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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
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Introduction

This International Standard prescribes a standard means to facilitate the sharing and exchange of beneficial
information among organizations (the spacecraft manufacturer, the mission equipment supplier, the customer
or the spacecraft operation centre) and their involvement with space operations and support. This
International Standard provides a common interface to simplify space operations planning and reduce the
effort needed to learn and deal with new space programmes and support organizations

© 1SO 2007 — All rights reserved \"
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INTERNATIONAL STANDARD 1ISO 23041:2007(E)

Space systems — Unmanned spacecraft operational
procedures — Documentation

1 cope

This [International Standard establishes standards, current guidelines and uniform procedures| to minimize
dupli¢ation of effort between the customer, the agency, participating nations and thg"emerging commercial
space community. This International Standard provides recommended practices for the ‘developnjent of space
opergtions and support documentation, which should facilitate the sharing and exchange [of beneficial
information between organizations involved with space operations. This International Standard gstablishes a
common interface to simplify space operations planning and reduce the effort-needed to learn gnd work with
new $pace programmes and support organizations.

2 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

21
abbreviated checklist
comprehensive list of items and time schedule of tasks to be done that are needed to check each|step-by-step
task at the telemetry/command (TLM/CMD) console and at the network console

2.2
acqufiring agency
organization that is planning and managing the development and acquisition contracts for the space system,
undefstands the engineering apdtechnical aspects of the system’s operation and acts as a provider of
partiqular equipment if necessary

23
customer
organization that usés)the system under contract to the acquiring agency for a particular spacg system and
acts as provider of\particular mission equipment if necessary

24
developing'agency
organization that develops the spacecraft and operation system under contract to the acquiring agency

NOTE One organization may constitute more than one of these agencies.

25
mission segment
ground system that consists of the facilities of mission data acquisition and processing

2.6

operations agency

agency responsible for the operations and maintenance of the space systems and organization to which the
operations crew members belong

© 1SO 2007 — All rights reserved 1
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27
operations crew members
personnel who will be using the operations handbook to support space systems

2.8

separate and distinctive checklist

list that contains information to compensate the part of the operation facilities peculiar to the operations
agency

29
spacecraft operation handbook

h db k th At Al A~ Tt AN N AAAAA A N A o Land cantinaant T AM/ICMD Anara Hono
an 00 P ot C ST o oo e COC OO o ar oG CoTrmge T =iV v OpeTations

210
space system
system congdisting of a space segment that includes a launch segment and a spacecraftysegment and a
ground segmient that includes a tracking control segment and a mission segment

211
tracking control segment
ground systgm consisting of the facilities of spacecraft tracking, ranging and telemetry (TLM) monito[ and
command (GMD) control

NOTE THe launch segment includes the pre-launch segment, the spacecraft/s€gment includes the mission segment
and the groun@l segment includes the facilities and operations handbook.

212
space system operation
operation thdt contains launch segment operation, spacecraft-segment operation and tracking control segment
operation

NOTE THe launch segment operation includes pre-launeh segment operation and the spacecraft segment opdration
includes the niission phase segment and the post-mission,phase segment.

3 Symbgls and abbreviated terms

AOCS attitude and orbit control-subsystem

AOS agquisition of signal

BB base band

CMD cgmmand

EL elevation-angle

FCP flight‘control procedure

FDIR fatt-detectioniselation-andreconfiguration
GCP ground segment control procedure
10T in-orbit test

LEOP launch and early orbit phase

LOS loss of signal

MCL mission (operation) checklist

OBC onboard computer

OBDH onboard data handling unit

OBS onboard computer software

2 © 1SO 2007 — All rights reserved
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PS

RF

SOE
SOP
STR
TCS
TLM
TTC
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power subsystem

radio frequency

sequence of events

satellite operation procedure
structure

thermal control subsystem
telemetry

tracking, telemetry and command subsystem

4 |

4.1

411

Unleg

digitql format specified by the acquiring agency. If the magnitude-of the information to be ind

opera
provi
orre

4.1.2

The
subs
each

Documentation
General preparations

General
s otherwise specified, the operation handbook and checklists shall include a reproducil
tion handbook is such that a single volume is not practical, thien more than one volume ma

e the material. The operation handbook shall contain a revision record when the documer
ised.

Arrangement of material

Hocument shall contain a main table of contents. At the beginning of each clause, ther
diary clause table of contents. The clause~table of contents shall include the page numbe
subclause or major subject headings.

le copy in a
luded in the
y be used to
t is changed

e shall be a
r and title of

When classified or proprietary information' (needed for operation handbook) is involved, the same principles

estah
contd

propr

EXANM
spacs

Spad|
subje
curre
sepa

lished for the treatment of the main table of contents shall be followed. The main table of g
in numbers and titles of cladgses with their initial page numbers, but shall not contain any
ietary information.

PLE Operation ,erew members sometimes need detailed classified or proprietary design
craft for troubleshooting-

e operation handbooks are normally unclassified. If the space system classification guide
cts as classified by the space systems operation crew members requirements, in acc
ht classification standards and for these classified subjects, the operation agency sha
ate classified handbook or a classified supplement of the basic handbook.

ontents shall
classified or

nformation of

identifies the
brdance with
Il prepare a

The

heading of the first or introductory paragraph of each clause shall be general in naturg¢ to facilitate

including information concerning the main subject. Subordinate headings shall be definitive and identify the
principal item that needs to be covered.

Wherever practical, text shall be simplified and decreased in quantity by the use of complementary artwork. All
technical matter shall be written so that it is understandable by all personnel who are expected to use the
handbook.
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lllustration

The operation handbook shall contain the following illustrations:

a)

b)

c)

d)

Abbreviationg, symbols, reference designations and colour coding references used in the space operd

general i

llustrations depicting the space system configuration;

illustrations to show clearly the layout of the space operations centre, including sep
emergency/contingency facilities where applicable;

arate

sufficient other illustrations and diagrams to show the major panels, cabinets, consoles, related
equipment, etc. that the space operations crew personnel will use for operations;

sufficient diagrams, charts, schematics, etc. to depict the function, control and interrelationsh
significapt space system equipment.

ip of

tions

pace
stem
ower
ment
stem,
unch

Clivity
ures,
ures,

ities.

handbook shall also be specified, where applicable.

