STANDARDIZATION BY ISO TO ENSURE THE SUSTAINABILI TY
OF SPACE ACTIVITIES

A. Kato®, B. Lazare®, D. Oltrogge®™®, H. Stokes'?,

@ JAXA, Tsukuba, Japan, Email: kato.akira@jaxa.jp
@ CNES, Toulouse, France, Email: Bruno.Lazare@cnes.fr
@ Analytical Graphics Inc., 7150 Campus Drive Suite 260, Colorado Springs, CO 80919, Oltrogge@agi.com
“ PHS Space Ltd, Pitlochry, UK, Email:hedley_stokes@msn.com

ABSTRACT

The ISO / Tecmical Committee D / Sub-committee 14
develops debrisrelaed sardards ard techical reports
to mitigate celris ard help ensure misson ard space
sustainability. While UN Guidelines and the 1ADC
Guidelines encourage ndiond governments and
agencies to promote debris mitigation design and
opeation, the ISO stardards will help the dobal space
industry promote and sustain its spacerelated business.

In this paper the $ope am gatus of eachlSO standard
is discussed within anoverall framework. A comparison
with international guidelines is aso provided to
demonstrate the level of consistency. Findly, as a @se
study, the 1SO standards are applied to a Cubet
mission, thus demonstrating their usability on a
relatively recent and popuar classof satellite.

1 INTRODUCTION

During the pd decad o s, a numbe of
internationall y-ageed guidelines and recanmendations
have been published with the aim of mitigaing the
growth in orbital space debris. In particular, the
guidelines of the Inter-Agercy Space [hris Co-
ordination Committee (IADC) recommend important
debris miti gation measures that shoud be implemented
in the dedgn ard operation of space ystems. Whilst
guidelines such & these provide a common
understanding for the adopion of miti gation measures,
they are not necessarily written in a style that is suitable
for application in the commercial world. This can lead
to differencesin intempretaton, with consequences for
fair competition and for longterm sustainability of
spaceactivities.

Becagse remedatng the space emironment is
chdlenging with existing techndogies, the most
effedive way to ersure the longterm sustainability of
space eactivities is currently to dandardize the
implementation of debris mitigation measures.
Stardardization will have a magor role in the coming
yeass to help regulatory bodies and operators to creae
ard amly, in an efficiet mamer, appropriate gace
delris regulations ard beg pracices Since 2003 1SO —
the International Organization for Standardization — has
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beenmeetng this challenge by trarsforming the IADC
guidelines into a «t of measrade and veirifiade
reguirements to minimise the creaion of debris during
the launch, operaton, ard disposal of space gstems.
The requirements are cantained in a ®ries of standards
that also capure indwstry beg pracice and specify
definite actons to be taken by satelite manufacurers
ard operators to achieve canpliarce.

It shoud be roted that the measires contained within
the ISO debris mitigation standards can be addpted
volurtarily, or be brough into €fed through
commercial contract or be incorporated as a condition
within naiond regulations. Thus, for new spacefaring
nations, who want to establish a regulatory framework,
the SO standards canassist in the creaion of binding
national regulations.

2 BACKGROUND

2.1  Orbital Debris Environment and M ajor
Contributing Factors

The orbital debris environment has deteriorated to the
point that the risk of debris-induced damage camot be
ignared even for unmanned spacecktt.

The major cawsesof debris generaton are:
e Missbnrelaed object releagd during operations.

e Breakups catsed by intentional or accdertal
fragmentation as aresult of collisions or
explosons

e Spacesystems left in useful orbital regions after
the end of opeations.

In aneffort to address these problens the Inter-Ageng
Space Cehris Coordination Committee (ADC) issued a
debris miti gation guideines document in 2002 (pdéaed
in 2007) Subsequently, in 2008,the United Nations (via
UNCOPUOS) published high-level guidelines designed
to be consistent with the IADC. Both documents are
very important snce they establish a @mmon
understanding for the reeommended implementation of
debris miti gation measures. They have also provided a
solid founchtion for the construction of a set of debris
mitigation standards within 1SO. This has been an on-
going ectivity since 2003.



A key objecive of the ISO delris standards is to
formulate the recanmendations contained in the IADC
and UN guidelines in such a way tha they can be
readly applied in the contradual ageement betweena
customer ard supgier. This helps to awid differencesin
interpretaton during the procurement of spacecaft or
launch services. Thus within an internaiond context,
the widespread adopion of 1SO debris standards will
help to foster fair competition and promote longterm
sustainability of spaceactivities.

