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Final Report: ' 1
Knowledge-Based Decision Support for Space Station Assembly Sequence Planning

1.0 Introduction

1.1 Purpose and Scope

This is the final report on work performed under NASA Ames Research Center (ARC)
Research Announcement Contract NAS2-13296.

1.2 Identification

This is the first released version of the final report on work performed under NASA ARC
Research Announcement Contract NAS2-13296. It is designated version 1.0 and is dated
April 12, 1991.

1.3 Contents

Section 2 lists references for products produced in this project. Section 3 presents a project
summary. An overview of plans to continue -development of an assembly sequence
planning system beyond the contracted work is presented in Section 4. Detailed
information of project objectives, work carried out, and results are presented in the
documents listed in Section 2.

20 References

Application Assessment Report: Space Station Assembly Sequence Planning. ISX
Corporation. March 6, 1990.

Requirements Specification: Knowledge-Based Decision-Support System for SSF
Engineering Managers. Version 1.0, ISX Corporation, May 11, 1990.

Preliminary Design Document: Knowledge-Based Decision-Support System for SSF
Engineering Managers. Version 1.0, ISX Corporation, June 15, 1990.

Assembly Sequence Planning Personal Analysis Assistant: User’s Reference Guide.
Version 1.0, ISX Corporation, February 14, 1991.

30 Project Summary

This work is funded by NASA ARC Research Announcement Contract NAS2-13296. The
objective is the phased development of a Personal Analysis Assistant for SSF assembly
sequence planning. Expertise was provided by Space Station Freedom Program Office
(SSFPO) staff and contractors.

A complete Personal Analysis Assistant (PAA) for SSF assembly sequence planning
consists of three software components: the System Infrastructure, Intra-Flight Value
Added, and Inter-Flight Value Added. The System Infrastructure is the substrate on which
software elements providing inter-flight and intra-flight value-added functionality are
built. It provides the capability for building representations of assembly sequence plans
and specification of constraints and analysis options. Intra-Flight Value-Added provides
functionality that will, given the manifest for each flight, define cargo elements, place
them in the NSTS cargo bay, compute performance measure values, and identify violated
constraints. Inter-Flight Value-Added provides functionality that will, given major

Copyright © 1991, ISX Corporation
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milestone dates and capability requirements, determine the number and dates of required
flights and develop a manifest for each flight. The current project is Phase 1 of a projected
two phase program and delivers the System Infrastructure. Intra- and Inter-Flight Value-
Added were to be developed in Phase 2, which has not been funded.

Based on experience derived from hundreds of projects conducted over the past seven years,
ISX has developed an Intelligent Systems Engineering (ISE) methodology that combines
the methods of systems engineering and knowledge engineering to meet the special
systems development requirements posed by intelligent systems, systems that blend
artificial intelligence and other advanced technologies with more conventional
computing technologies. The ISE methodology defines a phased program process that
begins with an application assessment designed to provide a preliminary determination
of the relative technical risks and payoffs associated with a potential application, and then
moves through requirements analysis, system design, and development.

The Application Assessment. The assessment indicated the value and feasibility of a
"Personal Analysis Assistant" that would perform the work that is currently so tedious
and time-consuming for the human assembly sequence planner. The document
"Application Assessment Report: Space Station Assembly Sequence Planning,”" cited in
Section 2, presents assessment results in detail.

The Requirements Analysis. The requirements analysis for the Personal Analysis
Assistant followed the application assessment. The document "Requirements Analysis:
Knowledge-Based Decision-Support System for SSF Engineering Managers," cited in
Section 2, describes the results of the requirements analysis.

System Design. The system design extended and generalized the system specification
begun in the requirements specification. The document "Preliminary Design Document:
Knowledge-Based Decision-Support System for SSF Engineering Managers,"” cited in
Section 2, describes the the system design.

System Development. As noted above, this project is Phase 1 of a projected two phase
program. The system development deliverable of Phase 1 is the System Infrastructure
component of the complete Personal Analysis Assistant. The results of Phase 1 system
development are described in the document “"Assembly Sequence Planning Personal
Analysis Assistant: User's Reference Guide" which is cited in Section 2.