4.2 Space operation handbook

421 Gengdral

The space operation handbook shall provide the following:

a) General|description of the space system giving the purpose, main features and particulars of the s
system @nd supporting facilities [satellite segment, structure (8TR), attitude and orbit control subsy
(AOCS)| thermal control subsystem (TCS), tracking, telemetry and command subsystem (TTC), f
subsystem (PS), payload communications subsystem and payload subsystem]; and a ground seg
description giving both general and detailed information, including electrical power subsy,
environmental control subsystem, auxiliary equipment, communications, pre-launch segment, |z
segment and mission life segment.

b) Operatirl]g functions giving general information, including the process and functional explanations,
operatiops centre security procedures, ‘changeover procedures, status and fault monitoring, a
coordingtion procedures, safety procedures, operations centre inspections and system test proced
commurjications equipment procedures, ground system procedures, mission planning proced
mission execution procedures and-post-mission procedures.

¢c) Mission pperating procedures-giving detailed information and defining individual and crew responsibi

d) Segmenit contingency procedures giving troubleshooting guidelines and remedial actions.

e) Operatirlg limitations giving a description of specific limitations.

f)  Ground pegment emergency procedures giving detailed emergency operations procedures and corrTctive
action.

g) Crew duties and responsibilities giving the individual positions and duties required during nominal and
off-nominal operations.

h) Vocabulary giving technical terms, definitions, acronyms and abbreviations.

4 © 1SO 2007 — All rights reserved
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4.2.2

4.2.2.

ISO 23041:2007(E)

Overview

1 Front material

Front material shall include the bulleted list items in Figure 1. The coverftitle page, list of effective pages,
verification status sheets, table of contents, list of illustrations and list of tables shall be similar to the format of
this recommended practice with details for preparation at the discretion of the acquiring agency.

NOTE

contain the stage of the document (i.e. WD, CD, review) and approved date.

The f
scop
opers
items

4.2.2

Each
requi
claus

of the operation handbook and indicate the technical proficiency expected of the Vv
tions crew personnel. The foreword shall also indicate special interest items, e.g.(Chew
and critical operation items.

b

7

2 Requirements for clauses

operation handbook shall include the clauses listed in Figure 1. Additional clauses may
red. If a clause is not applicable, the title of that clause shall appear on the last page of
e along with a notation that the clause is not applicable or that infermation will appear whe

The list of effective pages contains the revision of each page and revised date; the verification status sheets

Il include the
rious space
development

be added if
the previous
h it becomes

available. The title of the clause shall appear in the main table of conténts with an appropriate notgtion.

As appropriate, each clause shall have separate sections for information pertaining to satellite support during

a) pre-launch period,

b) launch early orbit,

c) ¢perations in nominal mode,

d) ¢perations in degraded mode (period when the satellite is no longer fully operational but is ktill on orbit),
and

e) post-mission phase (satellite end-of-life process).

The format for the presentation_of the text, the amplified procedures and the abbreviated checklidts shall be at

the djscretion of the acquiring agency. The format shall present the crew procedures in a simple] concise and

undefstandable layout, consistent with space system requirements. For systems using digitized technical data,

the vjsual template and_the text shall be formatted so the screen presentation will be identical fo the printed

data.

If the| operations’agency does not require a printed page of the visual display, the visual display format shall

comply with_the style and format of a printed page. Each page of the emergency procedures clauge shall have

dialogue’box and icon markings on all pages. An example is shown in Figure 2.

Warning marks and contingent check segments shall be selected by the operation agency.

Where possible, amplified procedures and checklists developed for a particular space system shall be
standardized.

© 1SO 2007 — All rights reserved
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Front material
e Coverttitle page
o List of effective pages
e Verification status sheets
e Table of contents
e List of illustrations

o List of tables

e Foreword

Clause 1 Space system description

Clause 2 Space system operating functions
Clause 3 Mission operating procedures

Clause 4 Space segment contingency procedures
Clause 5 Operating limitations

Clause 6 Ground segment emergency procedures
Clause 7 Crew duties and responsibilities

Clause 8 Vocabulary

Figure 1 — Standard sequence for space operation handbook

YYIDDDHHMMSS Spacecraft monitor and operation Subsystem: ACS
display Page: XXX
(TLM data) (TLM data)
North Solar cell gen-current : i.ii

Roll angle : x.xx South Solar cell gen-current : 1.11
Ro|l rate : y.yy
Pitch angle : w.ww Main buss voltage : h.hh
Pitgh rate : z.zz Batt 1 discharge current : m.mm
yay angle est : 6cc Batt 2 discharge current : n.nn
yay rate est+~didd 2
ESI Eafthopre’ : No — Contingent status X ‘/
FS[ScSun pre' : No
Sarty togie aetivated Link/Network segment? : NO

A Spacecraft segment? : YES

1/ Ground segment? : NO

Figure 2 — Visual display page of an emergency procedure

6 © 1SO 2007 — All rights reserved
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4.2.3 Space system description (Clause 1 of handbook)

4231 General
Clause 1 shall consist of a system description and a description of supporting facilities designed for general
orientation. The narrative shall state the purpose and describe the main features and leading particulars for
the space system.

The descriptions of system and supporting facilities shall contain sufficient detail to provide a single source
handbook of general system information. lllustrations shall clarify a particular system or reduce the verbiage
necessary for explanation and aid in understanding the system. Clause 1 shall consist of several subclauses:

satel
desc

The
opers
opera

4.2.3

4.2.3

A ge
orbit
paylo
satel

inclugle a description of major subsystems. The description shall be of sufficient detail tg

unde
such
overg
hand
funct
subs

4.2.3

The
data
unde

4.2.3

The
more]
unit g

[fle segment description, ground segment description, pre-launch segment description, lau
iption and the mission life segment (including the post-mission phase and the reduced oper3

Satellite developing agency (i.e. satellite manufacturer) shall provide the documentation
tional handbook (SOOH). By extracting the needed information from SOOH land other
tion agency shall provide FCPs (see example in Table A.2).

