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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document 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 document 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.
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INT

ERNATIONAL STANDARD ISO 23041:2018(E)

Sp

ace systems — Unmanned spacecraft operational

procedures — Documentation

1

Scope

This document establishes standards, current guidelines and uniform procedures to minimize

dupl

) )
ercial space community. This document provides recommended practices for theg

of sfgace operations and support documentation, which should facilitate the sharing af
of beneficial information between organizations involved with space operations. Thi

esta

blishes a common interface to simplify space operations planning and reduce the effo

learn and work with new space programmes and support organizations.

2

Normative references

Therk are no normative references in this document.

Terms and definitions

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

ISO gnd [EC maintain terminological databases foriise in standardization at the following z

31

[EC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp

abbreviated checklist

com
by-s

3.2

prehensive list of items andjtime schedule of tasks to be done that are needed to chec
flep task at the telemetry/command (TLM/CMD) console and at the network console

acquiring agency
orgahization thatds planning and managing the development and acquisition contracts f

syst

gm, understands the engineering and technical aspects of the system’s operation ai

provjder of particular equipment if necessary

3.3

developing agency
orgamnization that develops the spacecrait and operation System under Contract to the acqu

e emerging
levelopment
1d exchange
5 document
't needed to

ddresses:

k each step-

br the space
hd acts as a

Note 1 to entry: One organization may constitute more than one of these agencies.

3.4

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

3.5

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

© ISO 2018 - All rights reserved
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3.6
operations crew members
personnel who will be using the operations handbook to support space systems

3.7

separate and distinctive checklist

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

3.8
spacecraft operation handbook
handbook thatinctudesinforms e

39
tracking control segment
ground system consisting of the facilities of spacecraft tracking, ranging and telemetry(I'LM) mopitor
and command (CMD) control

Note 1 to enftry: The launch segment includes the pre-launch segment, the spacecraft, segment includgs the
mission segnjent and the ground segment includes the facilities and operations handhoek:

3.10
space system operation
operation that contains launch segment operation, spacecraft segment.operation and tracking control
segment op¢ration

Note 1 to entry: The launch segment operation includes pre-launch segment operation and the spacgcraft
segment operation includes the mission phase segment and the pest*mission phase segment.

4 Symbagls and abbreviated terms

AOCS attitude and orbit control subsystem
AOS acquisition of signal

BB base band

CMD command

EL elevation anglé

FCP flight contrél procedure

FDIR fault«detection, isolation and reconfiguration
GCP ground segment control procedure
I0T 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 © ISO 2018 - All rights reserved
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PS power subsystem

RF radio frequency

SOE sequence of events

SOOH satellite on-orbit operational handbook

SOP satellite operation procedure

STR structure

TCS thermal control subsystem

TLM telemetry

TTC tracking, telemetry and command subsystem

5 Documentation

5.1 | General preparations

5.1.1 General

Unless otherwise specified, the operation handbook and checklists shall include a reprodugible copy in
a digital format specified by the acquiring agency. If the magnitude of the information to[be included
in the operation handbook is such that a single velume is not practical, then more than|one volume
may pe used to provide the material. The operation handbook shall contain a revision record when the

docujment is changed or revised.

5.1.2

The
subs
of ea

Whe
pring

Arrangement of material

Hocument shall contain a main table of contents. At the beginning of each clause, the
diary clause table of contefits. The clause table of contents shall include the page num
ch sub clause or major subject headings.

h classified or proprietary information (needed for operation handbook) is involve
iples established-for'the treatment of the main table of contents shall be followed. Th

of contents shall contain numbers and titles of clauses with their initial page numbers, t

cont

EXAN
of sp4

Spac

hin any classified or proprietary information.

cecraftfor troubleshooting.

e @peration handbooks are normally unclassified. If the space system classification gui

e shall be a
ber and title

d, the same
b main table
ut shall not

PLE QOperation crew members sometimes need detailed classified or proprietary designp information

de identifies

the subjects as classified by the space systems operation crew members requirements, in accordance
with current classification standards and for these classified subjects, the operation agency shall
prepare a separate classified handbook or a classified supplement of the basic handbook.

The heading of the first or introductory paragraph of each clause shall be general in nature 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

expe

© ISO

cted to use the handbook.
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5.1.3

IMustration

The operation handbook shall contain the following illustrations:

a)
b)

c)

d)

general

illustrations depicting the space system configuration;

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

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;

sufficie
signific

Abbreviatio
operations |

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

hs, symbols, reference designations and colour coding references used ,in ‘the f§
1andbook shall also be specified, where applicable.

> operation handbook

eral
peration handbook shall provide the following:

description of the space system giving the purpose, main features and particulars d
rstem and supporting facilities [satellite segment, strueture (STR), attitude and orbit co
em (AOCS), thermal control subsystem (TCS), tragking, telemetry and command subsyj
power subsystem (PS), payload communications-subsystem and payload subsystem]
d segment description giving both general-and detailed information, including elecf
ubsystem, environmental control subsystem, auxiliary equipment, communications,
egment, launch segment and mission life)segment.

hg functions giving general informadtion, including the process and functional explanat
ns centre security procedures,)changeover procedures, status and fault monitd
coordination procedures, safety procedures, operations centre inspections and syj

test prLcedures, communications\equipment procedures, ground system procedures, mi

procedures, mission €xecution procedures and post-mission procedures includin
d re-entry.

operating procedures giving detailed information and defining individual and
ibilities.

