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Section 1
INTRODUCTION
1.1 PURPOSE

The purpose of this volume is to provide a detailed description
of the results of the Space Station (SS) Mission Planning System (MPS)
Development Study.

1.2 SCOPE

This volume includes a description of the overall Study
objectives and approach in Section 2, a programmatic summary of Study
activities and accomplishments in Section 3, a detailed presentation of
individual task activities, methods and accomplishments in Sections 4 through
8, and a presentation of Study conclusions and recommendations in Section 9.
Major products of the Study are contained in this volume and in Volume III, SS
MPS Software Development Plan.
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Section 2

STUDY OBJECTIVES AND APPROACH

2.1 OBJECTIVES

The basic objective of the SS MPS Development Study was to
define a baseline Space Station mission planning concept and the associated
hardware and software requirements for the system. Specific objectives in
support of the basic objective were the following:

a. Develop a mission planning concept which is consistent with
the overall Space Station operations philosophy.

b. Define and assess the capability of the Spacelab mission
planning system software for use in Space Station mission planning consistent
with the concept developed under objective a.

c. Determine and recommend where Artificial Intelligence (AI)
concepts and techniques can be effectively utilized for Space Station mission
planning. AI areas to be investigated for application to the specific
requirements of mission planning include natural language interfaces, expert
systems, and automatic programming.

d. Construct a software development plan for a phased
development of a Space Station mission planning system. The plan shall
consider the modifications identified in Objective b, and the implementation
of any AI concepts recommended in Objective c. The plan shall include a
schedule and a manpower estimate.

2.2 TECHNICAL APPROACH

The SS MPS Development Study included the following tasks to
accomplish the study objectives:

Task 1 - Orientation

Task 2 - Review Spacelab Mission Planning
Process and Software

Task 3 -  Space Station Mission Planning
Software Requirements

Task 4 - Investigate Artificial Intelligence
Applications to Mission Planning

Task 5 - Mission Planning Software Development Plan

The flow of these tasks is reflected in Figure 2.2-1.

Task 1 was intended for the study team to obtain an initial
familiarization with the process and existing software used for Spacelab
payload mission planning at MSFC and to travel to other NASA centers to obtain
a general familiarization with the processes and software in use for mission
planning at those centers.
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The objective of Task 2 was to establish a complete baseline
definition of the Spacelab payload mission planning process, along with a
definition of existing software capabilities for potential extrapolation to
the Space Station era. Areas to be included were orbital mechanics analysis
and planning, mission timeline generation, data flow analysis and planning,
onboard computer timelines generation and implementation, experiments command
planning and implementation, and planning for Payload Operations Control
Center (POCC) support. Pre-flight planning and real-time planning and
replanning activities were also to be defined. The process definition was
required to be defined using detailed functional flow diagrams, and
individual software module functions were to be defined.

Task 3 was to use the information developed in Task 2 for the
Spacelab payload mission planning process and software as the basis for
defining system requirements to support Space Station mission planning. The
system was required to include the capability to permit the mission planning
function to be centralized or distributed, and to be performed by non-expert
mission planners as well as experts. The role of mission planning onboard the
Space Station and the interfaces with the ground were required to be assessed.
Initially, five Space Station mission planning concepts were identified for
assessment; these ranged from all mission planning done on the ground to all
mission planning done on-board the Space Station. Subsequent MSFC guidance
narrowed the possible concepts to one in which mission planning was to be
done on the ground with minor real-time replanning capability to be provided
on-board. Comparable to the Spacelab process, detailed flow diagrams of the
Space Station mission planning concept were to be developed, including the
flow of planning data. Also, software functions were to be identified, and
modifications/additions to the Spacelab payload mission planning system
software to support the Space Station mission planning concept were to be
defined.

In Task 4, the Space Station mission planning concept (developed
in Task 3) was to be reviewed for the purpose of identifying areas where
Artificial Intelligence (AI) concepts might offer substantially improved
capability. Three specific Al concepts were to be investigated for
applicability: natural language interfaces, expert systems, and automatic
programming. The advantages and disadvantages of interfacing an AI language
with existing FORTRAN programs or of converting totally to a new programming
language were to be identified.

2-3



Task 5 was intended to integrate the outputs of Task 3 and 4 to
produce the primary product of the Study, a Space Station mission planning
system software development plan. The plan was required to include:

A detailed description of modifications and additions to
the Spacelab mission planning system which are required in order to make this
system suitable for use in Space Station mission planning.