2  Satellite segment

2.1 General

heral description of the satellite segment shall include the following subsystems: structure

ad; and OBDH. Subsequent clauses shall describe inlgreater detail the subsystems pe

rstanding of the purpose and function of the subsystems, their relation to overall system of

Il system. Highly complex satellite segments may require a stand-alone satellite segme
book. lllustrations shall be used to simplify the explanation of system interrelation anc
on. Separate appendices or handbooks shall describe, as needed, each of the sate
stems, depending on the volume ©f the telemetry and command material provided.

2.2 Structure subsystem(STR)
BTR information shall include a description of the structural components with dimensions &
concerning componént-locations, plus the location of other subsystems, if necessary, to a
rstanding of the satellite construction.

2.3 Attitude and orbit control subsystem (AOCS)

NOCS_information shall include a brief description of the purpose and type of attitude contr
detailed description of the components and their respective functions, including sensor U

hch segment
tion phase).

i.e. satellite
sources, the

attitude and

control; thermal control; tracking, telemetry and command; power; payload/mission communication;

Culiar to that

ite segment. Such information shall include a genéral discussion of satellite segment ¢perations to

provide an
erations and

additional information to enable the crew member to understand subsystem functions pgculiar to the

t operations
component
lite segment

nd particular
ford a better

bl and give a
nit, regulator

nd-actuator unit (which includes the thrusting unit). lllustrations shall be used to simplify theF explanation

of system Interrelations and component Tunctions.

4.2.3

.2.4 Thermal control subsystem (TCS)

The TCS information shall include a description of the environmental control systems, list the type of controls
employed (i.e. active or passive) and give sufficient detail on the operations and configuration of the
environmental control components to provide an understanding of system operations. lllustrations shall be
used to simplify the explanation of system interrelations and component functions (e.g. heater, radiator).

© 1SO 2007 — All rights reserved
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4.2.3.2.5 Tracking, telemetry and command subsystem (TTC)

The TTC information shall include a description of the antenna unit, radio frequency (RF) unit, tracking and
ranging unit, base band (BB) unit/telemetry (TLM) command (CMD) and control systems, command groups,
individual command sequences and type and individual telemetry data. The TTC shall give sufficient detail on
operations and configuration of command and control components to provide understanding of the system
operations. lllustrations shall be used to simplify the explanation of system interrelations and component
functions.

4.2.3.2.6 Power subsystem (PS)

The PS infofmation shall include a description of the power sysiem, distribution system, storage syptem,
power contrdl and sufficient detail on operations and configuration of power system components to provigle an
understanding of the system operations. lllustrations shall be used to simplify the explanation\of system
interrelations| and component functions.

4.2.3.2.7 ayload/mission communication subsystem

The payloadfmission communication subsystem information shall include a description-of the payload/mission
communicatipn subsystem (antenna unit, RF unit) and its function with operational configuration.

4.2.3.2.8 Payload subsystem
The payload| subsystem information shall include a description of the payload subsystem, mission serjsors,
data formatting, data recording and data playback control processors. Sufficient detail on operationg and

configuration| of payload subsystem components shall provide(@an understanding of system operafions.
lllustrations ghall explain the simplified system interrelations and‘Ccomponent functions.

4.2.3.2.9 Onboard data handling unit (OBDH)

The OBDH ipformation shall include a descriptionsand configuration of the OBC and OBS that provid¢s an
understanding of system operations and the following functions:

a) TTC, payload data handling (i.e. data fermatting for packet/de-packet);
b) satellite pttitude data processing (i-e-"satellite attitude error check and regulation);

c) FDIR fof satellite safety and-survivability (i.e. error source detection and recovery; prevents drajn on
satellite plectronic power rfesource, satellite attitude missing);

d) automat|c, autonomeus and robotic data processing for payload mission operation.

The illustratigns shall-explain the simplified system interrelations of each function and related subsystems.

4.2.3.3 Ground segment

4.2.3.3.1 General

A general description of the ground segment (which includes facilities and operations handbook) shall include
the physical layout, with location and function of mission data processing, data archive, telemetry data
processing, radar subsystems, ground sensors, recorder subsystems, security, personnel access and power
systems. Detailed discussions shall include the data processor, data storage, telemetry processor, data
switching, external interfaces, antenna/array, transmitter, receiver and associated support equipment required
for system configuration as they support space operations crew member operations. Highly complex ground
systems can require a stand-alone ground system operations manual. lllustrations shall explain the simplified
system interrelations and component functions.

8 © 1SO 2007 — All rights reserved
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The ground segment developing agency (i.e. ground segment manufacturer) shall provide the ground
segment operational manuals (see Table A.3) and the operation agency shall provide the ground segment
procedures (GSP, see Tables A.3 and A.4), operation agency’s operation crew and/or operation teams.

4.2.3.3.2 Electrical power subsystem

A description of the electrical power subsystem shall include normal, standby, emergency and uninterruptible

power sources, with a description of distribution components, switch gear and power-generating equipment.

4.2.3.

3.3 Environmental control subsystem

A de
the s

equig
interf

4.2.3

A de

ment and associated maintenance support equipment. A description shall include th
hce with the alarm and detector system.