40 Phase 2Plans

Phase 2 of the projected two-phase program was to deliver Intra- and Inter-Flight Value-
Added functionality, a Cargo Bay Editor, and several user-interface enhancements. This
phase has not been funded and at the present time there are no plans for the development of
these components.

The documents "Requirements Analysis: Knowledge-Based Decision-Support System for
SSF Engineering Managers” and "Preliminary Design Document: Knowledge-Based
Decision-Support System for SSF Engineering Managers,” both of which are cited in
Section 2, present descriptions of the Intra- and Inter-Flight Value-Added functionality
that would have been provided in Phase 2. Intra- and Inter-Flight Value-Added
functionality is derived from an "Associate System" concept of man-machine interaction
that has evolved from several years of government-sponsored research and development
in a variety of application domains, including the Pilot's Associate, an advanced pilot aid

Copyright © 1991, ISX Corporation
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developed for DARPA. The associate system operates like a colleague who helps the
manager perform his or her work. Like a good human associate, the system monitors the
status of the task in order to provide the level of support appropriate to the user's current
information needs. The Phase 2 Personal Analysis Assistant would have provided support
to the assembly sequence planner in determining the number and dates of required flights,
developing a manifest for each flight, defining cargo elements, placing cargo elements in
the NSTS cargo bay, computing performance measure values, and identifying violated
constraints.

Development of Intra- and Inter-Flight Value-Added components would have been
supported by MAX, the "Manager's Associate,” a framework for developing associate
systems developed under a NASA ARC Phase II SBIR contract.

The Cargo Bay Editor was to have been a graphic user-interface supporting placement of
cargo bay elements in the NSTS cargo bay by direct manipulation of icons and immediate
display of constraint values by means of Kohr's Curve and other graphic displays. Figure
1 shows a notional design for the interface of the Cargo Bay Editor.

Cargo Elements
e Keel Number:
STBD INBRD {ER Keel Location:
SOLAR ARRAYS Distance to forward bulkhead:
::;:::':gn RAILS Distance to aft bulkhead:
UTILITY TRAYS Distance to aft element:
B Distance to forward element:
MT/APS/AWP UL
UNPRESS. DOCK. RDAPTHNH
. b Keel... s C I
PRSSIVE DAMPERS(S) [0} (xeel. ] (_sawe ] ( concer ]

Figure 1: Notional Design for the Cargo Bay Editor User Interface

The Cargo Bay Editor would be operated as follows. The upper left corner of the editor
displays the envelopes containing the mission's cargo elements. Selecting a cargo
element causes a dialog to appear which invites the user to specify the element's geometric
attributes, including its envelope, keel pin and trunnion point locations, cg location, and
whether it is a full or half height element. After an element has been specified, it may be
dragged into the cargo bay for placement. To do that, the user selects the element and, with
the mouse, drags the cargo element to the cargo bay. When the element reaches the bottom
of the bay, it will "click” into place at the nearest keel pin/trunnion location which
matches the element's configuration. As the user slides the element along the bottom of the

Copyright © 1991, ISX Corporation
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bay, the element continues to "click” into the next acceptable location. As the element
approaches another element, or the forward or aft cargo bay bulkhead, an alert is displayed
when the element violates the buffer distance constraint. The user then has the option of
overriding the violated constraint or returning the element to the last acceptable location.
The user may overlap elements to provide for the case where an element has a convex face
which complements a concave face of a adjacent element. The user may also reverse the
orientation of an element, such that the element's forward face becomes the aft face.
Directly below the cargo bay are a series of text fields which provide dynamic information
about the state of the currently selected element and the center of gravity margin as
determined by the Kohr's Curve. A description of each cargo element is shown in the lower
left corner of the editor while the "Save", "Cancel”, and "Keel..." buttons are located in the
lower right. Pressing the "Keel..." button displays a dialog which enables the user to alter
the configuration of the keel pin/trunnion locations.

