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ABSTRACT

With the recent breakthrough in technology for micro-satellite, small satellite, and mega
constellation missions, and the cost of accessing space from recycled space launch vehicles
sharply lowered. Thus, space development is set to make a transition to a new space age that
is different from before. Accordingly, the problem of worsening space environment conditions
due to the increase in space debris, an inevitable adjunct to active space development, is also
emerging as an international concern. In this paper, the contents and trends of international
organizations for the protection of the space environment and space debris mitigation
guidelines of each country were reviewed and forecast the future movement of the
international community. In addition, it is suggested example of guidelines that fit the reality
of Korea and how to apply them.
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Fig. 1. Official IADC homepage (https://www.iadc-home.org)
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Table 1. Comparison of International Guidelines
Measures ISO Standards UN Guidelines IADC Guidelines
General measures
for avoiding the ISO 24113, 6.1.1 Recommendation 1 IADC 5.1
released of objects
Released Slag from solid ISO 24113, 61.2.2, _ _
Objects motors 6.1.2.3
Combustion
Limiting products from I(§1O éﬂ)m’ 6.1.2.1 - -
debris pyrotechnics
generation inrentional ISO 24113, 6.2.1 Recommendation 4 IADC 52.3
; Accidental
On-Orb
n-Orbit break-ups during ISO 241.13’ 6'2'2,3 Recommendation 2 IADC 5.2.2
Break-ups operation (Probability < 107)
P%Srte‘;f(ﬂsjgon ISO 24113, 62.2.3 Recommendation 5 IADC 5.2.1
ISO 24113, 632 | '(é%% S +
Re-orbit at end of | (GEQ 235km + Recommendation 7 1000xCrxA/M), €<0.003)
GEO ! 1000xCrxA/m), €<0.003) | (No guantitative o o
operation - : (Success probability >85%.
(Success probability requirements) f ft. >90% f
Disposal >0.9) or spacecraft, 90% for
at orbital stages)*
ISO 24113, 6.3.3 )
end—of— Reduction of orbital | (LEO < 25 years) Recommendation 6 IADC 532
operations lfetime (Success Probability (No quantitative (LEO < 25 years)
LEO ~0.9) requirements) (Success Probability >0.9)
Options for removal ) )
Mentioned in
from tr;:gi%?tected ISO 24113, 6.3.3.2 Recommendation 6 IADC 5.3.2
_ Avoidance of Mentioned in
Re-entry ground casualties ISO 24113, 6.34 Recommendation 6 IADC 53.2
L . . ISO/TR-16158 .
Collision avoidance for large debris (for assessment only) Recommendation 3 IADC 5.4
Protection from the impact of ISO 16126 B IADC 5.4
micro-debris (for assessment only) )
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Fig. 2. History of Guidelines and Space Policies
in U.S. [14]
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Table 2. Comparison of Major Space Agencies’s Guidelines

Measures ESA Guideline NASA Guidelines JAXA Guidelines
235km - +(1,000+CrA/M) ( AM)
LCrs e < 0.003 235km +(1,000«Cr«A/M
Reorbit at EOL g3ik%106(51'000 CrAM) Success Probability > Success Probability > 0.9<
) . -500km (within 25 years)
GEO 100 year’s guarantee
GEO Lower Limit - GEO - 500km
- -15 deg. < Inclination < | =15 deg. < Inclination < | —=15 deg. < Inclination <
Protected Inclination 15 deg, 15 deg, 15 deg.
Total Period < 30 years o
,'\DAQSI- Reduction of Orbital | EOL Lifetime ECL Lifetime ECL Lifetime
ission Lifetime < 25 years < 25 years N < 25 years y
Disposal Success Probability > Success Probability > 0.9
0.9
e 2,000k§n ~ (GEO -
Transfer to Required 500km "
(MEO) | Graveyard (Excluding Galileo Orbit) | (exclude Required
19,100720,200km)
On-orbital Retrieval | - Retrieve within 10 years | Required
Ec < 10
Ground Casualty Ec < 10 (Cou)nt impact energy > Ec < 10
15 J
Others Tether - Required Required
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20143 = SO 7lol=glgl s FH=xsle FAIYGgE I #AHER AFW bd, A4 BE TTEA L
o], 53] ESA°lA F<l 3tEA]l ATVE sty SAS BE3shr] 9t FFo CNES7F =9 &
2ol AT Aol ek BEo AAS ESA & 2008 HHE F% HE(Space Operations Act,
=< ‘ﬂ'%oﬁ:}(’ESA re-entry safety standard’) ESA  FSOA)S A A3} ‘Rilﬂr[Zl] ole} Wested, 2004dl=

T BE ZEZAE9 ‘space debris mitlgatlon plan’®}  o]&go} ASI, Y= BNSC, T2 CNES, 5¢ DLR,

‘space debris mitigation report’ ¥ 7}A EAE A

"é:o‘i'oi ;‘:]_a;g]__,_ olon:] H;H%L 6]-Eo] H]—)\gé‘].l:ti
‘Waiver’ #4S AAH FAsSIY 52 H=E st Q)
o,
3.3 & =(JAXA)

dEe 1993 JADC HHEUH=E FHAYL HT=Z
ojm] 2 HRH F34 Hoo FAHS F
o #HES JAXA W] MEZHR] FEES 2006 F
27l F2H 7] 2L L3 JAXA Space Debris

