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Expert Tool to Support Crew
Autonomous Operations in Complex
Human Spacecraft

A WHO
E SEA contracted by the European Space Agency (ESA)

A WHY:

E To investigate how support crew in a problem-solving &
troubleshooting process

E To enable ESA to support autonomous operation of the crew on
long-duration missions
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Stages of the Study

A Review tools & technigues to support crew problem solving & troubleshooting
activities
E To define a range of problem solving crew functions & crew autonomous
operations; confirm through user interviews
E To review tool & technigues to support them

E To define initial Crew Expert Tool (CET) concept

A Define iterative design & assessment for. a Crew Expert: T00|
E To devise a matrix for definition of scenarios & confirm through user interviews
E To defining iterative design & assessment process

A Establish reguirements baseline & technicallspecification for. Crew, EXpertiioo]
E To define preliminary functional requirements for interactive CET
E To define preliminary user interface requirements for interactive CET

A Design & assessment ofia Crew EXpert 100 proof2oficoncept.demonstrator:
E To design & evaluate CET proof-of-concept demonstrator

E To provide recommendations for development, maintenance & evolution process
of CET

SEr9

\\\\\\\\\\\L %
\K\—esa-=lll=:+ll=§||=ll%=E&::

IAASS 2008, Rome, Italy iya.whiteley@sea.co.uk



Mission Constrains

A Mission Duration
500 to 1000 days Mars mission

A 471 6 Crewmembers

A Extreme &

Hostile Environment
E High degree of isolation

E No evacuation in case of an emergency
E No re-supply

A Crew Operations
E Operate the spacecraft semi-autonomously

~

E Resolve independently broad range of
safety-critical situations, some unforeseen
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Problem Solving with Mission Control

K 7
1 hr Compose the message . | & :
stating the problem ’ Up te 400min

20 min Send the message "
1 hr Mission Control receive & pgim [ ! W %
interpret the message L; ’} < ,

communication
delays

24 hrs Alert & gather experts

24 hrs Experts troubleshoot &
search for a solution

20 min Send message to request
additional data or test a solution

24 hrs  Crew gathers additional data
or tests the solution

20 min Send the reply back
[tican take fom 6:heUIS o 8=4"d ays
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Crew Problem Solving Activities

A The crew may need
to be able to operate
autonomously.

A lt.can help to S
conduct the

fellowing activates Maintain
to help'inia potential
problem solving
situation
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CREW ACTIVITIES . C .
TECHIQUES Monitor | Maintain| Detect Solve Predict | Prevent
A selection of Problem Solving techniques

Means-end analysis

Trial-and-error

Brainstorming

Morphological analysis

Method of focal objects

Lateral thinking

George Polya's techniques

Analogy

Hypothesis testing

Constraint examination

Incubation

Methods of mathematical logic

Risk analysis & decision suppo

rt techniques

HAZard & Operability Studies (HAZOPs)

Critical Path Analysis

Causal Probabilistic Networks Analysis

Defect/Failure Reporting Analysis & Corrective Action System

External Events Analysis

Ishikawa Diagrams

ScenarioBased Requirements Analysis (SCRAM)

Root Cause Analysis (RCA
TRIZ tech

niques

System Operator

Resources finder

Functional Analysis

Contradiction Matrix

ARIZ & Sabotage analysis

Su-Field Analysis & 76 standard solution

Knowledge Database

Technology evolution trends




Theory of Inventive Problem Solving
TRIZ

A In 1946 developed by an engineer. & researcher
Genrich Altshuller. & his colleagues

A It is still being developing & modified for. various
domains, e.g. for Psychology & Human Computer,
Interaction in Aerospace

A TRIZ has varieties of tools used to clarfy the nature of
the problem & methods offarivingata nUmPErRof
solutions using availlable resOUrCES

(«
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TRIZ suitability for
Autonomous Operations

A To effectively problem solve & troubleshoot the crew would'need:
E To monitor & maintain
E To detect, predict & prevent
To troubleshoot & solve the problem autonomously
E Using only available resources within the spacecraft, habitat & environment

[Tlc

A TRIZ technigues & Bio-TRIZ principles were developed to problem
Ssolve using available resources

A TRIZ can be potentially adapted for;space autonemoUuSIOPErAtioNs

A TRIZ offers a system ofitechniguesithatsshare metieaologys
this can helpiintegrateallits technigUESHINTOIGNENOOI MG IaSSISTINE
Crew’ inrconductingrallfab GVeractivities
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Crew Expert Tool concept

Use Theory of Inventive Problem Solving
technigues & principles throughout =

Crew activities React

Us'e ."a . dat abase of spa. 0s &
habiltatos syst.ems & | tS componenit

Structure database to provide answers on use of systems
resources to help answer.crew questions e.g.:
EWhat parts of the systembés componer
E What other functions they can perform once dismantled?
E What materials they are composed of?
E What physical & chemical properties they posses?
Structured database will have:
E All systems components & their composition elements

E Componentsfroms hi p 6 s (&eywiresehow conductive they are;
composition of the metal), to extra-vehicular activity (EVA) suits (i.e.
properties of materials that make up the layers; amount and type of fuel;),
food, all elements of missions experiments, to medical supplies



Crew Expert Tool concept (cont.)

Step through problem solving steps to develop a number. of
Innovative & practical solutions

Consider most suitable solutions

Smart tagging will'be integrated with a structured database
which will'help'the crew to locate required components

Smar-t:.ttlaggl ng- Wil ;- have each- - comp
will'allow te identify systems & components primary. &
secondary functions once disassembled

Structures database & Smart tagging will be updated with
changes made to the system throughout the mission, allowing
the crew trace systems changes



Crew Expert Tool
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