The 1SO delris sardards canalso be wsed asthe ads
for national regulations on space debris mitigation. For
new spacefaring naions wanting to establish a
regulatory framework this is egecially advartageous
sinceit overcomes two significant difficulties:

e Deding with global issues of safety and debris
miti gation on anational scde.

e Not unfairly hampering the competiti veness of
national operators.

2.2 Framework in ISO/TC20/SC14

The ISO Space §stems ard Operations Committee
(TC20/SC14) — a pace sandards committee canprising
representatives from industry, science and institutional
organizaions — has the skills necesary to succeedin
this chalenge. Resporsibility for the preparation of
debris mitigation standards is shared between al seven
of SC14's working groups, and is coordinated by WG7
(Orbital Debris Coordination Working Group) — see
Figure 1.
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4 WG?7 : Orbital debris

Figure I Structure of ISO/TC20/SC14 Committee (Space
Systems and Operations)

2.3 Structure of SO spacedebris
mitigation standards

The overall structure d the ISO stardards is preented
in Tabe 1 The setof delris sardards consists of a cae
stardard ard several lower-level sardards which
provide cetaled pracices proceduresard tecmiques
suppotting the core sandard.

Table 1 Core debris related standards in 1SO

Area No. Title

IS . e
24113 Space Debris Mitigation

. Requirements

H
Top

DIS | Prevention of bre&k-up  of
16127 | unmenned spacecaft

N
Prevent
break-up

1S . . .
26872 Disposal of satellites operating at

N GEO dltitude

CD | Disposal of satellites operating in

16164 | or crossingLEO

CD

16699
1S

27852 | Edimation of orbit lifetime

Disposal of orbital launch stages

1S . . .
23339 Edimating the mass of remaining

. usable propdlant

orbital sagesat end-of-life

Dispose d spacecrat and

IS Reentry risk managmert for
27875 | unmamed spaceceft ard launch
* vehicle abital sages

N
Safe
re-
entry

TR Avoiding collisions with orbiting
16158 | object

TR
11233

COMSTO
n
avoidan
ce

Orbit determination and estimation

IS Guide to processhased
14200 | implementation of meteoroid and

* debris environmental modds
Asssament of survivability of
unmamed spacecaft against space
debris and meteoroid impact

IS Ted procedure © evaluate
11227 | spaceceft material ejecta ypon
hypervelocity impact

DIS
16126

debris

Protection from
impacts of small

Design and operation manud for
spacecsft operated in the delris
environment

TR
18146

\,
Over
-all

Note 1 CD — Committee Draft; DIS — Draft Intemational
Stardard; IS — Internaiond Standard; TR — Techical Report

Note 2: *: Published

3 Introduction to the top-level ISO debris
mitigation standard —1SO 24113

The cae dardard, namely “I SO 24113 Space Delris
Mitigation ~ Requirements’,  contains  high-level
requirements which aim to mitigate debris by:

- limiting the release of objeds during missin
opeaations,

- preventing lre&-ups,

- disposng of space systems ouside the proteded
orbital regions, and



- enauring groundsafety when objeds re-erter.

Thus, the concept is broadly similar to the international
guidelines. Although ISO 24113 does nat indude
measures relating to impad protection or collision
awidarce, 1SO provides other stardards or techical
reports which addressthese topics A techical report on
conjunction asesmen is curertly being prepared
Similarly, to improve protection against small debris
impects, a dandad is bdng developad on the
asesmen of spacecaft impact survivahility. These and
other suppotting documents will be published in the
near future. Tabe 2 shows a comparison of ISO
standards with UN and IAD C guideli nes.

3.4 Introduction to the main supporting
1SO debris mitigation standards

Today the SC14 working groups are in charge of 13
suppotting standards ard teckical reports which
desribe gace ehris mitigation good pracices The
scope d these dardards is asfollows:

(1) 1SO 26872 Disposal of satellites operating at
geosynchronous altitude

This International Standard prescribes requirements for
planning and executing manoeuvres and operations to
remove an opeating satellit e from geosynchronots orbit
at the end of its mission and placeit in an orbit for final
disposal where it will not pose a future hazad to
satellit es operating in the geosynchronous ring.

