THAFEEXRFELLHEESEIRAE (BENER
BEEIMRSZFR/IL— IV REERICZRDEAEMR
(FHRREARZEDIL—ILIREBERICZRDHAEMZE) )

REREE

THM5% 3 A
HARKE



SHNAFEEFIZELLHESTERTTE (BROEFRIZECIMESE/L—)ILRERRR
[ZRBHAEAE (FHREREDIL—ILEREKIZZDIAETHE) )
HRRIREE

EP/Y

& B et e e e eee e e oo e ———eeee e et e e ———eeee e e e e ———teeeeer e e ea———————————— 1
(O - E =g = S 0 = TR TT USRS SRRR 3
2. SSREUVDFERBAREICET AL —ILEDERNEIRIEAE ..o 4
21, FHRBRLZICET HREFHE - MHEOHEMER, 4 FS5 4 U 0RBOHIE - HETICET S, E
B, T ELEREERE . B E DB R D T E « BT e 4
211. HEBFIA—F L (WEF : World Economic Forum : WEF) DEIE] ..eeeeeeieeeeeeeeeeeeeeeeee. 4
2.1.2. *EEBEEZEL (FCC : Federal Communications Commission) D&M ........cceeevevveeene... 4
2.1.3. BEEZEWHSE (SIA : Satellite Industry Association) DEIM] .........ccceevveeeieeeieieieieeeieieee 5
2.1.4. SWF (Secure World Foundation) DB .......oooeieeieeee e 6
2.1.5. ESPI (European Space Policy Institute) DEIM].........cccoooieiiiieiiieiee e 7
2.1.6. IAA (International Academy of Astronautics) D ENM.........cccccceeveeriiiieiieie e 8
2.1.7. IADC. UNCOPUOS. ISO DB T D EIE ..o 8
21,8, SO R D T 8
21.9. TOT « RIEFEHIIZE 17D SOR D R I oottt 13
2.1.10. ST & S SR e e 13
2.1.11. FHREREICET 2LXEEE - BHIOERMER., 4 K54 U 0BREOFIE - KETIZEE
G B B B ] ) T & ) oot — 14
2.2. HAEM SSR DIL—ILHIEORETICEM TE A EEOBMORE - BE ..o, 15
2.21. HHAEH SSR DIIL—)LHIEOBET ICERR TE DRI oo 15
2.2.2. HAEMN SSR DIL— LI ORI ICEBR CE DT oo 15
2.3. SSRIZHB T HHMEMDIBTRAZOCHRETREFE, BRI RSB EZCLELRT—2 DA
B B 17
24. ZEAEFEDIIL—ILFHIE - RETICHEABARAADHH10% - BBREFORE - BE ... 19
2.5, SSOR D T & SO R THET B D AR T . oottt e et e e 19
2.5 SO R ) T e ettt 20
2.5, SO R D T D T ET B oottt et e e aeeaaraa 22
3. BELAREREH L EEGHZEA LEGNFTFEANREZMRICT S2EEQT7HEMICET2EANBRRZY
B I B B DD B i T oot et e ettt et e e e e e e e —— 24
31. BELREREH L EEEZA LEGNFTEARZMRICT 2BEQ 7HMBEAROERANOEMER
B m BB o ueteue.t...tue.t...tuettunttunntnntnnnntnnntnnnnnnntnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 24
3.2. BAEMNRAZRIETEZT LMD H LB MICHRM TR T HEICETIHAE - BE ... 26
3.8, BRI R R D B B BT » BT e e 26
3.3.1. TN EAFE I N BREATITEREERIE E DR R e 26
3.3.2. RIS IR — E R DT B R R R B HE BT e 27
3.33. EBEBERNIE R AT B B IR HE ST oo, 33
3.3.4. SSA E U R DI L R I ST o oo 33
335 T I EBE DR R DTG R R B E ST e 34
3.36. FHEREREIL—IDER EISN=IGEOH - HEHiGORIEHETER . 34
3.3, LT 4 T R & DB R oo, 34



4. SSROIL—IERIZCEWTENENEZE N EHRT OFRICEAT AT ..o 37

4.1. SSREEZMHBADEE - SEPZOMGEDHEIZTDVNTORE - Rt 37
42.SSRZEZT7T7 - KEHHIEICEET AHEEAIT DD TODREE » BB e, 37
43. SSRODIL—IERICEWTEENZHEGR - #FTH5-HITVELBEROFE - BE ... 39
B T D oo, 39
5 BAENFEHBREREDIL—IERICERT 2 -ODHBBEOEEESEDERE ..o 40
51. A ENFHRBEREDIL—IEEICEMR LEEREFNEERT D-ODHEMBEETE ..o 40

511. BATIFREHIEZE SIS FEEEBREEIL—ILD THBRELE] e, 40

51.2. L—ILERICEM LEERE N EHEIRT D= ODERBEEE e, 41
W 473 A N G B e Ok L TR SRS 44
=3 4 TSR 46
i - TSRS 52
R (BT B ) oo 53
Y N e ) Y - SO RRSPRURR 53
A2 JA QG B R oottt ettt 54
A3 HBAFITFITIR D TR IR HERA AN D R B 1T DUV T oo 56

B =Py

2.1.1 Space Environment Capacity OBEET oo 7
X 2.1.2 SSR OIEERE] (2022 5 11 AEFAD oot 9
[ 2.1.3  FEILTIO SSRAFFZZ DIFEIR .o 10
B 2.1.4  SSR D FATAITE 7 2 w1 oo ettt eas 10
B 2.1.5 SSR DFEFTIT 7 T R ittt 12
X 2.2.1 M-Pack CCHRIBLID 7 LB U EEFL D) e 16
2.5.1 77N AR—2IZ LD Green Spacecraft OBEE64 ..o 20
X 2.5.2 SCER621C LD EE a7 > B OBUE EAETFRORM oo 22
B 8.1.1  BERELERE DHETIUTO] ettt ettt 25
I 3.3.1 HADANTHEFT EIFREE005135 LT 2030 AEDHEFFREL ooveeeeeeeeeeeeeeeeeeeeeeeeeeee 29
X 3.3.2 2016 4-~2030 FD IR D N THATEELEH (2030 FFTHEFHE) oo 31
€ 38.3.3 AT L —va rPUSofEORE#E (2020 - 2021 - 2030 FIIHEFHE) oo 31
B 3.3.4 R D R O e I oot 31
X 3.3.5 2012 4~2021 FEDO D CubeSat FEHI06] ... oo 32
[X] 3.3.6 CubeSat IO K L 2 R (2030 FFEITHEFHME)  covveeeeeeeeeee e, 32
B 3.8.7 SO A T T A e ettt 34
€] 3.3.8  BAEFHTERBR O BFEIHIIT oottt 35
X 4.2.1 9100 [EFSFREEHE OAH] (T4 A2 JAQG BARHEEEI L V) e 38
B 4.2.2  FEIEEFRGEARTT O .ot ettt ettt e s 38

&E R

2 2.1.1  SSR D CONSULTATIVE BODY .ot e e e e e e e e e e e e e e e e e e e e e aeesaeeseeaeeseeeaesaeasaas 9
F22.1.2 SSR D BT A B il o o R e 10
F2 21,8 SSR DR AT 7 o I OB T e e 11



7% 2.1.4 SSRICEIT DHAMHFERDIE TR ITIE & MR e 11

#2.1.5 SSR OATFIZEBIT AT 2T D ETE DT oo e e, 11
FZ 2,18 SSR DRI ettt ettt et e e 12
#2.1.7 WATEZT D REEEAFEEE OGN D T2 SSR DR .o 13
#2.1.8 FHERBEIR A ITAR D EIBRENII ..ottt ettt 14
#2.2.1 WREE YR AOB R CHERTFHERERESHENT E ZOHR CEPENER TEX H2HMH........ 15
#2.2.2 BOEORZEIZ L DHEBEBLEIT OB oo 16
72 2.8.1  SSR DB T UT AT TEZR T = oottt e 17
F:2.8.2 SSRIZEIT DI H S E T ITTI oot 18
7 2.3.3 SSRICHIT HHEIEHROIERFE L BGET REREE B D FTHEME (e 19
241 WHIRABRDG DIENDEZE « B R e 19
2 2.5.1  SSR DAL TSUT * MBI I3HT oottt 20
32 2.5.2 SSR D TEE THTODIIHT ettt et ettt e e et et e e e e e e eaeeeeereeeee e 20
F22.5.3  SSR D FEITIE 0D I3 oottt ettt ettt et ettt e ae e 21
35254 SSR DIEITDITLETZR oottt ettt ettt ae et e e e 22
F 311 FEDD DT T U FEAETEIR Lottt ettt ettt 24
7 3.1.2 EERRERENEZA LR FHA A Z fREIC T D8R I 78 24
#3.3.1 FHEFICBITH CNHHELS IO SBT B ERGEZ T D2 —E A e, 27
7 3.3.2  CON BHHLEAE U — B A OFRARIRILI03, 104 e 28
7 3.3.3 TMIGMEDHIRF TE D EWN SSR FHFEIIF SR TR A e 28
7 3.3.4 WIGMEDNHIF TE DT T BUIS SR E Y R A DFER v 29
72 3.3.56 SSRBFEEF IR E U R ADENTIGHERFE R T T U e 30
7 3.3.6 THIGMENHIFF C&E DA R SSR FEGERFF IR E TR A i 30
7 3.3.7 WBAMNIBWTHHMENHFH T 2T EE X AOFEM (2 A7 L—a L
) ettt ettt ettt ettt ettt ettt ettt eaens 31

7 3.3.8 AU AT L—y g UERBITICHGER R CX 2T ZEE R ADOFEM ... 32
7 3.3.9 AT EE R R ADEEETGHEEHE R Y~ U (CubeSat ZFR<) e 32
7 3.3.10 HHMENHIG CTE 2RI RS E E R A0 (CubeSat) .o, 33
# 3.3.11 CubeSat DEfTIT G SIR E VR ZADEEETIGHETHRE R~ U 33
% 3.3.12 KT BRI E U3 A O E BT R R S T U oo oo 33
# 3.3.13 FHBREMRENA— VBB ST O T 72 [EBR TS B HERRE R 34
# 3.3.14 FHEBREMRENL —ADBEK S NI%6 OF T2 72 BN TS BUARHERRE R 34
2 8.8.15  FEHTERIBI O BIILLTY oottt ettt et 35
#5.1.1 L—T7 4 7 OUGERIKE (Z0 1 FHEFIEOUGERRE « BT o 41
#5.1.2 L—T 4 VT AX—AOUGEIKE (20 2 BN X OV E RIS - 895 ... 42
# 5.1.3 SSR Z2H0 & LIEEDNEOFHERA RO N —/VIZEE R (20 1 [EEEFERE]
FEREGEHEIE « BRIIT) oottt ettt ettt e ettt ettt ettt ettt e et et e eae et e eteeae e aneas 43

# 514 WEINEZV—T 4 7% EH» & LERPEOFEHEER S DL — LIk & ki RS
(ZD 2 : OFHERERATEE) & OHEHEHRIL « BRI e 43

£ 515 WESNLL—T 4 7 2R & LERDEOFHBEBER A OV — LI L RIS 0
Fhifi (SSR Z BT E DTZ AT T 2T ZE) oottt ettt 44

7 5.2.1 HERESEREIZ AT 72 EE OFRRE (SSR D) oo 45

—iii—



BE G

ADOS
ADR
APRSAF
APRTA
AQMS
ASA
ASCEND

ASI
CCSDS
CDM

CN

COLA
CONFERS

CSpOC
DAO
DIT
EC
ECOB
EDT
EOL
EPFL
ESG
ESOC
eSpace
ESPI
EU SST
FCC
FSOA
IAA
IADC

TAQG
IDA
I1SO
ITU
JAQG
JRTA
JSSRA
LEED
1SO
LTS
METI
MI
NDA
NGSL
NORAD
OADR
0CC
00S

Application of Design and Operation Standards

Active Debris Removal (REENHYT 7'V FRE)

Asia-Pacific Regional Space Agency Forum (7 &7 KLU E % B 5 5%)
Asia-Pacific Rating Association (727 « KV EfIk L —F ¢ > 7. R
Aerospace Quality Management System (MIZEFHME~ R A bV AT L)
Australian Space Agency (4 —A ~7 U 7FH/T)

Accelerating Space Commerce, Exploration, and New Discovery (AIAA £ D E RS
)

Australian Science Innovations (A4 —2A k7 U 7 [E 72 KN OFEK)
Consultative Committee for Space Data Systems (FH7T —# v A7 LK EER)
Conjunction Data Message (7 7 U #2iT{E#H)

Carbon Neutral (7 —HR> ==2— K F /L, KfEFL)

Collision Avoidance Capabilities

Consortium for Execution of Rendezvous and Servicing Operations (7 > 75 7 « H#—
EREAERO DD Y =T )

Combined Space Operations Center CKEMHASFHEH L ¥ —)
Decentralized autonomous organization (43#c’ H AkHAR)

Detectability, Identification and Trackability

(Space) Environment Capacity ( (FH) BREAL)

Environmental Consequences of Orbital Breakups

ElectoDynamic Tether CEFEMET V—)

End of Life

Ecole Polytechnique Federale de Lausanne (A ZA#H TEKF 0 —5 2 XK)
Environment, Society, Governance (Bgfii, 1%, REMIGE B LI &KEIEH)
European Space Operations Centre (FRINFHEH & ¥ —)

EPFL Space Center (EPFL A~X—2Z& ¥ —)

European Space Policy Institute (BN 525 BORAFZEAT)

EU Space Surveillance and Tracking (EU F&# A7 18H)

Federal Communications Commission CK[EHEHELZER)

French Space Operations Act (7 7 > A HIEENE)

The International Academy of Astronautics (EEFHMAITT T I —
Inter-Agency Space Debris Coeducation Committee ([EFEEERIH] A ~_— 257U Fitk
ZISES

International Aerospace Quality Group ([EFEHIZEFH g 7 v—7)

The Institute for Defense Analyses ([E52#H14fF7EFT)

International Organization for Standardization (|E FSAE %E(LFEHE)
International Telecommunications Union ([ERE&ESEGHES)

Japan Aerospace Quality Group (FiZeFHWE &> % —)

Japan Rating Association (H KLV —7 ¢ > 7, IRFR)

Japan Space Sustainability Rating Association ({#r [ H A SSR %] )
Leadership in Energy & Environmental Design (7' UV —> ELT ¢ > VF8GIE)
International Standardization Organization ([EFSEEE(LFEHE)

Long Term Sustainability (551 &) D & HIHIEHE 7T REME)

Ministry of Economy, Trade and Industry (f&PEES)

Mission Index

Non-Disclosure Agreement (FA%RFFEEK)

New Space Global Strategy Lab (—ffEFiEN = 2 — A ~— X [EBRERIEAI 5T T)
North American Aerospace Defense Command (b7 A U 77 it 28 55 B =1 45356)
Open Architecture Data Repository

Orbital Carrying Capacity (#LEINEHRE )

On-Orbit Servicing (#E LW —E R)

—1—



OPMT
PMD
RMC
RPO
RTA
SBT
SEC
SJAC
SIA
SPD-3

SSA
SSC
SSR
SST
STCM
STM
STSC

SWF

TRL

UKSA
UNCOPUOS

UNOOSA
VC
WEF

Other Party Management Team
Post Mission Disposal (2 v 3 & THDOFEHR)
Registration Management Committee (GREEEFREHEER)
Rendezvous and Proximity Operations (7 > 7 7 — - iT#5EH)
Rating Association (L —7 ¢ > 7hes, ARH)
Science Based Targets (R=EZhHE A A HEH I H £2)
Space Environment Capacity (‘FHERIEA &)
The Societies of Japanese Aerospace Companies (—fxfL: %A H AT 22
Satellite Industry Association (ff&HE¥EWHE)
Space Policy Directive-3 CK[EDFHBERKHHETE 3 =)
Management Policy”
Space Situational Awareness (FH IRILHE)
Space Safety Coalition
Space Sustainability Rating (5=H e rl GEIERSAT1T)
Space Surveillance and Tracking (FHER - 1BHF)
Space Traffic Coordination and Management
Space Traffic Management (517285 #1)
([E 5 22 ] F fn f) H &2 B & UNCOPUOS @) Science and Technology
Subcommittee (B} FHIN/NEE )
Secure World Foundation
Technical Readiness Level (717l ZE)
UK Space Agency (Z[EFH)T)
United Nations Committee on the Peaceful Uses of Outer Space ([E#
MZEER)
United Nations Office for Outer Space Affairs ([E#5H{ 7))
Venture Capital (:\<R>F ¥ —F ¥ X 1)
World Economic Forum (#5857 +—7 A)

FHLER)

: "National Space Traffic

T 22 AR A



1. FRAEDEREIUVEH

W, NTEROEIME ZNITHEI AX—RAT TV ORAEIZI Y, ¥l LS AN TR cRiE IR EE
2725 TETWD, 207, NERASH BHLEZMERICFIHTE 5 X 9| Fkx R EBEEE N FH R
BREICPITE#EERL L, HA FTA4 0 - BEELZHIEL TV D, O/, NTHEEM# > TR
ICFHEVRAZTo T 2DIZid, NLFEENEERERERSME GREICE LW AN THEEREIN) &4
THZENMUEELEIS> TS,

FERE, EERADREHNICTFHEREORHGNIFIRHICE T WMV MEAEITHIA BT 4 TIZ2R T H &
ZHIEL, BEEEALNMDLH T, HARE 7+ —T 2200, EE7+—7 AMEHEL LT, AL
EOFHRREOMREMZ 5N U FEE ORAITRIAEEIT 5 /V—/LTh 5 [Space Sustainability Rating]
(LLF. TSSR) &Wd %) ZGtL C&E 7o, MaZtsfh T OFGEERMMEE & L TRE SN/ A A AL
BRFo— X EPFL it #—CLF, TeSpace] E#d5) 1280, 20224 6 H 15 iRGEN
BlibEN=L ZATH D,

SSRIZL Y, AN—RF T VRELZEOHIE LV — B ACHEEREE O RHEe ) 72 R I & 35 572 5 Hi B
HREDFILEITHT D44 BT 4 TR E S, ZHHICHRADH LFPERFEDBWERE 0D Z &
DHIFFS LD,

— 5T, FEEMICECKN TFE L CGREIEV— LV E R L T D 2 e h, BAEREOBHLAINIE S 127
i SNARVWEENL— NG ENTWDEAICENEREORSRZEICERZE L 72 0 il i, B EMN
DREFEOYUGEREZENEVIZ < 0D A, B ~O B SUCCERE AR B EREIC L o T X MY
RNFHIT DR il i, BAECEOEREHFII~DRELIREIND,

ZF 2 CATE I, BAENFHBREFRESO N — VIERICHEBIICEERT 2 HEE2ES 2 L& B,
(1) SSR K UMLOFHERER RIS 21—V EDQEMNAEMFRAE, (2) SERRERENE &M
A LR AT AI A &2 ATRels 9 D8 = 7 ATl B4 2 E A E m & O s B 6 OB A, KO
(3) SSR D/L—/VEZRRIZEB W TR D E PR 2R3 2 FECET MEZITV., (4) TBERTF
HERFER DL — VERICHEBIICERT 27O O AR S & LTE L DT,

