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This ‘s the first level of a three-level standard defining a human spaceflight (HSF) spacecraft ontology
fro.m architectural and system engineering viewpoints. It provides guidance for systems and architecture
J'esign emphasizing human-system integration (HSI) requirements and constraints. While adopting a
holistic approach, this complex domain is stratified using a three-dimensional roadmap (lifecycle, function,
location) that guides the user to a high-level, fundamental, and context-specific design requirement based
on the HSF program, mission and spacecraft goals.


https://www.stdhive.com/standards/aiaa-s-153-2021-pdf/

ANSI/AIAA S-153-2021

Published v
America. Inctitute of Aeronautics and Astronautics
12700 S rise Valley Drive, Reston, VA 20191

Cop,might © 2021 American Institute of Aeronautics and Astronautics.
+!lrights reserved.

No part of this publication may be reproduced in any form, in an electronic
retrieval system or otherwise, without prior written permission of the
publisher.

Printed in the United States of America.


https://www.stdhive.com/standards/aiaa-s-153-2021-pdf/

ANSI/AIAA S-153-2021

Contents

(o] (=11 o o [ OO T SS PR P PP PPPRRP v
g1y o [UTo 1 o] o IO O OSSP PP PP PUPPR Vi
ot ] o1 PPN 1
Justification and ApPPICabIlitY...........oii 2
RV Tor= 1 o LU= 1 Y PP OT P PRPRRRPON 3
Terms and DefiNItIONS .......coc.oiiiiii et ettt se ettt e 4
LR Y=Y @ ] (o] o Yo VU ("
A — Spacecraft Application/FUNCHON ..o e st e s sree e s ereee e 17
B — Destination/Operational Environments/Application Placement ..............oooiiiiiiiii e e e e 18
C — Human Spaceflight Spacecraft LIfeCYCle ... et e e 19
Figures

Figure 1: Architecture expressed in UML by ISO-IEC-42010-2011 ... ..eiiiiiiiiiiiiiiiie e feieees e e 5
Figure 2: Architecture rationalization by ISO-IEC42010-2011 (AD Element: Archite ~ture Description Element)............ 6
Figure 3: Architecture Framework derived from ISO-IEC42010-2011......c.cceeviiveeeiinneenn. ~cfS VO PRSP UT RO 9

Figure 4: Spacecraft classification diagram (e.g., "Space Vessel" is a subgrc:i¢ that belongs to a group "Spacecraft”;
Settlement is composed of number of spacecrafts and infrastructure comzsne: tS).....cccccviiiieiiiiiciie e 14

Figure 5: Three-dimensional classification system with an example cf locatir g a relevant certification requirements /
standard for an orbital NOTEL. ..........cooiiiii e e ettt e ettt e e ettt e e s b e e e bt e e et e e e e nneeas 17

Figure 6: Activity diagram (use case) of the S-153 Level 1 stanuard us > during the early phase of the design process
(requirements definition) (SV: Space Vessel, DRD: Design Reg, tirer 1ents Document, OMF: Orbital Medical Facility).

..................................................................................................................................................................................... 21
Tables

Table 1: The Human Spaceflight LIfECYCIE. ... oo e e e e e e e e e s e reee s 10
Table 2: Spacecraft AppliCatioN/FUNCHON .. ... i e e e e e e e e e e e e st e e e e e e e eeaarreeeeas 17
Table 3: Destination/Operational Er.vimonmicnts/Application Placement...........oooviviiiiiiiii e 18
Table 4: Decision Matrix for ste; 1, “or. 1A Simplified chart; Bottom: 1B Full chart — selection of the Spacecraft
Application and Destination/Pla. ement resulting in selection of a Spacecraft Type ........ccoocieiiiiiiiie 19
Table 5: Human Spacefli¢ 2t Sp. acecraft Lifecycle Phases listed as Categories. ... 20
Table 6: Decision Matrix for s 2p 2 - selection of the Spacecraft Development Phase and identification of relevant
SR 1y e e 20


https://www.stdhive.com/standards/aiaa-s-153-2021-pdf/

ANSI/AIAA S-153-2021

Foreword

This ANSI/AIAA S-153 standard was prepared by the Space Architecture Committee on Standards, the
Systems Engineering Technical Committee, and the Space Architecture Technical Committee of the
American Institute of Aeronautics and Astronautics. This standard is focused exclusively on Human
Spaceflight (HSF) Spacecraft Ontology from Space Architecture and System Engineering perspectives.