Copyright © 1991, ISX Corporation
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Knowledge-Based Decision-Support System for SSF Engineering Managers

1.0 Introduction

1.1 Purpose and Scope

This is the final report on work performed under NASA Ames Research Center (ARC) Phase
I SBIR (Small Business Innovative Research) Contract NAS2-13161.

1.2 Identification

This is the first released version of the final report on work performed under NASA ARC
Phase I SBIR Contract NAS2-13161. It is designated version 1.0 and is dated June 15, 1990.

1.3 Contents

Section 2 lists references for products produced in this SBIR. Section 3 presents a project
summary. A general discussion of plans to continue development to the fielding of a
commercial product are discussed in Section 4. Detailed information of project objectives,
work carried out, and results are presented in the documents listed in Section 2.

1

2.0 References

Application Assessment Report: Space Station Assembly Sequence Planning. 18X
Corporation. March 6, 1990.

Requirements Specification: Knowledge-Based Decision-Support System for SSF
Engineering Managers. Version 1.0, ISX Corporation, May 11, 1990.

Preliminary Design Document: Knowledge-Based Decision-Support System for SSF
Engineering Managers. Version 1.0, ISX Corporation, June 15, 1990.

©ISX Corporation
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3.0 Project Summary

This work is funded by ARC Phase I SBIR Contract NAS2-13161. The objective is the
development of requirements and a preliminary design for a knowledge-based decision-
support system for Space Station Freedom (SSF) engineering managers. The initial
application is SSF assembly sequence planning. Expertise was provided by Space Station
Freedom Program Office (SSFPO) staff and contractors.

Based on experience derived from hundreds of projects conducted over the past seven years,
ISX has developed an Intelligent Systems Engineering (ISE) methodology that combines the
methods of systems engineering and knowledge engineering to meet the special systems
development requirements posed by intelligent systems, systems that blend artificial
intelligence and other advanced technologies with more conventional computing
technologies. The ISE methodology defines a phased program process that begins with an
application assessment designed to provide a preliminary determination of the relative
technical risks and payoffs associated with a potential application, and then moves through
requirements analysis, system design, and development.

The Application Assessment. The assessment indicated the value and feasibility of a
"Personal Analysis Assistant” that would perform the work that is currently ‘'so tedious and
time-consuming for the human assembly sequence planner. The document "Application
Assessment Report: Space Station Assembly Sequence Planning,” cited in Section 2,
presents assessment results in detail.

The Requirements Analysis. The requirements analysis for the Personal Analysis
Assistant followed the application assessment. The document "Requirements Analysis:
Knowledge-Based Decision-Support System for SSF Engineering Managers," cited in
Section 2, describes the results of the requirements analysis. These results can be briefly
summarized as follows. The Personal Analysis Assistant (PAA) consists of three software
applications: the System Infrastructure, Intra-Flight Value Added, and Inter-Flight Value
Added. The System Infrastructure is the substrate on which software elements providing
inter-flight and intra-flight value-added functionality are built. It provides the capability
for building representations of assembly sequence plans, constraint networks describing
bounds on measures, and user-specifications of constraints and analysis options. Intra-
Flight Value-Added provides functionality that will, given the manifest for each flight,
define cargo elements, place them in the NSTS cargo bay, compute performance measure
values, and identify violated constraints. Inter-Flight Value-Added provides functionality
that will, given major milestone dates and capability requirements, determine the number
and dates of required flights and develop a manifest for each flight.

System Design. The preliminary system design extended and generalized the system
specification begun in the requirements specification. The generalization enables the
development of decision-support systems applicable to problems other than SSF assembly

sequence planning.

This work has produced requirements and a preliminary design for a framework
supporting the development of a family of "assistant” systems in several problem domains.
These assistant systems help the human planner by doing the bookkeeping to maintain plan
data and executing the procedures and heuristics currently used by the human planner to
define, assess, diagnose, and revise plans.

©ISX Corporation
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40 Toward a Commercial Product

ISX plans to continue development of the the assistant system framework, our goal being the
fielding of a commercial Manager's Assistant product currently code named "MAX."