Segmenjt contingency procedures giving troubleshooting guidelines and remedial actions.

hg limitations giving a description of specific limitations.

lip of

pace

f the
ntrol
stem
and
rical
pre-

ions,
ring,
stem
5sion
b de-

crew

and

ségment emergency procedures giving detailed emergency operations procedureg

corrective action.

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

Vocabulary giving technical terms, definitions, acronyms and abbreviations.

5.2 Space

5.2.1 Gen

The space o

a) General
space sy
subsyst
(TTC), §
a groun
power 9
launch

b) Operati
operati
activity|
plannin|
orbit an|

c) Mission|
respong

d)

e) Operati

f) Ground

g)

h)

4
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5.2.2 Overview

5.2.2.1 Front material

Front material shall include the bulleted list items in Figure 1. The cover/title 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

sheet

varid
new

5.2.2

Each|
requ
claus
beco
nota

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

de the scope of the operation handbook and indicate the technical proficiency gxp
us space operations crew personnel. The foreword shall also indicate special ifiteres
levelopment items and critical operation items.

.2 Requirements for clauses

operation handbook shall include the clauses listed in Figure 1. Additional clauses maj
red. If a clause is not applicable, the title of that clause shall appearen the last page of 1
e along with a notation that the clause is not applicable or that‘information will apy
mes available. The title of the clause shall appear in the maindable of contents with an
fion.

As a

supplort during:

a)
b)
‘)
d)

e)

The
shall

simplle, concise and-iinderstandable layout, consistent with space system requirements.

using
pres

If thd
shall

propriate, each clause shall have separate sections for information pertaining

re-launch period;
unch early orbit;
perations in nominal mode;

perations in degraded mode (périod when the satellite is no longer fully operational &
rbit); and

ost-mission phase (satellite end-of-life process).

format for the presefitation of the text, the amplified procedures and the abbreviate
be at the discretion’of the acquiring agency. The format shall present the crew pro

b digitized te€chnical data, the visual template and the text shall be formatted sg
entation willbe identical to the printed data.

operations agency does not require a printed page of the visual display, the visual dis
corhply with the style and format of a printed page. Each page of the emergency proce

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

isepission shall

bcted of the
t items, e.g.

y be added if
he previous
ear when it
appropriate

to satellite

ut is still on

d checklists
redures in a
For systems

the screen

play format
Hures clause

shall

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

Warning marks “1” and contingent check segments “2” shall be selected by the operation agency.

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

© ISO
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Front material

Cover/title page
List of effective pages

o Verification status sheets

Table of contents

List of illustrations
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

YYDDDHHMMSS Spacecraft morlntor and operation Subsystem: ACS
display Page: XXX
(TLM date) (TLM data)
North Solar cell gen-current: i.ii
Roll angle : x.xx South Solar cell gen-current: 1.11
Roll rate : y.yy
Pitth angle : w.wiy Main buss voltage : h.hh
Pitth rate : z,zz Batt 1 discharge current : m.mm
yaw angle.estvc.cc Batt 2 discharge current : n.nn
yaw rate'est : d.dd 2
— Contingent status X /
ESA Earth pre’: No
FSS Sun Pre’: N
un Fre = o Link/Network segment? : NO
Safty logic : activated
Spacecraft segment? : YES
1—1 Ground segment? : NO

Figure 2 — Visual display page of an emergency procedure

6 © ISO 2018 - All rights reserved
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warning marks

contingent check segments

5.2.3 Space system description (Clause 1 of handbook)

5.2.3.1 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

part

The
sour
the
sevel
desc
and 1

The
the 4
oper
oper

5.2.3

5.2.3

A ge
attity
payl
deta
discy
shall
thein
to un
may
the ¢
shall

culars 1or the space system.

Fiption, launch segment description and the mission life segment (including the post-m
he reduced operation phase).

batellite developing agency (i.e. satellite manufacturer) shall provide the documentati

htion procedure (SOP). By extracting the needed informdtion from SOOH and other
htion agency shall provide FCPs (see example in Table A.2).

.2 Satellite segment

.2.1 General

ide and orbit control; propulsion; thermal control; tracking, telemetry and comm
ad/mission communication; payload; and OBDH. Subsequent clauses shall describ

be of sufficient detail to provide an understanding of the purpose and function of the

derstand subsystenyfunctions peculiar to the overall system. Highly complex satelli
Fequire a stand-alone Satellite segment operations handbook. [llustrations shall be use
xplanation of system interrelation and component function. Separate appendices of
describe, as-needed, each of the satellite segment subsystems, depending on the vq

telenpetry and cethmand material provided.