(2) 1SO 27852 Estimation of orbit lifetime

This Intemational Stardard de<cribes a proces for the
estimation of orbit lifetime for satellites, launch
vehicles upper stages ard asociated delris in LEO-
crossirg orbits. The dandard dso cdlarifies the
following:

- moddling approaches and resources for solar and
geomagnetic activity modelli ng,

- reourcesfor atmosphere model selecion, and

- aporoackes for saellite balistic  coefficient
estimation.

(3) ISO 27875 Re-entry risk management for
unmanned spacecraft and launch vehicle orbital
stages

This Internationd Standard provides a framework with
which to assess reduce and control the potential risks
that spacecatft and launch vehicle abital sages pose o
peale ard the ervironment when those gacevehicles
re-erter the Earth's atmosphere ard impact the Earth's
surface. The gardard is interded to be applied to the
planning, design and review of space vehicle missians
for which controlled or uncortrolled re-entry is possite.

(4) 1SO 23339 Estimating the mass of remaining
usable propdlant

This International Standard describes requirements for
edimating the mass of remaining usade propellart of
spacecaft for designing propdlant measurement
systems. The standard appliesto spacecaft with either
mono- or bi-propellant propusion systems using liquid
or gaseous chemicd propédlants.. In order to paform
spacecaft disposal manoeuvre as planned the
edimaton of awailade popellant mas becanes
essential.

(5) 1SO 16127: Prevention of break-up of
unmanned vehicle

This Internationd Standard defines the requirements to
reduce te risk of on-orbit bre&k-up of unmanned
spacecaft, both the posshility of a lreakup caused by
an unganned interndly-cawsed evert ard by depeting
to a safe level all the urcesof sored erergy atthe erd
of a pacecaft's life. The dandard is desgned for use in
planning, verifying and implementing the prevention of
breakup of a spacecatft.

(6) 1SO 16164:Disposal of satellites operating in or
crossng Low Earth Orbit

This Internationd Standard focuses on the disposal of
satellites operating in, or crossirg, Low Earth Orbit.
Postmisson disposd of an Earth-orbiting satellite
broadly means removing the saellite from its
operational orbit to a region of space where it is less
likely to interfere or collide with other operational
satellites or with orbital debris. This standard spedfies
reguirements for:

- planning for disposl of satellites operating in LEO
to ensure that final disposa is sufficiently
characerised ard that adequate propellart will be
reervedfor ary propusive maroewre required,

- selecting a disposal orbit where the satellite will re-
erter the Earth’s atmosphere within the next 25-
yeas, or where the satellite will not re-enter the
proteded region within the next 100-years, and

- estimating, prior to launch, a 90% or better
probability of succesfully exeauting the disposal
manoeuvre.

(7) 1SO 16699:Disposal of orbital launch stages

Post-missian disposal of launch vehicle orbital stages
broady means removing the stages from the protecied
regions of gace (see SO 24113)s0 & not to interfere
or collide with the other users of those proteded regions
in the future. Post-misson disposl adso means
passivating the stage in its current orbit if such an orbit
is considered to beadisposal orbit for the specific pace
program.

(8) 1SO 16158: Space systems - Avoiding collisions
with orbiting objeds

This Tecdhnical Report is a guide for establishing
essential collaborative enterprises to prevent collisions



between orbiting objeds. The orbits of satellites must be
compared with eat other to discem physicdly feasible
approacles that could reallt in collisions The process
begins with the best posible trgedory daa, provided
by satellite opeators or sensor systems developed for
this purpose.. The trajecories 0 reveakd must then be
examined more closely to egimate the probahility of
collision. The gpectrum of feasible manoewres must be
fully examined wheneve collision risk exceels the
operational collision risk thresholds and/or violates miss
distarce aiteria establi shed by eachsatellite gperator.