Recommendations on the use of AI as means of improving
the overall mission planning process, including identification of specific
areas where Al may be beneficial.

A development schedule compatible with the overall Space
Station schedules, and the manpower required.

The development plan was also required to include a description
of the Space Station mission planning concept, a review of the functions to be
performed, and a description of the modules required for each function.

Module development standards, such as language used for coding, were also
required to be defined.

2-4



Section 3

PROGRAMMATIC SUMMARY OF STUDY ACTIVITIES AND ACCOMPLISHMENTS

The SS MPS Development Study, as depicted in Figure 3-1, was
originally intended to be an eight-month Study; however, six (6) months into
the Study, the overall schedule was extended two (2) months to accommodate the
longer (than originally anticipated) time to complete Task 2. Also, the
extension provided the opportunity to support MSFC inputs to the NASA Space
Station Operations Task Force and to incorporate appropriate Task Force
concepts and conclusions into the Study.

An interim review of Study activities and accomplishments,
originally planned for approximately four (4) months into the Study, was
waived by MSFC in favor of weekly progress meetings. However, a formal
presentation of the Spacelab payload mission planning process functional flow
diagrams was made on 20 October 1986. Monthly progress reports were prepared
and submitted as required and a final review of the Study was presented as
required on 4 March 1987.

Study activities concluded with the submittal of a final report

(of which this volume is a part) and a SS MPS Software Development Plan on
20 March 1987.

3-1
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Section 4
TASK 1 - ORIENTATION

Task 1 activities first included orientation meetings with MSFC
from 30 May 1986 through early June 1988. These orientation meetings
primarily consisted of MSFC briefings and demonstrations of the Spacelab
payload mission planning process and software and a tour of the MSFC Payload
Operations Control Center (POCC). The knowledge gained from these meetings,
pius handout materials and reference documents, equipped the Study team to
commence its activities on Task 2. Of no less significance, these meetings
permitted the establishment of working relationships with MSFC mission
planning personnel whose inputs to all subsequent Study tasks were invaluable.

Task 1 activities also included MSFC briefings on 9 July 1986.
These briefings provided the study team MSFC concepts and considerations as
inputs to development of the Space Station mission planning concept in Task 3.

Final Task 1 activities consisted of travel to other NASA
centers to investigate mission planning methods and tools (including AI
applications) in use or under development at those centers, especially
methods/tools oriented toward Space Station. On 13-15 August 1986, a trip to
Johnson Space Center was accomplished. Subsequently, on 30 September through
2 October 1986, a trip to Ames Research Center and the Jet Propulsion
Laboratory was accomplished. Appropriate reference documents and key contacts
on the Space Station Program were obtained at JSC as subsequent reference
sources for Task 3. Both trips provided information and contacts on
potentially applicable AI concepts and technologies for Task 4.
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Section 5
TASK 2 - REVIEW SPACELAB MISSION PLANNING PROCESS AND SOFTWARE
5.1 ACTIVITIES AND ACCOMPLISHMENTS

As previously stated, the purpose of Task 2 was to review the
current Spacelab (SL) payload mission planning process and software and to
develop a complete definition and understanding of the process and Mission
Integration Planning (software) System (MIPS). The approach taken to this
task was first to develop an upper level Spacelab functional flow diagram,
then to group the major activities from the overall diagram into major
functional areas of activity (which tended to correspond to MSFC mission
planning organizational elements), and, finally, for each functional area, to
develop detailed flows to a level sufficient to acquire a thorough
understanding of the mission planning activities and to be able to correlate
the capability of a SL MIPS software module to the objective of a specific
activity. Based on knowledge gained, a data base of mission planning
activities, activity descriptions, and resource data was also developed.

The major inputs to the task were MSFC briefings, demonstrations
and handout materials, Spacelab mission planning process and software
documentation, and personal interviews with Spacelab mission planning
personnel. By far the most valuable of these inputs were the
interviews/working sessions with mission planning personnel for development of
the upper level functional flow and detailed flows. Mission planning
personnel also made certain inputs to the data base which could only be
provided by people who were experienced in the SL mission planning process.
The support of these NASA personnel was essential in accomplishing this task.