5.2.3
The

.2.2 Structure subsystem (STR)

STR information shall include a description of the structural components with dim

Hescriptions of system and supporting facilities shall contain sufficient detail £6 proy
e handbook of general system information. Illustrations shall clarify a particularsystd
erbiage necessary for explanation and aid in understanding the system. Clause 1 shg
ral sub clauses: satellite segment description, ground segment descriptioh, pre-lauf

bove mentioned descriptions, i.e. satellite on-orbit operational handbook (SOOH) 3

neral description of the satellite segment shall include the following subsystemsg:

|1 the subsystems peculiar to that satellite segment. Such information shall includ
|ssion of satellite segment operations to include a description of major subsystems. Thd

relation to overall systehm-operations and such additional information to enable the ct

ride a single
m or reduce
1l consist of
ch segment
ission phase

bn including
ind satellite
sources, the

structure;
hnd; power;
P in greater
e a general
description
subsystems,
ew member
e segments
1 to simplify
handbooks
lume of the

pnsions and

particular data concerning component locations, plus the location of other subsystems, if necessary, to

affor

d a better understanding of the satellite construction.

5.2.3.2.3 Attitude and orbit control subsystem (AOCS)

The AOCS information shall include a brief description of the purpose and type of attitude control and
give a more detailed description of the components and their respective functions, including sensor
unit, regulator unit and actuator unit (which includes the thrusting unit). lllustrations shall be used to

simp

lify the explanation of system interrelations and component functions.

If the actuators of AOCS are allocated functions to conduct collision avoidance, disposal manoeuvres,
depletion of residual fluids, or controlled re-entry, this shall be described in the AOCS information.

© ISO
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5.2.3.2.4 Propulsion subsystem

The propulsion subsystem information shall include a description of the purpose and type of engine
or motor, and provide a detailed description of the components and relation with any AOCS actuators.
[llustrations shall be used to simplify the explanation of system interrelations and component functions.

5.2.3.2.5 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. [llustrations
shall be usefl to simplify the explanation of system interrelations and component functions (e.g,-heater,
radiator).

5.2.3.2.6 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}arnd 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. [llustrations shall be used-to simplify the explanption
of system interrelations and component functions.

5.2.3.2.7 Power subsystem (PS)

The PS information shall include a description of the power system, distribution system, storage system,
power conttol and sufficient detail on operations and configuration of power system compoments
to provide pn understanding of the system operations;*[llustrations shall be used to simplify the
explanation|of system interrelations and component functions.

5.2.3.2.8 Payload/mission communication subsystem

The payload/mission communication subsystem information shall include a description of the
payload/migsion communication subsystem (antenna unit, RF unit) and its function with operatjional
configuratign.

5.2.3.2.9 Payload subsystem

The payloadl subsystem information shall include a description of the payload subsystem, mipsion
sensors, data formatting/-data recording and data playback control processors. Sufficient detdil on
operations and configutation of payload subsystem components shall provide an understandihg of
system opefrations.\NHustrations shall explain the simplified system interrelations and compgnent
functions.

5.2.3.2.10 Ombuarddatatramdting umit (0BDH)

The OBDH information shall include a description and configuration of the OBC and OBS that provides
an understanding of system operations and the following functions:

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

c) FDIR for satellite safety and survivability (i.e. error source detection and recovery; prevents drain
on satellite electronic power resource, satellite attitude missing); and

d) automatic, autonomous and robotic data processing for payload mission operation.

8 © ISO 2018 - All rights reserved
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The illustrations shall explain the simplified system interrelations of each function and related
subsystems.

5.2.3.3 Ground segment

5.2.3.3.1 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

acce

s and power cycfﬁmc Detailed discussionsshallinclude the data PrOCEeSSOL, datastora

e, telemetry

proc

supp
oper
man;

The
segn
proc

5.2.3

A de
unin
gene

5.2.3

A de
subs
heati

include the equipment interface withcthe alarm and detector system.

5.2.3

A de
perfy
secu

5.2.3

A de

payl
secu

bssor, data switching, external interfaces, antenna/array, transmitter, receiver ang
ort equipment required for system configuration as they support space operatigns cy
htions. Highly complex ground systems can require a stand-alone ground.system
hal. [llustrations shall explain the simplified system interrelations and component fun

bround segment developing agency (i.e. ground segment manufacturer) shall providg

bdures (GSP, see Tables A.3 and A.4), operation agency’s operation.érew and/or operati

.3.2 Electrical power subsystem

scription of the electrical power subsystem shall in¢lude normal, standby, eme
ferruptible power sources, with a description of distribution components, switch gear]
Fating equipment.

.3.3 Environmental control subsystem

scription of the environmental control~subsystem shall include the environme
ystem for the space operations centre-and equipment areas, and a general descri
ng and ventilating equipment and.associated maintenance support equipment. A desc

.3.4 Auxiliary equipment

Scription of the auxiliary’equipment shall include equipment that is required by the
rm other subsystem-functions, such as fire detection/suppression, environmental
ity detection.

.3.5 Communications

scriptions'of the communications systems shall include, but not be limited to, highg

| associated

ew member
operations

ctions.

the ground

ent operational manuals (see Table A.3) and the operation agency shalhprovide the grojyind segment

bn teams.

rgency and
and power-

htal control
btion of the
ription shall

operator to
sensing and

r authority,

ad.communication control and payload data process, tracking, telemetry and comm|

inter

regarding normal, emergency, or malfunction operations in the applicable clause. High

é/non-secure voice, secure/non-secure data, multiplexing /de-multiplexing systems a

and control,
d inter-site,
ew activity
ly complex

communications systems can require a stand-alone communications system operations handbook.
[llustrations shall explain simplified system interrelations and component functions.

