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components

Hincrease mission sa y embedding

intelligence to manage security and hazard
avoidance | - -

K8y Capabilities To
- Meet.Challenges - -

; y as possible
®Develop and use self-managing sof
components (autonomic computing)
(1) Components have self-awar.
(2) Self-optimizaton @
(3) Self-healing
(4) Self-protection
(5) Negotiates (peer-to-peer) for resources

(6) Functionsin a heterogeneous world and with open
standards '

(7) Anticipates nee
needed to ob

ded resources and hide detail




les Off E%u!miﬁgmducied

* t 'la " 'Plasma
Spectrometer (CHIPS

-5)
lExpenment with Serv:ce Onented
Archltectures (SOA)

ew Mmenmum Program space
on mission

ex nded mission and being |
experiments with
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tellar Plasma Spectrometer (CHIPS): A
Computer Testhed for Advanced

e 8

PowerPC
Onboard IP Stack .
128 Mbytes of Memory
Perfect for Experiments
-(E.g. Secure IP to S/C) 1
**** OPEN FOR BUSINESS 9/1/05 ****s*+

Fomipe—

="' ST-5isathree satellite (micro-sat)
constellation
NASA New Millennium Program
technology validation mission
Help scientists understand the
Earth's magnetosphere and its
effect on space weather
Uses the GMSEC architecture to
enable cost-effective model-based
operations to run the ST-5
constellations lights-out
Launched March 22. 2006

Successfully completed mission
June 22 2006 '

ST-5 Overview

Not much bigger than a large
birthday cake ora smali Tv.




Key Capabilities Implemented to Enable
EO-1 Sensor Webs

Sensor Web Experiments
-Conduycted .

(250
Liringzione (Amea)
- Onboard degnostic ool
Cowenanication lnfrastructure
Celhdor busad archit for
Be Toch, Univ. of Colorads)




UMD Natural Hazards
Investigation Team,

Aqua or Terra
.- MODIS data

Vision to Enable Sensor Webs with “Hot Spots”

Sensor Web Experimen ts, Event-driven Observations, Onboard Autonomy

1. [5ng aiomyos by

Software-driven /4
Antenina Sensitivity /4 Plug-and-pPlay
Patterns - Software Elight Software
Tunes Reception to

Targeted Satellite




“Plug and Play” Message Bus
ure-- Goddard Missiop Services |
Lenter (GMSEC) -

GMSEC architecture provides a
 scalable and extensible grounc
_ and flight system approac

. Plug-and-plaj} éompon,e,nts‘
* Publish/Subscribe protocol
. iPlatform transpéréncy

More info at: httyg:l/gmsec‘gsfc;nasafgov

'MSEC‘ vCompon_en.t} Cat_alo_g .

GMSEC approach gives users choices for the coniponents in their system, The
TRMM mission has elected key components from the GMSEC catalog.

g

b Front End Processors |
* Simulators

b Tolemetry s
Command Bystems

=

; 5o 5 .

AN Bhnolink ’ AP s i
AuloProdists: . b Blopatee o
e &hadu?ng

b Etight

Dynamics

b Archive + Assesement




_ + Modeling system is bui of *plug and play”
architecture to enable easy extensibil
~* Act as stepping stone for this type of capability for
future missions - -

~Bcheduls confllct
detaction

<Ete.

Scheduler 1<L '




Easily conﬁgured via XML
“Highly scalable

Planning
System




isual interface to Matt.ab
d with mathematical equatio
nk ST5

* Heartbeat messages
* Log messages
. * ProductMessages =
= Predictive Model-Based Operations . : :
-+ Subsystem models to anticipate platform conditions in a constellation
environment. - S o ,
.= Support Short and Long Term Mission Planning , .
. lnter?gt with AMPS and ASIST for control directives, telemetry, and profile
events; ‘ , ; ; s

Constellation Operations Support

(CFS) and
E¢ for Flight SW 5

i
. arfocing the Software

Ie
layers

Components communicate over
standard message-oriente
software bus, thérefore ,
eliminating the need to know the
details of the lower layers of inter-
networking. f

Software cdmponents can be
developed and reused from

mission to mission;