' The major products of this task were the Spacelab mission
planning process functional flow diagrams and data base. These products, and
the knowledge gained from their development, served as a significant input to
Task 3, because they identified not only the SL Payload MIPS software modules
of potential applicability to Space Station, but also a detailed
understanding of the scope, nature, and sequence of activities and
inputs/outputs that are required for the planning of payload on-orbit
operations in general.

Finally, this task revealed certain characteristics and lessons
learned from Spacelab payload mission planning that served as important
considerations in the establishment of the fundamental objectives and
approach toward Space Station mission planning in Task 3. These
characteristics and lessons learned are presented below:

Spacelab mission planning activities are centralized.
Payload activities are scheduled down to the minute to
make maximum utilization of resources during a
short-duration mission.

- The collection of principal investigator experiment
operations requirements is a very sizable manual effort
which continues through all planning cycles.

5-1



Spacelab mission planning employs a system of 58
actively used computer programs which have evolved over
a ten-year period without the benefit of a rigidly
controlled, structured process of development.
(Upgrading of capabilities is still underway.)

Though employing computer software, the Spacelab mission
planning process involves considerable manual effort of
highly skilled personnel.

. User-friendly interactive and automated software is
considered of key importance to reducing mission
planning manpower requirements.

5.2 SPACELAB MISSION PLANNING PROCESS

This subsection contains and provides introductory explanations
of the Spacelab mission planning process functional flow diagrams and data
base produced by Task 2 of the SS MPS Development Study. Together, the flow
diagrams and data base constitute a complete and thorough definition of the
sequence and nature of Spacelab mission planning process activities, and the
associated Spacelab MIPS software capabilities and resource requirements.

5.2.1 Spacelab Functional Flow

The Spacelab Functional Flow diagram, presented in Figure
5.2.1-1, was developed in order to identify all major activities of the
Spacelab payload mission planning process. The diagram shows interfaces
required by the planning center (MSFC) with the principal Investigators (PI's)
and with the STS center (JSC). The PI interfaces are indicated at the top of
the diagram and STS center interfaces are shown at the bottom of the diagram.

The Spacelab Functional Flow diagram includes activities ranging
from payload data collection, through the required analyses, to preparation of
payload mission execution documentation. The activities for three (3)
planning cycles (preliminary, basic, update) are encompassed by the fiow

except where noted by the diagram legend. Real-time replanning activities are

also encompassed by the flow. A1l activities may not be performed, or may be
significantly reduced in a planning cycle based on the changes/updates
required from a previous cycle. The flow accommodates a multidiscipline
payload complement but includes a unique path for a payload compiement of
co-aligned IPS-mounted stellar observation experiments.

The SL mission planning process activities shown in the Spacelab
Functional Flow diagram are grouped into nine (9) major functions. These
functions and the subfunctions which comprise each are identified in Table
5.2.1-1.

Table 5.2.1-2 is a listing of acronyms and abbreviations used in
the Spacelab Functional Flow diagram, and subsequently in the detailed flow
diagrams and data base.
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TABLE 5.2.1-1

SPACELAB FUNCTIONAL FLOW ACTIVITY GROUPINGS

FUNCTION
Payload Data Collection
Orbit Analysis

Mission Timeline Analysis

5-4

SUBFUNCTIONS
N/A

Orbit Requirements Evaluation and
Selection

Launch Window/Launch Time
Selection

State Vector Generation/Ephemeris
Data Development

Experiment Opportunities
Generation

Mission Profile Generation

Dedicated Stellar Observation
Generation

Attitude/Maneuver Timeline
Generation (Multidiscipline)

Attitude/Maneuver Timeline
Generation (Dedicated Stellar)

Orbiter Pointing Data Generation
TDRS Acquisition/Loss Generation
POCC MMU Data Set Generation
Objective Loads Generation

Joint Operations Target File
Generation (Dedicated Stellar)

Create Mission Timeline Models
Generate Crew Handover Cycle
Create ESS Target File

Mission Timeline Generation

Payload Crew Activity Plan
Development



TABLE 5.2.1-1
SPACELAB FUNCTIONAL FLOW ACTIVITY GROUPINGS (CONT'D)

FUNCTION SUBFUNCTIONS

Flight Definition N/A
Document Development

Flight Planning Annex N/A
Input Development

Crew Procedures * Develop Stowage Book
Development

»