(9) 1SO 11233:0rbit determination and estimation

This Techmical Report presribes the manner in which
orbit determination and estimation techniques are to be
dexribed 0 that parties can plan operations with
sufficient margin to accommodate different individual
approaches to orbit determination and estimation. The
Tedchnical Report prescribes the information that shall
acompany such data so that collaborating satellite
owners/gperators  understand the dmilarities and
differences between their indepemlent  orbit
determination processes. Of course, orbit determination
and estimation is key to analysing conjunctionsbeween
orbiting objeds and asssshg the probability of
collisions

(10)ISO 14200
implementation  of
environmental models

Guide to  processbased
meteoroid and debris

This Intemational Stardard specifies the commaon
implementation process for meteoroid and debris
ervironment models for risk asessnent of spacecaft
ard launch vehicle abital gages The gardard gives
guiddines for the seledion processof modds for impact
risk asesanent and ensures the tracedility of using
modds throughou the design phase of a spaceaaft or
launch vehicle orbital stage.

(11)ISO 16126: Asssgnent of survivability of
unmanned spacecraft against space debris and
meteoroid impacts to emsure succesful post-
misson disposal

This Internaiond Standard defines requirements and a
procedure for asessng the survivability of an
unmanned spacecaft against space cehris ard
meteoroid impads to ensure the survival of critical
comporents required to perform pog-misson disposal.
The gardard also de<cribes two impact risk aralysis
proceduresthat may be wsed to satisfy the requirements

(12)ISO 112Z: Test procedure to evaluate
spacecrat material ejecta upon hypervelocity
impact

This Intematonal Standard describes an eyerimertal
procedure for asessng the behaviouwr, under orbital
delris or metearoids impads, of materals that are
intended to be used on the extemal surfaces of al types
of low earth orbits. The standard establishes the
requirements for the test methods to be satisfied to

Measures 1SO Stardards (or Technical Reports) UN Guidelines IADC Guidelines
5 g | Mission related dbjects 1SO-24113/86.1.1 Guideline-1 §5.1
- § & | Slag from Solid Motor ISO-24113/§6.1.2.2, §6.1.2.3 -
£s|38
SEL5 Products from Pyro. 1SO-24113/ §6.1.2.1 (< 1 mm) -
g % 5 . | Intentional Destruction ISO-24113/§6.2.1 Guideline-4 §523
= S - -3
£ © | £ §| Accidental Breakup ISO-24113/ §6.2.2 (Probability <10 ) Guideline2 §522
S X | Pog-misson Breakup 1SO-24113/ §6.2.2.3(Detsiledin 1SO-16127 Guideline-5 §52.1
s _ ISO-24113/ §6.3.2 (Detail edin 1SO-26872) §531
- 3 Re-orbit at EOL §6.3.22: 235km+ (1,000 Cr - A/m), e <0.003 Guideline-7 o
L §6.3.1: Success Probablity >0.9
S
~ =
5 § . . ISO-24113/ §6.3.3 (Detail edin 1SO-16164
Y Redudtion of Orbital 36
52 | & u I_Iicf)gti?ner ' §6.3.31: EOL Lifetime <25yeas Guiddine-6 §532
-~ § §6.3.1: Success Probahility >0.9 (Recommend 25 yeas)
< <
3 g | Transferto Graveyard 1SO-24113/ §6.3.3.2 (f) Guideline6 §533
~
Other mamers 1SO-24113/ 86.3.3.2(a) ~ (e) 8§5.3.2
Re-entry Ground Casualty ISO-24113/ §6.3.4 (Detaledin 1SO-27879 Guideline-6 §53.2
Collision Avoidance ISO-16158 Guideline-3 §5.4
Protection from Impact of Debris 1SO-16126 §54

Table 2 Comparison of ISO standards with UN guidelines and IADC guidelines




characerize the amourt of ejecta produced when a
surface material is impacied by a hyperelocity
projedile. Its purpose is to evaluate the ratio of geda
total massto projedile mass and the sze distribution of
the fragmerts. Thes ae te necesary inpus to model
the amourt of impact ejecta that a surface material
might release during its orbital lif etime, thereby helping
to assessits suitability for spaceuse, with the mitigation
of small spacedebris in mind.

(13)ISO 18146 Design and Operation Manual for
Spacecaaft Operatedin the Debris Environment

This Techical Report will suppat engineers and
operators in the application of debris mitigation
measires during the desgn ard operation of spacecatft.
In particular, the document will present what shoud be
dore in the design o spacecaft systems, subsystems
and components during each o the development phases.

