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Challenges of Long-Duration 2y
Space Flight -

Physiological Technical
e Boneloss « Adaptability
e Radiation exposure e Limitson crew time
* Psychosocial adaptation ¢ Onboard analysis and
e Medical care feedback

e Autonomy

Physical replenishment is difficult, but software replenishment
IS easy— and should be exploited




Agent Based Monitoring Approach  £%8
= B Addresses These Challenges

—

= « Distributed sensors collect data
Mission « Mobile Agents collect and analyze distributed
Control sensor data and other related information
» M obile agents automatically send alerts and
messages when necessary
Spacecraft
@
& Filtered data, e

Distributed Sensors
code updates ' ;

o efficient bandwidth use
* l[oad balancing
 reduced user burden

e maximal flexibility

» onboard analysis
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Volatile Network and Active Planning:

Information Resources Network routing and
agent itineraries must be

planned dynamically using
stochastic control.

Active Information: Field |
Commands standing queries, Reports Active Hybrid Networks:
data fusion, Wireless and volatile
automatﬁc Information networks must reconfigure
organization and relocate servers/proxies
Requests

for robustness and efficiency

AGENTS Active Software:
Tcl, Java, Python
and Scheme mobile
agents deliver data and

monitor databases

Mobile Users




Phase | Research Goals )

« Develop distributed information retrieval and
analysis architecture based on mobile agents
* Apply the architecture to the bone loss monitoring
application
— Analysis model — parameters and their relationships to

bone |oss
— Parameter data collection- sensors

— ldentify tradeoffs
e Make recommendations for future work



Test Case: Bone loss w\

Bone Density Changes Per Month in Space

+ 0.6 %/mo. (Skull)

— 1+ 0.1 %fmo. (Arm)
. (Lumbar spine)
. (Pelvis)

. (Femoral neck)

. (Greater
trochanter)

-1.25 %/mo. (Tibia)

-1.50 %fmo. (Calcaneus)

L oad bearing areas |lose significant amounts of bone




Test Case: Bone |oss ™

Mean Urinary Calcium in Space
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Calcium in theurineis comes from load-bearing bone




Test Case: Bone |0ss ™

@

Intestlrle Bone

_\.—.
M Thyroid

Serum Calcium lon Concentration

The Calcium regulation system determinesurinary
Calcium levels
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Urinary Calcium Loss Function ™

UCa:f(Xstatic J Ximpulse’ XoveraII’ XCa’ XNa’ Xprotein’ XD’ Xacid-base’ Xdrug’ Xnoise)

where
xstatic = static |oad ng Xprotein = dletary prOtein
Ximpuse = IMpulse activity  X,= dietary vitamin D
Xoveral = OVerall activity X id-pase— Cld-base balance
Xc= dietary calcium X g = drug effect
Xng = dietary sodium X oise = NOISE

Challenges. How best to quantify the parameters?
How can they be measured?
What are the relationships?
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Bone Loss Monitoring oy
Application ™~

» Autonomous mobile agents collect data related to bone
loss, e.g. Urinary Ca, activity, and CO, levels.
Control » Analysis and learning agent integrate, analyzes data &
Oontro alerts crewmembers when a problem exists
m » System can adapt to variability in human response

Filtered data, @

& code updates SENSOr's Automated
ﬁ. & Urinalysis

. 4
Bonelo&s\
: : analysis :
» Agentstransmit boneloss estimatesto Systgm Mobile
Mission Control & agents

updated throughout the mission
» Continuous monitoring emphasizes

prevention and autonomy !ﬂ‘ ,

* In response, algorithms and code can be /




Bone Loss Monitoring Agents N

CO,, Activity,Urinalysis Sensor Systems Agents
«Collects data at predetermined or event initiated intervals
*Performs raw data data analysis

*Moves data to storage and analysis hosts

*Performs occasional self test, reports to Coordinator

Coordinator Agent

*Recelves input from Mission Control '
«Controls installation of updates/changes & :
on distributed hosts '

«Sends data to Mission Control — = ; PR

Automated
Urinalysis

Boneloss
*Analyzes sensor and data performance Analysis syst

*Actsto remedy problems with subsystems & gﬂgggi'se &
Analysis Agent -
*Utilizes baseline measurements sensors |
*Receives data from various sensors | ; d
sExecutes “bone loss estimation” algorithm ! = ‘

*Determines appropriate therapy
*Notifies users of action required (if any)
«Sends historic and performance data to Coordinator



Mobile Agent System Reguirements K

Control System Model Bone Loss Therapy Model

QUL

Output | Physiological
Parameters

apy

Classification
adjustment

Feedback

System Functionality Design Considerations
 Baseline information processing » Knowledge representation
» Sensor data processing * Classification

e Individual assessment, recommended therapy e Learning

 Alerts, messages
e Learning, adapting



Bone Loss Control Surface
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Therelationship between duration of space flight, bone loss
Inter vention and bone loss must be lear ned
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Conclusions ™

e Initial assessments are that drug effect, impulse loading
and acid-base balance may be the most important factors
to follow

* Need to define fully urinary calcium relationships for
key variables in order to program agents.

* Need to apply agents in ssimulated scenarios to test
approach— focus on learning the control surface



Summary and Next Steps
| Tecology [ Accompiisments - [NetSieps  [Lorgtem |

"~

Bone loss *Defined key parameters and | « Perform experiments & Extend to other
model genera relationshipsto bone | analysis to define specific challenge areas
loss relationships of parameters
to boneloss
Sensors » Surveyed existing sensors | » Select sensors for Evaluate
and capable of providing needed | simulation of architecture miniaturization
Networking | Parameter data » Define bandwidth and data | (MEMS) and
« |dentified wireless processing and storage ubiquitous
approach to integrate sensor | requirements el = e
data & agents Integratl on
Agent e|dentified functionality oImplement simulation of Leverage new
Architecture | required for various agents agent architecture including | standards, COTS
» Defined specific approach | analysis and sensors
for analysis agents » Consider future software
Implementations of agent
based systems (e.g., XML)