We intend to pursue product development through both Government and private channels.
Anticipated funding from SSFPO will support the development of the PAA, which will
address the assembly sequence planning problem and should produce reusable concepts,
designs, and possibly even code that can be applied to MAX. For the major portion of MAX
development, however, we intend to seek a NASA Phase II SBIR to continue the current work
and to seek funding from commercial sources that will leverage the NASA investment and
increase the likelihood of success. We have already begun discussions with potential
commercial investors, and we have found several potential sources of funding. To acquire
this funding, however, we will need a fairly robust and full-featured prototype system that
will help demonstrate the technical feasibility and market viability of MAX. We plan to use
a Phase II SBIR to produce this system.

A Phase II SBIR would fund a one-year development effort that would produce the first MAX
Infrastructure and Planner and apply it to a problem other than assembly sequence
planning. The system would contain models (Problem Recognition, Problem Solving, and
Resource Capability) for the application domain. Further development, to be supported by
commercial sources, would produce models for other application domains and would further
generalize the Infrastructure and Development Tools.

We believe that with NASA's continued support we can produce a successful commercial
MAX product that will have broad applicability to professional problem solving in a variety
of problem domains. .

©ISX Corporation
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Executive Summary

On February 26 and 27, 1990, ISX Corporation staff conducted an in-depth assessment of the
Space Station Freedom (SSF) assembly sequence planning process. The assessment team
included Bill Bewley, Gary Edwards, David Rosenberg, and Allen Smith of ISX. Peter
Warren and Brook Sullivan of Booz-Allen & Hamilton were the application experts, and
Bill Bastedo of the Space Station Freedom Program Office (SSFPO) provided application
information in the form of feedback to a presentation of preliminary assessment results on
the afternoon of February 27.

ISX application assessments are concentrated evaluations of potential applications for
intelligent systems technology. The assessments are intended to confirm the preliminary
determinations of the value and feasibility of an application and to develop an initial
system design and implementation plan.

SSF assembly sequence planning is an integral and vital component of the ongoing SSF
program. Its function, broadly stated, is to define launch vehicle flights and manifests
that satisfy a complex, interdependent set of SSF, launch vehicle, and programmatic
constraints. There are two phases of the process: the first is performed by SSFPO staff and
involving development of the flight manifest (the inter-flight plan), definition and
placement of cargo elements in the NSTS cargo bay (intra-flight plans), and
documentation and publication of plans; and the second is performed by SSF engineering
groups, which evaluate the documented plans, identify constraint violations, and provide
feedback to SSFPO. There are two iteration loops in the process: internal iteration, with
frequent iterations from plan validation by internal (SSFPO) analyses back to plan
revision; and external iteration, with less frequent iterations from plan validation by
external (SSF engineering) analyses to plan revision by SSFPO.

The assessment identified two major areas in which the assembly sequence planning
process is problematic: the assembly sequence planner's work load and the maintenance
of plan data. In both development of a new baseline plan and the performance of what-ifs,
the planner is charged with developing the manifest, defining cargo elements, placing
cargo elements in the NSTS cargo bay, calculating performance measures, validating the
measures, identifying violated constraints, and revising invalidated parts of the plan.
The analyses supporting these activities are time-consuming and must be performed
under severe time pressure. The what-ifs are especially difficult in that time pressure is
always great, they occur frequently, and the timing of their occurrence is difficult to
predict. Because of the time pressure, planners find it difficult to perform the depth and
breadth of analysis required to produce accurate and easily justifiable results.

Much of the assembly sequence planner's load is attributable to tedious and time-
consuming analyses that involve executing procedures, applying well-known heuristics,
and processing the horrendous detail of plan data, including assembly elements,
constraints, and all their interdependencies.  This is the intellectual "scut” work of
analysis and planning, and the load it imposes often prevents the planner. from spending
time doing the creative problem solving required for assembly sequence planning. It also
makes it difficult for the planner to provide quick responses to questions and to perform the
depth and breadth of analysis needed to produce a new baseline plan or evaluate a what-if.