Coordination Committee)2 L 3tH Tt o] 21 ¥3F]
A= dE T 5287 ol #HH 2
s % IADC, ISO, UN 5#°] d¥= #33r}
3 #E AFMNE A4t dF H A} 2HE 53
gHoH19].
7}o] 22FQl(JAXA-JMR-003A, 2003)2] HAle JAXA
g A 1996d NASDA AlA &A% ‘9-F2297] 74
FF(NASDA-STD-18) .24, 199511 "= NASA
A BA AAIHOE =EA Jlolme]l gEe
e HEJL ol oA AE FI £, B
%%_ YE sol=RI(@A JAXAJMR-003B, 2011)
U-RS.1003, UN COPUOS % 1S0¢] 7}ol=ghels}

Am et

o“’
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}\L%O]'L—E" A& FAO20]. =3, FE Hs A
A v, S5 98 4 =7, AT A BE4
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FARE, sHAAE 1%

s 5HNE &

-8 5

Z o] Folx St

JAXA 7holEgiRle BE FA 28" Ade] A&
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g5 Az F

Mission Assurance Dept yol Az A
°] dlo}lof 3lr}, b
sh= &k ﬁiQFXiCOi]H]C A got=% skal St

_Z"
AQete] o) w7
271 %o shtolth. 1999

FUSFAESA)T B $F2d7] BA B9l @

gt §% 77 (European code of conduct on space
debris)oll & ksl A ).

FSOAd & &gt te] Alodl, $3384 94 &5
2g7]et BddE olrEs i&‘éii Aem, o] HE
of 278t CNESt AHA|l ¢-F2287] A3 7hol=

2}21(CODE of conduct for space debris mitigation)
S At F43tal JATHCNES el A gk 3712 ¢
FH 8 dd Safety office”t &A). Z2=& 2010
d FEd FSOA HE o3 2021»:1 1% 19 o] %5

5 %/\i"ﬂ ZholegllE BY FHIER
B A X N e | fﬂr?/i A& ©s
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i

s
= o =
.

== Z =]
B =0

o WA, Al
o ¢4 71z %

FHAY 5 EF(European Cooperation
for Space Standarization), IADC % UN COPUOS
Zhol=etel S Farste] AA 7o) =24l (DLR-RF-PS-
001)< 2009 AJA38tH L 20120 SLIF-F4
(DLR)S] EE 5 Z=23e] ‘Product Assurance
and Safety Requirement for DLR'& 323} oF
Aoz Agsta Jrh(HT 2018 78AT)[22].

5 Thol=SRlME S-FAIRE A Al G
24 B A(Space Debris Mitigation Assessment
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Tkl 534.68 4 KA ZFEojof & A
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< WE A 24, 20 197 vd 8
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Table 3. Nations to apply for Guidelines

Nation (Agency) Total

Algeria, Argentina, Australia, Belgium,
Canada, Chile, Czech Republic,
Finland, France, Germany, Indonesia,
UN ltalia, Japan, Mexico, Netherlands, 25
Nigeria, Poland, Slovak Republic,
Spain, Switzerland, Spain, Thailand,
UK, USA, ESA

Argentina, Austria, Canada, Belgium,
Chile, Czech Republic, Finland,
France, Germany, Indonesia, ltalia,
IADC Japan, Nigeria, Poland, Slovak 25
Republic, Spain, Switzerland,
Thailand, Ukraine, UK, USA, India,
Russia, China, ESA

Argentina, Austria, Canada, Belgium,
Chile, Czech Republic, Denmark,
ITU Germany, Indonesia, ltalia, Japan, 18
Mexico, Netherlands, Poland, Slovak
Republic, Spain, Switzerland, UK

Category

Canada, Belgium, Chile, Czech
Republic, Denmark, Finland, France,
Germany, ltalia, Japan, Mexico,

ISO Netherlands, Poland, Slovak 18
Republic, Spain, Switzerland, UK,
ESA
Denmark, Finland, France, Germany,
Italia, Mexico, Netherlands, Poland,
ECCSDM Slovak Republic, Spain, Switzerland, 12
ESA
Australia(1998, 2013),
Austriax(2011,2015), Belgium=(2005,
National 2008), Canada*(2005, 2007, 2014),
Polic Denmark*(2016), Finland*(2018),
(Act LZW France(2008, 2011), Germany(1998, 15
’ | 2004, 2012), Japan(1996, 2003),
Standard,

Netherlands+*(2007), Nigeria=(2010),
Ukraine*(1996, 2006), UK*(1986),
USA#(1984, 2007, 2010), ESA=(2008,
2014)

Requirement)

T Se SFBFS FAHA WAL Ak ol
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Table. 4. KARI Guideline Practice and Ohters

No Item Ln;ematit::anlcﬁuidelli;; us = e —
1| o ot Gperadens| © | O | 0 | 0 | 0o | 0o | O
2| M onorit seacups | O | © o | o o] o
3 [Post Mission Disposal (GEO)| 0 (e} Q 0 0 0
4 |Post Mission Disposal (LEO) 0 0 o) 0 0 0
5 Post Mi(ssi:r;rl')isposal 0 o N/A o 0 ° o
|| ™= | o [0 | oo o oo
7 Re-entry Casualty 0 0 0 o) 0 0 N/A
g | Prevenionstoroit | o | o [ wa| 0o | 0 | 0| o
9 Tether Mission N/A N/A N/A Q 0 0 N/A

EEEEEEE— s N
Pre-Project Planning .
Phase / Development Phase posal Phase

28\ 2 £

R * Avoidance Maneuver
Compliance for Guideline .+ Post Mission
(SRR, PDR, CDR)

Disposal(PMD)

Guideline Satisfaction
Analysis

« Selection for Mission Orbit
« Thruster for Deorbit and/or
Avoidance Maneuver

+ Guideline Compliance
Monitoring and Update

« Final Compliance Report during CDR
« Waiver during FRR

« Reviewed and Confirmed by Mission
Assurance Department

Fig. 4. Application of Guideline for Space Project
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