AFHETIL SSR BN E > TIEWD HLDOD, FHENKDZE  DNFHERBERED /LV— VIE I 21K %
EZzHEICOEHRbDO LTS TS,

B, AEMTIE. (1) SUEHRE. (2) BfRE~Oe T U 7 (3) eSpace & DiEim. © LT,
(4) KEEMHER LIABREZBESNOOER - fREICESW TS FIAENFEARNI T A1 (53
R—) O#EH) ,



2. SSR RO FERERSIZET HIL—ILEOERNN T
RIEAE

AHEETIE, BRO/ENFHEBEREO L — VIERICEBANCE BT D 72 Ok 4 12
RTDHILIZRDLNP, KETIE, TOREOAHE L 25, FHERERSICET 20—
FoEWSO@hE 2 A LR 2R

21. FHRRRZICHTI2E8EHE - REORMER., A4 34 U ORBOFIE - KET
CRET 5. EE. TECERHEE. FEOBRDAE - BE

FHERERRIZEL UL, €k, 77V (FHIA) 345
(1) HRPLAEE - 37 - B (Space Situational Awareness : SSA) Y AT A, BHIA[RE/R K& & DT 7
U o3fife#E (GEO 1m LA L, LEO 10cm P )
Q) AR N7 7Y o4 TR GREET V), CRERTHI (HEBET L)
(3) BRFEt - EH - WUEMYT - MOENT, [EDEEEM BB, B ORI, BhHE, mEE AT
BE (\Wbwd 125 F1—1) )
(4) 1 oL, HEFEZEA, WREET, U A2, 27y b - HEOIET 7 Uk
LWV ol A RTA ROHHNCB T 5 EBREYE - L— AL ORRFD EBREFHERER A X—2 77 ) g2
H% (IADC : Inter-Agency Space Debris Coeducation Committee) . [EH#EFHZEM EAMFHEES
(UNCOPUOS : United Nations Committee on the Peaceful Uses of Outer Space) . [E P2 AE(L %
(ISO : International Standardization Organization) THV M FEN TE7=0, FaTid, HREHE 7 +
— 27 & (WEF : World Economic Forum : WEF) | K[E# L@ (F EX B4 (FCC : Federal
Communications Commission) | i 2E¥ W2 (SIA : Satellite Industry Association) . Secure World
Foundation (SWF) . ESPI (European Space Policy Institute) . EFEFHMIT7 7 I — (The
International Academy of Astronautics: IAA) 72 ENENZ VR /IEEN 21T > T\ 5, £ 2 CTAHIT
T, FHEREMAS2ICEET 5 WEF, FCC, SIA, SWF, ESPI, IAA o#Ejm %<3 & & 412, IADC,
UNCOPUOS., ISO Of#i#hmadsd %, £z, T, 7U7 « RPEFERIBORBUZOWT Bl 5,

211, HELFI+—F L (WEF : World Economic Forum : WEF) D Ej[H]

WEF Tix, BE¥ENN B EMICTEH ZAMEEICE fHie/zooxik & LT, EENRL—T 0 7 A%
—LADOENIZATT-EmAeED TE7-, £ LT, 2019 F 5 A 6 BIZKEY > b TSN L
B OEE T 4 —7 & [Satellite 2019) OH T, ATHEOEHAE (FEH) MroHxcDI v =
UINFHBREICG Z DB LB L, TORKIS LTS o T4 TEEZ DFEEG ARSI

(Space Sustainability Rating : SSR) # WEF ® 70O x4 k [Shaping the Future of Mobility Platform

(REREMEDEEUTATSYbITH+—L) | OBRMEATHRETSIZEEZHR LIz, BT —LI1TI1T,
<Y Fa— Y LR KZEMIT A5 7 780 [Space Enabled Research Group)] M F3E L., BRINFH
B (ESA) bt &, N TR E YR AKT Bryce Space and Technology, 7 F % A KFEA—AT 1
BoOWIITary —v 7 ARSI, 28 Eicbizy, WEFIZ, Zoayy—y T AEWHIILT,
SSR DO EHE L IEHOERICEH L CT& 72, ZOM. HADRFHEEELYL WEF O7 RAAH Y « R
—RFORA U AN=L L CEmICSE L TET,

Z LT, (AT o SR GRAEREES) & LT, 20214E 6 A 17 H XV A AR TR KF o —F 1 X
& (EPFL) OFH & ¥ — (eSpace) MWEE I, 1 FMOFATHIM AT, 2022 4 6 HIZ SSR KK
MRAFIEELE LTERXICRE— MLz, 2O, 77V AOHBBEEEAT TtE. BANGIZ, AR
KEDRIRA v —Lileolz, Flo, RN BEGHRE T, ALTER 7 /L—7, EnduroSat, Privateer,
Secure World Foundation, Slingshot Aerospace 23 A > /3—& LTHINL, fHlis A7 A &58b3 5 &3
(2. E OB & EMEZ R T 2720 OBEELRFEMAAL SSR IR L TWD, Fo, BATHIRIFIC
IZ SpaceX, Planet, EPFL Spacecraft Team, OneWeb, 7 7 &/l AX—X Airbus % & teff 2 BHEF
YHIC LS TRBT A MBMThIL, Y — L OREEE L ERMEORIER ThiL T A0,

728, SSRIZOWTIX2.1.8Hi (8 X—) IZTZOMEERL, 25Hi (19X—) ([T THHT %,
21.2. KEERMEEEZESL (FCC : Federal Communications Commission) D&

FCC AR L OHIHIL, #FAHAIE(Code of Federal Regulations : CFR)YD % A /L 47 EXRIEE

747



I THESIND, FHED/S— | 5 EBRT U4 —E X (EXPERIMENTAL RADIO SERVICE) @
5.64 HH|ZHE VAT MZHET 2 HRIE (Special provisions for satellite systems) 23% 0. 5.64 H(b)
(7) Gv) (A)IEIZTHTRE 25 FEL—/L (B 2,000 %1 2 — kLT O#GE THA & & 2 2 FHifnIE. EI70]
REZRFR D F.<, T v a VT 25 FELUNICHED LBERLT 5) DEE STV 22, 2022 4F 9 BIZ 25
Fx#S5FICEMBIHAHAENFIRSIN, ZOHET, BENERINTHL 28BS LF o b2
2B E i, KETRA SR L | MOEFEEXIIZ L > TRAISATW D2 KRETSG~DT 72
RO TVWDEEDOM TN REIRD,

25 FL— L& 5 FIHEMET D HEIC OV T, 2020 4 4 HIZHEIT S BRI ERE S (Notice of
Proposed Rule Making : NPRM) (ZxfL., %< Dz A MEHEN NEFEAEDEA, b FREDI v
VaBOEFMNEY THLAREMEN D D] LI v v a VIROWHLEFEMEEMET A EEXXFFLTW
Too 7ok, 5 LT D HEANARILII R STV 2R,

—HTC, KB a AT L— 3 R LTUE, 5 FIRELERTELREELRHH EL<Da Xk
FENRRALTEBY, ZNUHDV AT ARSI OTHHERE~DO U 27 2F[E L T, FCC TIERHE =
AT L=y g liE, 1R EOXVEW vy g VEOREEENENE O A i E i 5 &
LTW5b,

WTHUZLTH, S0 15 FIL—)L] EFHERERZICHLTELEHA. TOEVWFTHLIFEHET Y
A—CE2TERELGAUNY FEEZDURMULIH DO, SELZTORBRKREZE=ZZ2 LTV RLE
NHB7E59,

21.3. BEEZXHSE (SIA : Satellite Industry Association) DEjj[A]

STA 1% 1995 FOFX LR, KEOFHEEEEONREL LT, MEE YR AIIHELZ X DBUR, #H
Hil, SEOBREIZ OW T L C& 72, SIA X, 20204 9 AICRIT LAY A h~X—s%— “The Future of
Space and Space Traffic Coordination and Management”2 (23T, EHIFZ25H O EHe ol e 22k
TX 5 STCM (Kl 25T 57D RAfig L LT, SSA X" OADR (Open Architecture Data Repository)
CHEDTARM T, UFOMEEHERFHEAEBL WD, TONEIT. FT2ED SSR #5145 % OFH
BREEREIEEIORIEZEZ 25 ECRBIZEATELDIZ/R> TV 5D,

(ERRE)

(1) e

T, FHEBEOH D B EEITRIICEML WA T, MEEMHEIL SSA +—Evx &
CSpOC 607 7 — MIUK(FT 5 L TlZEREEEH 217> Tb, LarL, SSA —E XX
FRTE»L2 OO, ERMEE L TUIFHOREM L FHRE ORI A M. 52D M E
RUAYUZITE L TRV, ERRN ORI STCM v A7 L& v e/efR Y BT 22 &
2L D, BIEOFHLZEOERH ZUGET L2 L REETH D,

(2) B R E R

BUED SSA H— 1t A%, FrE OWUE TIXFEZEEEE NI L0 R E 2 M A TW D2, FHEE)
MHINF 2122 T, £ < OHLE TITHEDRFTEFITR BN D 5H, HBENSEDINE I ML, #
EEHBEDRIRUZREOEREROEELFEHE, A7 =7 FOMFE, A7V =2 O A XE
TSR, B EBEIAN, A7 V=7 FRERTLH0E, A7 V=7 FO~ X —/NATREEIC K
MK T D, O OHUED AR IEMMEICKHST 272, FEERFILZ < OGA. FEFITRT
PRARED ECHEEEREOREZIT>TEBY ., KEOT 7— MR AELTND, E-oT, ZhbDT
—ZREEOR FICEREY THRETH D,

(8) BEOFH O et & ZatEY— v A 2k T 58 Y — /L DBI%

P SSA —t A, STCM H—E R TV O DOFEENTFELTEY .. Z4£72 STCM > A7
LITET DB - A O — A ORI 7253 I L v | FEERENEERELIT O
FEMm ET 5,

(4) B & @7 SSA 3T

EXRCIEfEe SSA VAT LAZEET H720ITIF, #ix e SSABHIR v hU— 7 Likx IefE D
UL DBUNMLETHD, HLOBMT—XIL, BEOT—F T a—TarorUrl
SHTIC X o T, FREERENRZ A L) —REBEREZIT O IO OEM SSA =7 LHET
T— NEAERT HUNERD D,

(5) Open Architecture Data Repository (OADR)

W4, EENE OZ 0B, FHEOMEDOBRESC TR, ~ X — 51, f7TH LT HER, g5
BEHFEAT—F, KOEHOLZRMEICEET 27 —2 72 8, FHEICET 27— 2 2Rt 55
BZRLTWS, £ZT, OADR DOERERRASE - F248% S HITiEw, B4y STCM (& Db & T,
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R EERE N DEA T —Z ZIUE L, fEERAEROT — Z 23 % i RBEIC IR 2 MEE R &
%, 7235, OADR IZ5WTIEZ UNCOPUOS 7 ¥ T himiTiEd b T\ 5,
(6) TR
SSA & STCM OF —#i%, JIviar, @E, HECHEOLLT, £z, MHIrLHNCED S
T, ETCOHEEHENTSICFHTEL LT ENARARTH D, FHEE EOKRE Z2%
Z5HE, INHDOT—HRLT—H WA AMENE L, B ADOBEEEIENR/NRE 2D K DI
THVNENRD LD, FEEREIWEINT — X 2R T 0 ERH 5,

(HEAREIE)

(1) AT <IATEEEENLETH S  KEBUFIX, RBESHOA /) X—va v EIHET D720,
X0 &EHin7 STCM BREEZEATRETh D, FFIC, RKEOFRIILHOFHEHEETT L ORI
M <, PAHEENOm S DN ZIEHT <& TH Y, SPD-3 (Space Policy Directive-3, FH B
RARHAESH 3 5, Space Traffic Management (STM) EURZEFR L T\ D) WO TIEEIT 572
FO+RIEENMETH D,

(2 7=V —U ZBEFTRETHIN, BEREFH-IBEORMBRET 2RETIEEL : F5ED
HLOIZHEEET, FTOFHEZET LV —LU—7 OB T 72O DOEHN R HEEZRD D Z &
D, BRE AR L., b E AR OE VRN AR T S 2 L icok N D,

B) BFFIERR N TS T A RERTARE  HEFHEXERISHRLE R AZED D T2DIZFHD
TRREEZROTEY ., FHAOZALZEEZME L TFHOREMNREZ LS R SEDL 2 20N
I

(4) eHRZEZWMEL. /O—N\IUWEZ—XICIHA DK I BERRCTRITINIER S22 KEDEERA
HLONEMDT, ERROETOFEFNEZED D Z LT, TR TRFATEESR STM OV AT LR
TX 5, FHORRATREME L W) B BEZER T 5720121, KEBUF, REOF]EREGRE.
HER UL T2FHERE & OBURMESR ) — 4 —2 v TN E L7 D,

2.1.4. SWF (Secure World Foundation) M &[]

SWF 1%, Fric, (1) FHORHEATREME, (2) FHIEEBOR, ) AMEBREOR2MEE, (4) Fa— L
KFHED VR — N 4 DITESREZ Y TTUHEEZT> TV D0, FHREREOB AT, LITo@Eb
K a L 2T L —y a0 DT A v AT AIEE 24T > T 46l

2022 4 6 A 21 HIT SWF %, UKSA (EETFHEE) WL T, KEERa 2T Lr—varn7
A A E~DOT T —FICET 2GS BE O EE ARG L, LTFICRT My 7 AR LT,

KB RA T L—va VEEAT A EOOBUNEROT T a —F 2 EBLT HI2IE, BUR Y — &
=V IPMEREL AWML L, [E OB AN TEMEGERAE LFE T2 A D =X LNRULEITR D,

- FHEHE ATREME ORI E &2 5 O HEEREIN D | R ATREMEDN BT 2 b 02 KERITER T DB
WCBAITT AMERNH D, KB 2T L —2 3 U 2RO IRMICETET A 701203, T o
25> TNDD0, ZOEENFHERREICHEZ D2EEZERBLIOMETE LI EBMNETHD,
ZDi=, FHEREEBEOMICIZM T - EERE AT I2LERND D,

At T4 TEERERFOWT N ZE U TR EZRIE, FHli. BE OB 57291, 21T
e ZORBIIHOVWTBLTERINCAEEENNETHS, ZDHAT, SSR B#FELEY—IL
DFFEEE L TEE SN,

£, ZOXEETIEL, BUBEIREREAS (Orbital Carrying Capacity, OCC) £ S 4 4 T, 4 iE DL ik A
MR CE DIEFEOERLN e L R D HEINERE O AN uEEZ Y YV —R L LTEHT 72004 M
Y= E R VR DL DOERSTONTL, £ 2T, K AT L— a COIRKITHGE A GE T O
ET VT ORALY b EATEY . BUEBNAERED DR ORE & & HICB LT D REERH Y,
M2 BRIREEITO 20D Y — L LTOFRAMERESND Z &, L= -> T, BLBEIRBRENDEH
MEREICERZETTETIVITARERNEMIN, T LT, Kz 27 L—1 3 UCBE
THLUTD 3 DOEERT —~v DA %OiERDOERERDAREENRSH D L LT, EmaMpid o2&
>7,

(1) FH ORI REME O BURII ATHEM: 2 E ot 5 & & b, EAICEET 2R RIcBIT T2 Z &M
VETH 5,

(2 KB VRTL—2 3 VORFIITEEOTEEELATEMZHRATIVENH Y . EFMA
BELERRNTSUT 4 ADFERIOBROEIRETH D,

(3) WUERBEBOEHIZE W TIL, FEFTHE & MROMROEITIZE > TOME~NDT I XD LAFHE
Eikim T DMENRD D,



2B, T OHENARES O S, RIETR5, ESPIIZ X % Space Environment Capacity (SEC) @
BRIZBELD2bDOTH S,
2.1.5. ESPI (European Space Policy Institute) DEjF

ESPI i% Space Economy and Commerce| . [Space Security and Defense] . [International and
Legal] @ 3 DD OWT, FEARFHBERMEICE T 2504 & o, R OFEEN & BOERE W O
B, 7—~RlR#L vV —r v a v YOMEEZE T, ESPI VAR— F&RITL T, HREFHE, BT 7Y
g RV g UERMELTWDS R, ZOHR T, FHEREMASICE L TiX, Space Environment Capacity

(SEC. FHEREAR) OMEZRBL WA, ZOMEILL FO@EY THh 5D,

F 9. Space Environment Capacity D& ZKIZ L2 0 %#K 2.1.1 12737, ZORIZEWT,
Available capacity, T 7205, FHERHENICK T 23RO AEFH A &L Filled capacity & Unfilled
capacity (24738 C& . Filled capacity T2 TCOBEFEDOI v a LA EOA TV =7 FOBRE~KITT
®# (Capacity Index) #ZNZNiHHE L TERT LI LTROOLNDLEEINTNDS, ZZTWH
Capacity Index & (%, EA&HJ121% ECOB(Environmental Consequences of Orbital Breakups) Index % &5
LTHEY, UTOEFERBTRICLVEI v a UBRESAKZTRELHE T 56,

- TEEMER L EHEORBWEFEOE A
< JRFEOFAEMER L X OB

R Future Available Capacity
\_» (Positive Trend)
O Available Capacity
(Current)
R Future Availlable Capacity
\_s (Negative Trend)
Filled Capacity
(Operational)
Ly ] Individual missions
® (Capacity Index)
. Filled Capacity
(Debris)

2.1.1 Space Environment Capacity O

Space Environment Capacity D& IE5] &kt & ESANBHEF THY . ERIEDFIE - EBRFERIARS
NTULVEL, BIfE, Capacity DERSIFRERZEH TR SN TV ORT TH D,

—F5. STM IZBILTIE, 2020 4F 1 HO L AR — MIBWT, ROBUIEL TWBE, T4hbb, XKE
IR OF NIRRT AW E FEE /) & 08 U FEHRIR IR e/ A s BRI 1S 3 1T D K [E o pi 3
MY —H =2y T EERT D7D Y —/ OADR (Open Architecture Data Repository) O BH¥E % HEitk
LTEH, BRMELTE OADR ~DZ < OF — XN AIRETH D, —H T, KEDORRI~DKFEN
mEY, BRISFBFREMENMET T2V 22708365720, BRINTZDOKFELER L, Z A FrAHPENICHE
FFT2BAZRIELRITHIT RSN E LTS, T72bb, KEFEICLDHEO—TTRBHIE, 2
—Hy/NZE ST, BRLEOARRRNSG 2 20TV AR50, FHRBEHFEREL XX T 7
T 4 ADRAFRIZENT I — 1 v NHREMREE 2 R SR T LR LN E LTS,

INEZT, MIMNEBERITREWT, 2022 4 4 A2 FHR@BERICHT 2 EU 07 7u—F] (2T
LalvyvaryPEAIn, FaIyira T, STM I L T, BINEZES & ERIRENTH . U
TOT 7u—FERE LT,

© 2022 T E TS, BT 59T O BU FIERERE & Ok A W =X LERET D,

- EU SST (EU Space Surveillance and Tracking : EU FHEREN) — b F—y v 7FOXEE
T, BEFE—ERADRT p—< X% 2023 EHIEETIZ 10cm R 5T X TOYKRZEHRE T
XHETH EESED,