3.4 Auxiliary equipment

scription of the auxiliary equipment shall include equipment that is reGujred by the operat

scription of the environmental control subsystem shall include the environmental control shibsystem for
pace operations centre and equipment areas, and a general description of the heatingyamd ventilating

a)

-

equipment

br to perform

other{subsystem functions, such as fire detection/suppression, environmehntal sensing and securify detection.
4.2.3|3.5 Communications
A depcription of the communications systems shall include, but not be limited to, higher authqrity, payload

comn
secu
admi
emer
requi
systel

4.2.3

The pre-launch segment shall provide information consistent with what operations personnel nee

the ty
work
grour
segm

4.2.3
The |

type
laundg

hunication control and payload data process, tracking) telemetry and command control,
e voice, secure/non-secure data, multiplexing/desniultiplexing systems and inter-site, i
histrative communications systems. A description “shall address any crew activity regar
gency, or malfunction operations in the applicable clause. Highly complex communications
‘e a stand-alone communications system -gperations handbook. lllustrations shall expla
m interrelations and component functions,

4  Pre-launch segment

pe of pre-launch phase support needed. Information shall also include the ground segment
with an overview of the(pre-launch event sequence and the constraints resulting from th
d segment test (i.e. data system test with database verification) and the interface test be
ents (i.e. radio frequency and base band compatibility test and the data interface test).

5 Launch'segment

bunch segment shall provide information consistent with what operations personnel need to
bf launch and early orbit phase (LEOP) support needed. Information shall also include an oV
h_sSequence plus telemetry, boost phase programmed events and other launch pha

apprq

secure/non-
ntercom and
ding normal,
systems can
in simplified

d to know for
schedule, the
e pre-launch
tween space

know for the
erview of the
5e items as

priate. If information needed by operations personnel and provided in the preceding sate

lite segment

and ground segment sections is different during the launch phase, those differences shall be identified in this

claus

4.2.3.

€ as appropriate.

6 Mission life segment

The mission life segment shall describe the in-orbit test (IOT) phase, the mission phase and post-mission
phase operations. In the mission phase the operations agency executes every mission duty operation and in
the post-mission phase the operations agency executes degraded mode operations. This clause shall provide
information consistent with what operations personnel need to know for the type of mission phase support and
post-mission phase support needed. If post-mission phase support is to be provided, information shall include
an overview of the post-mission operation with operation items and time limits.
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4.2.4 Space system operating functions (Clause 2 of handbook)

4241 General

The space system operating functions clause shall emphasize the process required to bring the system to full
operational capability, status monitoring, alarm/anomaly response by the limit check defined in the database
system (DB), mission planning, mission execution by the event go/no-go judgement by SOE and post-mission
activity through LEOP, 10T, mission and post-mission phase.

In the IOT phase, the developing agency and operating agency shall check the on-orbit performance and
function of bus equipment and mission equipment. After the check, the developing agency shall hand over

satellite opertion o the operating agency.

Clause 2 sh4ll contain a functional explanation of the mission and contingency, i.e. SOOH Vol. 2 shall cgntain
data needed|for the space segment (see Table A.1, satellite nominal and contingent operation_descriptlon in
LEOP, IOT pnd control for initial acquiring mission orbit) and emergency procedures contained in [other
clauses (in the ground segment) of the handbook. Flow diagrams shall support text as needed. The funcfional
description shall include the following, as applicable:

a) when th¢ procedure shall start and terminate;

b) where the procedure shall activate, e.g. rack, console, or other location;

c) the time|usually required for the system to complete a function;

d) whatis gccomplished by the procedure;

e) prerequikites for procedure execution;

f)  procedure peculiarities, if any;

g) when itis possible (or prohibited) to accomplishthe procedure;

h) identification of the crew interface and actions required to operate the function.

Where possible, common titles shall identify crew procedures common to all space systems (i.e. complex
entry and exit, crew changeover briefings, activity co-ordination briefings). Amplified procedures shall tellfwho,
what, when, Where, why and how. Mdst procedures in Clause 2 and in Clause 3 shall be in checklist formjat.
4.2.4.2 Operations centre.security procedures

Amplified seg¢urity procedures shall include functions accomplished by the relief crew and duty crew necepsary
for personngl identification, classified inventory, check of warning devices (if applicable) and spegified
equipment, ds applicable to the space system.

4243 Changeoverprocedures

Crew changeover procedures and briefings shall facilitate the assumption of duties by the relief crew. These
procedures shall include briefings and procedures that will enable both the duty crew and the relief crew to
review, examine and determine the system status during the course of the changeover. Procedures and
briefings shall include material which assists in accomplishing an effective crew changeover.

4.2.44  Status and fault monitoring

With regard to SOE event processing and satellite health status, space system status and fault monitoring
received at the space operations centre can be presented by console indications, printouts and alarms. For
abnormal indications, the operator shall receive instructions on the best method of prioritizing crew actions
and reacting to the indications. Instructions shall provide clear directions for the space operations crew
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member to understand and react to these stimuli and to be able to perform normal, emergency, and
malfunction procedures to isolate the condition and maintain maximum space system capability. SOE
(see Table A.1) describes the sequence of procedures with the timing constraints in order to realize an
operation and refers to the FCP and GCP to be executed. In order to perform status and fault monitoring,

each agency shall require the following:

a)

b)

checking and recording of the deviations from the reference and reporting of its influence;

selection of the report format of the status data card/characteristics sheet;

c) maintenance of the DB value (see Table A.3) by the operating agency after the review by the developing

4.2.4

Activ
accomplish their duty assignments. Information shall advise space operations crew’ members
activi
activi
main

corr

respd
activi
malfy

4.2.4

The
visit
exis

proce
emer

4.2.4

Inspe
of sy

part

syst

of th
postu
proce

The

spac

abb%viated checklist shall’ contain complete verification procedures for determining system ¢

agency-to-obtain-the-appropriatereferepece——0m8m8

5  Activity coordination procedures

ty coordination procedures shall include information required by space operations crew

by coordination briefing shall be held before operating the system equipment or performin
enance or servicing task. The purpose of an activity coordination briefing is to ensure t
ct procedures are followed during the performance of any function-involving on-site equipn
nsibility of the briefing official to ensure that personnel are theroughly briefed on all as
ty to be conducted. This briefing shall include, but not be_restricted to, communications
nction, emergency and contingency procedures in progress ar anticipated.

e

6 Safety procedures

in
ti

afety procedures shall include rules for evacuation of the operation crew and on-site safety
g personnel. The procedures shall include infétmation sufficient in scope to advise visiting

dures shall describe the escort/visitor relationship, location of safety equipment, reaction t
gency conditions and communications-procedures.