Develop TV, Photo Procedures

»

Develop Experiment Crew procedures

»

Develop Payload Systems Handbook
* Develop CDMS Dictionary
* Build PFDF Documents

Data Flow Analysis Create Data Flow Models

Generate Mission Data
Requirements Profile

Schedule Onboard Data Management
and Downlink

Schedule POCC Data
Capture/Management/Distribution

Verification of Data Flow Schedules

Data Flow and System
Configuration Document Development

Update or Enhance Existing Schedules

MMU Load Input * Create ECOS Subordinate Timelines
Development

* Create ECOS Master Timeline
* Build ECOS Timeline Tape
* MMU Optimization

* These subfunctions do not appear in the upper level functional flow but are
defined in the detailed flow diagrams
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TABLE 5.2.1-1
SPACELAB FUNCTIONAL FLOW ACTIVITY GROUPINGS (CONT'D)

FUNCTION SUBFUNCTIONS

Experiment Command * Generate Command List

Planning Development
* Check Command Syntax
* Produce Command Timetags
* Generate Command Timeline
* Create POCC Checklist
* Check Activity Syntax
* Produce Activity Timetags

* Generate POCC Checklist
and Command Timeline

* These subfunctions do not appear in the upper level functional flow but are

defined in the detailed flow diagrams
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ACT/DEACT
ASCII
AT PHY
CAP
CDMS
CEL
CMNDS
Co0
DU
DEFN
DEP
DFA
DS
EBCDC
ECAS
ECOS
ERD
EDT
ESS
FDD
FO's
FPA
H/0
HORR
HEX
HRM
IPRD

- IPS

IWG
JSC
LDF
MDP'S

MGMT, MANGMT

MMU
MMUM
MPE
MSFC
MSN
MSN IND
MTL
MVR
NDF
0&IA
0/0
OCCULT
OPS
PAO
PCAP

TABLE 5.2.1-2
ACRONYMS AND ABBREVATIONS

Activation/Deactivation (Spacelab)
American Standard Code For Information Interchange
Atmospheric Physics

Crew Activity Plan

Command and Data Management Subsystem (Spacelab)
Celestial

Commands

Coobservation (File)

Data Display Unit (Spacelab)

Definition

Dedicated Experiment Processor

Data Flow Analyst

Dedicated Stellar (Mission)

Extended Binary Coded Decimal

Experiment Computer Applications Software (Spacelab)
Experiment Computer Operating System (Spacelab)
Experiment Requirements Document

VAX Editor

Experiment Scheduling System

Flight Definition Document

Functional Objectives (Experiments)
Flight Planning Annex

Handover (Crew Handover Cycle)

High Data Rate Recorder (Spacelab)
Hexidecimal

High Rate Multiplexer (Spacelab)
Integrated Payload Requirements Document
Instrument Pointing Subsystem (Spacelab)
Investigators Working Group

Johnson Space Center

List Directed File

Mission Dependent Parameters

Management

Mass Memory Unit

Mass Memory Unit Manager

Mission Peculiar Equipment

Marshall Space Flight Center

Mission

Mission Independent

Master Timeline

Maneuver

Name Directed File

Operations and Integration Agreements
On/0ff (File)

Occultation (Orbiter)

Operations

Public Affairs Office

Payload Crew Activity Plan
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PFDF

PI

PL PHY
PL, P/L
POCC
POH

PTS

SAA
SCAS
SCos

SOPG
SPAH
STL
STO
STS
T/L, TL
TDRS
VAX

[ O I I |

TABLE 5.1.1-2
ACRONYMS AND ABBREVATIONS

Payload Flight Data File

Principal Investigator

Plasma Physics

Payload

Payload Operations Control Center

Payload Operations Handbook

Payload Timeline Summary

South Atlantic Anomaly

Subsystem Computer Applications Software (Spacelab)
Subsystem Computer Operating System (Spacelab)
Spacelab

Science Operations Planning Group

Spacelab Payload Accommodations Handbook
Subordinate Timeline

Storage (File)

Space Transportation System

Timeline

Tracking and Data Relay Satellite

Digital Equipment Corporation Computer
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5.2.2 Detailed Flow Diagrams

The SL mission planning process detailed flows provide, as
necessary, a breakdown of functions and/or subfunctions to a task/subtask
level necessary to understand the mission planning activities, or to a level
to correlate a particular software module to an activity. For example,
"Payload Data Collection", which is a manual activity, is detailed at the
function level, whereas the Orbital Analysis subfunction "Experiment
Opportunities Generation" is broken down to tasks and subtasks - e.g.,
"Generate Solar Targets" (task) and "Generate Sun Rise/Set" (subtask).