- EUSST N— b=y 7L LT, 2023 EE TICT —2LATT v hAR—LDO—#, 2025 FF
TIZHEEDEUSST AR O D—EICEERNT I LA TEDH L H12T 5,

- EUMBEEREEICH LT, LTFZ1TH

- 2023 FERETIZ, EHBELV ALV TREINTEMEL TA FT A4 BT 220 RN EWILH &5l
FERFHEE IR D 7 4 — T NEFKL
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- F74—7 AT, HLOEINE L OEERE OB, EU LV T@RIRSNIZEEL T A KT
A O, BEIO, MEEOCHEERFICLD A B AFFELIIRT HTDDY — LR v 7
AVERY A FE i
- 2023 FEKRETIT. SIMEELHA FSA VOERICAITI-A o T4 THRBELRMAD=XLE
BEL, 2024 FEXFETIZ, BEEAN=RLEHEILTA o T4« THREZRBT 5,
-+ 2023 FERE TIC, BADRER R —EORB LRE L. 2024 43 F T2 EU STM SIED AlREME
W% B RE L, 2024 FRETIZTEU STMILEDRELZTT 9,
- BRI STM YV U 2 —3 3 U AR LV TEET 5 Z &L 2HIFICAN T, STMD = DHEE %5
EFEEIFERT H-OICEEES EEST 5,
+ 2022 F X ETIZ, EU ORI A RGE L ey 6, EU DERESGF HE. BIEEO. B L UOBERSEIIC
ZINTE D HEERET 5,
STM DiFamlLEDOHLEI L SANE R L~V E T, ZHLETE L O - @Eim S Ei AL T E BN
b, Z0O STM RIADEENETITNIL, SSRIZRHLIFHIREREFBIM A TLE L THEET 518
HIEEL, — 5T, BEREWS, STMFRREY AT AN EWICEB T 5 0IREHTH S
2.1.6. IAA (International Academy of Astronautics) DEjM]

TIAA TiX. SSR O#tEE TH S MIT @ Daniel Wood K23t 7o T, AXT 4 7 —7 SG 5.19
“Opportunities for National Governments to Foster Space Traffic Management using the Space
Sustainability Rating” O#EREN 72 S, 20224F 12 Hlcx v 7 A7 ankzad, 7o —740h6hbnd
WY, ZDOSGTIXSSREFHITLEIT - EROERNRHAOEATDO—FHE LT, FEEBFENED K S IZFIA
TEAMNZERETHLLTEBY, O FEBNFTSL LT ORABEZRFETHFEEICH LT, SSR O—F
DLEDOKAMITEZERLIZSGA, EOX I REENL LD, @ BUNDEAKIE O Alse /T8I 2 ZR 35 D
L. FHMEEE N AR F rl R S e FEE T A e T4y 72 BEZHDOTIE, EHH
DRI, Loz Z 2RI HE LTINS,

B, MEFELIE, A N—E LT, #EE - HifE oMz, EPFL, &% E¥SE . SO, Chinese
Academy of Astronautics DBURE B HFFIND, EEPN TS, 20 SG IFBEICEIZ4HHTHY . H
ARKFEH SGIZBIML, ZTOEBEEE=4 LT3, 20234 2 ADEHETIX, FEOHKIZONT, i
ZAUSSR 72 U B DI THRAAL AIEEMEDN & D B0 ZiEim L TV D ERF Th 5,

2.1.11H (4 X—) THLHBE_/Z#Y ., jtx, WEF ClIFHRERSERICA 2T 072 525H
T SSR #3iH LiF7- & B2 biLd 23, SSR MRFIEHEU D &, BEEBFWROFET V2 —I2E-
T. SSRIZEKELDIHBENDIDIZH TS, LE=A2T. COIAADEIZ(ISHRILE=FTIHILEN
HBICAD,

2.1.7. |IADC. UNCOPUOS. ISO OmiaDE)MR

JEmoiE Y . TADC 1% 2002 FIZ et EFHEREK THID TOH A KT A & LT [TADC AR—RT T
VIR A R7 A4 ) ZHIEL, WbWwd 25 Fb—/Lig EIEHAK TR OFEHEOWEBERICRE T2 51
RIAUERLTETWVEN, ESORKBMa VAT L—ya VORBOF TONIHELE FEREEZ A2
LhiEm STl Y., 2021 £ 9 [T NMEKEBEICE THARREI VAT L—2 a VICETSFH] 2K
LW, Z2omTiE, v AT L—2a vy OREFORR LT, FTHEORE., LT, EHICIHOWTE
ENREINTND,

UNCOPUOS TiZ Lk IADC A KT A > & _—AIZ 2007 4£ 6 HIZ [AR—=AF 7 VIKEAA KF
A ] BRI L, FHIEHOEHERG eI O W TRET 2R 14, 2019 HFI2FHIEEN O W FH »
BEMEAT A R4 > (21 ® Long Term Sustainability: LTS 7' A K7 A ) ZilE L T\ 52306 2022 4
2% L LWREAMERME®RET (LTS 2.0) WG BERE L7,

ISO TIIMtzer M O FHMATIRE T Z B2 (Technical Committee: TC20) @ FEHIZ [ARX—RA T AT
L - EHGRS (Sub Committee: SC14: Space Systems and Operations) | #a%E L. 2011 42 IADC
A RTA O TENRFENGEZED - EBERE 1S0-24113 17 7 VK Z Kk (Space Debris
Mitigation Requirements) | %l € L T\ 525, 1S0-24113 @ 2019 FOKET TliL, EHBLEN O OE
BHERKTOLEED E, EATPOHEICOWTITEYNICHEMERELITI 2 ENRODLNDHERIT /- 7207,
ISO (Z1EZ DAtz & 2022 FEIZHIE S 72 1S0-23312 TFEMOFMERAR—R T T EMNEH (Detailed
space debris mitigation requirements for spacecraft) | 18722 B OT 7 U REMK ZHIE L T\ 5,
7B, FHERER2ICET 2V A7 L LTUL, BUE, O [AX=2F7 V] 2k, @ IMFHRA .
@ FHEFERIK) OFt 3 OB TEY ., @, @OV THEEER., &5 WIIAE - FHURIC TER
BREIEEN S HED BT 50l
2.1.8. SSROME



SSR 7% 2019 A2 WEF (2 TH% X4, MIT. Bryce Space and Technology ft (2> %17 4 v 7%
1) . ESA, 7 XY ARFA—AT 4 UROWIEE - HiiFE D572 5 SSR Consortium 7390 & 72 o THE
FatEn, 2021 4 6 12 EPFL 2538RERERE & L T8 E S, 1 FEORTITR, 2022 48 6 A IZIEAUTEE &=
BIAA L7 2 L1211 81 (48—2) ([CTilk_7=, 2T, ARETIX, 2022 4EERSICEBIT 5 SSR O %
% 5g(L, 20

SSR OiEEARHIZX 2.1.2 D@V TH Y | #HTNEEFEZPRET S SSR Consortium &3EEZ N Th 5
eSpace 7* 5725 TEXECUTIVEBODY) &. MEMBERS] (77 Uy T 40T AU R_R—=BIOT Vv
T—Ta A=) | THUHEEMBROT KA —TH5H TCONSULTATIVE BODY| , =L T,
LRI T 2% 17 5 TRATING SUBSCRIBERS | 765, HAMNGIIRFEEZXE (METI) »
CONSULTATIVE BODY & LC, HARENRTZ 7 VT 4 T A RN—E LTHEEIIBIML TS,
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2.1.2  SSR O EARH] (2022 4 11 HKFR)

[42.1.2 % L 0 Z#HIC A TH S &, CONSULTATIVE BODY (213 H » 3 - B2 P CE @ o,
AALZRFEELTESMLTWDEEE RS> TS, Flo, Yo7 X7 - R, Wi 5 established
space X° new space, 1EfBE, SSA BHE, fRERStE, KL, —@Y OB OBBRENRSIML TS,

72k, M elsco 1 (FRERE4E) X° Boeing 6 Ao TV =23, BIFETIHKIT TV 5,

# 2.1.1 SSR @ CONSULTATIVE BODY

1| 4T REPEREA . HEFTHT, A—A M7V TFEHIT, AA A, EEFHEHT
D RT Secure World Foundation (k)

2 | WFFERKES Aerospace Corporation (k)

3 | KFEFHEME R Airbus (BJH) . Lockheed Martin (k) .
T ALTER TECHNOLOGY (AA V)

4 | A2 — T v EnduroSat (7 /v # U 7 ) . Stellar Telecommunications ({4 ) .

VOYAGER Space Holdings (k)

6 | friE AR S GSOA (A EHFEXEEOHR)

5 | SSA B/ COMSPOC (k)

6 | RSt AXA (14)

7 | K% FAT VR (B) . 207 FREFA—AFE—K CK) .

7%, 2021 4 6 75 2022 4F 5 H £ TORITHIM Tl K 2.1.2 1R LI EZE « KPS OR4T
(B7AN) #2538 L TW5 (eSpace IFMHEFHTHREREZARL TV , Thaxsd e, (REE) =
VAT L= a YORMITORITRS Y, ZOZ LiF, KRB AT b — g 3R R T BRI R
BIZESTHBETHLLEOBRABH LT T, BENDAVATFL—Y 3 VEENTFHRERREEEELLD
DTHDHZ L%, SSROEMFITERMALTTE—ILTEIAHEMELAHD L2 RB LTS, 7272L, K
B o 27 L—y o VST HEBREREICE X 5 REOANEHEIE STM OB Th £12f 7 Eh Tk
53 SSR TORLTIT DX LB HOWTHERRDORMA B D,



# 212 SSR®D BT A Mz - K%

NS HIEE
— T 7B AANR—

Starlink SpaceX
HEBRELR " Z ~ R iR— A Airbus
BB 2 25 L —3 3 | Planet
BWEaVATL—T g OneWeb
HERBH 2 AT — 3 > EPFL
6UIviar AR R, ASA, ASI

Z LT, 2023 4 2 HHIE, SSR #iE 9% SSR Association (SSR Ws) 2R Thy, FOHT
AT HA 2B % WG (WG1: Technical WG) &, FHERMEICX 95 SSR OB 29 KkT25 2 &
Zntd 5 WG (WG2 : Policy WG) #3256 EIFC, 20250 WG Zilifgs L TIEEILTWI 9 & LT
WHEZATHD (K21.3) .

ASSOCIATION STRUCTURE
Votes on Appoints
SSR
Steerin S3R
General Assembly | (u— Commihge (— Advisory Group
Consults Advises
Appomts Reports to
Advises
SSR p— SSR SSR
Working Groups ! Secretariat = ( Rating System Users
Eonteros Collaborate

2.1.3 #FH D SSR W DRERK

SSR TlE. X 2.1.4 2R3 . #ATTEEIEDTZ DD 6 DOFHEY 2 — /L EZHEL TV 5,

* * *
=PFL SPACE SUSTAINABILITY RATING DIt COLA ADOS
- Detectability, identification and Collision Avoidance Application of Design and
MOduleS Ovel'VleW trackability Capabilities Operation Standards

Mission Index DIT* COLA* Data Sharing ADOS* External Services

GUIDELINES

e
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=
e
g
e
=
N
e
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\

=) = eSpace m eSpace m eSpace m eSpace
@ esa I.Iu'.ll epace U TEXAS EPFL Space EPFL Space EPFL Space EPFL Space
wheblea he Univrsiy o Texasat Austn Cente* Center Center Center

n Ability to = s vy
quantlﬂcahon detect, identify serviced in the
and impact on future

the space and track
LN spacecraft e :
/)

E Simulation Questionnaire based

2.1.4 SSR OFHfEY = —/v

B 6 20DFY 2 — /LOMEEFE 2.1.3 Di#EY TH Y, Mission Index E¥ =2 — /LB LN DIT £ =
—UTE BN ZZFHEEE, 750 O 4 DITEMICE Z DO EERNZ2FHMEEE & o> T b,

F7o. F 213 oD EY ., BT ALEE I RICET 2 HITE# % eSpace [T HME R H
Do TOBE, RITIEIZ L o CGiHEE AR 0 | FHEAREITE 2.14 OB L2>TW D, SHIZ, 6 D
DEY 22— VO RELDIFIEER 215 0@ Lo TEY, BEHFAD 81%L L ThHIX

[Platinum| . 71%LL ET TGold) . 56%LL ET TSilver] . 40%LL ET [Bronze] OAFITAG 25
ND, 290 o 8T iR LU 7 a2 DFEMIZ OV T, eSpace 1348 ATITHEHFICH LT~



ZaTNVERMAL TV, FOREEFFRITENEFNDIREE 1. 20 BX O, 3. 41T L=,
7 2.1.3 SSR OFHlE Y = — /L O E

No. | #HliEY =—/L FRAmE B O
1 | Mission Index ECOB (Environmental Consequences of Orbital Breakups) |2 5-5< 2 v o
9 VINANR—AT T REICE 2 288 A F5EE)
2 | DIT - R - YRR & L — F — R T X B R AT
(Detectability, C GBI . (R T U U ZIZBIZIEE ER TV R
Identification and | - BEME : JEHENZLBIH O AT A B L — X — U AT AOMFHZRE E Lz
Trackability) PRk OHEZE L HEE
- fi 2 ORI
C BBRA S L —F DT — v AR
3 | COLA (Collision - B OIRAEA PR
Avoidance - TEZRELRE: O & OFEEATES - FHEERE S, ~ X — /NGB
Capabilities) - EEEAK TR OPLETEROMERF
4 | Data Sharing (7 | - fZ2ELEEFHEESEROLAE - B EAETLEHE)
— X ILEF) - FERINAE OIS - B CRIKEERSZ ORAGEIL S HSE)

- RGOS - B (HE, BIR v X—ENE)

c BT XSRS - BT (v X —NEEELES SSA L odf B
{5 1k FIEE)

© T O, JHBEECRE O R E O IKHROIAE - B

5 | ADOS * AN=ZT 7Y DR EERETOTA P74 XLEOWEMA, BLO, £
(Application of NoDOXEIZHTHT—TV T HE
Design and - BEMIZEA LA RI7A4 LEOF
Operation - FHWAT Ea s boT T A
Standards, 8¢5l - | * BREEROH/IME
A EEEORE ) - EIRE TR OREMEAL

- FHH/ v b BB OER K T 1% O BEIERLIE B A

« UNCOPUOS OFHBE~OEEA TV = 7 h B
6 | Extra Services - HOE B — E AKERE D FAERE

OB —ER) - fEUE(Y A B — T = — A DFLIRIA TR

- FOMEES —EROFF/ETF~D I v F ALK

- M5 ADR OFH/FEGE~Da I v B AU B

# 2.1.4 SSRITHIT D EANGHMOIRTIT1E & TR
HITEHOTER H Ik ¥k feR ik
O HEEEICL TR 0.5 | HEEHIC K 57iH
@ Hfr&EOBR 0.6 | 2 v a VEFHOEMT LR DHINERE R
@ HAFE kD — %A 0.8 | HiF&EE #BUFFEERIFAEICIEE L, —BICARN
@ 5 =FHAEE 1.0 | FoFOHINEMZFEIC L 25V & i

# 2.1.5 SSR OEfHTFIZH T HK4EY 2 — L DOEADIT
No. %Wﬂﬁ{* o a—)b BELOT
Mission Index 50%
DIT 12%
COLA 16.5%
Data Sharing 16.5%
ADOS 5%
External Services A—F A (KT 2%)

SSRIZEIT 2#AHT 7 mE R 1EIX 2.1.5 DiEY TH VY, [Satellite Operators] MMELZDI v 3 IID
WTHRATZBRETSIZ L Lo T D, WEICHELZERFERITT, O HEOAS—F— @ #HE
ZRALTCEELZED L O (EAAFESR) | @ MEORG - Wit2 T 5 F¥EE (HARGHIEFE
F) . @ HmEOEHAETEITA S FEFH WEREHFER) KbV, 1 >OFEELO~DD 5> LOW %
HhrGabH 5, UK L, SSR OfTITHEEF IIHmEERE (F3EELS—F—) ThsrZ L%
AIRIC LTS, LR > T, M TORELEZTH0IFHEERE (F3fEmEA—T—) Loz
Ll d, oFV, BERGTESEEEERIEENICIEIBMTOREDOR]RICIE > TULVEL, EBE, KT
ik (certificate) 2% Satellite Operator, T 726, FEEMNE (L/IFHEA—T—) OrIaNAL X
N> TWT, MERFIEFEE O AITALR,

AT T 224 2 R E 1T eSpace 7O Ei2 Input file ([CHEFEAFTTA L, HIEHRED

OO |W( (N




HFF &7 —4% LT eSpace ([Tt 2, TNOANT —FO—HIXEEMFRIZHW L, —
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2 Scope and Introduction

The goal of this document is to have a single reference source of the description of
the Space Sustainability Rating (SSR), both in terms of the overall score and the

constituting modules.

2.1 Acronyms

Acronym Description

AGI Analytic Graphics Inc.

ARES Assessment of Risk Event Statistics

ASO Antrophogenic Space Object

CAD Computer Aided Design

CCSDS Consultative Committee for Space Data Systems
CDM Conjunction Data Messages

CONFERS Consortium For Execution of Rendezvous and Servicing Operations
CONOPS CONcept of OPerationS

DIT Detectability, Identification, and Trackability
DRAMA Debris Risk Assessment and Mitigation Analysis
ECOB Environmental Consequences of Orbital Breakups
EOIR Electro-Optical/Infrared

ES External Services

ESA European Space Agency

FSOA French Space Operations Act

GEO Geostationary Orbit

IADC Inter-Agency Space Debris Coordination Committee
ISO International Organization for Standardization
ITU International Telecommunications Union

LEO Low Earth Orbit

MEO Medium Earth Orbit

NASA National Aeronautics and Space Administration
NORAD North American Aerospace Defense Command
00S On Orbit Servicing

RSO Resident Space Object

SDM Space Debris Mitigation

SSA Space Situational Awareness

SSPD Satellite Servicing Projects Division (of NASA)

SSR Space Sustainability Rating

SST Space Surveillance and Tracking

STF Space Traffic Footprint

STK Systems Tool Kit

UNCOPUOS | United Nations Committee on the Peaceful Use of Outer Space
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2.2 Reference Definitions

Definition related to the space environment and space debris used in this document are
consistent with [7].

2.3 Space Sustainability Rating Definitions

Anthropogenic: Objects created and put into space by humans, which could include any
spacecraft of parts of rockets and spacecraft that results from missions

Detectability: The likelihood that a spacecraft in a given orbit can be detected
separately by ground-based optical telescopes and radars used for surveillance.

Identification: The ability to confirm the detected object is unique and to label it as an
individual known object at an instant in time.

Mission: Functional unit of spacecraft, launch vehicle, and mission related objects aimed
at providing a specific service, by means of design and operations, for which they need
to access and use part of the space environment. Note: A mission can consist of a single
satellite, a satellite and launch vehicle, or larger combinations of these elements.

Mission Index to calculate Space Traffic Footprint: An aggregated numerical value that
captures the impact of the design and operations of the objects involved in a mission on
the space environment, largely based on the mitigation of space debris and its
consequences. Values and methods that are used to compute this value should be
physically measurable and/or transparently estimable. The notions of index and
footprint are used synonymously to create a link with existing literature on this topic.

Space Sustainability Rating: The combination of the mission index or footprint with
other factors that are not directly physically measurable to capture the notion of
sustainable spaceflight. It can be associated with a single spacecraft or a mission as
defined above.