7  Operations centre inspections and system test procedures

ctions and system test procedures shall provide the space operations crew during alert with
iqular space system. in\each case, the amplified procedures in this clause and applicable c
m status. System,test procedures shall augment the verification of system status and enhar

space operations crew member to isolate problems and restore the space system to fu
re. If deemed necessary by the acquiring agency, an abbreviated checklist shall i
dures.

bperations handbook shall include verification/inspection procedures performed by persor

members to
bf scheduled

ties, operational and maintenance support tasks, emergency procedures and-administrativg matters. An

) any on-site
hat safe and
nent. It is the
pects of the
and normal,

briefings for
personnel of

hg site hazards, alert procedures, hazardous operations scheduled or in progress and dangg¢r areas. The

b announced

a verification

5tem capability and system’ status. The extent and complexity of these procedures shall d¢pend on the

brresponding
apability and
ce the ability
| operational
clude these

s other than

p operations crew members

Equipment status verified by crew personnel during the verification/inspection shall include mission-essential
equipment. Verification/inspection procedures for equipment requiring less frequent status verification shall be
in other space system technical orders.

4.2.4.8 Communications equipment procedures

Communications equipment procedures shall include the descriptions of activities required to inspect, start up,
initialize and operate equipment and to perform diagnostic tests. These procedures shall also include
requirements for isolating communications equipment from space system equipment. Either the operations
agency or the acquiring agency may request a stand-alone operation handbook for complex or highly
integrated communications equipment.
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4.249 Ground system procedures

The ground system procedures shall include the descriptions of activities required to inspect, start up, initialize,
configure and operate equipment and to perform diagnostic tests. These procedures also include the
requirements for isolating ground systems from communications equipment. Either the operations agency or
the acquiring agency may request a stand-alone operations handbook for complex or highly integrated ground
systems. The ground system procedures include ground segment nominal operation procedure and
contingency procedure that includes error finding, identifying and isolating the most probable system
malfunctions that could occur during mission operations and recovery functions including switching to a
redundant system corresponding to the style of their ground segment.

42410 M

tions
ents.
ail to

Mission planhing procedures shall include the necessary actions to be performed by the space‘oper3
crew to achigve the long- and short-term mission planning necessary to accomplish all mission. requiren
Amplified pr@cedures and the applicable corresponding abbreviated checklist shall contain_sufficient de
ensure all aspects of mission planning are accomplished.

4.2.4.11 Mission execution procedures
Mission exe
operations ¢
personnel in

needed to id

ution procedures shall contain mission execution requirements toybe accomplished by 3
rew personnel. These procedures shall be in sufficient detail %0 direct space operations
accomplishing mission execution of space assets. These proeedures shall include the me
entify and correct system anomalies.

pace
crew
hods

42412 Post-mission procedures

tions
hel in

procedures shall contain post-mission requirements to be accomplished by space operd
hel. These procedures shall be in sufficient_detail to direct space operations crew person
g shut-down and reporting procedures (if applicable to the space system).

Post-mission
crew person
accomplishin

4.2.5 Missjon operating procedures (Clause-3.0f handbook)

Mission ope
operation re
duties. It sha

rating procedures shall contain detailed information for satellite and related ground seg

I include briefings and procedures to be conducted during normal and contingent case duty

ment

quired by the space operations crew in the performance of normal and contingent operalional

shift,

other
(e.0.

mission planning, mission execution, .post-mission, training operations, mission verification and such
operations ap may be applicableCor-specifically required by the acquiring, operations, or owner agency.
SOOH Vol. § describes nominal-and contingent mission operation and related ground facility).

Clause 3 shall consist of\thtormal and contingent operational briefings and procedures required of s
operations cfew personnél during the course of a duty shift. The procedures shall identify requirements
the point of grew arrival’on-site, during daily or recurring tasks and until crew departure following complet
the duty shiff]

pace
from
on of

Operational s a v W PO vice—armp dures
sufficient to ensure complete, accurate and timely accomplishment of these functions. This clause shall
contain simplified procedures, such as operations centre security. This clause shall explain complex or lengthy
procedures in amplified procedures format.

The contents of Clause 3 shall include those crew briefings and procedures required to determine system
status, maintain operational capability, execute mission, conduct post-mission operations and ensure secure
operations.

4.2.6 Space segment contingency procedures (Clause 4 of handbook)

The contingency procedure shall primarily make it possible to establish whether a contingency originates from
the space segment or ground segment. After any necessary troubleshooting operation (making clear the error
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source in space or in the ground segment), the operating agency shall isolate the error source and recover
satellite capability.

Space segment contingency procedures shall enable a space operations crew to identify and isolate the most
probable system malfunctions that could occur during mission operations. These procedures shall include
troubleshooting guidelines for internal and external problems (solar flares, interference for Earth sensor unit,
noise figure of thermal noise to ground tracking antenna, etc.). Those systems that have redundant or backup
equipment shall provide the required procedures to maintain the operational status of the system. Clause 4
shall contain remedial actions by the direction of the acquiring agency. For ease of reference, malfunctions
shall be listed by subsystem and in order of impact on space operations or on operational mission status. See
Table A.1, Vol. 2: Satellite nominal and contingent operation description in LEOP, IOT (includes control for

initial-aeguiring-rission-orbit):

Clauge 4 shall contain information for the identification, isolation and correction of systenrmalfunctions that

occu
to ing
shall
techr
etc.)
malfy
and 9

indicate the effect of the malfunction on the system, probable cause ahd corrective action. In

spac
4.2.7

Oper
other

Claug
cons
limita
be in
limita

4.2.8

Grou
that 1
safet
Claug
actio
opers
occu

. It shall include space system operations crew procedures. The information shall be,of su
lude corrective procedures for abnormal conditions (induced by internal and/or external co
be in sufficient detail to enable crew personnel to accomplish appropriate procedures usir
ical data or under the direction of the competent technical authority (system ehgineers, co

Malfunction identification procedures shall be developed for ready ‘reference to
nctioning system and the malfunction indication within that system. The procedures shall
imple as possible, consistent with the action necessary to remedy the malfunction. The infg

p system shall present standardized malfunction analysis procedures insofar as possible.