Activities may be manual, automated, or a combination of manual
and automated. Manual activities normally include the collection of
information (verbal inputs, informal or formal documentation), the evaluation
and assessment of this information, and the publication of the results
(informal or formal documentation). However, some manual activities produce a
computerized input for a subsequent activity - e.g., use of the VAX editor to
create a computerized file for use by a software module in a subsequent
automated activity.

Automated activities include a software module, based on some
fixed algorithm, which reads a computerized input file(s) (fixed format),
performs specific operations on the input data, and then outputs the results
as either a computerized output file(s) or as a printout. Some automated
activities require, or permit, manual inputs to the software module via a
keyboard.

A legend for the detailed flows is presented in Figure 5.2.2-1
which shows the conventions utilized in their development. The set of flows
which represent the breakdown of the upper level Spacelab Functional Flow
diagram to lower level detailed flows (subfunctions, tasks, subtasks) is
presented on page 5-12 through page 5-59.

5.2.3 SL MIPS Data Base

The SL MIPS data base was developed in order to provide activity
summary data, software description and requirements data, and activity time
and skill requirements data. The level of detail of the data base is
consistent with the level of detail in the Spacelab mission planning process
detailed flow diagrams; that is, entries exist in the data base corresponding
to each lowest hierarchical level activity (function, subfunction, task or
subtask) identified for every function in the flow diagrams. When assessed in
conjunction with the detailed flows, the data base provides a comprehensive
definition of the Spacelab payload mission planning process.
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The data base consists of eight (8) interrelated tables of data:

Activity Summary Data

Activity Time and Skill Requirements
Software Used by Activity ’
Software Description

Software Peripherals Required
Activity Input/Qutputs

Computer Input/Output Summary

Manual Input/Output Summary

OO0OO0O0O0O0O0OO0

The complete data base, including an introductory explanation of
each table, is contained in Appendix A of this volume.
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MANUAL TASKS

AUTOMATED TASKS

EXECUTABLE SOFTWARE MODULE {NAME} USED BY TASK

COMPUTERIZED INPUTS/OUTPUTS (FILE NAME)
FILE TYPE _ EG., 0/0
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Section 6

TASK 3 - DEVELOP SPACE STATION MISSION PLANNING
CONCEPT AND SOFTWARE REQUIREMENTS

6.1 ACTIVITIES AND ACCOMPLISHMENTS

As indicated previously, the objective of this task was to
develop a payload mission planning concept consistent with the overall Space
Station operations philosophy and to define a system of software requirements
maximizing use of SL MIPS software modules (modified as necessary) to
implement the concept.

The approach taken to this task consisted of four subtasks.
First, basic definitions, groundrules, and assumptions were established; these
pertained to the current Space Station design and operations concepts and
philosophies, the scope of mission planning for Space Station,
objectives/requirements to be achieved/satisfied by the approach to mission
planning, the structure of organizations/personnel involved in mission
planning, the number, purpose, and nature of planning cycles for Space
Station, and the degree of allocation of mission planning functions between
ground-based organizations and the on-board crew. The second subtask involved
the construction of a set of functional flow diagrams defining the Space
Station payload mission planning concept to a level of detail equivalent to
the Spacelab functional flow diagrams. The third subtask then involved the
jidentification of modified SL MIPS software modules or new computer programs
to automate individual mission planning activities identified in the flow
diagrams. The fourth and final subtask involved the summarization and
systemization into a hierarchical structure of the new or modified SL MIPS
software programs as the basis for preparation of a software development plan
in Task 5.