Space Sustainability Rating Issuer: Entity responsible for the initial assignment and
evolution of a Space Sustainability Rating associated with a mission.

SSR Applicant: Entity seeking or requesting a mission undergo the SSR process. The SSR
Applicant may hold an executive or managerial position as a part of the mission, or an
operator. Further details of the how the SSR will be managed and executed will be
provided in time.

Trackability: The ability to monitor and predict the evolution of the orbit of the
spacecraft over time.
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3 SSR Formulation and Architecture

The SSR is formulated as a combined score based on the evaluation of individual
modules, detailed in the following, where different aspects of space sustainability are
covered.

3.1 Mission Rating Construction

(1)

BRONZE SILVER GOLD PLATINUM

Figure 1: Example of SSR Tiers

Figure 2: Example of Step indicators

A rated entity will receive a “Tier Score” which can be evaluated during any phase of a
mission (Error! Reference source not found.). This is then periodically updated based on
actual operator performance during the following phases of the mission. An issued
rating is valid during one phase of a mission (pre-launch, on-orbit, disposal). When a
mission enters a new mission phase, a reassessment is needed in order to ensure that
the previously computed rating is still to date, taking into account potential evolution in
the mission design, or operation.

During each evaluation, it is possible to earn additional credit towards a bonus “Step”
indicator, which highlights certain steps a mission can take to ‘go over and above’ the
baseline rating towards space sustainability. Various questions, as well as certain entire
modules, count towards this bonus. Bonuses are reported separately and do not
contribute to the baseline rating of a requesting entity. Due to the novelty of some of
the bonus categories, bonus items are often less defined and rely more heavily on
operator self-assessment versus verification of a particular well-defined behaviour.
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The SSR is designed to be deliberately forward-looking to help encourage the adoption
of sustainability across the space sector, including some that go beyond today’s best
practices. Not all forms of data sharing credited under the SSR are presently used
operationally by most users. Similarly, some practices incentivized under the SSR are not
currently performed by most operators. The intention of such items is to accelerate the
adoption of additional operational practices that would further improve spaceflight
safety and sustainability and catalyse the availability of a critical mass of data to support
such practices.

Pre-launch phase: Prior to the launch of a space mission, all modules of SSR produce a
score that is based on the data submitted by the SSR Applicant requesting the SSR. The
score thus entails the sustainability evaluation from the mission as it has been planned,
including the completeness and validation of the data provided. This part of the
sustainability evaluation is based on inputs that are, or at least should be, available to all
operators such as physical properties and mission planning and procedures. Specific
criteria are associated with the scoring on each SSR module in order to reach certain
tiers.

On-orbit: The pre-launch score evaluates the planned mission, but sustainability is
largely about turning those plans into action. At regular points during the operational
lifetime of the mission, the planned mission needs to be compared to the orbital reality.
The on-orbit phase of the SSR shall apply each module to the mission again. The second
SSR process determines the sustainability of implemented orbital behaviour and
whether or not the actions align with the previously rated Baseline plans. Serious
deviation could be justified. It is not foreseen that the mission index or space traffic
footprint is regularly recomputed, as this could deteriorate based on the environment
rather than actions of the operator, except for mission extensions. The latter is to
incentivise realistic planning and avoid endless extensions.

The SSR is constructed in such a way that the information required to obtain the rating
is available to operators or owners of space missions without the need to disclose
proprietary or confidential information to the rating issuer. E.g. a spacecraft will have to
identify the probability of successfully implementing post mission disposal procedures,
and inform the SSR issuer on the method used to compute this probability, but not
disclose technical implementation details such as sub-system design.

The SSR Applicant signing up for an SSR evaluation is invited to participate for the entire
duration of the planned mission, starting during the design phase and including
periodically monitoring as long as the object remains on-orbit. The verification of the
statements submitted during the design phase are reviewed at first, and based on
independent space surveillance means as well as operator input once the mission is on-
orbit. Absence of communications between the operator and SSR issuer during the on-
orbit implementation, combined with transparent reporting on space surveillance data,
could thus lead to a dilution of the rating under the on-orbit entry. If an SSR Applicant
chooses not to participate during the entire mission, the SSR score will expire.
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The SSR itself is envisaged as a regularly revised scoring system, to adapt to the
evolutions in the space environment as well as best practices and standards. Modules
where changes are likely between SSR versions are to be identified. This is different
from the on-orbit evaluation in the sense that the SSR issued and monitored would by
default remain the version available at the moment of first registration with an SSR
issuer. Adverse changes in the space environment, which occur after deploying a
mission on orbit but that are beyond the control of an entity to act upon (e.g. nearby
fragmentation events that increase the collision risk faced by the mission), are thus not
affecting a rating. An operator could however voluntarily decide to get evaluated
against a new version, but this would not be automatic. A reason for this could be to
highlight additional changes made to achieve sustainable space operations.

3.2 Verification of the Applicant Inputs

It is assumed that the SSR application does not involve an in-depth review of the mission
design on behalf of the SSR issuer. Instead, emphasis is placed on the level of
verifiability of the data provided and the verification by technical authorities. These
inputs are captured as part of the questionnaire, and hence the quality of the input to
the SSR issuer has an influence on the rating.

Scoring within each of the SSR’s modules relies on access to various pieces of factual
information and/or analysis, most-often furnished by the satellite operator requesting a
rating. A verification weighting is attached to inputs provided by the operator to both
reflect the SSR issuer’s confidence that its assessment of the system owner/operator or
system’s conformance with various SSR requirements is accurate and to incentivize
entities to provide better verified data as part of their submission. For each of the
questions contained in the questionnaire, a weighting is to be attached to the
verification of the applicant's statements, which will be traced through the SSR issuer’s
use of that information.

The following applies:
e Assertion by Applicant: Affirmative statement by the applicant is provided
Factor: 0.5

This first category represents a simple statement made by an applicant without
supporting documentation. Such statements will generally be assumed to be
truthful, but the SSR issuer may seek to clarify or rely upon a different (default)
value if it has reason to believe that the submission by the applicant is incorrect
or infeasible.

e Assertion with Technical Documentation: Supporting technical documentation
on the mission design is disclosed to the SSR issuer
Factor: 0.6

In this category, the applicant has provided appropriate technical
documentation justifying the submitted value. For instance, the collision
avoidance module of the questionnaire asks applicants to characterize the
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covariance of their orbit determination. A technical analysis tracing various
sources of errors and how they would impact the ultimate accuracy of the
operator’s orbit determination solution might provide this level of verification
for an evaluation during the baseline rating. During the on-orbit phase, an
operator might provide actual data regarding the accuracy of their operational
orbit determination. In some cases, verification at this level will involve
documents provided to the applicant by component manufacturers, launch
providers, or other suppliers. As above, the SSR issuer will not necessarily
review or confirm the technical validity of the submitted documentation, but
reserves the right to do so, seek clarification as necessary, or rely upon different
values if it believes the submission is incorrect or technically unfounded.

® Public Release of Technical Documentation: Supporting technical
documentation is submitted to a government or non-profit available for public
review
Factor: 0.8

For this level of verification, the supporting documentation must be submitted
to a government or non-profit organization that would them make it available
for review by the public. Such documentation must be available without
requiring a specific “need to know” on the part of inspectors, and must be free
of charge. The organization may require inspectors to create a user account or
go through other reasonable registration procedures. An example might include
spectrum license information submitted to a national spectrum regulator. At
this level of verification, there is no expectation that the receiving party acts as
a certifying technical authority for the information. Rather, the submission
serves as a formal attestation of the accuracy of the information by the
applicant and provides transparency for the data and supporting
documentation to be evaluated by others.

e Authority - Independent Technical Review: Confirmation of the compliance by
a third-party technical expert is provided
Factor: 1.0

This level of verification involves confirmation of the information submitted by
the applicant by some third party with appropriate expertise to assess and
confirm the technical credibility of the analysis or information provided by the
applicant (or who performs such analysis itself on behalf of the applicant). Such
technical experts might include (depending on the information to be provided),
but are not limited to, government regulators and third-party consultants.
Review may be conducted by an independent team of qualified individuals
within the applicant’s organization if the reviewing team is not involved in
mission implementation and conducts oversight through a formal technical
review process. No formal certification of technical authorities by the SSR issuer
is proposed at this time, but such certification is under consideration for future
updates to the SSR.
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The contribution of these verification factors is relatively modest for the time being but
may increase in future revisions of the SSR as the ecosystem develops further. There
may be cases where the SSR issuer determines that appropriate technical
documentation or confirmation of compliance by a technical authority is not possible or
unnecessary given the nature or particular phase of a mission’s development. In such
cases, the SSR issuer will increase the weight of the provided information accordingly to
avoid penalizing the operator.

3.3 Definition of SSR Baseline Tier Desighations

As noted previously in section 3.1, a rated entity will receive a baseline rating “Tier
Score” during the design phase of a mission (Error! Reference source not found.). This is
then periodically updated based on actual operator performance during the on-orbit
part of the mission and at regular points during the operational lifetime of the mission,
the planned mission will be compared to the orbital reality, serving as an indication of
how close the implementation is to the plan. This captures the notion that only once a
mission is truly over, is its impact on the space environment known. An entity signing
up for an SSR evaluation is committing for the entire duration of the planned mission,
starting during the design phase and including periodically monitoring as long as the
object remains on-orbit.

For each SSR module, a mission will receive a score between 0 (low) — 1 (high), by
normalising the mission’s module score with the maximum achievable point total for
that respective module. The total SSR baseline is calculated by combining each module’s
score with the respective module weighting. It is important to mention that the SSR is
still in its testing phase and the specific values of the module weights currently adopted;
namely:

e Mission index (High, 50%)

e Collision Avoidance Capabilities, Data sharing (Medium, 16.5%), DIT

(Medium, 12%),
e Design and Operation Standards (Low, 5%)

After considerable alpha and beta testing of the SSR among consortium members and
external actors from industry, the first iteration of the SSR tier designations are defined
as Platinum, Gold, Silver and Certified. Each of the SSR tiers are achieved after earning a
certain combined score between 0 (low) — 1 (high) scale, based on the combined
evaluation of individual modules.
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Total weighted Score
0.40-0.55 0.56 -0.70 | 0.71-0.80 0.81-1.00

Figure 3 SSR Tier Designations based on combined total weighted scores
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Modules of the SSR

Data
sharing
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Figure 4: Overview of the Modules that build up the Space Sustainability Rating

The following main modules contribute to the SSR (in order of anticipated relative
weight in the final score):

0. Prerequisite Questions: These questions address the bare minimum standards
that an operator must perform to achieve a particular SSR. They include
compliance with key Inter-Agency Space Debris Coordination Committee (IADC)
guidelines for post-mission disposal, passivation, intentional debris generation,
and creation of a space debris mitigation plan. They also ask the operator to
confirm a willingness to share baseline spacecraft information with the SSR
issuer over the lifetime of the mission. Operators who cannot achieve
compliance with these questions, or who are unwilling to provide the necessary
information to the SSR issuer may be limited to a lower tier of rating or denied a
rating even if they would perform strongly in other categories.

1. Miission Index to calculate the Space Traffic Footprint: Any mission and object
associated therewith leaves a trace in orbit. In the best of case, it is just using a
portion of the space environment sustainably. In the worst case, it will cause
harmful interference with other objects in the environment. This module
guantifies the level of harmful physical interference caused by the planned
design and mission operations.

2. Collision Avoidance: In absence of a perfect space surveillance capability and
depending on the operators’ capabilities, there are various ways a mission can
choose to operate in a congested environment. This module aims to emphasise
the steps which can be taken by operators to reduce the risk of accidental
collision with debris and among active operators.

3. Data Sharing: Sharing of space situational awareness and other information by
operators is critical to space safety. At the same time, some operators have
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sensitivities about sharing certain kinds of information. In other cases, operators
simply do not share certain information, but have no particular objection to
potentially doing so. This module quantifies the amount of relevant information
an operator shares with various communities and the contribution of this
information to spaceflight safety.

4. Detectability, Identification, and Trackability: Small objects which might be
operational but cannot be reliably included in space surveillance and tracking
products form a risk to other objects in the space environment. Moreover,
identification is required for registration and liability purposes. This module aims
to cover these aspects. As space surveillance and tracking capabilities improve
and become more accurate in tracking satellites, this module is expected to
undergo updates with each SSR version.

5. Application of Design & Operations Standards: Successfully addressing the
problem of space sustainability when it comes to avoiding the creation of space
debris and operating in congested environment can only be achieved by means
of common understanding and objectives. As such, as part of the SSR emphasis is
placed on the adoption of standardisation concept in design and operations
where possible. Standardization is a continuous process based on the availability
of technologies and understanding of the environment. As such, changes in the
standards need to be included when releasing a new SSR version and the
implementation is considered relevant for bonus ratings where they are not
mandatory.

6. External Services: Innovations taking place in the area of close proximity
operations have the potential to improve space sustainability and as such are of
interest. However, their application can be widely different for individual mission
concepts. As such, they are considered relevant for bonus ratings. As external
services develop and are successfully proven and utilized, the External Services
module of the SSR will be updated to accordingly.

The following aspects have been excluded:

Re-Entry: From a space debris mitigation point of view, the end of life disposal of
spacecraft through atmospheric re-entry is generally the preferred form of post-mission
disposal as it does not leave debris on-orbit. On one hand, non-destructive re-entries by
means of capsule or other thermally protected vehicles are generally prohibitively
expensive. On the other hand, there is a potential risk to those on the ground, in the air,
and at sea from collision with any objects that survive re-entry. Similarly, re-entering
objects can deplete stratospheric ozone, increasing UV radiation exposure for humans
on the ground, and contaminate land and water if hydrazine or other toxic materials
survive re-entry. Proper de-orbit procedures, spacecraft design for demise, and
modelling can help quantify and minimize these risks. The exclusion of re-entry in the
SSR first iteration is primarily to simplify development of the SRR through a focus on the
physical space environment. Re-entry risk is generally managed by national regulators
and risk from spacecraft re-entry (especially nominal re-entry) is relatively low overall.
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That being said, there are issues on the horizon in this area, particularly with respect to
managing aggregate risk from planned large constellations and a significant increase in
the number of on-orbit and re-entering spacecraft. This is a category that may be added
in future SSR revisions.

Spectrum: The electromagnetic spectrum is a finite, shared resource. Satellite operators
use spectrum for spacecraft telemetry, command and control, and to deliver payload
data or perform communication services. Radiofrequency interference degrades mission
performance and may cause safety hazards by preventing communication with a
spacecraft or through denying a user access to critical safety-related spacecraft services.
A potential SSR category could encourage spectrum information sharing and designs
that make efficient use of spectrum, minimize interference for others, and facilitate
interference geolocation, identification and mitigation (e.g. Carrier ID). This item is
excluded from the initial SSR formulation for several reasons. First, interference tends
to be a short-run, reversible event, (unless it is sufficiently bad to cause accidents or
permanent losses). Second, regulation and norms in this area are fairly complex and
well-developed already without SSR incentivization.  Third, properly addressing
spectrum would be a highly complex task, potentially involving deep access into
company proprietary information, and significantly delay the initial SSR concept. This
category may be added in future SSR revisions, but the current first iteration retains a
focus on the physical interference with the space environment.

Economic Aspects: the field of economics devotes significant consideration to the
allocation of scarce resources. While Earth’s orbit is a finite and scarce resource,
allocation to date has been done largely on a first-come basis, with states pursuing
missions as they see fit (or authorizing such missions by commercial entities) unless
conflicting with the ITU regulations on spectrum use. Resulting debris has generally
been treated as a mission consequence rather than a long-term or indefinite allocation
of that scarce resource. It is conceivable that a future SSR module could reward
operators for allocations that optimize use of finite orbital resources, perhaps using the
same four criteria of “rational, equitable, efficient and economical use” identified by the
ITU to guide its mission. Consideration of operational financial resources and
insurability could also play a role in assessment of the ability of an operator to conduct
appropriate remediation in the event of an accident or other major off-nominal
behaviour. This field and many of these issues are both nascent and potentially highly
controversial. This potential module is excluded due to insufficient consideration and
international consensus to guide the development of a potential economic module.
Accordingly, it is considered out of scope for the time being.

Impact on Astronomical Observations: Certain satellites may reflect significant light in a
manner that interferes with and/or saturates astronomical instruments on the ground.
This concern is most significant for low altitude constellations with large areas of highly
reflective surfaces oriented to reflect light towards the Earth. Potential mitigation
techniques include adjustments to satellite surface coatings and coordination and
sharing of predictive ephemerides with astronomical observers to facilitate sensor
masking. This concern is not addressed in the Detectability, Identification, and
Trackability module, as greater detectability is important for all satellites from an overall
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space safety point of view, while only a limited number of satellites and mission
concepts raise these issues. These concerns can and should be addressed by
operator/astronomer coordination on an as necessary basis.

Broader Forms of Sustainability: The term sustainability is used in a variety of terrestrial
contexts to refer to a broad set of considerations including supply chain sourcing and
renewability, environmental emissions, and labour practices that can apply to the
resource utilization and manufacture of space objects. One significant distillation of this
concept is the set of 17 specific goals and associated targets identified in the United
Nations Sustainable Development Goals. The current SSR first iteration description does
not address these broader topics, including the launch vehicle’s methods of propulsion
to obtain orbit, and is focused specifically on the physical space environment.
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4 Mission index to calculate the Space Traffic Footprint

The impact of a mission on the space debris environment is measured using the
Environmental Consequences of Orbital Breakups (ECOB) formulation [1]. ECOB is a risk
indicator, built from the general expression

Risk = Probability x Severity,

where the Probability term (p) captures the likelihood that an object is involved in a
fragmentation event and the Severity term (e) quantifies the consequences of such an
event. More in detail, p represents the probability of collision with objects large enough
to trigger a catastrophic collision, i.e. a collision where enough energy is released that
the parent object is destroyed, using the standard criterion of 40J/g. The availability of
collision avoidance capabilities is captured by removing from the computation of the
collision probability those objects that are large enough to be tracked with current
surveillance systems and can be avoided with collision avoidance manoeuvres.

The term e quantifies the severity of the potential fragmentations in terms of the
increase in the collision probability for operational satellites. This is done by defining a
set of representative objects of the population of operational satellites and computing
the collision probability for these objects due to the simulated fragmentations. More
details on the approach used to model the probability and the severity terms can be
found in [1].The risk metric so-defined (/) is not computed only at a single epoch, but
rather evaluated along the mission profile of an object to the implementation of
disposal strategies at the end of mission [2]. In particular, this is done by considering the
possible paths of evolution of the trajectory depending on the success rate of the
disposal strategy («), so that the index computation becomes:

teoL t

ECOB=.f Idt+af
to t

where tgq,, represents the epoch of end of operations, tf, , tf, , the minimum between
100 years and the epoch of re-entry in the case, respectively, where the object is
disposed and in the case where it is not disposed (i.e. abandoned in its operational
orbit).

fp tfnp
Idt+(1-a) Idt

EOL tEoL

It has been shown how the proposed metric, while relying on few high-level parameters,
allows capturing the differences among alternative mission architectures, for example
considering the adoption of different operational concepts, the deployment of a
constellation, and different implementation of disposal strategies [3]. With respect to
the formulation applied in previous works [1] - [3], the computation of the collision
probability takes into account the reduction of collision probability from trackable
objects achieved due to the availability of collision avoidance strategies. In other words,
with respect to previous work, the adoption of collision avoidance strategies is no longer
treated as binary option (yes/no), but rather with a score (y) that measures its efficacy.
This score depends, among others, on parameters such as the threshold for reaction
and lead time required to implement a collision avoidance manoeuvre. Free tools such
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as ARES, from the ESA DRAMA suite! [4], are available for this purpose, so that y is
considered an input to ECOB.