There is an opportunity to unload the planner by providing a personal "assistant” in a
machine that would perform the work that is currently so tedious and time-consuming.
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The assistant would be a personal analysis assistant that helps the human planner by
doing the bookkeeping to maintain plan data and executing the procedures and heuristics
currently used by the human planner to define flights, develop flight manifests, define and
place cargo elements, calculate performance measures, and identify violated constraints.
This unloading would speed the planning process, enable greater depth and breadth of
analysis, and free the human planner to spend more time doing what only the human
planner can do: evaluating analysis results; revising invalid assumptions, constraints’
and plans; generating new solutions to assembly sequence planning; and testing solution
hypotheses with what-ifs.

The assessment indicated the value and feasibility of a Personal Analysis Assistant
system to assist SSFPO and Booz-Allen & Hamilton staff in producing baseline assembly
sequence plans and what-if analyses. Three major elements of such a system were
identified: an Infrastructure for analysis support and validity checking; an Intra-Flight
Value-Added function that would generate and place cargo elements given a manifest;
and an Inter-Flight Value-Added function that would generate a manifest given major

milestones.

A project plan was developed that supports delivery of the Infrastructure by the end of June,
delivery of the Intra-Flight Value-Added function by the end of August, and delivery of the
Inter-Flight Value-Added function by the end of September. Support tasks continue through
the end of November.

Rough order of magnitude estimated burdened cost is presented in the table shown below.
These estimates do not include the cost of SSFPO and Booz-Allen & Hamilton labor and
travel. The estimate for the System Infrastructure deliverable is reduced by approximately
$25K because Infrastructure development is partially supported by the NASA-Ames Phase 1

SBIR.

Deliverable ISX Labor ISX Travel Total Cost
System
Infraétructune 148.8 13.8 162.6
Intra-Flight
Value Added 121.1 9.9 187.0
Inter-Flight 127.1 9.9 137.0
Value-Added
Suppart 86.7 2.6 89.3
Total 489.7 36.2 525.9
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1.0 Introduction

On February 26 and 27, 1990, ISX Corporation staff conducted an in-depth assessment of the
Space Station assembly sequence planning process. The assessment team included Bill
Bewley, Gary Edwards, David Rosenberg, and Allen Smith of ISX. Peter Warren and
Brook Sullivan of Booz-Allen & Hamilton were the application experts, and Bill Bastedo of
SSFPO provided application information in the form of feedback to a presentation of
preliminary assessment results on the afternoon of February 27.

The assessment was performed under a Phase 1 SBIR (Small Business Innovative
Research) contract (Contract NAS2-13161) awarded to ISX by NASA's Ames Research
Center to support the development of a knowledge-based decision-support system for Space
Station engineering managers. Following meetings in November, 1989 with Paul
Neumann and Ben Barker of the Space Station Freedom Program Office (SSFPO) and
conversations with Henry Lum of NASA-Ames and Gregg Swietek of NASA-HQ, it was
determined that Space Station Freedom (SSF) assembly sequence - planning is an
appropriate application for the Phase 1 SBIR and that the SSFPO is sufficiently interested to
consider funding a task extension. ISX submitted a proposal for this possible task
extension through NASA Research Announcement NRA2-34107(LMV). This submission,
dated January 5, 1990, can be funded through March 31, 1990. :

ISX application assessments are concentrated evaluations of potential applications for
intelligent systems technology. The assessments are intended to confirm the preliminary
determinations of the value and feasibility of an application and to develop an initial
system design and implementation plan. The goals for the SSF assembly sequence
planning application assessment were to:

e Analyze the assembly sequence planning process.

e Develop a preliminary system design and operational concept for an assembly
sequence planning decision-support system.

e Assess the feasibility and value of developing a knowledge-based system to support
the assembly sequence planning process.

e Develop a phased project plan for the design and implementation of an assembly
sequence planning decision-support system that will provide required
functionality.