2 Develo%ed by Flight SW Branch
at GSF

& More info at’

httg:!/gmsec,gsfc.nasa.g9




odrd Integrated Message Bus
emonstration (December 2005) -

GMSEC Bus

PSS,

DC - Data Center i
ASIST ~ Advanced Spacecraft Integrat}

»

seript

result

M%ving Models Onboard CHIPS

Satellite Under

*

ents

CHIPS Satel!ite,{m’th

" Déiﬁéﬁsﬁéted’céépabiﬁ'
funning on GMSEC on oard
B Demonstrates beginning step to
missions from central control to distrib
via seff-managing software. = -
lSC
Apps

S to Demonstrate

cFE Bus_,qf f

Power Model |
Agen

vli Berkeley & Wallops
Ground Stations (UDP)

- . GMSEC Bus
via DSM & BcMurdo e -
Ground Stations

CHIPS - Cosmic Hot Int Plasma Sp
878 - Space Technology 8

; ‘Denxoéb;j -

“ U Falyient Wi

via TCPIP
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Tiree Experiments Conducted by

BC Undergraduate Class 12:14-06

SR RN iwireless inferfaces
EQ-1 Advanced Land Imager (ALl) i 983 in e,f ces sensor
Image of UMBC Campus v - oo} Mote

» ; Gy .
: £

_sensor mote

... Wireless interfaces

Lt AL LETY TP

e

ate Class

*

|

. Mini-rover
autonomously
finding broken
sensor node {part of
_ Emergency Responss
- UMBC project team)




Cio’sé’i‘;‘Look at our Mini-Rove_rs_&% e
imulate -Mars Landscape at GSF C

i A

'td_ hifblgment Experiments with Standards -
for Integrated Sensor Web Environment

| GSFC Mission Systems Evolution Center (GMSEC
Core Flight Executive (cFE) "

B Core Flight System (CFS)

Application Services .
SensorML Archives Event Processing Others TBI}.

Interoperability and Meta-Languagé Services
SensorfL - Others TBD :

13




B Can apply to any sensor whether in-situ or remo :
M Facilitates “plug and play” and mteroperab:hty be sors

» Especially useful for heterogeneous sets of sensors and rapid
integration of new sensors

More info at~- http://vast.nsstc.uah.edu/SensorML/ ,
Good article at-- http.//www.qeoplace.com/qw/2004/04060qc.asg

' d oy the
- Geospatial Consortium (OGC),‘to, e EO-1 as part of ;
~ testbed effort beginning o !

phase 4 has may objectives, one of which i is Sensol
Web Enablement (SWE) for sensors via a standard
which is similar to a Service Oriented Archltecture
(SOA)

« More info at:
http://mww.opengeospatial.org/initiatives/?iid= 199

» Sponsored by many organizations including NASA,
NGA, GeoConnections — Canada, National
Techno!ogy Alliance, GSA, ORNL LMCO, BAE,
Ordinance Survey — UK, NA

14



1strati C’;Jart ipate
ity to discover an tas, EO-1 on the |

‘n AS) — a standard i
for asynchronous notification o messages or alerts
from sensors or sensor services

« Sensor Registration Service (SRS) -a standard

- Web service to store sensor charactenstics for later
user retrieval

+ Geospatial Interoperabmty Ofﬂce at GSFC (M :
Bambacus, Nadine Al amerg ajor sponsor of OGC
activities (and in particular OW. —4)and are
momtonng ﬂ‘llS actwnty‘

« Search for satellites
based on capabilities
+ Register sensor in catalog

* Protess user query and
to make it searchable on_

+ Store capabilities
retumn the result

internet

- Command / send
tasking requests via
Sensor Planning Services
{SPS) protocol

» Request alert servics from
satsllite via Sensor Alert
Service (BAS}

15




» Combine existing missions in temporary
“virtual constellations” to enable new missions ,

operable Sensor Archi
fate Sensor We
Related to OGC effoi -
~ Key fopic - Interoperability
—PIl: Dan Mand! - 3 year effort

e Using Intelligent Agents to Form a Sensor Web
for Autonomous Mission Operations

—Key topic distributed mission control

—Pl: Ken Witt/ISR Co-l Dan Mandl/GSFC - 3
year effort

16
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