Inputs to this study task were derived from a variety of sources:
- Space Station Program reference documents

- Space Station plans, study reports, white papers,
briefings, meeting minutes, etc., published by NASA
organizations, contractors, and working groups, including
the NASA Space Station Operations Task Force and its panels

- Task 2 products and knowledge pertaining to the Spacelab
mission planning process

The products of this task consist of the Space Station payload
mission planning concept functional flow diagrams, a summary table describing
the new and modified SL MIPS software modules required to implement the SS MPS
concept, -and the hierarchical structure of software for the SS MPS. The SS
mission planning concept functional flow diagrams, including an explanation of
the fundamental definitions, groundrules, and assumptions supporting the
mission planning approach, as well as an explanation of the flow diagrams
themselves, are contained in Subsection 6.2. The summary table of required
new and modified SL MIPS software modules and the hierarchical structure of
required software modules are presented in Subsection 6.3.
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6.2 SPACE STATION MISSION PLANNING CONCEPT

6.2.1 Introduction

This section presents and explains the functional flow diagrams
representative of the Space Station (SS) payload mission planning concept
developed under Task 3 of the SS Mission Planning System (MPS) Development
Study.

Prior to presenting the functional flow diagrams in Section
6.2.3 below, the following section provides the fundamental definitions,
groundrules, and assumptions which support the approach to SS mission planning
reflected in the flow diagrams.

6.2.2 Definitions, Groundrules and Assumptions

6.2.2.1 Space Station Physical Configuration

The Initial Operations Capability (IOC) configuration of the
International Space Station was used as the baseline for this Study. It will
be built up over a four year period by about 30 assembly missions and is
designed for future growth and enhancements. It consists of the following
elements:

0 U.S. Laboratory Module 0 Airlock
0 ESA Laboratory Module o0 Hyperbaric Airlock
o JEM Laboratory and Exposed Facility o Telerobotic Servicer
o  Habit Module 0 Solar Power Module
0 Mobile Servicing Center (MSC) 0 Truss Assembly
0 MSC Maintenance Depot 0 Propulsion Assembly
0 Mobile Transporter 0 Resource Node 1
0 Servicing Facility 0 Resource Node 2
o Attached Payloads Platforms 0 Resource Node 3

and Accommodation Equipment 0 Resource Node 4
0 Pressurized Logistics Carrier
0 Unpressurized Logistics Carrier
0 JEM Experiment Logistics Module

In addition to the manned base described above, the current
definition for the Space Station system includes co-orbiting and polar
platforms.

Primary physical accommodations to payloads on the manned base
will be provided by the laboratories and the attached payload platforms and
accommodation equipment.

Additional detailed definition of the Space Station physical

configuration may be found in JSC 30000, the Space Station Program Definition
and Requirements Document (PDRD).
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6.2.2.2 Space Station Flight Operations Scenario

The Space Station orbit will be nominally circular with a normal
operative altitude of 463 km and an incltination of 28.5° (JSC 30000). Orbit
characteristics will not be adjusted to accommodate particular payload
requirements.

The Space Transportation System (STS) Space Shuttle will be the
primary support vehicle to the Space Station. As the Space Station orbit
decays, the STS will be planned to rendezvous with the Space Station for the
purpose of accomplishing logistics resupply, payload equipment and crew
changeout. Space Station reboost will be nominally performed after each STS
visit.

6.2.2.3 Scope of Payload Mission Planning

For the purpose of this Study, the scope of payload mission
planning was assumed to encompass the operations of multi-discipline payloads
contained within or attached to the Space Station manned base elements.
Excluded, therefore, were the operations of payloads on co-orbiting or polar
platforms; it was assumed that the influences of these platforms on manned
base payload operations will be input to the planning process in the form of
Space Station operations constraints.

The various payload disciplines considered, particularly those
whose operational requirements would include specific orbital environmental
conditions, fields of view, or targets, were the same as those currently
accommodated by the Spacelab mission planning process - namely,

- Astrophysics

- Solar physics

- Plasma physics

- Earth sciences

- Life sciences

- Material Science

The scope of mission planning was further assumed to apply to a
"mission increment", the period (up to 90 days) of Space Station orbital
operations bounded by STS visits (i.e., fixed payload complement).

The payload mission planning process was assumed to commence
with definition of the payload complement and the corresponding accommodating
Space Station elements for the mission increment.