The overall schedule for the February 26 - 27 assessment meetings, conducted at NASA
Space Station Program Office facility in Reston, VA, was as follows:

Monday, 2/26/90:
e introduction and discussion of assessment objectives
e an overview of the nature of assembly sequence planning

o presentation of planning constraints associated with the NSTS, the SSF
configuration, and external commitments

o presentation, analysis, and discussion of assembly sequence planning cases
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characterization of roles to be played by a knowledge-based assembly sequence
planning decision-support system

Tuesday, 2/27/90:

ISX presentation to Peter Warren and Brook Sullivan summarizing the
application overview, assessment, and a preliminary design for a Personal
Analysis Assistant for assembly sequence planning

ISX presentation to Bill Bastedo, revised following discussion with Peter and
Brook, summarizing the application overview, assessment, and a preliminary
design for a Personal Analysis Assistant

The main body of this report is presented in six sections:

Section 1 comprises this Introduction

Section 2 presents an analysis of the assembly sequence planning process as
described by Mr. Warren, Mr. Sullivan, and Mr. Bastedo. The analysis includes
an overview of the process, problems in the process, and the need for a knowledge-
based decision-support system.

Section 3 presents a preliminary design for a Personal Analysis Assistant, a
knowledge-based decision-support system for assembly sequence planning.

Section 4 analyzes the proposed system in terms of value and feasibility.

Section 5 presents a project plan for the development of the Personal Analysis
Assistant.

Section 6 summarizes estimated costs associated with Personal Analysis Assistant
development.
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2.0 Analysis of the Assembly Sequence Planning Process
2.1 Overview of the Process

Figure 1 presents a graphic overview of the SSF assembly sequence planning process.
There are two phases of the process: the first is performed by SSFPO staff and involving
development of the flight manifest (the inter-flight plan), definition and placement of
cargo elements in the NSTS cargo bay (intra-flight plans), and documentation and
publication of plans; and the second is performed by SSF engineering groups, which
evaluate the documented plans, identify constraint violations, and provide feedback to
SSFPO. There are two iteration loops in the process: internal iteration, with frequent
iterations from plan validation by internal (SSFPO) analyses back to plan revision; and
external iteration, with less frequent iterations from plan validation by external (SSF
engineering) analyses to plan revision by SSFPO.

The process begins with definition of constraints in three categories: NSTS constraints,
e.g., volume and mass capacity, flight rate; SSF hardware constraints, e.g., assembly
elements; and programmatic constraints, e.g., major milestones.

Given a space station configuration description (complete with definitions for all
assembly elements) and major milestone constraints, e.g., dates and capability
requirements for First Element Launch (FEL), Man-Tended Capability (MTC),
Permanent Manned Capability (PMC), and Assembly Complete (AC), the SSFPO assembly
sequence planner develops the flight manifest which consists of determining the number
and timing of flights and assigning assembly elements to flights. Following definition of
the manifest, intra-flight planning defines cargo elements as compositions of assembly
elements manifested to the flight and places cargo elements in the cargo bay.

The manifest and its associated intra-flight cargo-element groupings and cargo bay
placements are in essence a "hypothesis” which is tested by comparing performance
measures derived from the hypothesis with standards defined by programmatic/milestone
constraints, NSTS constraints, and SSF hardware constraints. Measures include mass,
volume, center of gravity (CG), the power requirement, the intra- and extra-vehicular
activity (EVA and IVA) requirements, and the Remote Manipulator System (RMS) reach
requirement. If measures and/or margins violate constraints, the invalidated part of the
plan is revised by changing/relaxing constraints or changing elements of the plan: the
manifest, cargo element definition, or cargo bay placement.

When the SSFPO is satisfied with the validity of plans (normally after informal
consultation with external groups), they are documented in a Space Station Stage Summary
Databook, which is distributed for review to SSF engineering groups, who perform
analyses and identify constraint violations. SSFPO collects feedback on constraint
violations and uses the feedback to drive plan revisions.

Although this description may suggest that assembly sequence planning begins anew with
each planning cycle, with constraints and plans being defined and developed from scratch
on each iteration, assembly sequence planning is in fact an ongoing process in which
constraints and plans are revisions of prior constraint definitions and plans.