5.2.3.4 Pre-launch segment

The pre-launch segment shall provide information consistent with what operations personnel need
to know for the type of pre-launch phase support needed. Information shall also include the ground
segment schedule, the work with an overview of the pre-launch event sequence and the constraints
resulting from the pre-launch ground segment test (i.e. data system test with database verification)
and the interface test between space segments (i.e. radio frequency and base band compatibility test
and the data interface test).

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0f5964782802c038202b1f9bac95d5f7

ISO 23041

:2018(E)

5.2.3.5 Launch segment

The launch segment shall provide information consistent with what operations personnel need
to know for the type of launch and early orbit phase (LEOP) support needed. Information shall also
include an overview of the launch sequence plus telemetry, boost phase programmed events and other
launch phase items as appropriate. If information needed by operations personnel and provided in the
preceding satellite segment and ground segment sections is different during the launch phase, those
differences shall be identified in this clause as appropriate.

5.2.3.6 Mission life segment

The mission|
phase operd
and in the
-life operati
to know for
phase supp
with operat

5.2.3.7 Cq

If the satell
successful r
as operatiol

organization or countries.

5.2.4 Spa

5.2.4.1 G

The space s)
to full oper
in the datab
SOE and poq

In the IOT p
function of
over satellit

Clause 2 shd
contain dati
description
contained i
as needed. T

life segment shall describe the in-orbit test (I0T) phase, the mission phase and post-mi
tions. In the mission phase the operations agency executes every mission duty oper
ost-mission phase the operations agency executes degraded mode operationsand e
on. This clause shall provide information consistent with what operations personnel
the type of mission phase support and post-mission phase support needed.\\If post-mi
rt is to be provided, information shall include an overview of the post‘mission oper
on items and time limits.

ntrol re-entry segment

e-entry shall be allocated. The operator shall provide ré’entry segment information,
1 time sequence, re-entry trajectory, expected landing zone, and notification to re

ce system operating functions (Clause 2 of handbook)

tneral

’'stem operating functions clause shall'emphasize the process required to bring the sy
htional capability, status monitefihg, alarm/anomaly response by the limit check de
ase system (DB), mission planning, mission execution by the event go/no-go judgeme
t-mission activity through EEOP, IOT, mission and post-mission phase.

hase, the developing agen¢y and operating agency shall check the on-orbit performanc
bus equipment and-mission equipment. After the check, the developing agency shall
P operation to the‘operating agency.

1l contain a fuhetional explanation of the mission and contingency, i.e. SOOH Vol. Two
h needed fop-the space segment (see Table A.1, satellite nominal and contingent oper
in LEORNOT and control for initial acquiring mission orbit) and emergency proceq

other clauses (in the ground segment) of the handbook. Flow diagrams shall suppor
he‘functional description shall include the following, as applicable:

5sion
htion
nd-of
need
5sion
htion

te is disposed by controlled re-entry, a ground facility fer,command and monitoring for

such
lated

stem
fined
nt by

b and
hand

shall
htion
lures

text

a)
b)
‘)
d)
e)
f)

what is

g) whenit

h)

10

when the procedure shall start and terminate;
where the procedure shall activate, e.g. rack, console, or other location;

the time usually required for the system to complete a function;

accomplished by the procedure;

prerequisites for procedure execution;

procedure peculiarities, if any;

is possible (or prohibited) to accomplish the procedure; and

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

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0f5964782802c038202b1f9bac95d5f7

ISO 23041:2018(E)

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
tell who, what, when, where, why and how. Most procedures in Clause 2 and in Clause 3 shall be in
checklist format.

5.2.4.2 Operations centre security procedures

Amplified security procedures shall include functions accomplished by the relief crew and duty crew
necessary for personnel identification, classified inventory, check of warning devices (if applicable) and

specified equipment, as applicable to the space system.

5.24

Crew
Thes
relie
Proc

5.2.4

With
mon

and

priof
the g

.3 Changeover procedures

changeover procedures and briefings shall facilitate the assumption of duties by the
e procedures shall include briefings and procedures that will enable both the duty c
F crew to review, examine and determine the system status during the course of the

.4 Status and fault monitoring

regard to SOE event processing and satellite health &tatus, space system staty
toring received at the space operations centre can be présented by console indicatiof
hlarms. For abnormal indications, the operator shall teceive instructions on the beg
itizing crew actions and reacting to the indications, Instructions shall provide clear d
pace operations crew member to understand and react to these stimuli and to be ablg

relief crew.
rew and the
changeover.

bdures and briefings shall include material which assists in accomplishing an efflective crew
chanigeover.

s and fault
1S, printouts
t method of
rections for
e to perform

normal, emergency, and malfunction procedures tqisolate the condition and maintain maximum space

Syste
in or

and
a)
b)
‘)

5.2.4

Actiy

men

and

systg

m capability. SOE (see Table A.1) describes the sequence of procedures with the timing
Her to realize an operation and refers to the'FCP and GCP to be executed. In order to pel

fault monitoring, each agency shall require the following:

¢hecking and recording of the deyidations from the reference and reporting of its influe

q

election of the report formatof the status data card/characteristics sheet; and

maintenance of the DB-value (see Table A.3) by the operating agency after thg
the developing agency-toobtain the appropriate reference.

