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Abstract

Usually, operation manuals are provided for helping astronauts during space

operations. These manuals include normal and malfunction procedures.

Transferring operation manual knowledge into a computerized form is not a

trivial task. This knowledge is generally written by designers or operation

engineers, and is often quite different from the user logic. The latter is usually a

"compiled" version of the former. Experiments are in progress to assess the user

logic. HORSES (Human - Orbital Refueling System - Expert System) is an
attempt to include both of these logics in the same tool. It is designed to assist

astronauts during monitoring and diagnosis tasks. Basically, HORSESincludes a

situation recognition level coupled to an analytical diagnoser, and a meta-level

working on both of the previous levels. HORSES is a good tool for modeling task

models and is also more broadly useful for knowledge design.
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1. ProblemDefinition

Human-MachineInteractions
in Normal and Abnormal Situations

B Understandinglhe HHILogic

A HumanOperator Model
A System Logicvs. User Logic

D NeedFor,andLimitalions of AI Tools in
System Operations

A An Example: TheORS

13BuildingA User'sGuideExpert Syslem

A OperationManual
A An AI Tool, why ? (modularily,

Flexibilily, ...)
A Humanvs. Aulomalic Diagnosis
A Human-Expert-SyslemInteractions
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TIHE ?
PROCEDURES ?
LEVELS OF AUTOHATION ?
EASY-TO-USE ?
EXPLANATION ?
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INTERFACE
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LANDSAT-D REFUELING

Landsat-D willutilizethe ORS equipment and procedures for
propellantreplenishment.
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ORS PROTOTYPEFLOW SCHEMATIC

HIGH

INTERFACE TOOL
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I SITUATION 1
PATTERN-1

ANALYTICAL
REASONING- I

PATTERN-2 _] PATTERN-:5 .
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ANAL YT ICAL ANAL YT ICAL
REASONING-2 REASONING-3

SITUATIONAL AND ANALYTICAL PROCESSES
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SITUATION ANALYTICAL

PATTERN RULE

BASE BASE

SITUATION ANALITICAL
PATTERN RULE

BASE BASE
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2. Buildinga User'sGuideExpert System

E!Goals

A OptimalLevelof Automation
A Explanation
A Easy-to-Use Interface

ElHethods

A HodellingApproach
A HumanFactors Studies
A Triangular Interactions

ElTasks

A BuidinganExpert System
A Experiments
z_Theoretical Studies

ElProduct

A Toolto DesignProcedures
A DiagnosisAid
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Human- ORS- Expert System

D Processor

a Situation Recognition( Monitoring )
A DiagnosisInferenceEngine( 2 levels )

D KnowledgeBase

A ContextRules
A RegularRules
A MeLaRules
A Predicates
A ToleranceFunctions
A Objects

D InterFaces

A User In[erface ( Ques[ion-Answer, Henus)
A ORS In[erf'ace( Fact Filler, FuzzyHodels)
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HORSES BACKGROUND

MESSAGE

(ONERA / Airbus Industrie)
(Certification, Workload & Performance Analyses)

SEAGOS

(ONERA / Matra)
(Satellite Malfunction Procedures)

HORSES

(NASA / ONERA)
(ORS Malfunction Procedures)
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USER INTERFACE
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HORSES CurrentVersion

D WorkinginLisponMASSCOMP

D Connectedto an ORSFortran Simulation

D GraphicInterFace( Windows,Color )
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FurtherStudies

D Experimentson Man-MachineInteractions

A Level0 ( PaperManual)
A Level 1 ( Expert System GuidesandAdvises )
A Level2 ( Automatic Diagnosis,Explanation)

F1Situation Recognition

A ExperimentsonQualitative Models
A FuzzySets Approach

ElExplanation

A Information onTime and
at the Appropriate Levelof Detail

A GraphicDisplays

ElKnowledgeEditor

A Consistency
A GraphicDisplays
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Operator Assistant

• COMPUTERIZED OPERATION MANUAL

• SITUATION RECOGNITION SYSTEM

• COOPERATIVE DIAGNOSIS ADVISOR

• DIFFERENT LEVELS OF AUTOMATION

• DYNAMIC AND INTERACTIVE

• EASY-TO-USE
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Tool for Implementing
Task Models

. KNOWLEDGE DESIGN

• KNOWLEDGE PROCESSING

• VISUAL THINKING

• GRAPHICAL INTERFACE
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