Operating limitations (Clause 5 of handbook)

bting limitations shall contain those limitations thatimpose a restriction, affect system
wise adversely affect system operations or system capability.

e 5 shall contain operating limitations imposed as a result of system configuration

tion and its application to the space system. In discussing limitations, applicable tables and
cluded, as needed. A classified supplement to the operations handbook shall include
tions of a classified nature.

Ground segment emergency procedures (Clause 6 of handbook)

hd segment emergency procedures shall specify the procedures to be followed in meeting
hight reasonably oecur. These procedures shall limit those emergency conditions, personng
y factors that could reasonably reduce the possibility of personnel injury or safety ru
e 6 shall include’ required crew reactions to correct or contain emergency conditions or
s in accordance with established directives. Clause 6 shall clearly define safety hazards
tional procedures and emergency situations to ensure crew recognition of an emerger
ring during any phase of space operations.

ficient scope
hditions) and
g authorized
mmand post,
a particular
be as direct
rmation shall
Clause 4, the

accuracy or

operational

deration and environmental restrictionsxas applicable. It shall include a description of ¢ach specific

graphs shall
operational

emergencies
| actions and
e violations.
brohibit crew
, emergency
cy condition

Claus

e-®shall limit those space operations crew emergency procedures necessary to ensure safe recovery in

the event of a critical malfuncfion or emergency condition occurring during mission operafions. Tt appropriate,
procedures shall include information prohibiting certain crew actions which, if accomplished, would violate
established space system safety directives. Information shall be included to enable crew members to
recognize a hazardous condition and take appropriate action.

Clause 6 shall include procedures designed for crew identification of emergency conditions, corrective action,
and emergency operations procedures. Additional safety information may be included; it shall be restricted to
items of personnel safety (i.e. high voltages, high pressures and environmental hazards), but shall not include
items of a purely first-aid nature.

Clause 6 shall include textual material, amplified procedures and an abbreviated checklist for emergencies
that the crew can normally expect to encounter during duty shifts or maintenance activity. The amplified
procedures shall include sufficient textual material to define the immediate effect the emergency condition will
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have on system capability and actions that are within the crew’s capability to restore mission effectiveness.
Clause 6 shall include procedures, as applicable to the space system, for use during a fire or overheat
situation, hazard situation, security system violations, or space system safety violations.

429 Crew

duties and responsibilities (Clause 7 of handbook)

Clause 7 shall specify those crew positions and duties required to operate space systems during the nominal
and off-nominal operations that are required by each operating agency corresponding to the style of their
ground segment. It shall include the title, duties, and responsibilities of individual space operations crew
positions. It shall include information furnished by the operations agency and shall contain no information for
which engineering responsibility could become an issue.

Lulary (Clause 8 of handbook)

4.2.10 Voca

As needed, the operations handbook shall contain a vocabulary list. The vocabulary list shall include technical
terms, definifions, acronyms, symbols and abbreviations used in the handbook and shall\be arranged in
alphabetical prder.

Naming conyention shall facilitate simple and correct access and use as standard,“throughout a satellite
project avoigqing error and saving time (i.e. same name or mnemonic in all the-documentation from the
manufacturef to the operator and in compliance with the database).

4.3 Classjffied material/document

The format,|content and revision of the classified space operations material shall be identical tp the
unclassified gpace operations material that it supports. Arrangemént and presentation of classified data| shall

be in accor
additional re
of the classif]

The acquirin

handbooks s
in that the titl

4.4 Abbrg

4.41 Abbr

The abbrevi
checklists.

be publishe

information necéssary to safely and effectively accomplish the required task. The checklist shall show
what to do ahd?When to do it, not how to do the work. The checklist shall also include the identification

ed handbook.
j agency shall plan to publish a classified ‘and unclassified handbook only when necessary.

hall be completely cross-referenced:t6.one another. The method of referencing shall be ide
e pages and tables of contents shall reference one another.

viated checklists and step-by-step procedures

eviated checklists

nder the supervision of the acquiring agency, the contractor and the owner and/or operd
agency shall jointly prepare abbreviated checklists for use with space operations systems. The owner
verify the ché¢cklist procedures prior to final publication. Unless authorized, preliminary procedures shou

ance with the applicable requirements established for the unclassified handbook and
uirements as determined by the acquiring ageney. A foreword shall cover the scope and cd

ted checklist applies when the acquiring or operations agency specifies separate abbre

to support operational requirements of the owner agency. Checklists shall contain only

such
ntent

Both
htical

iated
tions
shall
d not
that
only

pf the

amplified procedure from which the checklist is derived. The owner shall prepare an abbreviated operations

checklist whe

n one or more of the following conditions exist:

cation between individuals is necessary to control or monitor task progression;

adversely affect mission capability;

a) communi
b)
c)
d) thetaski
14

there is potential injury to personnel unless prescribed procedures are followed;

s critical to mission accomplishment.
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Checklist data shall include instructions that duplicate, in abbreviated form, the corresponding actions
contained in the amplified procedures. The data shall consist of a step-by-step format and shall be limited to
the material necessary to accomplish the action. The data shall have a triple-column format: crew duty
position performing the step in the first column; step number in the second column; and actions to be
performed in the third column. Placard information and responses shall be printed in upper case letters or
figures (e.g. COMMUNICATIONS LINK OUT). Step-by-step presentations need not consist of complete
sentences. Leaders, e.g. SATELLITE CONTROL CONSOLE, shall be inserted between columns on the left
side of the page.