.5 Activity cooerdination procedures

ity coordindtion procedures shall include information required by space oper
ers to<ccomplish their duty assignments. Information shall advise space oper
ers of:scheduled activities, operational and maintenance support tasks, emergency
admiinistrative matters. An activity coordination briefing shall be held before oj
mrequipment or performing any on-site maintenance or servicing task. The purpose o

constraints
-form status

1C€E;

review by

hitions crew
htions crew
procedures
erating the
f an activity

coordination briefing is to ensure that safe and correct procedures are followed during the performance
of any function involving on-site equipment. It is the responsibility of the briefing official to ensure
that personnel are thoroughly briefed on all aspects of the activity to be conducted. This briefing shall
include, but not be restricted to, communications and normal, malfunction, emergency and contingency
procedures in progress or anticipated.

5.2.4.6 Safety procedures

The safety procedures shall include rules for evacuation of the operation crew and on-site safety
briefings for visiting personnel. The procedures shall include information sufficient in scope to advise
visiting personnel of existing site hazards, alert procedures, hazardous operations scheduled or in
progress and danger areas. The procedures shall describe the escort/visitor relationship, location of
safety equipment, reaction to announced emergency conditions and communications procedures.
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5.2.4.7 Operations centre inspections and system test procedures

Inspections and system test procedures shall provide the space operations crew during alert with a
verification of system capability and system status. The extent and complexity of these procedures
shall depend on the particular space system. In each case, the amplified procedures in this clause and
applicable corresponding abbreviated checklist shall contain complete verification procedures for
determining system capability and system status. System test procedures shall augment the verification
of system status and enhance the ability of the space operations crew member to isolate problems and
restore the space system to full operational posture. If deemed necessary by the acquiring agency, an
abbreviated checklist shall include these procedures.

ther

1 11 1 1 11l ] 21 o dr L dr -1 £ 11
PITS ITAITODOUK SITdIT IIICIUUT VET ITICA IO/ TITSPET IO proceaures pertor met 0y Per sOITs
perations crew members.

The operati
than space ¢

sion-
fatus

Equipment §tatus verified by crew personnel during the verification/inspection shall include mis
essential equipment. Verification/inspection procedures for equipment requiring less frequent s
verificationshall be in other space system technical orders.

5.2.4.8 Cdmmunications equipment procedures

Communica
start up, ini
include req{

the operati
5249 G

Fions equipment procedures shall include the descriptions of activities required to ing
ialize and operate equipment and to perform diagnostic tests. These procedures shal
irements for isolating communications equipment fromspace system equipment. E
ns agency or the acquiring agency may request a stahd-alone operation handboo
ighly integrated communications equipment.

pect,

also
ither
k for

complex or

ound system procedures

The ground

up, initializ4

include the

operations 3
or highly inf]

operation p

the most pi
functions iy

segment.

5.2.4.10 M

Mission planning proeedures shall include the necessary actions to be performed by the

operations

mission red

procedures
ensure all a

52411 M

system procedures shall include the descriptions of activities required to inspect,
, configure and operate equipment and to perform diagnostic tests. These procedures
requirements for isolating ground systems from communications equipment. Eithe
gency or the acquiring agency may.fequest a stand-alone operations handbook for con
egrated ground systems. The ground system procedures include a ground segment nof
rocedure and contingency procedure that includes error finding, identifying and isol
obable system malfunctiens that could occur during mission operations and recq
icluding switching to aredundant system corresponding to the style of their gr

ission planningprocedures

q

frew to@achieve the long- and short-term mission planning necessary to accomplig
uirements including nominal, collision avoidance and disposal operations. Amp
and the applicable corresponding abbreviated checklist shall contain sufficient det
spects of mission planning are accomplished.

start
also
r the
hplex
ninal
ating
very
pund

pace
h all
ified
hil to

ission execution procedures

Mission execution procedures shall contain mission execution requirements to be accomplished
by space operations crew personnel. These procedures shall be in sufficient detail to direct space
operations crew personnel in accomplishing mission execution of space assets. These procedures shall
include the methods needed to identify and correct system anomalies.

5.2.4.12 Post-mission procedures

Post-mission procedures shall contain post-mission requirements to be accomplished by space
operations crew personnel. These procedures shall be in sufficient detail to direct space operations
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crew personnel in accomplishing shut-down, de-orbit / re-entry and reporting procedures (if applicable
to the space system).

5.2.5 Mission operating procedures (Clause 3 of handbook)

Mission operating procedures shall contain detailed information for satellite and related ground
segment operation required by the space operations crew in the performance of normal and contingent
operational duties. It shall include briefings and procedures to be conducted during normal and
contingent case duty shift, mission planning, mission execution, post-mission, training operations,
mission verification and such other operations as may be applicable or specifically required by the
acquiring, operations, or owner agency (e.g. SOOH Vol. Eight describes nominal and contingent mission
operftion and related ground facility).

be 3 shall consist of normal and contingent operational briefings and procedures required
ace operations crew personnel during the course of a duty shift. The procedures shall identify
rements from the point of crew arrival on-site, during daily or recurring’tasks ang until crew
Irture following completion of the duty shift.