This Tedhnical Report will systematically guide those
erginees who are egorsible for concepg desgn,
system design, subsystem design, component design, or
operations in complying with the technical requirements
and recmmmendations

4  I1SO Contribution For Newcomers

The space indudry is very evolutionary and dynamic,
with many newcomers who are not yet familiar with
debris-related isaieseven thoudh they may have mature
quality and reliability management proceses In the
past, intentional destruction and post-operaton break
ups were regorsible for the majority of debris
geneation, hut internaiona guidelines and design
improvements have helped to reduce these debris
saurces.

Future concerns indude breakups caused by
malfunction due to the lack of quality and reliability.
Newcomers are expeciedto learn the ertire gpectrum of
debris mitigation measures ard approactes Thes
indude 1SO debris mitigation stardards addressng
program management, design methods production
techndogy, opeation techniques, andysis tools,
modds, and hardnessdesign.

As part of our 1SO outread, the SC14 Orbital Debris
Working Group is producing informative literature on
debris miti gation and presenting papers such as this one.
Thee ae egecially pertinet for newcomer
organizaions ard countries involved in today’s rapid
production, launch and deployment of micro-, nano- and
Cube&t satellites who are unfamiliar with such
standards.

5 1SO Standards Applicable to CubeSat
Debris Mitigation

Satelite dedgn, manufacuring, and operatons are
ewlving rapidly due to continual advances in

miniaturizaion, communicaions, capacity and space
sensors. This is espedaly prevalert in the aeas of
microsatellites and the sardardized “Cube&t’
platform, where there ae many newcomers to the gace
busness who are nat yet familiar with internaiond
space @erations ard delris mitigation guidelines
mardates ard bed pracices

ISO sewves as a key reource n this regard by
idertifying and codifying space ndustry beg pracices
to ersure the sustainahlity of space advities. We ae
espedally working to educae the small satellite
community on thee aplicable gace @erations and
debris mitigation approactesrelevan to desgn, launch,
deployment and operations of small satelli tes.

5.1 The CubeSat Debris Mitigation
Quandary

A critical issue with CubeSits curertly is the prevalent
lack of an orit disposal plan or prope orbit selection.
Examination of al CubeSats launched prior to 2012
reveakd that CubeSt operators typicaly do not achere
to existing IADC guidelines and 1SO standards that
limit post-mission LEO-crossirg orbit lifetime to 25
yeas. For the 45 deployed CubeSats contained in the
redicon clusters depictedin Figure 2, it is estimated tha
lessthan hdf of these CubeSits will have an expecied
LEO-crossng orbit lif eime o less than25 yeas.

The pimary cawse for this lack of Cube&t compliarce
is that launch acces to space & very difficult for the
Cube&t community unless one is alle o secue a ide
as a ®cmdary payload in which cag the pimary
satellite (s) select the orbit. Unlessthe launcher is able to
deliver the Qube&ts into a separate QubeSat-tailored
orbit, CubeSat operators are typically placed into a non
complying orbit. This leads to gace debris mitigation
issues, sinceit is still rare that CubeSats have any sort of
deabit modue, chemical or electric powered flight,
solar sail, electro-dynamic tether, or drag enhancement
device to expand their orbital envelop while gill
complying with the 25-yea orbit lif etime limit.

When posshle, a ketter CubeSat launch arrargement is
to manifeg asinge (small) launcher cambe d carying
CubeSats to a CubeSttalored and compliant orbit,
such & has been done on cetain DNEPR flights.
Advocagy for such “chartered’ flights shoud come
from the Qube&t community as well as the launch
“brokers’ tha are suppating them. The CubeSat
community can idertify a sstainabde low-cost
opportunity for launching a large number of CubeSats
on a snge launch vehicle asa grimary payload, thereby
faciitating sustained acces to space for small-scale
reseach missions. This will help foster sustainable use
of LEO space.



RSO Perigee Altitude Distribution versus Apogee Altitude (LEO)
(8 km bins, 1957-2011, LEO Only, Inc: 0° - 110°, All RCS values)
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Figure 2 Comparison of all 45 CubeSat deployments
versus 25-year orbit lifetime limit

Figure  3:
CubeSat Launcher
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5.2  CubeSat Debris Mitigation Need

One may be skeptical of the utility or need for small
satellite developers and operators to be concerned with
collision avoidance and damage assessment. But this is
needed for several key reasons. The first is simply the
rapidity, ease manufacturing and ability to launch
numerous small satellites in a very short time.