There are two operational scenarios within the ongoing planning process: the first is
development of a new baseline assembly sequence plan for documentation in the Space
Station Stage Summary Databook; the second is performing what-if analyses that provide
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responses to questions on proposed perturbations of the current baseline, e.g., "What if the
NSTS mass capacity was increased by 12,000 lbs?".

Internal
Iteration

. Define

e SSFHardware \
¢ Programmatic.

i

Devélop Manifest
(Inter-Flight Plans)

 Develop Intra-Flight Plans
= Define Cargo Element
s Place Cargo Elements in Cargo Bay

.
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« Compute Measures,e.g., = = 0
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PmdmeSpaceStatlonStnge : ;
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Cl Relax Constraints
Change Manifest

Cargo Element Definition
Cargo Bay Placement

h

Figure 1: The SSF Assembly Sequence Planning Process

2.2 Problems with the Process

The assessment identified two major areas in which the assembly sequence planning
process is problematic; these are the assembly sequence planner's work load, the
maintenance of plan data, and communication of assembly sequence plans.
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The Planner's Load. In both development of a new baseline plan and the performance of
what-ifs, the planner is charged with developing the manifest, defining cargo elements,
placing cargo elements in the NSTS cargo bay, calculating performance measures,
validating the measures, identifying violated constraints, and revising invalidated parts
of the plan. The analyses supporting these activities are time-consuming and must be
performed under severe time pressure. The what-ifs are especially difficult in that time
pressure is always great, they occur frequently, and the timing of their occurrence is
difficult to predict. Because of the time pressure, planners find it difficult to perform the
depth and breadth of analysis required to produce accurate and easily justifiable results.

Maintenance of Plan Data. It is a gross understatement to say that assembly sequence
planning is complex. There are 300 assembly elements and hundreds of constraints, all of
which interact. Insuring that all assembly elements are manifested, associating
assembly operational flow and data on mass, CG, volume, power, EVA, RMS, and heat
loads with each manifest, and keeping track of constraints that have been and have not
been met is a huge bookkeeping task that is both time-consuming and prone to error.

Communication of Assembly Sequence Plans. The communication of complex assembly
sequence plans to the broader space station community is a difficult problem in its own
right. A large number of Government, contractor, and subcontractor organizations need
ready access to the assembly sequence and its supporting data. Since many organizations
external to the SSFPO perform extensive and detailed evaluations of a assembly sequence,
some reliable and timely feedback mechanism would be most desirable.

2.3 The Need and the Opportunity

Much of the assembly sequence planner's load is attributable to tedious and time-
consuming analyses that involve executing procedures, applying well-known heuristics,
and processing the horrendous detail of plan data, including assembly elements,
constraints, and all their interdependencies. This is the intellectual “"scut” work of
analysis and planning, and the load it imposes often prevents the planner from spending
time doing the creative problem solving required for assembly sequence planning. It also
makes it difficult for the planner to provide quick responses to questions and to perform the
depth and breadth of analysis needed to produce a new baseline plan or evaluate a what-if.

Since computers are better and faster at this intellectual scut work than humans, there is
an opportunity to unload the planner by providing a personal "assistant” in a machine that
would perform the work that is currently so tedious and time-consuming. The assistant
would be a personal analysis assistant that helps the human planner by doing the
bookkeeping to maintain plan data and executing the procedures and heuristics currently
used by the human planner to define flights, develop flight manifests, define and place
cargo elements, calculate performance measures, and identify violated constraints. This
unloading would speed the planning process, enable greater depth and breadth of analysis,
and free the human planner to spend more time doing what only the human planner can
do: evaluating analysis results; revising invalid assumptions, constraints and plans;
generating new solutions to assembly sequence planning; and testing solution hypotheses
with what-ifs.



Functionality

SSF Assembly Sequence Planning

3.0 Preliminary Design for a Personal Analysis Assistant

The Personal Analysis Assistant is designed to provide the assistance needed to unload the
assembly sequence planner. It is an intelligent system that combines knowledge-based
and conventional algorithmic technologies to produce an integrated decision-support
system for the assembly sequence planner. As shown in Figure 2, the design is
evolutionary