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Traditional Command and Control Architecture 

Remote Control via Commands 

Status Via Telemetry 

People Here 
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Future Command and Control Architecture 

People Here 
Explorer or Scientist 
Centric View in which 
environment self-
organizes around explorer  
or scientist 

Other satellite and ground components 
 networked together automatically 
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Nav visor view 

POTENTIAL HAZARD:

Loose dirt, deposited last 24 hrs

Walking possible 

No vehicle

Searching for alternative path…


MAPS �
Feature overlay�
Topography�

 Line of sight profile�
 Contour profile�
 Aerial�
 Surface data�

Sub-surface data �
Graphical feature (aerial)   

Red Ridge Mountains Unknown/unusual object 

Line of sight topographic profile


Local contour map

Graphical feature map


Explorer’s Visor Heads-Up Display 
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What’s Needed to Get From Here to There 


   Extensive multi-layered, multi-protocol end-to-end messaging 
communication architecture 


   Autonomy software 

   Inexpensive technology infusion approach to infuse new 

capabilities 

   Next slides show some ongoing efforts to evolve towards these 

goals 
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A Technology Pipeline for Sensor Webs as 
a Pre-curser to the Interactive Explorer 

EO-1 ST-5 Adaptive Sensor Fleet 

GSFC Mission Services 
 Evolution Center (GMSEC) Core Flight Executive (cFE) Adaptive Antenna Arrays 

CHIPS 
Flora – ESSP 
 Proposal 

Autonomy Testbed 

Pathfinder Activities 

Communications Infusion 

Sensor Web Capability Infusion Path 

Funded 

Partially 
Funded 

Proposed 

LRO 
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EO-1 Autonomy 
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EO-1 Sensor Web Experiments Conducted 
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Real Benefits From EO-1 Autonomy and Automation 
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Adaptive Antenna Array Experiments 
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GMSEC Component Catalog/
Message Bus 

GMSEC approach gives users choices for the components in their system and a 
way to plug them into a generic message bus. TheTRMM mission has selected 
key components from the GMSEC catalog.   
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Core Flight System (cFS) and Core Flight Executive (cFE) 


   Strategic Software Layering 
•  Software of a layer can be changed without affecting 

the software of other layers 


   Advanced Message Handling 
•  Eliminates manual configuration of FSW 
•  Automates integration of FSW with applications and 

hardware components (Publish/Subscribe model) 


   Standardized, Abstracted Interfaces 
•  Minimizes software impacts from flight hardware, 

RTOS, and application changes 
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Autonomy Testbed Demo 9-19-05 

ASIST 
Secondary 

(T&C) 

ASIST 
Primary 

(T&C Sys) 

GMSEC Bus cFE Bus 

Ground Software Testbed 

Command 
Ingest App 

L2 Adaptor 
App 

model 

script 

result 

Core Flight Executive 
Flight Testbed 

UDP Data 
Center 

Message sent from ground to flight 
bus to initiate SW application 

(Livingstone – L2) 

Status message back from  
SW application (Livingstone – L2) 
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Flora Related Technology Work 


   Onboard Adaptive compression 
•  IRAD proposal for onboard intelligent data reduction to manage high 

data volumes 
•  CCSDS Compression algorithm will be put on ASIC for future use 

by Pen-Shu Yeh/567 
•  Extend EO-1 Onboard pixel classification and autonomous decision 

making capability(Use FPGA processors) 
•  Onboard L0 processing 
•  Onboard L1 processing 
•  Onboard Science processing 
•  Onboard Feature detection 
•  Autonomous decision making – categorizing sets of pixels in 

interest level 
–  Use lossy compression on pixels of lower interest 
–  Manage downlink volume to fit available downlink capacity on 

each orbit 
•  Keep track to image data not needed and either delete or use 

very high compression 

   Use Autonomy Testbed to prototype approach 
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Conclusion 


   To evolve to an “interactive explorer” need to: 
•  Build cost-effective technology pipeline 
•  Build scalable cost-effective communications 

• Wireless access points for satellites 
•   Software bus 

•  Continue to evolve autonomy software 