The approach defined above provides an absolute evaluation of the impact of a mission
on the environment; this means that some mission configurations will always score a
higher footprint (e.g. because they introduce in the environment a large total mass)
even when they adhere to space debris mitigation guidelines or go beyond them (e.g. by
opting for a direct re-entry instead of a re-entry within 25 years).

However, one of the aspects that the SSR wants to highlight is when operators that
implement better than required behaviours for what concerns mitigation efforts. In
order to capture this aspect, besides the evaluation of the absolute debris risk, the
computed footprint is compared to the one that the same mission would score in a
reference scenario. The reference scenario corresponds to a minimum required level of
mitigation actions, defined in the following ways for the different orbit classes (based on
commonly applied and internationally recognised space debris mitigation standards):

° LEO: 25-year with 90% PMD,

° GEO: graveyard with 90% PMD,

° Other: no action.

The Mission Index in itself can be used to compare different missions, but a
normalisation approach is needed to include its contribution in a composite indicator
such the SSR and make it compatible with the other modules. In past work, an attempt
was made to normalise the index value by using a reference value (i.e. the index of a
specific satellite), under the assumption that this would represent a worst-case
scenario. However, this approach has the downside of not being future-proof, whereas
one of the main motivations behind the adoption of environmental impact assessment
is to be able to capture the dynamic evolution of the debris environment. For this
reason, the normalisation approach adopted for the SSR is based on the concept of
environmental capacity [5], i.e. the number and type of missions that are compatible
with the long-term stability of the environment. As detailed in [2], long-term simulations
of the environment can be used to build a reference scenario with a good level of
compliance to space debris mitigation guidelines. This scenario is then compared with
the actual use of orbital resources, intended as the sum of the index for all objects in
orbit, considering their expected mitigation strategies. Currently post-mission disposal
(PMD) plans and their expected success rate are not systematically shared by operators,
but thanks to space surveillance data, the activity of a spacecraft can be derived and the
evolution of its orbit can be predicted, so the status of the environment can be assessed
[6]. In terms of environmental capacity, a share of it is consumed by inactive satellites
and rocket bodies, whereas the remaining part can be used for active and new missions.
It is this value (the available capacity) that can be used to normalise the Mission Index

I Available for download at https://sdup.esoc.esa.int/drama/
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within the SSR to reflect that the criticality of the index of a mission is also related to the
global evolution of the environment.
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5 Collision Avoidance Capabilities

This section addresses capabilities that satellite operators could have, which improve
their ability to identify, respond to, and mitigate collisions. Three categories are
proposed, with several items of increasing value in each category.

e Orbital State Knowledge

Rationale: Cooperative tracking often results in smaller covariances, as do more
frequent tracking and improved information about planned satellite manoeuvres
(e.g. by characterising the manoeuvre uncertainties). The SSR gives additional
credit for better orbit determination, more frequently updated orbit
determinations, and better characterized/validated covariance estimation. This
could help spur better orbit determination capabilities, especially for small
satellites that might otherwise lack it. In the absence of an industry-wide
standard for covariance estimation, knowing you have well-characterized the
realism of your covariance information helps other operators determine whether
to trust provided covariance estimates.

There accuracy which can be achieved on the orbital state knowledge, in any
spatial direction, is orbit regime dependent and can be influence by the chosen
technologies. A top-level distinction between coarse and accurate is to be made,
which can be assessed by the SSR issuer.

e Collision Avoidance: Availability to Coordinate

Rationale: Operators should be credited for maintaining service availability to
coordinate with other operators for collision avoidance and being able to be
contacted for collision avoidance purposes with high availability.

e Collision Avoidance: Capability to Coordinate

Rationale: Operators should be credited for maintaining staff with expertise to
meaningfully resolve the potential event, namely:

1) ability to accept and interpret common data formats including
conjunction data messages (CDMs) and other Consultative Committee for
Space Data Systems (CCSDS) standards,

2) ability to review various sources of SSA? information and determine the
level of risk posed by a conjunction and whether a manoeuvre is
indicated, not-indicated, or if further information is needed,

3) ability to develop manoeuvre plans to mitigate a conjunction, screen
manoeuvre plans from other operators for safety,

2 SSA, as used in this section, refers to SST as well as space weather information and data products that
inform atmospheric density estimation.
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4) ability to task new non-routine manoeuvres for your satellites and

confirm execution. Documented procedures help prevent human and

technical errors during critical safety of flight operations.

Table 1: Scoring Rubric for Collision Avoidance Capability

Capability (including all lower levels)

Operator No Score Low Score Medium Score High Score
Action (2 points) (3 points) (4 points)
Orbital State | Relyona Operator Maintain orbital | Maintain orbital

Knowledge | third party | maintained orbital | state knowledge | state knowledge
(during public SSA position3 state of object to < 10 of object to

normal provider knowledge of km in any within <1 km in
operations) for state object direction. any direction.
informatio
n (e.g. Update orbit
space- Update orbit determination
track.org determination for | for the operated
TLE) the operated satellite when a
satellite when a manoeuvre or
manoeuvre or other event
other event induces a change
induces a change | to its orbit that
to its orbit that | would cause the
would cause the | operator’s state
operator’s state | estimation to be
estimation to be | worse than the
worse than the required orbital
required orbital | state knowledge.
state knowledge.
&
& Characterize/vali
Characterize/vali | date covariance
date covariance of your orbit
of your orbit determination
determination
Collision Not able to | Able to coordinate Able to Has a system for
Avoidance: | coordinate in response to coordinate during routine
Availability emergencies (but | set hours per day. conjunction
to not necessarily on assessment and
Coordinate a routine basis). capability to
respond to

concerns 24

3 Orbital position state knowledge refers to time-indexed position and velocity information, but does not

include covariance.
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hours per day
via human or
computer
system capable
of supporting
near-immediate
coordination and
reaction for
urgent issues.
Collision Operator Has the capability Operator is Has documented
Avoidance: has no to be contacted in capable of procedures for
Capability to | dedicated case of close interpreting collision
Coordinate | process for approach or conjunction data screening,
conjunction | another high-risk messages and assessment, and
screening, event other common mitigation
assessment formats, to
, or Operator regularly determine risk Regularly
mitigation. | screens orbits and and screens
The planned generate/screen operational
operator manoeuvres mitigating spacecraft and
may be against public manoeuvres planned
unable to catalogues and/or manoeuvres
or chose information from Operator has a .
. against SSA
not to ever SSA sharing system for sharing
Mmanoeuvre organizations automated L
. . . organization
in response | and/or third-party routine
to SSA providers conjunction catalogue
conjunction assessment
s
Collision No Any maneuver Reaction (at least Reaction (at
avoidance: maneuver capabilities Av=1 cm/s) within | least Av=1 cm/s)
maneuver | capabilities (including 6 orbital within 1 orbital
capability differential drag) revolutions revolution
(BONUS) Maintain orbital Maintain orbital | Maintain orbital
state knowledge state knowledge | state knowledge
Maintaining until spacecraft is to 10 km until to 1 km until
orbital state placed into a spacecraft is spacecraft is
knowledge graveyard orbit or placed into a placed into a
after the is disposed of graveyard orbit or | graveyard orbit
end of through is disposed of or is disposed of
normal atmospheric re- through through
operations entry. atmosphericre- | atmospheric re-
entry. entry.
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Scoring Guidance: Entities can receive credit for any box where they satisfy all criteria
contained in the box. If an operator is able to fulfil multiple boxes in a single row, those point
values are added. During the scoring process, the total number of points earned by the entity
are divided by the total possible points. The normalized point total is an input to the full SSR
calculation.
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6 Data Sharing

This section addresses the information satellite and launch vehicle operators could
share with other operators and stakeholders, and the contribution of such sharing to
spaceflight safety. Potential forms of data sharing are divided into three categories:

e Collision Avoidance Coordination Information

e Satellite Metric Information

e Characterization Information

There are four potential sharing audiences, described in the list below. Operators may
gain points by sharing a given type of information (listed in Table 2) with a particular
audience. Sharing in this category includes both publication and update commitments,
i.e. operators must commit and follow through on keeping the relevant form of data up-
to-date in addition to sharing it to receive credit. The specific update cadence depends
on form of data, but unless specifically specified, should be reasonable to support
common operational uses of that information.

To achieve credit for sharing a specific type of data with a certain audience category, the
SSR applicant should generally make the specific form of data available to entities in
that particular category on a reasonable and non-discriminatory basis, but does not
need to proactively demonstrate that every potential possible entity in a category has
the capability to receive their data (e.g. making data available in a commonly used data
format is enough, even if a subset of potentially users have systems that do not support
that format).

e SSA Provider(s)
Many entities operate SSA databases for use by third parties or provide SSA data
products or services to others. Some of these entities are governmental, others
are operated as non-profits or in academia, and some are for profit entities.
Sharing with such entities earns the SSR issuer this form of credit.

e Other operators upon request for coordination
Another operator may make a request for coordination to an SSR applicant in
response to a high interest event or other specific planned or emergent event.
Operators may be willing to share information with other entities with a
credible need to know in response to such an event. Such sharing earns an SSR
applicant credit for sharing in this category.

e Voluntary network of operators/stakeholders
Various organizations, including the Space Data Association, exist as venues to
share safety of flight information, with some providing additional data
verification and validation and/or legal and technical restrictions on the use of
shared information. Informal networks also exist for various spacecraft
operators with overlapping orbits, where data sharing happens on ad-hoc bases
and to serve specific needs of operators. Such information networks are put in
place when a mission has strict requirements, e.g. in terms of ground track
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patterns, or potential interferences as part of orbital manoeuvre campaigns,
e.g. tandem flights or crossing specific orbital regions, are identified. Sharing
with such organizations would earn credit under this item.

e Public

In order to earn credit for sharing with the public, the operator must maintain
and provide the relevant source of information. Having provided the
information to a third party who hosts and shares such information (e.g. listing a
satellite’s mass on Wikipedia), would not be sufficient to earn credit under this
category. While operators are encouraged to share information freely and easily
with the public, requiring users to register and create an account and/or agree to
terms of use would not prevent an applicant from receiving credit under this
audience unless such terms of use provide for significant restrictions on use, as
determined by the SSR issuer.

Weighting were determined by analysis based on contribution to spaceflight safety, as
well as current operator practices, and operator concerns about different forms of data
sharing. Forms of data sharing with a more significant impact on space sustainability
receive more points. In answering these questions, an SSR applicant should response
with their best estimate for their intended capabilities and actions at the time of their
submission (either for initial evaluation or re-certification). Credit for each form of
sharing is subject to modification by the verification multiplies described in the
Verification of Operator Inputs section.

Detailed information about the specific categories of activities within the Data Sharing
Module:
e Collision Avoidance Coordination Information

Information to be shared/credited: contact information for flight dynamics team
or other appropriate technical/operational contact for collision risk mitigation
(likely name(s), title(s), phone number(s), email address(s), list of controlled
objects by NORAD CAT ID or International Designator, languages spoken),
information about the time zone in which that individual or team operates, and
response time guarantees as appropriate. An operator would also be asked to
commit to publishing this information somewhere accessible and ensure it
remains up to date to receive credit.

Relevance: Currently, many, if not most, high-risk conjunctions involving active
satellites controlled by different operators are resolved via manual
communication between the involved operators. There is an operational need to
be able to reliably reach the contact associated with a given object to ensure the
operator is aware of the conjunction and so any necessary collision avoidance
manoeuvres can be planned and coordinated.

Importance: Basic contact information is considered highly important. Hours of
operation and response time guarantees are important, but secondary to timely
and accurate contact information.
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e Satellite and Mission Information

Information to be shared/credited: Information relevant for operators attempting
to identify, assess and avoid high- risk conjunctions. This includes launch vehicle
timing and trajectories, both planned and actual, if satellites have manoeuvre
capabilities, operational vs. non-operational status, satellite ephemeris
information (historical, and planned future ephemeris incorporating manoeuvres.
This is evaluated based on planned behaviours in the baseline SSR and updated
based on actual practice during the on-orbit phase), ephemeris covariance
information and information about how that covariance information was
generated.

Relevance: Launch information helps operators and SSA providers improve overall
situational awareness, particularly as the number of launches and complexity of
spacecraft deployment information continues to increase. Operational status
information helps operators determine whether coordination is possible or
necessary. Ephemeris information improves SSA, as operator orbit determination
is often better than non-cooperative estimates. Covariance information helps
determine if satellite position information is decision-quality or if more
information is required.

Importance: Launch information is helpful, but less of a concern for most
operators than on-orbit operations. Sharing information about operational status
is important. Sharing current/predicted ephemeris and covariance information is
highly important.

e Satellite Characterization Information

Information to be shared/credited: Satellite mass and size (either dimensions of
a bounding volume, simplified CAD models, or other approach). These data are
unlikely to change significantly during the operational life of most satellites. An
operator would also be asked to commit to publishing this information
somewhere accessible and assure it remains up to date.

Relevance: Satellite mass and size will be provided to the SSR issuer and used as
part of the footprint calculations, but will not necessarily be released publicly.
Knowing accurate mass and size information for operational satellites can help
increase the fidelity of orbit propagation and conjunction assessments by third
parties.

Importance: This information is considered important for the above reasons.

e Autonomous systems (Subset of Satellite Characterization Information)
Information to be shared/credited: As more satellites use autonomous collision
avoidance algorithms, having public information about their concepts of
operation will be important for these systems to be designed to avoid feedback
loops between systems that lead to unsafe behaviour. Information could be
shared about how these systems function at a high level, the decision timelines
used, and how other operators should coordinate with the operator of
spacecraft with autonomous manoeuvre systems mechanisms to avoid
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uncoordinated collision avoidance manoeuvres. Specific items to be shared
would include the criteria for when a manoeuvre is triggered, where and with
what frequency planned autonomous manoeuvres are reflected in shared SSA
information, and emergency stop procedures to interrupt autonomous
procedures in case of malfunction.

Relevance: This is highly important in certain orbital regimes and will grow more
important as such systems become more widespread.

Importance: This is listed as somewhat important, as it helps other operators in
overlapping orbits coordinate to avoid hazardous conjunctions and unintended
anomalies when operators’ satellites react to one another’s autonomous
manoeuvres.

This category is only scored for operators who intend to operate or operate
autonomous satellite manoeuvre systems (defined as systems that execute
satellite manoeuvres without explicit manoeuvre approval by a human prior to
execution).

e Other forms of data sharing (BONUS)
Information: radio-frequency information, spacecraft anomaly information, and
datasets to support academic and governmental research

Relevance: other forms of data sharing also support space sustainability, but in
ways more removed from operational physical collision avoidance. This category
provides an opportunity for operators to get additional bonus credit for their
contributions to sharing this data. It is expected that data shared will vary based
on the operator and operational needs. Accordingly, this category is deliberately
less defined. It is anticipated that for much of this data sharing, operators will
share different information with different audiences. Nevertheless, such data
sharing should be substantive and in sufficient detail to provide a clear and
articulable benefit to at least one external stakeholder in the relevant category.

Information: Documented and available application programming interfaces or
other machine to machine interfaces

Relevance: Well documented and available machine to machine interfaces
provide ways for other providers to automate and make use of provided data in
operational processes and provide additional reliability and greater ease of use
as compared to scraping techniques. Operators could receive additional points if
they make all data in a category (Collision Avoidance Coordination Information,
Satellite Metric Information, Characterization Information) available in a
documented APl or other technical interface suitable for automated use.



26

Table 2: Scoring Rubric for Data Sharing

Collision Avoidance Coordination

Information
Publish  + update collision | O 10 10 12 12
avoidance contact Information

e name(s)

o title(s),

e phone number(s),

e email address(s),

e list of controlled objects

by NORAD ID or
International Designator
e languages spoken)

Publish  + update collision | O 3 3 3 4
avoidance contact time zone/hours
of operation

Publish + update COLA | O 1 2 2 1
contact/coordination response
time commitments

Satellite and Mission Information

Publish  + update satellite | O 12 8 15 15
ephemeris (including manoeuvres,
for LEO: 7 days, MEO/GEO: 14 days
into the future). Sharing archived
data is encouraged, but not

required.
Publish + update covariance | O 6 5 6 6
information
Publish + update covariance | O 1 2 3 3

characterization/validation

Publish + update launch vehicle | O 3 1 1 2
timing/trajectories (planned and

Proprietary Information: Please Do Not Distribute
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actual)

Satellite Characterization

Information

Publish + update satellite mass 0 4 3 4 4
Publish + update satellite | O 5 5 6 6

manoeuvrability
(manoeuvrable/non-
manoeuvrable)

Publish + update satellite | O 3 2 3 3
manoeuvrability capability*

Publish + update satellite | O 5 5 6 6
operational status
(operational/non-operational)®

If the satellite uses autonomous
systems (systems without a human
in the loop) for satellite
manoeuvring, publish + update:

® The criteria for when a | O 5 3 5 5
manoeuvre is triggered

e Where and with what | O 5 3 5 5
frequency planned
autonomous manoeuvres
are reflected in shared
SSA information

o |If emergency stop | O 2 2 3 3
procedures exist to
interrupt autonomous

procedures in case of

4 The intention of such sharing is to help other operators understand the capability of a particular spacecraft to
maneuver in case of a high risk conjunction or other necessary event, especially for systems that use low-thrust
propulsion or differential drag techniques. Potential forms of data sharing that meet this objective would include
maximum achievable displacement from a reference orbit in 24 hours (or another reasonable time period), AV
capability per revolution, or similar). Order of magnitude rather than precise values are acceptable.

5 This refers to the real-time operational status of the satellite post-launch until disposal.

Proprietary Information: Please Do Not Distribute
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malfunction and how
another operator should
request an emergency
stop

Other forms of data sharing

(BONUS)
Radio-frequency Information to | O 1 4 3 3
support interference

avoidance/mitigation/geolocation

Spacecraft anomaly information 0 1 2 3 4

Other  datasets to support | O 3 3 3 4
government/academic research®

APIs or other means for automatic | 0 1 1 2 2
machine to machine access to
above information.”

Scoring Guidance: Operators can receive credit for any of the activities they do in any
category of data sharing. The activities are listed with scores showing the points they
receive for sharing a particular form of information with a particular audience. The
operator can earn points for all the actions they take, including sharing a single kind of
information with multiple audiences. During the scoring process, the total number of
points earned by the operator are divided by the total potential points. The
normalised point total is an input to the full SSR calculation.

6 Examples might include (but are not limited to) non-lethal impact data, inferred atmospheric drag, and/or manoeuvre
information.

7 Points are per totally compliant data category (Collision Avoidance Coordination Information, Satellite Metric
Information, Satellite Characterisation Information), so total score for automatic access is three times these values.