Claug
of sp
requ
depa

Operfational procedures shall define individual and crew responsibilities and provide amplified

proc
claud

pdures sufficient to ensure complete, accurate and timely accomplishment of these fui
e shall contain simplified procedures, such as operations centreysecurity. This clause §

complex or lengthy procedures in amplified procedures format,

The
systd
ensu|

5.2.6

The

origi
(mak
the e

Spac
the n
shall
for H
that
oper
acqu

contents of Clause 3 shall include those crew briefings{and procedures required t
m status, maintain operational capability, execute mission, conduct post-mission op¢
re secure operations.

Space segment contingency procedures-(€lause 4 of handbook)

contingency procedure shall primarily, make it possible to establish whether a

ing clear the error source in space(or in the ground segment), the operating agency
rror source and recover satellité capability.

e segment contingency procedures shall enable a space operations crew to identify
host probable system malfunctions that could occur during mission operations. These
include troubleshooting-guidelines for internal and external problems (solar flares,
arth sensor unit, neise figure of thermal noise to ground tracking antenna, etc.). Th

htional statuscof-the system. Clause 4 shall contain remedial actions by the dire
iring agency./For ease of reference, malfunctions shall be listed by subsystem and

ictions. This
hall explain

b determine
brations and

contingency

hates from the space segment or ground segment. After any necessary troubleshooting operation

shall isolate

and isolate
procedures
nterference
pse systems

have redundant-or-backup equipment shall provide the required procedures to mpaintain the

rtion of the
in order of
hominal and

imp4dct on spaee\Operations or on operational mission status. See Table A.1, Vol. 2: Satellite

cont]

Clau
that

ngent.gperation description in LEOP, IOT (includes control for initial acquiring missio

be4 shall contain information for the identification, isolation and correction of system

orbit).

alfunctions

oceur. It shall include space system operations crew pracedures. The informationl shall be of

sufficient scope to include corrective procedures for abnormal conditions (induced by internal and/or
external conditions) and shall be in sufficient detail to enable crew personnel to accomplish appropriate
procedures using authorized technical data or under the direction of the competent technical authority
(system engineers, command post, etc.). Malfunction identification procedures shall be developed for
ready reference to a particular malfunctioning system and the malfunction indication within that
system. The procedures shall be as direct and simple as possible, consistent with the action necessary
to remedy the malfunction. The information shall indicate the effect of the malfunction on the system,
probable cause and corrective action. In Clause 4, the space system shall present standardized
malfunction analysis procedures insofar as possible.

During nominal operations, residual propellant shall be monitored periodically. If it cannot be
guaranteed that there is sufficient propellant to conduct the planned disposal operation, the operator
shall proceed to disposal operations.
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5.2.7 Operating limitations (Clause 5 of handbook)

Operating limitations shall contain those limitations that impose a restriction, affect system accuracy
or otherwise adversely affect system operations or system capability.

Clause 5 shall contain operating limitations imposed as a result of system configuration, operational
consideration and environmental restrictions, as applicable. It shall include a description of each
specific limitation and its application to the space system. In discussing limitations, applicable tables
and graphs shall be included, as needed. A classified supplement to the operations handbook shall

include operational limitations of a classified nature.

5.2.8 Gro

Ground seg
emergenciey
personnel a
safety rule Y
conditions
define safet]
recognition

Clause 6 sh
recovery in
operations.
if accomplis
to enable cr

Clause 6 sha
action, and 4

ind segment emergency procedures (Clause 6 of handbooK)

ment emergency procedures shall specify the procedures to be followed Ain)me
that might reasonably occur. These procedures shall limit those emergency .condif

Fiolations. Clause 6 shall include required crew reactions to correct or centain emerg
r prohibit crew actions in accordance with established directives. Clause 6 shall cl
y hazards, emergency operational procedures and emergency situations to ensure
of an emergency condition occurring during any phase of space operations.

all limit those space operations crew emergency proceddres necessary to ensure
the event of a critical malfunction or emergency condition occurring during mi
f appropriate, procedures shall include information prehibiting certain crew actions wj

bw members to recognize a hazardous condition and take appropriate action.

1l include procedures designed for crew identification of emergency conditions, corre
mergency operations procedures. Additional'safety information may be included; it sh

restricted t¢ items of personnel safety (i.e. high voltages, high pressures and environmental haz3

but shall not

include items of a purely first-aid natute.

Clause 6 shall include textual material, amplified procedures and an abbreviated checklis

emergencies
The amplifi
emergency

that the crew can normally expeet to encounter during duty shifts or maintenance act
pd procedures shall include Sufficient textual material to define the immediate effed
condition will have on sys§tem capability and actions that are within the crew’s capa

to restore mission effectiveness. Clause 6 shall include procedures, as applicable to the space sy

for use duri
safety violaf

5.2.9 C(Cre

Clause 7 sh
nominal and

g a fire or overheat Situation, hazard situation, security system violations, or space sy
ions.

v duties and/résponsibilities (Clause 7 of handbook)

1l specifythose crew positions and duties required to operate space systems durin
| off-neminal operations that are required by each operating agency corresponding t

style of thei
operations ¢

eting
ions,

ctions and safety factors that could reasonably reduce the possibility of persennel injufry or

ency
parly
crew

safe
5sion
hich,

hed, would violate established space system safety directives. Information shall be included

ctive
W1l be
rds),

t for
ivity.
t the
hility
tem,
stem

\ ground segment It shall 1nclude the t1tle dutles and respon51b111t1es of individual s

contain no 1nformat10n for Wthh engineering respon51b111ty could become an issue.

