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1nis document describes the function and application of the test bypass mechanism for systems based
on the Space Plug-and-Play Architecture (SPA). The test bypass function supports hardware-in-the-loop
testing with simulated component data. Incorporating test bypass into SPA components allows for rapid
component assembly, integration, test, and system verification.


https://www.stdhive.com/standards/aiaa-s-133-8-2013-pdf/

AIAA S-133-8-2013

Published by
American Institute of Aeronautics and Astronautics
1801 Alexander Bell Drive, Reston, VA 20191

Copyright © 2013 American Institute of Aeronautics and
Astronautics
All rights 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

ISBN 978-1-62410-236-3


https://www.stdhive.com/standards/aiaa-s-133-8-2013-pdf/

AIAA S-133-8-2013

Contents

(o1 (=Y o] o [T O OO OO OO P PP PP PPPPPRPPROTI v
gL ideTe [FToi (1o o EO O OO OO OO TP T O O TSP PP POV PP PPPPPRR vii
1 Yoo ] o1 PP PPPRPPPPPPPPPPRE 1
2 YN o] o] [Tor=T o] LT B oo U] 4 =T o £ PRSPPI 1
3 V0o Lo LU F= LSOO 1
3.1 Acronyms and ADDIeVIiated TEIMIS .....uueiiii it ee et e e e e e e et e e e e e s e et a e e e e e e e e s stbbaseeaeeessasssrseeeeensas !
3.2 Terms and DEfiNItIONS .........coiiiiiiiiiiie ettt ettt ettt sene e nenee s e nns s 2
4 TSt BYPASS IN SPA SYSIEIMS ...occiiiiiiiiiie ettt e e e e e e et e e e e e e s e s aaba e e e e e e s e ssaabaeaeeaeesssnsssnneessesss areesl eeaas 3
5 L6 LS Vo [PPSO PO PO ST 9
6 Test Bypass MESSAGE PrOTOCOI .......ccuuiiiiiiiieiiiiie ettt ettt e et e e e st eessneeeessna e e s nneeee s e beeeeantneeennns 11
L R (N (@ [ @ T = @ o =1 = [0 o PSRRI \ NI 13
L U I @] o= - 1o ) o [P SRR SO STOTTOTTRTRRR 13
L T V1Y I @ o= = i o] o I S PSR 14
L A €] I @ =T =i o] o T TSP 14
LSS = Y NS Q@ =T = o] o U e SR 15
L S O I Y 1] (@] o 1= - L1 [0 ] o [ TSR 15
6.7  SETECHO OPEIAtION .....uuiiiiieiieei ittt e ettt e e e s ettt e e s iis e e e e e e e aatbe e e e e e e e e s s b bbb e e e e e e e e anbbeseeeeeeaanbbereeeeeeaan 16
6.8  CLRECHO OPEIALION .....itieieiiee ettt e e e et eeeees oaatbee e e e e e e e e aebe e e e e e e e e aaae bbb e e e e e e e e anbbeeeeeeeesaanbneneeeeeeaan 16
(ORI = (€7 N €1 =N @ o1=] =11 o] o T PP TR PTPPPPPT 17
6.10 DISENGAGE OPEIALION .. ..ueeieiiieiiiiiie et e ettt ettt e e e e e e bbbt e e e e e e s bbb ettt e e e e e anbbbe e e e e e e s aanbnereeeeeeean 17
6.11 WELENGTH OPEIALION ......eeiieiieeiiiiiiie e ettt e e ettt e e e e e e bttt e e e e e s s bbb et e e e e e e e anbbee e e e e e e e anbnereeeeeeaan 17
6.12 RDFLAGS Operation...........c.cceeeerreiiiieees A 17
6.13  FLAGMSG OPEIALION ...t ettt e e ettt e e e ettt e e e e e s ettt e e e e e e e st be et e e e e e e aaa b bbb et e e e e e e aanbbeneeeeeeeanbnrreeeaeeaan 18
Annex A AFRL IMplementation Of TS BYPASS ....eeiiiiiiiiiiiiiiie ettt e ettt e e e et e e e e e e s e saabbeeeeaeeeeaanees 179
Tables