Second, the existence of upcoming CubeSat thrust
capabilities coupled with estimated average collision
rates amongst our current space population of
approximately once per decade clearly illustrates that
even small satellite and CubeSat operators should be
interested in learning about and invoking ISO standards
and best practices to avoid collisions.

CubeSat teams are actively developing electric
propulsion options for small satellites. Such options
have the potential to provide substantial maneuvering
performance over the life of the vehicle; a simple
application of the rocket equation shows that the high
Isp performance attainable with electric thrusters yields
AVs of up to 12 km/s (mass fraction of 2.5) over the life
of the vehicle.

Substantial numbers of CubeSats can be deployed,
leading to numerous on-orbit conjunctions with other
operational satellites. These conjunctions pose not only
a real collision risk to other space operators, but perhaps

more importantly can cause an operational impact to
other operators which may be much higher than the
collision risk.

For the more typical CubeSats which have no
propulsion capability, it is even more important to “get
it right” regarding initial orbit selection, long-term
mitigation of collision threat with other operators, and
ensuring that a proper deorbit strategy is emplaced.

5.3 CubeSat-Pertinent ISO Standards

The ISO standards that are most pertinent to our
hypothetical sample mission include:

24113 — Orbital Debris — Space Debris Mitigation
Requirements (avoid object release, breakup; disposal)

16127 — Prevention of Collisions & Breakup
16164 — Disposal of Spacecraft in LEO

16158 — Avoiding Collisions (including use of
transparent and well-designed deployment Concept of
Operation to facilitate rapid observation association,
tracking and ID; benefits CubeSat owner AND other
operators)

16699 — Disposal of orbital Launch Stages

Minimizing their post-deploy orbit lifetime + tank
passivation

23339 — Residual propellant mass estimation (for
deorbit via cold gas or upcoming Electric Propulsion
System or EPS)

27852 — Orbit Lifetime Estimation (to ensure a post-
mission LEO-crossing orbit lifetime < 25 years).

6 Example of ISO Standards Application to
CubeSat Orbit Collision Avoidance

We now examine a hypothetical constellation comprised
of 30 CubeSats deployed from an upper stage-mounted
PPOD deployment “warehouse.” In order to examine
some of the debris-related aspects involved, we select an
upper stage with a 50 Newton thrust capability at an 365
km circular insertion orbit (averaged orbital elements
will be used to define the orbit and examine apogee and
perigee altitudes above a spherical Earth to skirt issues
associated with large J2 perturbations at this altitude).

The key ISO standards issues for CubeSats are likely to
be:

e Is the post-mission lifetime < 25 years?

e Does the deployment approach avoid collisions
between deployed CubeSats?

e Does the approach avoid collisions with other
operators?

e Do the deployment and Concept of Operations
aid the various global space surveillance and



tracking organizations so that they can readily
identify the deployed objects so that other
satellite operators can coordinate with them?

Since our notional upper stage has the ability to thrust
during deployment (plume impingement issues
notwithstanding), we choose to optimize our
deployment by incorporating a parametric optimization
of thrust vector orientation angles @,8 as shown in

Figure 5 Thrust Vector Orientation Angles (¢, 8)

We begin by evaluating ISO 24113 and 15872 CubeSat
orbit lifetime criteria. Since the proposed deployment
altitude is located at the “star” on Figure 2, we are
highly unlikely to exceed a 25-year post-mission
lifetime. But we can parametrically evaluate that as
shown in Figure 6.
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Figure 6 Maximum Orbit Lifetime as f(ot, 8)

6.1  CubeSat Collision Risk Mitigation

The Poly-Picosatellite Orbital Deployer (PPOD) used to
house and deploy CubeSats during the launch phase
uses a combination of inter-CubeSat and PPOD
deployment springs to facilitate CubeSat separation.
These springs are typically limited in AV magnitude to
about 1.5 m/s, which for very large CubeSat
constellations could produce a “cloud” of very small
satellites which would take some time (weeks if not
months) to disperse and blend into the background
space population.