5.2.10 Vocabulary (Clause 8 of handbook)

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

A naming convention shall facilitate simple and correct access and use as standard, throughout a
satellite project avoiding error and saving time (i.e. same name or mnemonic in all the documentation
from the manufacturer to the operator and in compliance with the database).
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5.3 C(Classified material/document

The format, content and revision of the classified space operations material shall be identical to the
unclassified space operations material that it supports. Arrangement and presentation of classified
data shall be in accordance with the applicable requirements established for the unclassified handbook
and such additional requirements as determined by the acquiring agency. A foreword shall cover the
scope and content of the classified handbook.

The acquiring agency shall plan to publish a classified and unclassified handbook only when necessary.
Both handbooks shall be completely cross-referenced to one another. The method of referencing shall
be identical in that the title pages and tables of contents shall reference one another.

5.4 | Abbreviated checklists and step-by-step procedures

5.4.1 Abbreviated checklists

The

abbr
and/|
Ssyste
preli
agen
ther
The
is de
folloy

a)
b)

q

1

c) {

d) {

Chec
cont
limit
crew

abbreviated checklist applies when the acquiring or operations agency specifi
bviated checklists. Under the supervision of the acquiring agency, the contractor an
pr operations agency shall jointly prepare abbreviated checklist§£or use with spacq
ms. The owner shall verify the checklist procedures prior to fifial'publication. Unless

es separate
1 the owner
e operations
authorized,

minary procedures should not be published to support operational requirements of the owner

cy. Checklists shall contain only that information necessary to safely and effectively

accomplish

equired task. The checklist shall show only what to do aad 'when to do it, not how to ¢lo the work.

Checklist shall also include the identification of the amplified procedure from which {
rived. The owner shall prepare an abbreviated operations checklist when one or
ving conditions exist:

ommunication between individuals is necessary to control or monitor task progressiq

here is potential damage to, or degradation of, equipment that would reduce operation

or adversely affect mission capability;

here is potential injury to persofnnel unless prescribed procedures are followed; and
he task is critical to mission.aecomplishment.

klist data shall include instructions that duplicate, in abbreviated form, the correspon

hined in the amplifiéd)procedures. The data shall consist of a step-by-step format §

ed to the materiaknecessary to accomplish the action. The data shall have a triple-colj
duty position-pérforming the step in the first column; step number in the second

actions to be performed in the third column. Placard information and responses shall b

uppeg
cons

r case lettéps or figures (e.g. COMMUNICATIONS LINK OUT). Step-by-step presentatic
st of complete sentences. Leaders, e.g. SATELLITE CONTROL CONSOLE, shall be inser

columns on-the left side of the page.

Refel

he checklist
more of the

n;

al readiness

ding actions
ind shall be
imn format:
rolumn; and
e printed in
ns need not
ed between

rerices to applicable operations or maintenance manual clauses and sub clauses requirg

d to correct

a malfunction or continue a mission operation shall be listed immediately following the task. Inclusion
of such additional data shall be limited to information that is essential to accomplishing the tasks.

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

EXAMPLE 317/318, 318 being the blank page.

When a page numbering sequence is broken as a result of pages being deleted because of a change, the
list of effective pages shall reflect the update. A statement indicating the deletions shall be placed in
the bottom margin of the preceding page or the top margin of the following page to show the reason
for the break in page number continuity. The statement shall be in the following form: “All data on Page
XX deleted.” When changes to a function within the emergency procedures checklist result in addition
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or deletion of steps within the function, the revised and reissued entire function shall avoid any break
in sequential page or step numbering and prevent any pages or major portions of any page within the
function from being blank.

Acquiring agencies shall ensure that inclusion of special notices is kept to an absolute minimum
consistent with procedural requirements. When included, warnings, cautions and notes shall precede
the action to which they refer.

5.4.2 Step-by-step procedures

In lieu of separate abbreviated checklists, the step-by-step procedures used by space operations crews
shall be avdilable Tor lengthy or critical procedures or both. The contractor and the owner afd/or
operations ggency shall jointly determine which procedures are step-by-step. Step-by-step procedures
shall contaip only that information necessary to accomplish the required task safely and-effectjvely.
The step-bytstep procedures shall have the following characteristics.

a) Each st¢p-by-step procedure shall start at the top of a page.
b) Step-by}step procedure titles shall be at either the top or bottom of each page.
c) Allillusgrations shall appear at the end of the clause to which they applys

d) Narratiye procedures shall appear at the beginning of the appropriate clauses and the step-byfstep
procedyres shall follow sequentially.

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

f) Procedures shall consist of numbered clauses.

g) Introduftory 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 shadll be
underlined.

i) Where lead-in statements referepce-nomenclature and steps, the nomenclature shall appear|first
and appllicable steps shall follow.

j) Amplification of steps shall’be‘included only when necessary.
k) Informgtion applying toyseveral steps shall appear as a note or lead sentence, as applicable.

1) Step-bytstep procedural steps shall contain actions to be checked, observed, or verified and
arrangdd in orderof performance.

m) Applicaple“cautions and warnings pertaining to personnel injury or equipment damage shgll be
included in/the procedure.