Table 1 — Typical v-.iable tabio for angular rate Measuring EVICE ........ooouuuiiiiiiiiiiiiie e 9
Table 2 — Type'lenyh definitions for individual variables .................oo e 10
Table 3 — MMask anu €Ch0 COMDINATIONS .........oiiiiiiii e s e e e e s 10
L= Lo O A )] o F= T @ o [0 oo [ TP PPR PP 11
Tat2 5 - Test Bypass OpCode Marshalling LAYOULS ........cooeiiiiiiiiiiieaeeiiteeee ettt e e et e e e e e e e eeneaeeeas 12
Tar'2 6 — NOOP Field DEfiNItIONS .......oviiiiieieiiriie ettt et e e s e e e et e e s senn e e e e n e e e nnre e e s nenns 13
Table 7 — PUT Field DEFINILIONS .....cooiiiiiiiiiie ettt ettt et e e e e s e e e a e e e nnne e e s 13
Table 8 = WRITE Field DefiNItIONS .......ccoiiieieiiiiee ettt ettt et e et e e s e e e e e e e enne e e e 14
Table 9 — GET Field DEfiNItIONS .....cccveiieiiieee ittt ettt et e e e e e st e s nsne e e e e e e e anre e e s nnnes 14


https://www.stdhive.com/standards/aiaa-s-133-8-2013-pdf/

AlAA S-133-8-2013

Table 10 — SETMASK Field DEfiNItIONS.......coiiiiiiiiiiiii ettt e e e e nnre e s 15
Table 11 — CLRMASK Field DEfiNItIONS ......ccciiriieiiiiieeiie ettt ettt e et e e s e e e e n e e e snne e e s 15
Table 12 — SETECHO Field DefiNitiONS .......cciiriiiiiiiiieiiiie ettt ettt e st e e s e e e n e e e nnre e e s 16
Table 13 — CLRECHO Field DEfINILIONS ......ccciiiiiiiiiiiieiiee ettt ettt e e e e e e nnre e 16
Table 14 — WELENGTH Field DEfiNItIONS .........oiiiiiaieie ettt seeeseeenee e e aneeeneesneesreenneennens 17
Table 15 — RDFLAGS Field DEfiNIIONS ... .....ciieitieitiee ettt eee st e te e te e eeesaesmeesmeeseeeneeaneeaneeeneesreesseenneennens 17
Table 16 — FLAGMSG Field DEFINIIONS .....c...iiiiieiiiieiiiee ittt et sab e st et e sab e e sbbeesab e e sabeesabeesaneenineens 28
Table A.1 — DEVICE ClASS COUBS .....cuviiiiiiiiie ittt ettt e e st e e s et e e snn e e s snre e e s ssnneeeanneeesenees e 19
Table A.2 — VENAOI ID COUBS ......ouiiiiiiieitiee ettt ettt e e s e e e st e e e s snneeessnnneeesenneeesnnnneessnneednnees s 20
Table A.3 — System and subsystem identification COUES ..........oooiiiiiiiiiii e e s e 21
Figures

Figure 1 — The test bypass interface NEIWOIK ...........ccviiiiiiiiiiiiiee e e e e et e e 3
Figure 2 — ASIM test bypass dual ported memory implementation ............ccooceverriitn et e 4
Figure 3 — The ASIM microcontroller interfaces a native component to the SPA data Ne Work ..........cccccevvveeeiiinennnee. 5

Figure 4 — The ASIM microcontroller interfaces a native component to the SF.\ uaia network: device native
(o Eo Y= o111 =] PRSP PUPRRRE 6

Figure 5 — The ASIM microcontroller interfaces a native compone. 't to he SPA data network: processed data buffer.7

Figure 6 — The ASIM microcontroller interfaces a native compc.ient to the SPA data network: XTEDS output message
(o Eo T =T o111 =] PR POPUPRRR 8


https://www.stdhive.com/standards/aiaa-s-133-8-2013-pdf/

AIAA S-133-8-2013

Foreword

This standard was developed through a partnership of the Air Force Research Laboratory Space Vehicles
Directorate, the Air Force’s Office of Operationally Responsive Space, numerous government contractor
teams, independent contractor teams, and academic experts. The Test Bypass standard is one piece of
the Space Plug-and-Play Architecture (SPA), which is a system that aims to reduce the cost and timeline
of getting spacecraft into operational use. SPA incorporates the use of design tools, standard interfaces
for hardware and software, and standard, modular structures and wiring. Test Bypass functionality allows
for rapid testing and verification of components and systems. SPA components may or may not support
a bypass function. This standard provides instruction on implementing Test Bypass for those components
that do support it.