Proprietary Information: Please Do Not Distribute
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7 Detectability, Identification, and Trackability

7.1 Overview

The physical attributes of a satellite and the concept of operations affect the ability of
sensors located on Earth to detect, identify, and track it. The goals of this aspect of the
SSR are to encourage satellite operators to consider how the physical attributes of their
satellite design and their operational approach during launch, operations and disposal
affect the level of difficulty for observers to detect, identify, and track the satellite. By
providing a consistent method to analyze a given satellite design and operational
concept, this portion of the SSR will provide a standard metric for the comparison of
satellite missions in the dimensions of detection, identification and tracking. Also, there
is potential for this part of the SSR to encourage development of new ways for satellites
to balance the considerations of how to limit their contributions to astronomic light
pollution while maintaining their ability to be detected, identified, and tracked when
necessary. In all, similar to the rest of the SSR, the Detectability, Identification, and
Trackability (DIT) analyses aim to start conversations about how operators can utilize
space more sustainably and responsibly.

Key definitions that drive the analysis include:

o Detection: This definition considers the scenario in which a space surveillance
system using optical and radar sensors to observe Anthropogenic Space Objects
is monitoring for spacecraft without having a specific list of objects and without
a priori knowledge of the size, altitude or orbital characteristics of spacecraft. For
this uninformed case, the Detection analysis asks the likelihood that a spacecraft
in a given orbit can be detected separately by optical telescopes and surveillance
radars. The Detectability of a set of mission spacecraft is therefore defined as the
likelihood that the optical telescope and surveillance radar system will observe
an Anthropogenic Space Object, subject to sources of error from the sensors,
from signal loss as it propagates through the atmosphere and from illumination
constraints due to the geometry of the sun, spacecraft and sensor.

o Identification: For this analysis, Identification refers to the process in which an
observer who does not have a priori information about the name, ownership,
range and size of spacecraft, uses information gained through physical
observations to gradually specify how difficult it is for an uninformed observer to
uniquely distinguish a given spacecraft from others using only measurable or
inferred characteristics independent of coordination with a spacecraft operator
to complete the identification process. In practice, it is very difficult to
distinguish a spacecraft from others, particularly considering increasing concerns
in the future about the challenge of distinguishing satellites via ground-based
data, especially with an increase in small satellites and constellations. Thus the
analysis shows the difficulty by calculating the angular momentum for a
spacecraft and identifying a group of satellites that are found to be in a
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mathematical cluster based on angular momentum. The smaller the cluster, the
easier it will be to identify the spacecraft.

e Tracking: For this analysis, Tracking refers to the process in which an observer
has already detected and identified a spacecraft and next seeks to monitor and
predict the evolution of the orbit of the spacecraft over time. The Tracking
analysis asks how difficult it is for an observer who is not the satellite operator to
perform the tracking function. In this case, the assumption is that the satellite
tracker has information about the name, owner and instantaneous location of a
satellite at a specific time, however, the observer does not have full knowledge
of the orbital parameters. In this situation, the uncertainty of the tracking
information increases when the access times are shorter for a ground station to
observe a spacecraft. Thus, the trackability analysis computes access times as a
figure of merit to estimate the level of uncertainty in the tracking process. More
frequent overpasses of a ground-based network of telescopes and radars
improve the prediction for when the spacecraft will pass within the field of
regard again.

This section presents the theoretical definitions that will drive the Detectability,
Identification and Trackability Analysis for the SSR and discusses the methods to
implement the first version of the software code using the tools Systems Tool Kit
(from AGI) and MATLAB (from MathWorks). The authors acknowledge that the SSR
Consortium prefers to use software that is either open source or accessible via low
cost, whereas both STK and MATLAB require licenses. The SSR Consortium team
aims to create a follow up version of the DIT analysis software using open-source
software tools such as OreKit in place of STK, but the initial logic of the analysis will
be demonstrated first in STK and MATLAB.

Proprietary Information: Please Do Not Distribute
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Figure 5: Overview of Analysis Procedure to Calculate Detectability, Identification and Tracking

The analysis introduced above seeks to quantify the DIT of a given RSO independently of
the capabilities of its operator to track the satellite and to reduce the error in estimating
the satellite’s location. Thus, the analysis considers the perspective of an independent
observer that is only working with information available through sensor observations of
Anthropogenic Space Objects. Considerations of the level of error for the operator’s
estimates of satellite location will be taken into account in the Collision Avoidance
section of the SSR. Using primarily simulation, the DIT analyses will start with a set of
physical assumptions and initial data requested from the operator. The data requested
from the satellite operator partly overlap with the data requested for the Mission Index
module which is used in the calculation of the Space Traffic Footprint. The list includes
the following:

e Geometric Approximation and Dimensions (rectangular prism, cylinder, or
sphere)

¢ (Requested) Simplified CAD Model — Basic size and geometry

e (Requested) Detailed CAD Model - Complex faceted model (a single diffused
facet can be used to average surface irregularities in order to provide an
appropriate representation of material surfaces e.g. MLI wrinkling)
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e Operational Orbit Parameters (apogee altitude, perigee altitude, inclination,
RAAN, argument of perigee, mean anomaly)

e Nominal requirements for satellite Attitude/Pointing during primary mission

e The number of satellites in the mission and the deployment process from the
launch vehicle

e A qualitative description of the early operational stages to reach the operational
orbit (at what altitude are satellites deployed? How many satellites are deployed
at a given altitude? How long do they stay at this altitude? Are there
intermediate altitudes before reaching the operational altitude? Will the altitude
and inclination change during the mission operations?)

A key component of the DIT analysis described here is the Ground Sensor Network
(GSN) Capabilities assumed for the model. The ideal GSN for the SSR is one that
represents capabilities attainable through commercially procured sensors that are
available to countries around the world. The reason for this is that the SSR is intended to
use transparent metrics to the extent possible. To accomplish this the GSN modeled for
the SSR is not representative of any specific existing GSN. In particular, the GSN used for
these analyses is made up of sensors with capabilities on par with commercially
available telescopes and radar systems. The ground sensors are distributed
geographically within the simulation in order to give similar coverage to a variety of
orbits.

7.2 Detectability

The detectability analysis created for the first iteration of the SSR has two components:
optical detection and radar detection. These represent the two most predominant
methods for gathering data on satellites and other anthropogenic space objects (ASOs).
These two portions of the analysis are represented in the top two rows of the analysis
flowchart above. The goal of each of these analyses is to estimate how difficult it will be
to detect a proposed ASO using each method individually and then translate that
difficulty into a scorable metric for the SSR. The overall Detectability score is a
combination of the Optical contribution and the Radar contribution. Thus, Detectability
is evaluated as the Optical Score*(.05) + the Radar score*(.05).

For this first iteration of the SSR, the optical detectability testing employs a binary
scoring method with one threshold between detectability. This threshold is set at a
visual magnitude of 15, which represents the limiting magnitude of an optically idealized
0.25m telescope. In this context, optically idealized means that the telescope itself does
not introduce any error into the optical detection process. In practice, imperfections in
the lenses, mirrors, and electronics of optical sensors lower the limiting magnitude of
the overall optical system. This means that the scoring cutoff of 15th visual magnitude
between “Detectable” and “Not Detectable” corresponds to an idealized 0.25m
telescope as well as a non-idealized 0.3m-0.5m telescope. Telescopes of this class were
selected for the lowest cutoff based in-part on the work done at the Air Force Research
Lab on “Raven automated small telescope systems”. This study explored and validated
the concept of using commercially available telescopes of size less than < 0.5m for
satellite observation and tracking. If an ASO meets the 15th magnitude cutoff, it
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receives a score of 1, and if it does not meet the cutoff it receives a score of 0.5 for the
Optical portion of the Detectability Score.

In radar analysis, a detection event occurs when the returning radar signal from the
detected object is strong enough to be distinguished from the background noise with a
certain level of confidence. For the DIT Radar Detection analysis, there are three cutoffs
set to delineate between ASOs that are minimally detectable, ones that should be easier
to detect, and ones that should be nearly guaranteed to be detected. According to AGI,
the company that owns and develops the STK software used for the analysis, a detection
event with a probability of detection over 50% can generally be considered a successful
detection®.

In order to differentiate ASOs that barely make the minimal detectability cutoff from
those that handily exceed it, the Radar Detectability employs one additional cutoff at
75%. If an ASO meets the 50% threshold it receives a Radar score of 0.5, if it meets the
75% threshold it receives a Radar score of 1, otherwise it receives a Radar score of 0.

7.3 Identification

Identification refers to the process in which a naive observer who does not have a priori
information about the name, ownership, range and size of spacecraft, uses information
gained through physical observations from earth to gradually specify that a specific
object observed from ground-based sensors is observed repeatedly and that it can be
identified as an object with a specific name, orbit and owner. This analysis asks how
difficult it is for an uninformed observer to uniquely distinguish a given spacecraft from
others using only observable characteristics independent of coordination with a
spacecraft operator to complete the identification process. This analysis is not included
in the DIT scoring at this time.

7.4 Trackability

In the final portion of the analysis, the SSR assesses the trackability of a satellite by
analyzing the level of certainty with which an independent observer can estimate the
future evolution of the orbit of a spacecraft. This stage assumes that an observer uses
the reference optical observation system and a tracking radar system that is tuned to
the appropriate parameters to observe an object of the given size and range (as
identified in the Detectability analysis). The analysis calculates the future predicted
periods in which the Detected space object will overfly the telescopes and radars in the
ground sensor network. The analysis calculates the level of uncertainty for the estimates
of future overpasses. The higher the uncertainty in the future orbital trajectory
estimates, the lower the trackability score.

In order to provide an empirical basis for selecting scoring cutoffs, TLEs for ~3200 active
satellites were pulled from Celestrak. These satellites were then run through the
trackability analysis to produce distributions to help identify trends in the pass duration,

8 (https://help.agi.com/stk/11.0.1/Content/training/StartRadar.htm).
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orbital coverage, and interval duration metrics. The cutoffs described below were
defined through a combination of information from literature on the topic and from
observations of the empirical data produced for ~3200 active missions.

Scoring for the Trackability analysis is broken down into three components with two
subscores for each. The first component is based on the ASO’s average pass duration,
with scoring cutoffs at 120s (.25), 180s (.5 pts), and 400s (1 pts). The second component
is based on the ASQ’s average orbital coverage, with scoring cutoffs at 10% (.25 pt), 25%
(.5 pts), and 60% (1 pts). The third component is based on the ASO’s average interval
duration, with scoring cutoffs at 12hrs (.5 pt) and 6hrs (1 pts). The total score for
trackability is calculated as follows: Trackability = [PassDuration*(}4) +
AverageOrbitalCoverage* (%) + IntervalDuration*(’)].

7.5 Questionnaire Portions for DIT

The final component of the DIT analysis is an additional qualitative score derived from
an operator’s responses to the questionnaire. Certain aspects of the DIT processes
cannot be quantitatively assessed at this time, so the questionnaire includes a few
guestions that evaluate the performance of the operator in the areas of satellite
characterization and tracking.

The questions are the following ones:
Do you track the resident space objects you operate? Select all that apply.
e Operator depends on Space-track or other third party public SSA providers. (1
points)
e Operator or contracted SSA Service Provider identifies and maintains custody of
operated satellites within 14 days of deployment and thereafter (2 point)
e Operator or contracted SSA Service Provider identifies and maintains custody
of operated satellite within (1) day of deployment and thereafter. (3 points)

Provide verifiable photometric/radiometric characterisation data on the satellite to the
SSR evaluator.

e Radiometric Data (average/max/min RCS) (2 point)

e Photometric Data (average/max/min Visual Magnitude) (2 point)

The final DIT Score is calculated as follows: DITScore = DetectabilityScore* (%) +
TrackabilityScore*(%:) + QualitativeScore* ()
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8 Application of Design & Operation Standards

The adoption of internationally endorsed standards in the space domain has been
identified as a clear path towards ensuring compatibility in understanding between
operators among themselves, and between an operator and the space environment
which is being used. It is however recognised that design and operation standard can
have regional differences while trying to achieve the goal of extended space
sustainability. For the SSR module, the following scoring approach is proposed to gauge
the level of commitment, by means of a set of questionnaire entries that go hand in
hand with the general validation strategy. It is intended that this section receives
updates as part of updating the SSR versions.

As part of the SSR, some of the entries in the design and operational standards are
evaluated explicitly to score the target levels for a specific mission. This is
complementary to the physical evaluation, as in this part of the SSR the targets
themselves are evaluated and in Question 1 it is evaluated how effective those targets
are in the environment when implemented. The questions and proposed score are given
below (Question 3 to 6). The scoring is proposed to be cumulative. As such a maximum
of 11 and a minimum of 0 can be reached. No update is foreseen as part of the on-orbit
evaluation.

As part of bonus SSR evaluation, the adoption of standards as part of the launching
states is to be assessed. The questions and proposed score are given below (Question 1
and 2). As this would introduce a dependency on the origin of the SSR applicant, this
needs to be balanced in order not to disproportionally discourage launching from
emerging space launching countries that might not have strict requirements. On the
other hand, deliberately choosing a regulatory regime because of the absence of
regulations is to be discouraged. The scoring is proposed to be cumulative, with the
individual SDM guidelines and standards as mutually exclusive. As such, a maximum of 7
and a minimum of 0 can be reached (times 2 in case of voluntary adoption). The score is
suggested to be weighted with the outcome of the baseline evaluation, to have a
measure of how far beyond the required the operator went.

Application of standards

Note: To calculate the score for this module, add the total points earned and divide by
the total potential points. This normalised point total is an input to the full SSR
calculation.

1. Which of the following documents concerning space debris mitigation and
operations are applied to your mission. In case your mission applies space debris
mitigation standards which are based on the space debris mitigation guidelines,
tick both categories. Explicitly list the operational and environmental guidelines
considered and state the need, and upon request, produce a memo on how they
are addressed
° None (0)

. Space debris mitigation guidelines (e.g. UNCOPUOQS, IADC; 1) and/or Long-
Term Sustainability guidelines (e.g. UNCOPUQS; 1)
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. Space debris mitigation standards or verifiable laws (e.g. ISO, FSOA, NASA;
1) and/or standardised operational products (e.g. CCSDS; 1)

° In case of close proximity or rendezvous operations: safety standard (e.g.
CONFERS work or human-graded standards; 1). If no such operations are
conducted: 1.

o ITU regulations on spectrum use (1)

2. Have any of the above standards been tailored to remove or loosen some of the
requirements therein?

* No (1)

* Yes (0 =< x =<1 ): The score needs to be reduced on a case by case
evaluation by the SSR issuer to assess the impact of the tailoring and the
extent to which it is captured by questions 3 - 7.

3. Where any of these standards voluntarily adopted? (Bonus equal to their weight
in question 1)

4. Does your spacecraft or launcher release debris in orbit, as part of the
operations:

o If any, only smaller than 1 mm (1)

e Yes(0)

5. To which level do you minimise the probability of explosion (x) as part of the
operational lifetime
° Score: 1-10”" min (0, logl0(x) +2)

e  Default by standard: 1073,

° No action or analysis countsas x =1

6. Are your spacecraft and launch vehicle passivated after its operation lifetime.
Constellation provide an averaged answer for the fleet and launch vehicles
° For each object (exclusive): No (0) Yes (1),controlled re-entry (2)

Does your spacecraft and launch vehicle upper stage use a disposal orbit after end of

operations:

° For each object (exclusive): No (0) Yes (1), controlled re-entry (2)

° Quantification of the risk is part of the index

° Disposal orbit respecting the protected region and operational orbits of
other operators (but not drifting through)

7. Does your launching state commit to registering/has registered your payload and
associated objects with the United Nations Committee on the Peaceful Uses of
Outer Space’s Register of Objects Launched into Outer Space? For all objects
associated with the mission (including launcher stages):

e No (0)
e Yes(1)
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9 External Services

External features consider a wide range of activities and identifies classes of action that
satellite operators can take to make their mission more amenable to receive External
Services (ES) or to increase the probability of successful external services such as fixing,
improving, and reviving satellites and refers to any work to refuel, repair, replace, or
augment a satellite in space. It also considers design features that ensure or improve the
detectability, trackability and identifiability of satellites in non-cooperative situations
such as a low-power beacon or reflector. On-Orbit Servicing of satellites takes into
consideration life-extension and upgradability as technology evolves, as well as the
employment of external end-of-life disposal strategy.

The SSR does not assume that all operators will invest in external services, and in some
cases such as low altitude orbits or small satellites, external services are not deemed
necessary. As such, the external services module aims at providing bonus rating for
missions where the investment in external services capabilities are appropriate. To
calculate the score for this module, add the total points earned and divide by the total
potential points. This normalised point total is an input to the Bonus portion of the SSR
calculation.

Three categories of actions by operators are presented in Error! Reference source not
found. below:

e Actions during the design and pre-launch phase to make it easier for operators to
have their mission serviced in the future

ES technology is evolving in ‘real-time’ often after missions are launched. A
significant number of contemporary ES cases are satellites that were not designed to
be serviced (non-cooperative satellites). It is expected that this will likely continue
for the next 1-2 years. Given the relatively low level of quality of knowledge on these
different ES features, the first iteration of the SSR will weight all ES features equally.
The credit given to ES will be low and entirely bonus in the first version of the SSR,
with scope for re-evaluation in later versions as verification, validation and
successful demonstration of ES capabilities are proven.

Third-party organisations/companies such as NASA’s Satellite Servicing Projects
Division (SSPD) and ESA’s Clean Space Office have begun independent assessment,
verification and validation of ES features through their own testing, particularly
design choices, e.g. grapple fixtures. Taking advantage of these verification tools or
providing evidence of self-validation and verification is necessary for SSR credit to be
applied.

e Commitment to use or demonstration of use of On Orbit Servicing (00S)

The utilisation of OOS, either through the operator’s actions or payment of an
external service will allow the operator to gain SSR credit, pending the mission
complies with current regulatory standards.
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As ES is a fairly new technology, the risks of failure are higher and non-trivial until
consistent successful demonstration of these capabilities are proven. It is
envisioned that future iterations of the SSR will account for technological
demonstration of these services.

Utilising ES in line with current standards

In addition to external service market maturity and technology adoption, legislative
and policy drivers will also impact market adoption and should be monitored closely.
The SSR will assess if the operating team are complying with standards developed
and proposed by international groups e.g. Consortium for Execution of Rendezvous

and Servicing Operations (CONFERS).

Table 3: Evaluating of the External Services approach for Bonus score

Scoring Category Description Example Score (BONUS)
On-orbit (O0S) Operators can take Installing of OOS features in 0.5
feature actions during the preparation to create a fail-
design and pre- safe option. Examples include
launch phase to visual fiducials, grapple
make it easier to fixtures, mechanical features,
have their mission grasp features, and items to
serviced in the make it easier to track the
future. This does not object in case of radio failures
imply that they will such as beacons
definitely use it.
Standardised Utilising OOS in line Employment of O0S 0.5
interfaces with current capabilities that include
standards standardised interfaces
Life extension Commitment to use External end-of-life removal 0.5
services or demonstration of service
use of On Orbit e Includedin
Servicing quantitative model,
including risk of
failure
Use of external ADR| Commitment to use Use of external ADR but still 0.5
(beyond or demonstration of | complies with 25 year deorbit
compliance) use of On Orbit rule
Servicing
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10 Summary of required inputs for SSR evaluation

10.1 Prerequisite guestions

The purpose of the prerequisite questions is to check whether performance of the satellite
operators meets a minimal level of effort toward sustainability. The idea here is that if one of the
prerequisite questions is not answered with strong performance, the overall score of the operator
should be limited to a lower level, even if the operator performs well in other aspects of the
assessment.