Modelling of the relative motion between such
CubeSats ejected during such a deployment scenario for
these 30 CubeSats reveals that the post-deployment
close approach distance 1is highly sensitive to
deployment direction. In Figure 7, for example, we see

that a deployment which relies solely upon these small
deployment AVs can lead to near collisions shortly after
deployment (all less than 40 meters for any deployment
orientation).
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Figure 7 Closest Approach Between CubeSats Vs

Deployment Orientation In Absence of Upper Stage
Thrust

In Figure 8, we evaluate the effectiveness of adding
thrust during deployment. As shown, along- or back-
track thrusting is very effective at ensuring that the
closest approach between any of the 466 pairings of
CubeSat and Upper Stage objects is greater than 1.5 km.

Closest Miss Distance (km)
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Figure 8 Closest Approach Between CubeSats Vs
Deployment Orientation

7  Additional examples of best practices for
CubeSats

Although not strictly codified in existing ISO standards,
additional space operations best practices are emerging
as practical methods to achieve ISO standards goals and
objectives. We now briefly discuss a few of these
concepts.

7.1 Transparency and coordination with
the international space community

To facilitate collaborative efforts to identify collision
risks and mitigate threats, it is useful and important to



share anticipated post-deployment orbits, deployment
sequences and nominal state vectors for large CubeSat
deployments. Such collaboration can greatly reduce the
time required for independent tracking entities, such as
the Space Surveillance Network, to rapidly acquire,
track and correctly identify CubeSats soon after
deployment. The large uncertainties involved in the
launch and early orbit phase can then be greatly
reduced. This permits other space operators who are
relying on such information to accurately avoid collision
threats and to identify the correct CubeSat operator to
jointly mitigate threats with.

7.2  Avoidance of collision threat with
manned space objects

Guided by the principles espoused in ISO 24113, space
operators should seek to minimize risk of collision with
other active and debris objects. This is especially true
when considering flight safety for manned and man-
rated spacecraft. Avoiding the ISS operational orbit
regime is highly recommended where possible. The ISS
operational altitude band was raised shortly after the
Space Shuttle was retired. In the case of the ISS, the
Operations Team avoids possible collisions by (1)
Constant monitoring to identify potential “watch”
collision threats; (2) Reporting of sufficiently
threatening “watch” close approaches; (3) Generation of
avoidance maneuvers; (4) Management review of the
threat with “go”/’no go” avoidance decision; (5)
Implementation of the avoidance maneuver and/or
possible evacuation of ISS into an escape module for the
period of the close approach.

This involved process points out a key issue: Satellite
operators should consider more than just collision
probability in selecting their orbits, deployment
concepts-of-operation and station-keeping strategies.
They should also consider the probability that their
presence will unduly impinge on another operator’s
operations (i.e. Probability of Operations Impingement)
in any of the five collision avoidance phases listed
above.

Approx Annual CubeSat Probability of Operationally Impinging On 1SS

(365 km Mean Altitude Starting Deployment, U/S SON Thrust, 325 s Deploy)
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Figure 9 Operational Impingement Probability to ISS

In Figure 9, the probability of operational impingement
to ISS is about one in a hundred based upon rough
spatial density calculations as shown for the thrusting
deployment of the same 30 CubeSats postulated above.
While the collision probability is estimated to peak at
l.e-5, it is clear that the probability of operations
impingement can be quite high when the thrust during
deployment is performed such that some of the
CubeSats enter into the ISS (or any other operational
satellite) altitude band.

8 Conclusions

Currently, the most effective way to ensure the long-
term sustainability of the space environment is to
standardize the adoption of space debris mitigation
measures. Since 2003 the ISO “Space Systems and
Operations” committee, ISO TC20/SC14, has been
developing a set of spacecraft engineering standards
aimed specifically at mitigating space debris. This set
comprises a top-level standard supported by a collection
of lower level implementation standards. The top-level
standard, ISO 24113 “Space Systems — Space Debris
Mitigation Requirements”, prescribes high-level debris
mitigation measures which have been derived largely
from internationally-agreed guidelines such as those
established by the IADC. Their purpose is to avoid the
intentional release of debris into Earth orbit during
normal operations, avoid break-ups in Earth orbit, and
remove spacecraft and launch vehicle orbital stages
from high-value orbital regions after end of mission. To
help achieve compliance with these high-level
measures, the lower level implementation standards
provide detailed methods and procedures that specify
definite actions to be taken by satellite manufacturers
and operators. In general, the implementation standards
capture the best practices of industry, thus maximizing
their potential for adoption. This point is underlined by
applying the standards to the relatively recent CubeSat
class of spacecraft.
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