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 procedures
checklist shall be restricted to those crew procedures required to safeguard the equipment, prevent
injury to personnel, or continue mission functions involving hazardous conditions or operations. Pages
within this checklist shall have the same format as the normal procedures checklist (see examples in
Tables B.1, B.2 and B.3).
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The operational documentation tree and procedure

General

ground-segment-developing agency (i.e.

satellite-developing agency (i.e. satellite manufacturer) provides the documentation
htional handbook (see example in Table A.1)], which is often a descriptive’ document
lite and also provides input for FCPs (see example in Table A.2), and which is written and qualified
e operation agency’s operation crew and/or operation teams.

ground

annex lists the kinds of operational handbook that include the description and the preq
e segment satellite operation and ground segment operation.

segment. manufacturer) provides

ess used for

[i.e. satellite
ation of the

the

documentation of ground segment operational manuals and GCPs (See Tables A.3 and A.4)), which are

writf

A2

h
el

en by the operation agency’s operation crew and/or operdtion teams.

Configuration of operational document

perational documents needed for space segmentsatellite operation and ground segme
e the four handbooks/manuals shown in Figure A.1 and Tables A.1 to A.4.

The Operation handbook

Sa
ha

Lellite operational
phdbook

nt operation

Satellite flight eontrol
procedur&{¥CP)

Ground segment control

Ground networl

K operation

L1 SOOH
H- SOP
—— CSOP
—— SOCP
T SOE
DB

TLMmonitor manual

—=(Buss and mission
operation)

I~ CMD operation manual
(Buss and mission
operation)

— Orbit operation manual
(ORB monitor and control)

— SOE progress control
checklis_t

procedure (GCP) manual
| Station configuration L Data and tion link
manual (Ant, RF, BB, CPU) | communication lin
connectipn
voice, dafa, Admin’-

— RF operation manual
(Carrier acq, D/L lock,
spectrum monitor)

— U/L sweep sub-carrier
lock operation manual
(mod ON manual)

— Link con

release

— MSG exchange test
— AOS-LOS

operation

hection

(omnmadion oo foo o
\UH\,I dAlIivIr 6\.’/ ey sU

control)

(Ranging gneration manuall
T SRl SHS 7

L— BB operation manual

(TLM demod-synch, CMD mod)

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

© ISO 2018 - All rights reserved

17


https://standardsiso.com/api/?name=0f5964782802c038202b1f9bac95d5f7

ISO 23041:2018(E)

A.3 Elements

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

CSOP contingency SOP

CPU central processing unit of computer

D/L down-link

DB database that includes satellite data and related data for ground segment

FCP flight control procedures that include satellite tracking control operation manual
GCP ground segment control procedures that include tracking station operation manual
I0T in-orbit test

MNVR njanoeuvre

MSG nlessage
OBC oph-board computer
RNG orbit ranging (range, range rate and azimuth/elevation angle of ground tracking antennp

nmeasuring)

SOCP satellite on orbit checkout procedure used in IOT
SOE s¢quence of (operational) events

SOOH satellite on orbit operational handbook

SOP satellite operation procedure

U/L up-link
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Table A.1 — Example 2: Satellite operational handbook

Name Contents Comments

SOOH (Satellite on orbit operational handbook) Separated in
— Vol. 1: Satellite description of performance and function. Volume_s for the

convenience of the
— Vol. 2: Satellite nominal and contingent operation description in | operator’s handling.
LEOP, IOT (includes control for initial acquiring mission orbit).
— Vol. 3: Normal phase (mission phase) operation.
— Vol. 4: Post-mission phase operation
— Vol. 5: TLM data description.
— Vol. 6: CMD data description.
— Vol. 7: Satellite drawing; block diagram with TLM outlet and
CMD inlet in each subsystem component. Timing chart description
in controller and OBC.
— Vol. 8: Satellite data book that lists database source.
— Vol. 9: Descriptions and operational requirements fer mission
equipment and related ground facility).

SOP (Satellite operation procedure) Data chiange is
Presents operating CMD and related TLM datahange to be mon- zggg{f‘ég by limit
itored with time constraints data and off*nominal status specifi- '
cations.

CSOP (Contingency SOP) Includep crew’s con-
Presents operating CMD and related TLM data change to be moni- tingentjwork flow.
tored to separate and/or recover from error status.

SOCP (Satellite on orbit checkout procedure)

Developing agency usejto check satellite on orbit performance and
functions before satellite hand-over in IOT phase.

SOE (Sequence of events) See Tabjle A.2,
Presents orbital events (eclipse, visibility of satellite), satellite oll?srigasnca;:; E;rllt
operational events (AOS, attitude and orbit control, solar array cphefkli: t
paddle deployments, imaging data acquisition of satellite, LOS), P
and. ground segment operation events (satellite tracking control
software operation, RF operation, network switching).

Satellite operation crew and engineer mainly refer to SOE, and mis-
sion conductor uses additional ground segment event checklist.

DB (Database) The datfabase is
Database that includes satellite data and related data for ground often s pphed by

: o . : . the satgllite man-
segment (TLM monitor limit value, TLM engineering unit conver- ufacturer with the
sion factor, CMD definition data, RF transponder delay data for satellite informa-

orbit determination, gas-jet systems thruster performance data,
amount of usable propellant for attitude and orbit control).

tion and completed
by the operation
team with ground
segment and opera-
tion data.
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