The following questions are informed by the Space Debris Mitigation Guidelines of the Inter-Agency
Space Debris Coordination Committee?®

1.1. Will your mission comply with IADC guideline 5.3 for post mission disposal?
e Yes
e No
e Partially (explain)
1.2. Do you commit to passivate your spacecraft at the end of operations, as defined in IADC
guideline 5.2.17?
e Yes
e No
e Partially (explain)
1.3. Do you have a space debris mitigation plan, as defined in the IADC guideline 4?
e Yes
e No
e Partially (explain)
1.4. Does your mission avoid the intentional destruction of any space object?

e Yes
e No
e Partially (explain)

The following questions are motivated to ensure that the SSR assessment will be informed by
reasonable information regarding the mission parameters in order to perform the mission index
and Detectability, Identification and Trackability Analysis.

1.5. An operator signing up for an SSR evaluation is committing to share with the SSR issuer
(and keep updated throughout the entire duration of the spacecraft’s mission) information
and supporting documentation as required for the purpose of assessing and providing your
mission with an SSR. Do you commit to providing information and supporting

9 https://www.unoosa.org/documents/pdf/spacelaw/sd/IADC-2002-01-IADC-Space_Debris-Guidelines-Revision1.pdf
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documentation as requested by the SSR Issuer for this purpose for the full duration of your
spacecraft’s mission?

o Yes

e No
e Partially (explain)
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10.2 Mission index

Object characteristics:

O mass,

o  cross-sectional area (Cross-sectional area / Cross-Section Area in Randomly
Tumbling Motion);

Operational orbit parameters:

o at minimum, semi-major axis, inclination, eccentricity, OR trajectory
evolution (including manoeuvres),

o  expected operational lifetime;

Mission architecture:

o  number of satellites,

o launcher(s) and disposal trajectory (similar to Operational orbit parameters
& Disposal strategy entries),

o  mission-related-object released with trajectories (similar to Operational
orbit parameters);

Disposal strategy:

o target disposal orbit OR trajectory evolution (e.g. for non-conventional
disposal strategies),

o  expected success rate;

Collision avoidance:

o  mitigated collision risk (versus the trackable population of the SST solution):
The mitigated collision risk is assessing at what level an operator minimizes
the risk of collision with detectable objects. A very large number of
maneuvers can completely mitigate the collision risk (100% mitigated
collision risk) and no action to mitigate the collision risk are resulting in a 0%
mitigated collision risk. The mitigated collision risk can be computed by the
issuer, and mainly depends on the collision avoidance strategy that an
operator can provide. If not computed by the applicant, the accepted
collision probability level, or the risk threshold triggering a maneuver for the
satellite shall be provided in order for the issuer to compute the mitigated
collision risk.
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10.3 Collision Avoidance Capabilities

The scoring for the SSR considers all actions taken, thus SSR applicants are asked in the
SSR form to indicate all actions they have taken in each category.

Table 4: Scoring Rubric for Collision Avoidance Capability

Capability (including all lower levels)

Operator No Score Low Score (2 Medium Score (3 points) | High Score (4 points)
Action points)
Orbital State Rely on a Operator Maintain orbital state Maintain orbital
Knowledge third party maintained orbital | knowledge of object to < state knowledge of
(during normal public SSA position1® state 10 km in any direction. objectto <1 kmin
operations) provider for knowledge of any direction.
state object
The timeframe information
is dependent (e.g. space- Update orbit Update orbit

on forecast
time and
orbital
revolution
time; 7 days
for revolution
below 10
hours, 14 days
when above

track.org TLE)

determination for the
operated satellite when a
manoeuvre or other
event induces a change to
its orbit that would cause
the operator’s state
estimation to be worse
than the required orbital
state knowledge.

&
Characterise/validate
covariance of your orbit
determination

determination for
the operated satellite
when a manoeuvre
or other event
induces a change to
its orbit that would
cause the operator’s
state estimation to
be worse than the
required orbital state
knowledge

&
Characterise/validate
covariance of your
orbit determination

Collision
Avoidance:
Availability to
Coordinate

Not able to
coordinate

Able to coordinate
in response to
emergencies (but
not necessarily on
a routine basis).

Able to coordinate during
set hours per day

Has a system for
routine conjunction
assessment and
capability to respond
to concerns 24 hours
per day via human or
computer system
capable of
supporting near-
immediate
coordination and
reaction for urgent
issues.

Collision
Avoidance:
Capability to
Coordinate

Operator has
no dedicated
process for
conjunction

Has the capability
to be contacted in
case of close
approach or

Operator is capable of
interpreting conjunction
data messages and other

common formats, to

Has documented
procedures for
collision screening,
assessment, and

10 Orbital position state knowledge refers to time-indexed position and velocity information, but does not include

covariance.
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screening,
assessment,
or mitigation.
The operator

may be
unable to or
chose not to
ever

manoeuvre in
response to
conjunctions

another high-risk
event

Operator regularly
screens orbits and
planned
manoeuvres
against public
catalogues and/or
information from
SSA sharing
organisations
and/or third-party
SSA providers

determine risk and
generate/screen
mitigating manoeuvres

Operator has a system for
automated routine
conjunction assessment

mitigation

Regularly screens
operational
spacecraft and
planned manoeuvres
against SSA sharing
organisation
catalogue

Collision
avoidance:
maneuver
capability

No maneuver
capabilities

Any maneuver
capabilities
(including

differential drag)

Reaction (at least Av=1
cm/s) within 6 orbital
revolutions

Reaction (at least
Av=1 cm/s) within 1
orbital revolution

(BONUS)

Maintaining
orbital state
knowledge

after the end
of normal
operations

Maintain orbital
state knowledge
until spacecraft is
placed into a
graveyard orbit or
is disposed of
through
atmospheric re-
entry.

Maintain orbital state
knowledge to < 10 km
until spacecraft is placed
into a graveyard orbit or
is disposed of through
atmospheric re-entry.

Maintain orbital
state knowledge to <
1 km until spacecraft

is placed into a
graveyard orbit or is
disposed of through

atmospheric re-

entry.

Scoring Guidance: Entities can receive credit for any box where they satisfy all criteria
contained in the box. If an operator is able to fulfil multiple boxes in a single row, those
point values are added. During the scoring process, the total number of points earned
by the entity are divided by the total possible points. The normalised point total is an
input to the full SSR calculation.
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10.4 Data sharing

What of the following information do you commit to keeping up to date and sharing
with the following audiences?

Table 5: Scoring Rubric for Data Sharing

Data shared None SSA Other Voluntary Public

(categorised by Provider(s) | operators upon network of

contribution to safety) request for operators/
coordination stakeholders

Collision Avoidance
Coordination
Information

Publish + update | O 10 10 12 12
collision avoidance
contact Information

e name(s)
o title(s),
e phone
number(s),
e email
address(s),
o |ist of
controlled
objects by
NORAD ID or
International
Designator
e languages
spoken)
Publish + update | O 3 3 3 4
collision avoidance
contact time
zone/hours of
operation
Publish + update | O 1 2 2 1
COLA
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contact/coordinatio
n response time
commitments

Satellite and
Mission Information

Publish + update
satellite ephemeris
(including
manoeuvres, for
LEO: 7 days,
MEO/GEO: 14 days
into the future).
Sharing archived
data is encouraged,
but not required.

15

Publish + update
covariance
information

Publish + update
covariance
characterisation/
validation

Publish + update
launch vehicle
timing/trajectories

(planned and actual)

Satellite
Characterisation
Information

Publish + update
satellite mass

Publish + update
satellite
manoeuvrability
(manoeuvrable/non-
manoeuvrable)

Proprietary Information: Please Do Not Distribute




46

Publish + update | O 3 2 3 3
satellite

manoeuvrability

capability!!

Publish + update | O 5 5 6 6
satellite operational

status

(operational/non-
operational)*?

If the satellite uses
autonomous
systems (systems
without a human in
the loop) for
satellite
manoeuvring,
publish + update:

e The criteria | O 5 3 5 5
for when a
manoeuvre is
triggered

e Where and | O 5 3 5 5
with what
frequency
planned
autonomous
manoeuvres
are reflected
in shared SSA
information

e |If emergency | O 2 2 3 3
stop
procedures

11 The intention of such sharing is to help other operators understand the capability of a particular spacecraft to
maneuver in case of a high risk conjunction or other necessary event, especially for systems that use low-thrust
propulsion or differential drag techniques. Potential forms of data sharing that meet this objective would include
maximum achievable displacement from a reference orbit in 24 hours (or another reasonable time period), AV
capability per revolution, or similar). Order of magnitude rather than precise values are acceptable.

12 This refers to the real-time operational status of the satellite post-launch until disposal.
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exist to
interrupt
autonomous
procedures
in case of
malfunction
and how
another
operator
should
request an
emergency
stop

Additional data
(other forms of data
sharing (BONUS)

Radio-frequency 0 1 4 3 3
Information to
support interference
avoidance/mitigatio
n/geolocation

Spacecraft anomaly | O 1 2 3 4
information

Other datasets to | O 3 3 3 4
support

government/acade

mic research®3

APIs or other means | O 1 1 2 2
for automatic
machine to machine
access to above
information.*

13 Examples might include (but are not limited to) non-lethal impact data, inferred atmospheric drag, and/or
manoeuvre information.

14 points are per totally compliant data category (Collision Avoidance Coordination Information, Satellite Metric
Information, Satellite Characterisation Information), so total score for automatic access is three times these values.
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Scoring Guidance: Operators can receive credit for any of the activities they do in any
category of data sharing. The activities are listed with scores showing the points they
receive for sharing a particular form of information with a particular audience. The
operator can earn points for all the actions they take, including sharing a single kind of
information with multiple audiences. During the scoring process, the total number of
points earned by the operator are divided by the total potential points. The normalised
point total is an input to the full SSR calculation.

Proprietary Information: Please Do Not Distribute



49

10.5 Detectability, Identification, and Trackability

Please provide to the SSR evaluator the following characteristic information for your
satellite:
e (Required) Geometric Approximation and Dimensions (rectangular prism,
cylinder, or sphere)
¢ (Requested) Simplified CAD Model — Basic size and geometry
e (Requested) Detailed CAD Model — Complex faceted model (>1000 faces) with
material details

Share with the SSR evaluator the following planned orbital information for your satellite

e Operational Orbit Parameters (apogee altitude, perigee altitude, inclination,
RAAN, argument of perigee, mean anomaly)

e Nominal requirements for satellite Attitude/Pointing during primary mission

¢ The number of satellites in the mission and the deployment process from the
launch vehicle

¢ A qualitative description of the early operational stages to reach the operational
orbit (at what altitude are satellites deployed? How many satellites are deployed
at a given altitude? How long do they stay at this altitude? Are there intermediate
altitudes before reaching the operational altitude? Will the altitude and
inclination change during the mission operations?)

The following questions qualitatively ask about the actions taken by the operator that
can increase Detectability, Identifiability and Trackability.

Do you track the resident space objects you operate? Select all that apply.
e Operator depends on Space-track or other third party public SSA providers. (1
points)
e Operator or contracted SSA Service Provider identifies and maintains custody of
operated satellites within 14 days of deployment and thereafter (2 point)
e Operator or contracted SSA Service Provider identifies and maintains custody of
operated satellite within (1) day of deployment and thereafter. (3 points)

Provide verifiable photometric/radiometric characterisation data on the satellite to the
SSR evaluator.

e Radiometric Data (average/max/min RCS) (2 point)

e Photometric Data (average/max/min Visual Magnitude) (2 point)
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10.6 Application of Design & Operation Standards

Which of the following does your launching authority(ies) request you to follow or
mission voluntarily adopts:

e None (0)

e Space debris mitigation guidelines (e.g. UNCOPUOQS, IADC; 1) and/or Long
Term Sustainability guidelines (e.g. UNCOPUQS; 1)

e Space debris mitigation standards or verifiable laws (e.g. ISO, FSOA, NASA; 1)
and/or standardised operational products (e.g. CCSDS; 1)

e In case of close proximity or rendezvous operations: safety standard (e.g.
CONFERS work or human-graded standards; 1). If no such operations are
conducted: 1.

Have any of the above standards been tailored to remove or loosen some of the
requirements therein? If yes, the score needs to be reduced on a case by case evaluation
by the SSR evaluation.

e No (1)

e Yes (0 =<x=<1):The score needs to be reduced on a case by case evaluation
by the SSR issuer to assess the impact of the tailoring and the extent to which
it is captured by questions 3 - 7.

Were any of these standards voluntarily adopted? (Bonus equal to their weight in 5.1)
Does your spacecraft or launcher release debris in orbit, as part of the operations:

e If any, only smaller than 1 mm (1)

e Yes(0)
To which level do you minimise the probability of explosion (X) as part of the
operational lifetime:

e Score: 1 — 10min(0l0g1o[x]+2)

e Default by standard: 1073,

e No action or analysis countsas X =1
Are your spacecraft and launch vehicle passivated after its operation lifetime:

e For each object (exclusive): No (0) Yes (1), near-controlled re-entry (2)

e Yes/controlled re-entry scores to be weighted with success ratio

e Constellations provide an averaged answer for the fleet and launch vehicles
Does your spacecraft and launch vehicle upper stage use a disposal orbit after end of
operations:

e For each object (exclusive): No (0) Yes (1), near-controlled re-entry (2)

e Quantification of the risk is part of the index

e Disposal orbit respecting the protected region and operational orbits of other

operators (but not drifting through)
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Does your launching state commit to registering/has registered your payload and
associated objects with the United Nations Committee on the Peaceful Uses of Outer
Space’s Register of Objects Launched into Outer Space? For all objects associated with
the mission (including launcher stages):

e No(0)

e Yes(1)

10.7 External Services

Operators can take actions during the design and pre-launch phase to make it easier to
have their mission serviced in the future. This does not imply that they will definitely
use it.

6.6. Does your satellite design incorporate the installing of On-Orbit Servicing (00S)
features (e.g. visual fiducials, grapple fixtures, mechanical features, grasp
features, and items to make it easier to track, capture, and service or de-orbit
the satellite in case of system failures?

e Yes (0.5 point)
e No

6.7. Does your satellite design incorporate standardised interfaces?
e Yes (0.5 points)
e No
If yes, please provide specify which ones

Commitment to use or demonstration of use of On Orbit Servicing

6.8. Does your mission consider life extension services such as non-contact support,
inspection, refuelling, upgradability, orbit modification and maintenance, orbit
maintenance?

e Yes (0.5 points)
e No
If yes, please provide proof of verification and validation of testing

6.9. Does the mission employ external ADR services?

e Yes, mission complies with 25 year deorbit rule and includes features for
external ADR (0.5 point)

e Yes, mission does not comply with 25 year deorbit rule without assistant, but
relies solely on external ADR for deorbit (currently not compliant with
standards) (0 points)

e No

If yes, please provide proof of contract
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10.8 Verification

The SSR provides additional credit for statements by operators that can be supported by
additional levels of verification. For each of the following items, please select which level
of verification you chose to provide.

Please send any supporting documentation with your reply. If you believe a level of
verification is not relevant for your mission in its current phase or concept, please include
a brief remark explaining why.

Assertion by Application: Affirmative statement by the applicant is provided.
Factor: 0.5

Assertion and Technical documentation: Supporting technical documentation
on the mission design is disclosed. Factor: 0.6.

Public Release of Technical Documentation: Supporting technical
documentation is submitted to a government or non-profit available for
public review. Factor: 0.8

Authority - Independent Technical Review: Confirmation of the compliance by
a third-party technical expert is provided. Factor: 1.0

For some items where a level of verification is not appropriate/necessary across all
missions, select N/A.
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HETERT I ENTED,

Mission Index to calculate Space Traffic Footprint (FEHZEZY FTY Y FEHDT-
NIy aVER) FITAR—RTTYDEREZTOFERICEINT, S v avIcH
5435472z FOBRMEERNFHEREICEZP2EZEICEHAL TR LIZHKE, CDE
EHETAHE-OICFERINSEESEAEIE. DEMISETETRERY/ E-IEEBIIZH E R RE
THOIVLENHD, Index: 3542 & Footprint: 7y F TV FOBRIE,. DO REYHIZE
T HRFOXMEBEMITH-DICRBRNICFERENS,

Space Sustainability Rating: ¥ErIRELAFERITOMEZIRAS=OD,. S v 3 Uig
BOoy b TYU b BEEMENICARTERWVMIOEROMEAEHE ., FEEEAL L
CIFLERTEESN S v a v LEERTEIENTES,

Space Sustainability Rating Issuer (SSRE{TE): I v avICHET HFHEEFHRMET
MOZRHMDFRELRERICETZHOER,
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SSR Applicant(SSR EBEE®): SSR 7Ot RZH{ET. S avEERT D, HAWLIEKR
FTEHER, SSREFEEE, Sy arv0—HELTREVCEER. £EARXL—42%%E
TEHIEMNARETH D, SSROERE - EITHEDELLHFMICOLTIE, IBEREHMH5ELT
W FETHD,

Trackability GEBftE) : FHEDHEDKMELZEHRL. FRI HEN.




SPACE
E SUSTAINABILITY

RATING

Page 7 of 53

3 SSR AR VIEE

SSR(F. FHOFHRAIREMD S ESERATEZH/A—L, UTICHEMZLR T 5FED 21—
IWOFHHEICEDKHMEBRELTERES NS,

31 Swysavlb—TF4UTiBE

-
_—

~

BRONZE SILVER GOLD PLATINUM

Figure 1: SSR #&4 1+ M5l

+ GOLD ++ GOLD +++ GOLD

Figure 2: RFv T4 0H—20H

WA FERIEZT v a PO LDGE SHEERS T L BRI AE S48+ R 27 (Tier score) &
RIS, LT, Ty a VORGERBICETAEBOFIRL—2DNT+—T U RITE
DT, EPMICEH NS, RITShFL—TFT 4T E—D2DI v a VEBREGETE LT
Al. BLEL, BE)OHBTENTHD, Svavd#HiEI vl a v BEICHITLIZS
B. Iy VI VORCERICEET SRREEEZEL. LHICEH SN -FHELSTHFOL D
THHILEZHERTH=HIC. BIHENLETH D,

BEHEICHNT, R—FRRXTY T (Step) 4 P4 —2 I HEMI LDy FEERT
LB ENTEETH D, COIBEIX, Sy a UNFHOBGEAREEICRITTR—XS/ 2L
— T4V EBZD) ZENTEIRENRATY T#RATELDTH D, HLLEREL
HEDEDa1—ILE2EN, COR—FRORERELE D, R—FRFERIHESH, VI T
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APLEFEEREDA—RSA D L—T 4 VJIZHEELEL, R—FRATI) OHRIZITHIR
HENEWLDILHDH. R—FRAATTVEHFYERINATHE LT BFEDREICESR
SNFATBOBRITIELGS, ARL—2DOEEFHBICKEKFELTLRIEENSZLY,
SRIE. SHDRR ISV T4 REBZDEDELEED. FEABTOYRTFEYTA4D
BRERET 5012, ERMICHRERBALRIFLELTVS, SSROTTYLY Y b E
NEzT—42HAOEKADTRTH, BEFLEAEDI—HF—ITL > TEAMIZERINT
WADITTIEAL, FHRIZ, SSROTTEMEINDNL DODFEF. BE. FLAEDT
RLU—=FIZ&EH>TETINTUVEL, COLSHBEEBOERIE. FERITOREM & HiEq
BEMZISICRBESEDLOLEMOERAEZORAZMESE, TOLILBAEEIE
TEHODEETCRKERT—FDARAREZRET S LTHD,

T 5 _EIFHE B (Pre—/aunch phase) - FEH v 3 DITE EIFRIIZ. SSROTRTHESD
a—JLIE, SSR HFEEMNRE LET—RICEDVWTRAT7EERT D, ZDEH, BiftS
NEzT—3DREMERZLAEEED. HESNZZI Vv a VDY RTFHE Y T4 A
NRATICEFEND., YRATFE T 5 lilE. MEMAFMHECS v 3 DOEVCFIEY
E.FTRTOARL—ENFATES. HAWILEL ELFATEZETDA Ty RIS
EOLWTW3, &FSRED2—ILDRIATIE., —EDHEMFFIZELET 102, BRI
HENBEM T O TN,

BB L (On-orbit): 3TEEIFRIORITIE, HELE-Z v a v EFHET 5D THIH.
YRXTFEYTaIE. TOHBEETEHBIELAELGRA U ITHD, Sy arniE
RAYEPO—EDNHRT, SFBEINZIv I aV ERBELOERRZUET ILENH D,

SSR DEELEEMETIE, REDaA—ILEBEI Y 3 VICERT S, 2 2BM SR 7O+ X
TlE. ERESNEZHELOTEOVRTFEY T4 & BRIFHESIAAR—R S 4 VEtHE
[SRITENE SO EHIET 5, EXLGRIRTIELESIND, SV a v OERERINT,
SyvaUEEFEFLEFEREIY T FEARL—2DTEHTIH A CRBICE DN
TELTDAEEEAH D=0, EHMICHFAESIND I LEFEELTLEL, £EFEX BE
B ZREML. BROGVWVERZEITS-HDDELEDTHD.

