessary to make simultaneous measurements at  several hundred 1ocations.PE. McIlwain 
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Long Term Climate 

Medium Term Climate 

Extreme Weather 

Ecosystems & Carbon Cycle 

Solid Earth & Natural Hazards 

*c’ Sun/Earth Interaction 
P 

I -  

- Over 290 agreements with approx. 60 different countries 
- International research programs with multilateral 

organizations such as FAO, UNEP, WMO, WHO and CCAD 

USDA 
- Joint weather satellite programs with NOAA & DoD 
- Landsat with DOI/USGS 
- Research and applications with USDA, DOT, NSF, FEMA, 

- US Global Change Research Program 

- Associations of states, counties and cities 
- Consortia of local governments and universities 

- Traditional industrial partnerships 
- Purchases of commercial data 
- Targeted advanced technology collaborations 

USFS 
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- Obscmation of Kev Earth Svstem Interactions 

SeaWinds QuikSCAT Jason-1 ICEsat 

- Exploration of Specific Earth System Processes 
and Parameters and Demonstration of Technology 

EO-1 CALIPSO Triana 

LEO to GEO RF Corn strates 
Ka-band in smce 

Technolcgy significantly improves spatiaVspeetra1 I resolution 8 temporal coverage for science missions 
Validation enables improved soil moisture 
8 global precipitation science capablllies 

Flight validations enable atmospheric chemistty, 
aerosols 8 Wnds science missions 

' DiMbutedfla*ms to "sensor webs" 
for ocean 8 atmospheric science missions 
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Distributed Observing Systems/Constellations 
Flight and Scientific Information Systems 

NGST 

MAP 
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*Flight projects robsystem englncerine 
Conceptual Design Leadership 
*SateUte Re-entry/Orbit Debris 
*WFF GN&C System: 

.Ultn Long Dnmtfon Balloon 0 Sounding Rockets 

*Attttude & Trajectory ArulysIs 
Control System a Autonomous System Design 
*Dy~mics  analysis 
*Formation Flying & Constellation Analytic Techniques 
*Mistion Design 

L-s+=-- 7 - z  *e -+-- 
m '*Advanced Sensor & Actuator D e v e l o p a u k -  

*Advanced Propolrion System Development 
*Spacecraft Propulsion Engineering 
*Plume & Residual Gas Analyses 

*GN&C Hardware System 
*Hybrid D y n d c  Simulator System 
Comnonent Ground S U D D O ~ ~  EoulDment GSE) 

Comtellatlon Orion 

I Landsat 7 Space Station 

The GN8C Center's in-depth experience make them capable of developing 
and supporting the Whole SDecWm of GNBC Systems 
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Advanced end-to-end spacecraft GN&C systems 
Advanced mission design techniques to revolutionize Earth 
8z Space science missions 
Distributed Spacecraft Systems 
- Spaceborne GPS 
- Formation Flying, Constellations, & on-board autonomy 

Micro/Nanosat Technologies 
- N~IIO-S~IISO~S 
- MEMSG~OS 
- Micro-reaction wheels 
- Micro-Newton Thrusters 
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GPS satellii navigation is a proven AFTER 
technology that provides potential for 
low-cost autonomous satellite navigation. 

I 

f m1-1 
CPS Enhanced Orbit Navigation System 
(GEONS) flight sohare provides a 
factor of 15 improvement in position 0 5 10 15 20 25 sdwm 
accuracy over point solution. Tima (Houn) 

GEODE Impm~~pasMon accumcy by a factor of 15 

CPS algorithms, soffwam, r e i v e r  hardware, 
and simulators must be enhanced to broaden 
the mission scope to include aIi near-Earth 
missions, such as highly elliptical orbits (HEO) 
and geosynchronous Earth orbits (CEO), and 
to support relative navigation for formation 
flying applications. 

. .... ....... GEO, ....... I 

..... 
"' I --MA" l o b  ............... 
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Co-observation I 
Interferometry 

Large 
Interferometric 
Space Antennas Tethered 

Multi-point 
observation 

Interferometry 
A new era of space exploration will be enabled 

by cooperatingjleets of (small) spacecrajl 
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@ 3 spacecraft se arated by 5,000,000 km form a 
three-arm jwc!elsn InterferoFetei 
to ohserve mavrtatmnal waves in a 10-4 to IO-' 

mirro?" optical references 
faumgproof nyssgs when serve as arm "end 

I 

I b Gravitational waves cause change in optical 
path in one arm of interferometer relatwe to 
other arm 

Test masses m y t  be free of Earth gravitatiom 
forces (geodesically pure) 

I1 

b Distance changes measvd  with picometq 
$recision to detect gramtabonal wave stram 

Disturbance Reduction S stem (DE) uses 
roof mass disphcemenJsensor outputs to 

$rive low-noise micro-Newton thrusters for 
'drag-free' system opera&on 

own to 10-23 

Performance improvement of 1OO,OOO,000 

Proof Mass positionhotation outputs 
Thruster 

/ Commands 
Spacecraft Attitude 
and Translational 

Control Flight Software 

S Micro-Newton 
Micro-Colloidal 

Thrusters 

Gravitational 
Reference Sensor 
(Stanford University) 

(Bnsek Technology) 
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Future Earth and Space Science missions pose significant 
science-driven and cost-driven GN&C challenges 
Innovative GN&C technologies are being developed at GSFC 
to meet these challenges : 
- Precision pointing and stabilization 
- Relative navigation and control for formation flying 
- Advanced mission (trajectory & attitude) design 
- Drag-fiee control systems (DRS) 
- GPS in “above-the-constellation” flight regimes 
- Autonomous navigation beyond the reach of GPS 
- Miniature, low power, low mass MicrolNanosat GN&C components 

GN&C Technology is Our Future! 

12 







r 

15 