References to applicable operations or maintenance manual clauses and subclauses required to correct a
malfunction or continue a mission operation shall be listed immediately following the task. Inclusion of such
addit

analdata chall ha limitad ta infarmatinn that ic accantiagl tn arcamnlichina tho tacke
Ofar-Cata-Staro e e ato o ato R a5 eSS Rtahtoa6EoMPHSHRG e A5 KS:

o that effect.
number and

The reverse side of checklist pages that are intentionally left blank shall not contain a statement
Numbers of the blank pages shall appear on the preceding page immediately following that-page
sepafated by a slash (/).

EXAN

PLE 317/318, 318 being the blank page.

Whe
of e

marg
numbk
to a

funct
and {

Acqu
with
they

4.4.2

In lie
be a
shall
inforr

a page numbering sequence is broken as a result of pages being deleted because of a ch
ctive pages shall reflect the update. A statement indicating the deletions shall be placed
n of the preceding page or the top margin of the following page to show the reason for the |
er continuity. The statement shall be in the following form: “All.-data on Page XX deleted.” W|
function within the emergency procedures checklist result_invaddition or deletion of ste
on, the revised and reissued entire function shall avoid any. break in sequential page or stg

revent any pages or major portions of any page within the-function from being blank.

ring agencies shall ensure that inclusion of special*notices is kept to an absolute minimu

brocedural requirements. When included, warnings, cautions and notes shall precede the ag
efer.

Step-by-step procedures
I of separate abbreviated checklists) the step-by-step procedures used by space operation

jointly determine which procedures are step-by-step. Step-by-step procedures shall con
nation necessary to accomplish the required task safely and effectively. The step-by-ste

ange, the list
n the bottom
reak in page
hen changes
bs within the
p numbering

m consistent
tion to which

5 crews shall

in only that
procedures

ailable for lengthy or critical precedures or both. The contractor and the owner and/or oper}iions agency

shall jhave the following characteristics.

a) [Fach step-by-step’procedure shall start at the top of a page.

b) $tep-by-step.ptocedure titles shall be at either the top or bottom of each page.

c) Allillustrations shall appear at the end of the clause to which they apply.

d) Narratilve prolcelijrfs shall appear at the beginning of the appropriate clauses and the|step-by-step

rocedures statt-fottowsequerntiatty:

e) Each step of the procedure shall be numbered. There shall be no lettered sub-steps in the step-by-step
procedures.

f)  Procedures shall consist of numbered clauses.

g) Introductory text (lead-in clauses) shall not be included in step-by-step procedures, but shall appear in the
appropriate clause.

h) Lead-in statements referring to particular items of equipment or alternative actions shall be underlined.
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i)  Where lead-in statements reference nomenclature and steps, the nomenclature shall appear first and
applicable steps shall follow.

i) Amplification of steps shall be included only when necessary.
k) Information applying to several steps shall appear as a note or lead sentence, as applicable.

I) Step-by-step procedural steps shall contain actions to be checked, observed, or verified and arranged in
order of performance.

m) Applicable cautions and warnings pertaining to personnel injury or equipment damage shall be included in
the proc].du.c.

n) Prior to final publication, step-by-step procedures shall be verified.
A separate |and distinctive checklist shall be prepared that covers appropriate emergency-amplified
procedures and mission continuation procedures as contained in Clause 4. The emergency proceflures
checklist shdll be restricted to those crew procedures required to safeguard the equipment, prevent inj:l:ry to
personnel, or continue mission functions involving hazardous conditions or operafions. Pages within this
checklist shgll have the same format as the normal procedures checklist (see examples in Tables B.1, B.2
and B.3).
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Annex A
(informative)

The operational documentation tree and procedure

A.1 General

This fnnex lists the kinds of operational handbook that include the description and the process uged for space
segnlent satellite operation and ground segment operation.

The Fkatellite-developing agency (i.e. satellite manufacturer) shall provide the documentation| [i.e. satellite
opergtional handbook (see example in Table A.1)], which is often a descriptive documentation of the satellite
and glso provides input for FCPs (see example in Table A.2), and which shall be)written and quglified by the
opergtion agency’s operation crew and/or operation teams.

The ground-segment-developing agency (i.e. ground segment manufacturer) shall provide the dgcumentation
of grpund segment operational manuals (see ground station configuration manual in Table A.3) and GCPs
(see [Fables A.3 and A.4), which are written by the operation agency’s,eperation crew and/or operation teams.

A.2 |Configuration of operational document

The pperational documents needed for space segment satellite operation and ground segment operation
inclugle the four handbooks/manuals shown in Figure’A.1 and Tables A.1 to A.4.

The operational handbook

Satellite operational Satellite’flight control Ground segment control Ground network operation
h@ndbook procedure (FCP) procedure (GCP) manual
I+~ SOOH — TLM monitor manual |— Station configuration — Data and gommunication
(Buss and mission operation) manual (Ant, RF, BB, CPU) link connegtion
- SOP voice, datf, Admin'-
— CMD operation manual — RF operation manual
T CSOP. (Buss and mission operation) (Carrier acq, DL lock, — MSG excHange test
spectrum monitor)
T SOCP — Orbit operation manual — AOS-LOS|operation
(ORB monitor and control) — U/L sweep sub-carrier
SOE focK operation manuat —timkconmection release
— SOE progress control checklist (mod ON manual)
— DB (operation go/no-go control)
— (Ranging operation manual)

L— BB operation manual
(TLM demod-synch, CMD mod)

Figure A.1 — Example 1: The operational handbook tree — JAXA case
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A.3 Elements

The following abbreviations and acronyms are used in Tables A.1 to A.3.