The payload mission planning process activities were assumed to
range from the collection of payload operations requirements data through the
preparation of mission execution plans and procedures. It was further assumed
that the process must accommodate real-time replanning, as well as pre-flight
planning. (This is similar in scope to the Spacelab process, the definition of
which provided an excellent foundation for identifying required Space Station
planning activities.)
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6.2.2.4 Approach to Payload Mission Planning
A. Objectives

The following objeétives were established for the Space Station
mission planning process, many of which were based on an assessment of the
characteristics of, or lessons learned from the Spacelab mission planning
process:

- decentralize planning; specifically maximize
direct Space Station user involvement via
user-friendly interfaces

- to ensure the use and production of common data, and
to facilitate the integration of planning data,
provide common capabilities at common planning levels
(from the users up to an assumed payload operations
integration center)

- automate to the maximum extent possible

- eliminate paper; emphasize readily accessible data
bases between geographically dispersed locations of
planning activity

- provide SS user flexibility within allocated resource
constraints

- minimize the intensity (labor and computer) of
planning activities

The final two objectives were especially encouraged by lessons
learned from the Spacelab payload mission planning process, in which the
relatively short duration mission (7-10 days) forced the planning of payload
activities down to the minute to maximize the utilization of resources. To
achieve these two objectives, an approach of using "resource allocation
envelopes" was assumed, where such an envelope is a prescribed period of time
with an associated vector of average resource utilization levels. In addition
to achieving the aforementioned two objectives, this approach was justified by
the longer duration mission for Space Station (compared to Spacelab). Also,
the obvious disadvantage of this approach - the inefficient management and use
of resources - can be overcome, if necessary, since the scheduling software
can deal with scheduling data to a finer granularity.

B. Planning Organizations

Based primarily on concepts and definitions in use by the NASA
Space Station Operations Task Force, the following mission planning
organizations were defined:

0 Users - Principal Investigators (PI's)
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o Planning Center - An organization which integrates the
requirements, planning, and operations of a particular
science/engineering discipline or of a particular Space
Station physical element (e.g., US Lab)

o Payload Operations Integration Center (POIC) - The
organization responsible for integrating payload
operations plans from all the planning centers and for
providing the primary interface between the user community
and the Space Station Systems Operations organization.

0 Space Station Systems Operations - the organization
responsible for overall management and integration of
Space Station operations

o Investigator Working Group (IWG) - An organization of
users headed by a mission scientist to encourage
cooperative science operations and to resolve conflicts
among users.

The IWG is an organization successfully employed in the Spacelab
process. IWG's have therefore been recommended to be established for Space
Station at each planning center and at the POIC planning levels.

Whether planning centers will be organized around
science/engineering disciplines (discipline centers) or around Space Station
physical elements (element centers), is a matter to be decided by NASA and its
international partners. The matter has been discussed at length by the NASA
Space Station Operations Task Force. The two approaches are depicted
graphically in Figures 6.2.2-1 and 6.2.2-2. A third hybrid approach which
employs both discipline centers and element centers in-line in the planning
process is depicted in Figure 6.2.2-3, but has been discarded because of the
complex network of planning interfaces.

The overall advantage to the discipline center approach is the
enhancement of cooperative science, while the advantage to the element center
approach is that it directly supports the analytical integration process for
SS elements and allows resource allocation/utilization planning to be
controlled/verified for compatibility with element design/operational
capabilities as planning is integrated. Under the discipline center approach,
control/verification of resource allocation/utilization planning versus SS
element capabilities must be centralized at the POIC.

For this Study, the mission planning concept has been derived to
accommodate either discipline centers or element centers.

C. On-Board Crew Mission Planning
Based on MSFC guidance for this Study, the provision of planning
capabilities to the on-board crew has been limited to a minor real-time

replanning capability. Space Station Phase B studies have shown the crew to
be the most critical Space Station resource. Also, astronaut corps inputs to
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the NASA Space Station Operations Task Force have indicated a preference for
no mission planning responsibility. Therefore, crew utilization should be
restricted to activities which must be performed on-board in order to maximize
crew availability for experimentation. Furthermore, on-board planning will
place a significant demand on on-board resources (e.g., mass storage). For
these reasons, providing the on-board crew any mission planning capability is
subject to reconsideration, in favor of increasing the automation of mission
planning activities on the ground to minimize manpower requirements.
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6.2.3 SS Payload Mission Planning Process Functional Description

Four distinct high level payload mission planning cycles have
been identified as depicted in the Space Station (SS) Payload Mission Planning
System (MPS) Top Level Functional Flow, Figure 6.2.3-1.

Cycle A, Define Resource Allocation Envelopes, is necessary for
preliminary definition of user resource requirements and integration/approval
of these requirements to arrive at agreed upon resource allocations for each
experiment entity (single experiment or group of experiments) as well as
resource allocations for each planning center.