This particular volume of the SPA Physical Interface Standard contains information not reccrde!' in
previous documentation. It is part of a set of 10 documents describing other components of the ctanard:

e SPA Guidebook

e SPA Networking Standard

e SPA Logical Interface Standard

e SPA Physical Interface Standard

e SPA 28V Power Service Standard

e SPA System Timing Standard

e SPA Ontology Standard

e SPA SpaceWire Subnet Adaptation Standard

e SPA System Capability Guide

At the time of approval, the members of the AlA+ SPA Committee on Standards were:

Fred Slane, Chair Sr-ace. Infrastructure Foundation
Jeanette Arrigo S.erra Nevada Corporation

Scott Cannon Utah State University

Ken Center PnP Innovations

Don Fronterhouze* PnP Innovations

Rod Gre:n Design Net Engineering Group
Jane r’ans:n HRP Systems

Dcug Harris The Aerospace Corporation, ORS Office
Pau Jaffe U.S. Naval Research Laboratory
Stanley Kennedy* Comtech Aero-Astro

Ronald Kohl R.J. Kohl & Associates

Bill Kramer Independent Consultant

Ramon Krosley Independent Consultant
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Denise Lanza SAIC

James Lyke Air Force Research Laboratory
Joseph Marshall BAE Systems

Gerald Murphy* Design Net Engineering Group
Gary Rodriguez SysRand Corporation

Steven Schenk Comtech Aero-Astro

Robert Vick* SAIC

The above consensus body approved this document in June 2013.

The AIAA Standards Executive Council (VP-Standards, Laura McGill, Chairpersor: accep cd the
document for publication in August 2013.

The AIAA Standards Procedures dictates that all approved Standards, Recommenc=d Practices, and
Guides are advisory only. Their use by anyone engaged in industry or trade is enfirely “luntary. There is
no agreement to adhere to any AIAA standards publication and no commitment to cinform to or be
guided by standards reports. In formulating, revising, and approving ~c*and~:ds publications, the
committees on standards will not consider patents that may apply to the su. ‘ect natter. Prospective users
of the publications are responsible for protecting themselves against liability 1cr infringement of patents or
copyright or both.

*Alternate CoS participant.
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Introduction

Space Plug-and-Play Avionics (SPA) is a collection of standard hardware and software interfaces,
physical structures, and messaging protocols that are designed to facilitate rapid design, assembly,
integration, and testing of spacecraft systems. There are many building blocks of the plug-and-play
architecture that are necessary to meet those goals and Test Bypass (TB) is one of them. The TB
function enables rapid functional testing of a system by allowing the integrator to bypass SPA hardware
devices and to use detailed external simulations to inject simulated data into the device’s ASIM to
understand how the rest of the system responds to that input. This provides the capability to rapidly
perform functional tests on assembled systems for verification of SPA networks, computing resource~
communications links, and flight software. System on-orbit performance can also be determinec. based
upon the realism of the simulation used.

Vii
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1 Scope

This document provides detail for incorporation of Test Bypass (TB) functionality in SPA components and
systems, and describes the messaging protocol for TB. Test Bypass is the mechanism by which test data
may be injected into the running SPA system, or by which operational data may be extracted from various
test points within the system during integration and test. The concept of TB was developed to further
enhance the rapid assembly, integration, and test (AI&T) for SPA compliant vehicles. More general
discussion on TB functions and interfaces is available in the SPA Guidebook.

This document defines the current state of practice for TB. This standard is applicable to all SPA revices
and systems that support a bypass function for testing purposes. Further development of this m=thcd will
be updated within this standard. Other developments that address testing functions will be delned.in
other documents.

2 Applicable Documents

The following documents contain provisions which, through reference in this text, cons:: ute provisions of
this standard. For dated references, subsequent amendments to, or revisior.= of, any of these
publications do not apply. However, parties to agreements based on this-c*anu~:d are encouraged to
investigate the possibility of applying the most recent editions of the n.rmaive documents indicated
below. For undated references, the latest edition of the normative document rcierred to applies.

AIAA G-133-1-2013 Space Plug-and-Play Architectu e Guiaebook
AIAA S-133-3-2013 Space Plug-and-Play Archi.=cture Logical Interface Standard
AIAA S-133-7-2013 Space Plug-and-Play A chitocture Ontology Standard

3 Vocabulary

3.1 Acronyms and Abbreviate? Te.rms

AIAA American Institute of Acronautics and Astronautics
AI&T assembly, integratiun. and test

ASIM Appliqué Sen_or Interface Module

DPM dual-porwod m emory

DNC dces not care

DUT J(evive under test

EP endpoint

-~r—

S ground support equipment

SNA Space Plug-and-Play Architecture
13 test bypass
TBI test bypass interface
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