At the time of approval, the members of the AIAA SPACE ARCHITECTURE COMMITTEE on
STANDARDS were:

Ondrej Doule, Chair Florida Institute of Technology
Olga Bannova University of Houston — SICSA
Geoffrey Beech NASA - MSFC

Greg Chabrol ECAM, Strasbourg, France
Emmanuel Dufrasnes ENSAS, Strasbourg, France
Louise Fleischer ACRI - ST

Theodore Hall University of Michigan

James Horton Aerojet Rocketdyne

Ronald Kohl R. J. Kohl & Associates

David Nixon Consultant

William O’Hara Sierra Nevada Cc:nol ation
Robert Rovetto Consultant

Kara Schmitt The Aerospace “orf oration
Matthew Simon NASA — Lagle s

Fred Slane Space /nfrastracture Foundation
Melodie Yashar SpacexA. i

Alternates:

Keith Crisman i 'rida Institute of Technology
Zigmond Leszczynski "he Aerospace Corporation
Brian Neumann NASA — JSC

Donald Platt Florida Institute of Technology

The above consensus body ap:sro.ed tnis document in July 2020.

The AIAA Standards Steerii. 1 Conmittee (Michelle Bailey, Chair) accepted the document for publication in
April 2021.

The AIAA Standards Prcedures dictates that all approved Standards, Recommended Practices, and
Guides are advisory only. Tneir use by anyone engaged in industry or trade is entirely voluntary. There is
no agreement.to «dhere to any AIAA standards publication and no commitment to conform to or be guided
by standards reorts. In formulating, revising, and approving standards publications, the committees on
standards will not consider patents that may apply to the subject matter. Prospective users of the
pubii~aucns are responsible for protecting themselves against liability for infringement of patents or
ccyright or Hoth.
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Introduction

This standard is proposed to define a currently nonexistent standard on ontology of HSF spacecraft and
their architectures within the Commercial Space Transportation domain. This includes subsystems and
human safety requirements. It organizes the complex interdisciplinary environment of the human space
flight systems. This standard interconnects existing system engineering, system design, operation and
process standards relevant to Human Spaceflight (HSF).

This standard will support execution of more cost-effective Human Spaceflight vehicle design and mission
planning from the perspective of vehicle complexity, national and international scope and vehicle
application. It does so by introducing a common language and navigation structure within the HSi™
standardization environment.

vi
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1 Scope

This is the first level standard of a three level standard set defining a human spaceflight (HSF) spacecraft
ontology from architectural and system engineering viewpoints. It provides guidance for systems and
architecture design emphasizing human-system integration (HSI) requirements and constraints. While
adopting a holistic approach, this complex domain is stratified using a three-dimensional roadmap (Figure
5) that guides the user to a high-level, fundamental and context-specific design requirement based on the
HSF program, mission and spacecraft goals.

Examples:
- The International Space Station is a spacecraft in Low Earth Orbit (LEO).

- NASA’s Space Transportation System (STS) is an example of another HSF program yie!ding a
specific type of reusable spacecraft, the Space Shuttle, enabling transport between the ground ar.d Li=O.

A human spaceflight mission involves a variety of activities from concept development to \ ranuracturing
and operations to full mission realization. The architecture of a mission consists of various elements such
as the mission concept; ground segment; command, control and communicationa: o0.bit and trajectory
design; launch system; payload; and spacecraft systems. While this standard is foc:'sed « n the spacecraft
element, other elements will need to be considered.

This first level standard describes a Human Spaceflight ontology that captu. =s t e spacecraft architecture
via three high-level areas: development activities or processes related to th2 spacecraft lifecycle (e.g.,
concept and engineering design activities, simulations, testing, etc.), « < necific application or function of the
spacecraft (e.g., space transportation, tourism, exploration, recourc> mining, construction, etc.) and
destination or operating environment of the spacecraft (e.g., sthort ital, orbital, cis-lunar, lunar surface,
etc.). It provides organizational guidance for effective spac~cre® architecture development. The first and
second levels focus on the more specific design requircmei ts definition, while the third level identifies
specific values for the engineering of subsystems and thi» HS| process.

The three levels composing this three level standard set are organized in the following manner:

1st level — Ontology of HSF spacecraft domain. . his serves to structure the HSF domain by defining
categories of spacecraft, fundamental envircnmiet tal requirements within a specific phase of the spacecraft
lifecycle, and their relationship, and groviles ¢ guide to a systematic design requirements definition (see
Figure 6).

2nd level — Spacecraft types and u.~u: properties related to HSI. This includes human-imposed vehicle
requirements, and environmer ta' constraints of vehicles vis-a-vis mission and duration, e.g., suborbital
point A to point A vehicle (r~urn.2g to the departure spaceport), long duration habitat.

3rd level — Human requiren. »nts and subsystems properties related to HSI (e.g., atmosphere requirements,
radiation shielding).

The 2nd level ¢'anucrd develops spacecraft types drawn from the 1st level document (S-153-2021). It
describes the speific requirements for each category of spacecraft and its components related to the
spacecraft operational environment in form of typical scenarios and typical requirements on the vehicle.
The 2nd level standard also references existing standards by third parties. The scope of the 2nd level
standard nicludes:

Spacecraft function
Duration of spaceflight
- Details of the operational environment, destination

- Spacecraft occupancy, etc.
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