Cycle B, Generate Tactical Operations Plan (TOP), results in a
resource allocation plan for the mission increment that assigns time blocks
(resource allocation envelopes) available for each experiment entity within
which to schedule detailed operations.

Cycle C, Generate Execution Plans, includes the user activity
involved in generating detailed activity and command plans for resource
allocation envelopes, plus the activities to integrated those plans. This
cycle also results in an integrated payload data flow plan.

Cycle D, Perform Mission Increment Replanning, encompasses
similiar activities to Functions B and C. Resources are reallocated; users
change detailed activity/command plans; the crew replans activities over which
they have control; and all changes are integrated. The data flow plan is
finalized and the detailed payload crew activity plans are generated.

A flow of subfunctions for each planning cycle is presented in
the flow diagrams designated A, B, C and D. Each of the unique subfunctions
appearing on these charts is identified by the number in the upper right hand
corner of the flow diagram block. A corresponding flow diagram at the
subfunction level is included with the detailed description of each
subfunction presented in the following sections.

6.2.3.1 Subfunction 1 - SS Projected Orbit Ephemeris

This subfunction will likely be performed by the Space Station
Systems Operations organization. It is included here because the software
required to perform this function could be easily derived from the SL MIPS.
The basic activity is to generate detailed ephemeris data, such as ascending
node data, ground track data and earth shadow on/off times to serve as a basis
for subsequent mission planning activities.

6.2.3.2 Subfunction 2 - Standard Orbit Opportunities Generation

This activity may also be performed by the SS Systems Operations
organization, but is included here because again SL MIPS software could be
utilized with modifications to perform the activity. The basic activity is
the generation of standard orbit observation opportunities. An observation
opportunity (obs opp) is a particular object or condition that is available as
a function of time (on or off). The designation "standard" is made because
the obs opps generated during this activity are those that are used by a wide
variety of mission planning organizations and scientific disciplines.

Grouping these into one subfunction performed by the same organization insures
use of common data across all Space Station users and planning centers.
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6.2.3.3 Subfunction 3 - Special Observation Opportunities Generation

This activity involves generation of the observation
opportunities that are discipline dependent. It is expanded into task level
flow diagrams corresponding to the identified disciplines. Each of these
tasks includes the detailed activities required to generate the specific obs
opps for each discipline. In practice, this activity will be performed by
both SS users and the planning centers. The users will perform analyses to
determine when they want to operate and which obs opps they want to utilize.
Planning center personnel will access all users obs opps requirements entered
in the User Requirements Data Base (URDB) and generate an integrated planning

center set of obs opps to serve as input for subsequent mission planning tasks.

6.2.3.4 Subfunction 4 - User Requirements Definition and Data Base
(URDB) Interface

This activity includes user interactive input/editing of a data
base that contains resources, obs opps, sequencing/concurrency and number of
performances/duration requirements as well as operational constraints for each
individual experiment entity. An entity can be a single experiment or a group
of experiments. Depending on experiment resource profiles, a particular
experiment will have from one to many resource envelopes. User friendliness
and scheduling complexity as well as resource utilization efficiency will be
significant factors in determining the characteristics of the resource
profiles.

6.2.3.5 Subfunction 5 - Generate Planning Center Integrated Requirements

User requirements are summarized in a gross scheduling activity
based on the URDB entries and the observation opportunities file. No resource
checking is performed during scheduling. The output schedule(s) are used to
determine the overall planning center resource reguirements.

6.2.3.6 Subfunction 6 - Integrated Assessment Of Planning Center Summary
Requirements

Planning center resource requirements, SSP management
guidelines, resource allocation rules, user group guidance and element design
constraints are utilized as inputs to assign each planning center a specific
set of resource allocations.

6.2.3.7 Subfunction 7 - Assign User Resource Allocation Envelopes

This activity is basically a formal approval process of each
users URDB entries. There may be cases where user resource requirements are
incompatible with those available to the planning center when considering
other manifested users. These cases must be treated separately and will
require reduction of user resource requests (redesign, reduced objectives,
etc.) or an appeal through channels for increased planning center resource
allocations. A thorough compatibility analysis of preliminary user
requirements in the strategic level planning/manifesting process should reduce
the potential for conflicts at this point.
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