CSOP
CPU
D/L
DB
FCP
GCP
10T
MNVR
MSG
OBC
RNG
SOCP
SOE
SOOH
SOP
u/L

18

contingency SOP

central processing unit of computer

down-link

database that includes satellite data and related data for ground segment

flight control procedures that include satellite tracking control operation manual

grc|>und segment control procedures that include tracking station operation manual

in-

m4

message

on

Drbit test

noeuvre

tboard computer

orbit ranging (range, range rate and azimuth/elevation angle of ground tracking antenna measuring)

Sa
se
sa

sa

up

ellite on orbit checkout procedure used in IOT
juence of (operational) events

ellite on orbit operational handbook

ellite operation procedure

Llink
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Name Contents Comments

SOOH (Satellite on orbit operational handbook) Separated in

volumes for the
— Vol. 1: Satellite description of performance and function. convenience of the
—  Vol. 2: Satellite nominal and contingent operation description in operator’s handling.
LEOP, 10T (includes control for initial acquiring mission orbit).
— Vol. 3: Normal phase (mission phase) operation.
— Vol. 4: TLM data description.
— Vol. 5: CMD data description.
— Vol. 6: Satellite drawing; block diagram with TLM outlet and CMD
inlet in each subsystem component. Timing chart description in
controller and OBC.
— Vol. 7: Satellite data book that lists database source.
— Vol. 8: Descriptions and operational requirements for mission
equipment and related ground facility).

SOP (Satellite operation procedure) Data chpnge is

Presents operating CMD and related TLM data changde to be monitored specifief! by fimit
o . . - check OB.
with time constraints data and off-nominal status-specifications.

CSOP (Contingency SOP) Includeg crew’s
Presents operating CMD and related TLIM data change to be monitored continggnt work flow.
to separate and/or recover from error,status.

SOCP (Satellite on orbit checkout procedure)

Developing agency use to cheek satellite on orbit performance and
functions before satellite hahd-over in IOT phase.

SOE (Sequence of events) See Talple A.2,
Presents orbital events (eclipse, visibility of satellite), satellite operational operatlc‘nal event

y : progresp control
events (AOS, attitude and orbit control, solar array paddle deployments, checklist
imaging data aequisition of satellite, LOS), and ground segment '
operation-events (satellite tracking control software operation, RF
operationy-network switching).
Satellite operation crew and engineer mainly refer to SOE, and mission
conductor uses additional ground segment event checklist.
DB (Database) The datpbase is
. . ft li th
Database that includes satellite data and related data for ground segment oren sypp led by the
T . . : ! satellite|manufacturer
(TLM monitor limit value, TLM engineering unit conversion factor, CMD with thel satellite
definition data, RF transponder delay data for orbit determination, gas-jet information and
systems thruster performance data, amount of usable propellant for completed by the
attitude and orbit control). operatidn team with

ground segment and
operation data.
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Table A.2 — Example 3: Satellite flight control procedure (FCP) (manual)

Name

Contents

Comments

TLM monitor manual

The TLM monitor operator uses the manual at his monitor console
and consists of the following three parts with recommended TLM
quick-look display and TLM data graphical trend display monitor.

— Part 1: Eventual monitor description

In LEOP, IOT satellite operation phase, in pre-AOS check, in
post-LOS check and CMD transmission monitor events (in
each satellite event monitor, i.e. MNVR monitor).

— Part 2: Normal operation monitor description
Housekeeping cyclic monitor check through mission phase.
— Part 3: Contingency monitor description

Description to find out and report off-nominal status and
describe possible tentative process for separate and/or
recover from error status before satellite designer/developer’s
arrival.

CMD operatign manual

The manual describes the operation workflow. The CMD operator
uses at his monitor console. Corresponding to SOE, the manual
describes how to configure the required CMD sequencelfrom the
SOP and/or individual CMD installed electrically inthe.ground
computer system and transmit and monitor the GMD reception in
the satellite receiver unit.

CMD operator shall
refer to SOOH \fol. 5:
CMD data
description.

Orbit operatign control
manual

The manual describes the operation workflow and the flight
dynamics software workflow that includesranging, orbit
determination and propagation, MNVR planning, MNVR CMD
parameter set-up for SOP and CMDZdperator.

The manual describes the method of post MNVR orbit control and
thruster efficiency evaluation. The manual describes MNVR
contingency judgement front the perspective of thrust time duration
versus its efficiency.

Operational event progress
control check|ist

Mission conductoruses the manual (checklist) to judge go/no-go
check of a satellite’ event (SOE) and related ground segment event
(RF acquisition;y’network switching operation, software operation,
etc.) processing.

20
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Table A.3 — Example 4: Ground segment control procedure (GCP) (manual)

Name

Contents

Comments

Station configuration manual

The manual summarizes station operation items, RF operation, BB
operation, network switching, computer system operation for
satellite tracking control.

The manual describes the station operation mode, timing chart and
signal/data line/network drawing.

a)
b)

Local control: controlled at each equipment panel.

Console control: station configuration changed from console.

Mainly GCP means
station configuration
manual.

c)
site (i.e. changed from tracking control centre).

d)
equipment.

Remote control: station configuration changed from another

Operational description and performance of each item of

D/L g

arrier acquisition

mandal

The manual describes the operation workflow.

The manual describes the D/L carrier lock procedure.

U/L
acqu

weep and sub-carrier
sition manual

The manual describes the operation workflow.

The manual describes the method of U/L sweep and sub-carrier
lock (PLL) procedure by modulator ON.

BB o

peration manual

The manual describes the received TLM deémodulation, TLM
flame/bit synch lock and data transmjssien to station computer.

The manual describes the method of CMD modulation and CMD
transmission to the satellite.

Table A.4 — Example 5: Network operation manual

Name Contents Comments
Communications link The procedure describes the network switching and
conngction procedure communications link connection among stations.
Test data transmission and | The procedure describes the test data transmission and confirming | Acknowjedge,
conngction procedure process: voice, administrative message and test data transmission. |encodefdecode, etc.
test.

AOS
procq

LOS operation
edure

The procedure describes the TLM/CMD/RNG operation workflow.

Com
releal

munications.Jink
Se procedure

The procedure describes the link release procedure.
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