SSRIZ.FEIVYIVDIRNL—EORBEEN. L—T 1 V7B -OITRELERE.
L—T 4 VIR TEICHAECHERREATI AVELGCFATEDRSITHEESAT
Wd, PIZIE, FEEE. SV Va v ROREFIEZAUNSEIHEREREL. COHERE
HEILHEOHICAV:AEE SSR ZFTEICEMLATAEAESGEVA, TR T LK
18 E DM G FHMIIRATT 2RENGZL,

SSR FHfil=&nd % SSR BMEFEE(E. FESIN-I v a v OEHMEICSMT 5 & 5 I12BEF
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ENB, ThIZIE, REERENDIEEY . AT FAFELIZH SR Y ELHRZERN
BEND, FETERETRESIMEBBROKRIEE. FTWMILE-FEERFRICE DS, £
2y avOMERAREIARL—E2DA 0Ty FMZEDNTLEaA—Sh5d, #EL
TOEBPICARL—F L SR HTBEORMTIZI a2 r—arvhiThniah-z548.
FHERT—IOFARZETIMELEFE T, EBRAICEIKL—T1VIDFE
EIZD7a B, SSREFENI v a VvREKIZSMLEN 2 =BESSRRATIEEHNT S,

SSR BIK(E, FHREDEIL, RA NIV T4 AOBREITHEGT 57012, EHRIZHET
SENEIBERVATLELTEGHESNTIS, SSRON—U a3 UEITERORREELNHSHE
Da—I)LEHANT DVENHD, CNIFTELFTBEFELGY ., BRITRUTE=2Eh 5 SR
[F. T4 ETIE SR RITBICHEMNBERINRHRADN—Ca V0FEFEFTHLH LT
BERT S, UBLEICT YL avERFALLRICRET 5. EXENAUTELVFHIRE
DEL BIZL.ERYRY EEDHHEEOBRERGE) (X, L—T 1 VJITHELREL,
FEELARL—EANEENITHNA—Da VICHT HFHEER TS Z EIXRIEETHSHH.,
NIFEBMIZFTHONGL, BRI, FRAREFEHREREZRET 50IXThnl:
BIMEEZRAT H-HTHD,

3.2 BHEELLDA Ty MRERR
SSRDEBEFETIE, SSRETEZRRLTI v a VERETZFHMICHERE TS5 LG, £D
KoY, RESN=T— 2 OBRIEATREMED L AILD, FTABIC K ARIANERINDS, &
NoDA Ty I TUor—FO—8ELTRYRAENDT=H. SRETE~DA VT
FDERL—T 4 U TICHEEER D,

SSROBED2—ILOERF. BREDHZEEL—T A VI EERTHIIRL—ahoR#ESH
HERRIZIFEROBINADT VL RITEKEL TS,
DRATLABE/ARL—FEFLEIRTLIZHT 53 FIEL SSREFADES DO FTHE
FEHETHAHELD SR RITEDERERML, RED—HE L TEY RWMREEEAT—
BERBTHIEOBEETRICEHHOTTH-01C, EREICL > TRESNDANITKREE
DEHDIMFMENS, 7or— bOFHRMIT, PEEDLRICHT SRAEDT-HDE
HOFHEEN, SRETENZDEREFAT S ETRL—RENS,

Tl BERSINS:

o HFEZENIR: HHBBFICIVYEEMNBRT— AV MR#EShTNS L
#=¥: 0.5
COBRNDHATIVIE, EMFIFELDIIXENZL, BEHICKIEMABERT— AV
THD. CDEIBRAT— P AV MI—RICEETHDERTEINDA, SR HITEIL.
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HEEICKIAREMATEREERTAARTHLSLELLIEHLAHDIEE. R
% (TIA4IE) EZBHBEILERTENT L IRODIENTES,

BENEHICEDER: T vda vBHOBMTELLETENZ SSR RITEICHARY
52k

%% 0.6

COATIITI., BEFEIRESNEZESELT 2B LRI XELRET 5,
BZIE. 7or— FOBBERBED 1—I/LIE, BEEICHEREDEDEOBEERS
FDTHD A—RSGA 2 L—T 4 THDFMFTHZDLRILDORIETIE., A
BREDERLE, TNONATRL— 2 DRNBEBREEDORENLEBEICEDL SITEE
T EHENEEBMT AEMUNTHIBETH S, HUBLERICENT, #XL—42(F, &
FASEREDREICET 2EEBOT—2 Z1RET 28NN H D, HEICK>TIE, &
DERETORIEIZIE, MRASEE TEFES, TLEFOMDOEMBEELN SRS
[CRESIIXENEEND, LREOLEBY. SR RITHEE. IRESA-XEDOHM
ML ZELT LLEE - R LGV, RE SN XENTEMHEF 1= (EEMTH IR
MNEWEFIBT LIS EICE, BEZTV., BEICIG L THRBAZRSD., £ERLGLEIC
WS HEFEHELTLD,

HETEHOAR: BFNGRMATERERFELIIEEFBERICIRHEL, —RICAHR
ShTWWbdI &

%% 0.8
COLANIILDOBIETIE, BT ELLIENEZBFE-EEERERICRE L. TOEIK
N—RICEETELLIICTILENHD. COLSLHEHI. REERIOFED M4
WA E M (Need to know) | ZRAEEET | BHTAFTELRFAIEGR S0, AR,
BREBICA—Y—ThI U brORFELEIZOMOEEMNLEERFHREEERT S
ENTES, HIZIE. BOBRRFARBICIRE SN SIERERFBERLEENETFON
b5, "ORIILANLTIE, ZIEANEROAAEMUBE L THEET 52 LIFHAFT
EHV, LA BHTAHI LT, HEENEROERSZERICEHAL. T—2RU
ERTERETMOANFETE D& S UBEARETRBET KB ZR-T,

B4R - M LABNEE: E=FORMEMRICKIBEEHELERT S L
=¥ 1.0

COLRILOBEETIE, BEEMNMRE LB £ XHEROBMAERE M % 570 - #:2
THLEULEMMBEET I2FE=F (FLEHFEITRho THUZINEREERT
HE=F) M, BEENRE L-BREERT D LNEFENS, HITHEMRICE,
(RESINDIEWCIELT) BFORFEROEZFEDOIUYILE Y AEENST
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REMENH LN, CALICRESNSILDTREGWN, BEF—LAI v 3 VOEMKICHE
59 EXGRMBETO X 2B L TEREZITIBEE. BEEOHEBRNOAER
ENOEHMIALIF—LNBEZTOIENTE S, BRHRATIE, SSRETEIZELS
BT ARBOEXGEREIFIRESNTULGENAD, JFED SSROEFHD=HIZ, EDL 5%
FREEMRET SN TS,

o DREROEMREL. SEFLERH/NSOA, TSR TLDS HBRHFERITHEL,
1$3kD SSR DHET TG HFTREMEN H D, SSRETEN. T v a VEKOUEORE
DEEFEEZEE L. BULGEMTENORMEBICEL2EEMHOERLFAREEEIFETH
HEHMTBHIEELHD. CDEIBTIHEA. SR RITEHE, AXL—FIIRFILT1 25
ZBWES, RBEESNDFEBROEA DT ETNITHE L TEDLT,

3.3 SSRA—X 54 Vit HEEDER

ST IETHMRLIzEBY., BIRFTERIE. T v a VDRFEBTRA—X S 4 UK MFIT

Tier Scorel] #%IT52&I2%%, ZLT, Ty avOBELIZEFTA2EROARL
— DT+ —IVRIZETVTEHNICEF A, v avOERBBPO—F DK
RT.FEENFI Vv aVvERBELOERELE L. ERABIFEICENTZITIEDNT
WANERTEEIZR-T., hlE. Sy aUARBITRTLTEHT, TOIv T3
UNFHREICEZADEENINDEWVWIEZFERT, SSREMAICSINT 4 EAKI(F. 5HE
SNy a D2l GRETEREM I OIBFEY | IRYIMELIZHLHRY EHMLEE=
AYUTEED) a3y T BHIEITHD,

ZSSREDA—ILIZTDONT, Ty avE0 (BLY) ~1 (L) ORaT7E2(TES, =
hE. SvPavDED2—IILRATE. FEED1—ILOERTRELRRRA > FEETE
BETEZLICE>THITONS, RED2A—ILDRATERED 1 —ILODEHDITEED
HT.SSRR—RS A UDEEFHZEHRT S, SSRIFFLTRAEBTHY . BERASINT
WEAEDA—ILDEHDTOEFHGEICOVTERT A ENEETH D,
ERCSLECN

® =y 3 iEE (High 50%

o fEEEEEESH, T—4HE Medium, 16.5%), DIT (Medium, 12%),

o HENHERKRE (Low, 5%

A=V T LAVN—BIUEERNDHNEBEREIZELS SSR DT7ILI7ELUR—
AT FDFER. SSR DRV DEEREEIL. Platinum, Gold. Silver. Certified EEZ SN T=,



SPACE
2 | SUSTAINABILITY

RATING

Page 12 of b3

SSRDENETNDIRMAFE. EED 1 —ILOBREFHICEY. 0 (ELY) ~1 (FELY) OFT—
EDHWEBRAATEEGLIGEICRITSNS,

BRONZE SILVER GOLD PLATINUM

Total weighted Score

0.40-0.55 0.56 -0.70 [ 0.71-0.80 0.81-1.00
Figure 3: 8HHEXaT7ICE I SSR#EAHIT
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4 SSRED1—)L

Composite indicator based

on6+

Cross-parameter evaluation
D Simulation-based parameters

[] Questionnaire-based parameters

1 modules

Data \
sharing O
Collision

avoidance )
process

Detectability
Identification
Tracking

Standards &
Regulations

External
services

Mission
Index

Data
verification

Figure 4. SSRZHBH T HED 1 —ILOBE

SSREBH T HAELREL1—IVEUTDRY THS, EERAITDEADIIINEL LD &
FHINDIB :

0.

FIE & 4 BE RS (Prerequisite Questions) . T oMERIIL. SSR 2 ERKT 5

FOICARL—EARTLETNELE S EOREROEEICDOVTRLTL S,
CHIZEE, SyvavEOEEPD), RELVE, BERIMGT T OFREERIL.
T VHEIBEBORED-HDERFHKEMAR—X T I AEZE R (IADC) OF
4 34 VBFAEEND, Ff-. SYaVDIAT24LERALT, R—X
T4 UDFHEDIFHRE SSR RITELHATHIEELNTAAL—2(ZHHENES M
DEELEFNTLD, ChoDERICH L TERERGWANL—4, (&
SSREMTEBICHEGBEREZREL LIS ELGVARL—2F DA TITYTHL
NI =R VRAEREBETEDHELTH EVLWS U IDOREMAIFICHRS NS, £ LS
FL—T 1 T EERESNSAREMENH D,

FEEHEI R T P EHRDEDOD S v 3 152 Mission Index to

calculate the Space Traffic Footprint): Wb Iwiavt, BET Y

Kt UBELICRMZRT . F<KEAR, FHEEO—HEHFRMICFIALTWLS
[CBEGL, REOBE. FEREICSVWTHMAADEELGFSE5ISECT
BNDNHD, COED2—IILTIE, GHEESNRETEI v a3 VEBRICK-TEIE
BOSNDIEZFLYENTBDOLANILAEELLSN D,
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2. {FHZEEFE(Collision Avoidance) : SEEEIZFHEMREEANLZIVEES. ARXL—42D
BEAICIELT, BHLE-FHRETTOI v a3 Vv EERTHIERAENH D,
CDEDa—IE, TITYEDBENGEHRECERTOARL—2HEOERE X
DERBTDEOIZARL—IDNWMASEENTELFIEZHEICT LI LEEZEM
ELTWLWS,

3. T—Z#F [Data Sharing)  FEKRZDH SSALEDBEREANL—INHEFT
52 LI, FEOREIZESTHEICEETH D, RIS, BFEDERIHEMZE
BLTBYARL—ANRELEET 2560 H D, T, BEOHMGIEHRE+
BLBWEHTT. BT A LICIEEFNGWNMGEEELH D, COED21—ILTIE,
ARL—FDPEARLGIZI 2T LABLTVSEEFBRNDEL. TOHEHRIMF
BRITOREEICEDEREFTSLTLAINEZEEILLT 5,

4, BEHIE. BEITE. BEIE Detectability, Identification,  and Trackability):
ERAARETH>TH. FHEREBHRRICEERIZEOHDLZENTELRLVNELGF
B, FEREICET5MOMKICHT VR £155H, 51T, BFRIFHROE
FEOREZHLMNIT H=HIZ, BIANBETHDS, COED1—ILIE, ShbD
BEEZHAN—FTBHILEBHELTVSD, FHEREMENNARALL, FEEZ X
YIEFEICEITE AL DITHBITHEL, RED2—ILIE SR D/N\—2 32 T8I
BHINDZENRIATN D,

5. REHEFIZEDBEE Application of Design & Operations Standards). AR~<R—
ATT)OREZHE. BEL-FERETCOERZAHEICT 5012, FHOHF
GETREEDRBICH 0T BIZIE, HBRDEMRLEBENVETH D, FD=H. SSR
D—E]RELT, B ELERAICEVTARLGRYEZELELTSIZLICERZTELTL
%, AL, B OFHREICHT HEMBICE DV TRENIZITHON S, ZTDT=
. SSR DFH/N—2 a3 F))—RTEHRIZIE, BEDEELZEHLIVLENHY.
ZTOREL, RWATELBWAR—FRL—T 4 VY ICEERITONS,

6. HEFY—EX (External Services). EfEERDHEF TEE TV SEMERHIE. F
HOYRTFHEY T4 2ALEESELAEEMENHY .. BKRELD, LML, TORAK
BROIv a3 DAVETMIE>TRELELDARENELSH D, TD=H.
NEIFR—FRFHAEICEENTLD, S EH—EX DR, EIL. FIALEII LT
BE. SSRIEZNICHE L TEHINSIFETH D,
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TRORFFESA SN TS,

AZEA (Re~Entry) . T )VBEBDERMN L., FHEDERAMNKRT LE-ROLD T, BLE LIS
TIVERSHOVRIBEBZEA PID) A—EHIZEELL, —A. A TEILOZOMOER
ESN-FEEICESFERRMALTCHEREAL, —RMICERLGIXMEET S, A, BR
ALFE=YEAE - Zhh - B EICEHRT SRV HDH, REKRIS. BEALYEIEIKE
B4V ElERL, 1 EOANFNBVLENBETEOTHIREELAH S, . EFSFD
ROEDMDEBSNENBRARICEF LGS, TIEFROKEFTLEEL HATEEMEDN
Hd., BULPERGEFIE. RECVEZRBFEA-FEERIASIVETY VJE. Th
BNDVAYEEEIEL, RIMETHDICKRILEES . SSR DR THREAZRI LD,
FICYENLGFHREHEEICEP LT SRR ORRZHEBILT 5-HDTHDH. BREADY R
71, —RICFEDOHRFLBICE >TEESINTEY . FHEOBREA B/ 2 FILEBE
A) [2&BYRTIE, £FE L THERMEN,

LALGARS, CORFITENT, BISHESNTOWARRELGZI AT L—3 00 8
BE-BREAFHEOBOKEIEMCESBEHNLT YR IDOERICEAL T, RENLUFEL
TWd, CHIEFFED SSRHBETTEMSNASEAEEEDHESHTI) TH S,

XN R (Spectrum) . BHERANRY MILIEBROEFERTH S, ANL—2 L. FHEE
DTLAR), AT FELUHIE., BoUITRA O—RT—2DREFITEEY—EX
D-HIZBRZEZFERAT 5, BRTHIE. FEELEOBEZHTS. HEHIVERLEENEE
BFEBY—EXNDT I ZREHIFHIET, TP aVDNT+—TURAFETSHE,
RELEDNF—FEBITRITAEENENH D, BEMG SR ATIVELTIEH. RARY
MILIESROER EHEMLGERICEYE~AOTFHEZR/MEL. THOHBHLIBEIFE. &
A, AERE (Bl Fr )7 ID) TE%HAEZELHD, COEHIFT. WSOMDERAIZKY.,
=D SR FIEMSBRSASNATLNS, F—IZ. FHIEHANTAFEMNLGZERTHS (F
MPOEAMGELESISREITIZEDLDTHRLRY), FIIZ, SO FOHRH &R,
SSRUMMIENWTEMGEKETEELTLD, EZIC. ARY MLITEIIHNT 5 &1,
FEICEHLGEXTHY . DEXEOEFEFRRITES TV X T LML HY . #1810 SSR o
T ERBICELEDZEIZHD, SOATITVUIXFEERD SSRBETTEMEN DM D
LA, BEORVOFIETIE. FTHREICKHT 2MEBEMTHICETR LTS,

FEFHGEE (Economic Aspects) . REFENHFTIE. FLERDENZEEHRLTILVS, HER
NETBEENOFLLGERTHAIN, SNETOEY BTIEEIZEBEIETTHON, [TUDAE
RBFARACEALGVRY | BERNEYIEEZDI v a3 vEXRTT S (FLIERMEE
EHICKDI v avEHANT D), TOHRELDZTIVUIE, —f&IZ. FLEROREW
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FRIEBHAROEIYLBTTEHLEL. Sy a3 VvDBRELTHRONTE -, kD SSRED
A—LTE, ARGNEEROARZREILT DL I GEAICH LT, ARNL—FIZH D
CENBAOND . BETLLITUAZT v avDiEdtE LTHEA LI-T&2Er (Rational).
N (Equitable) . $hEM (Efficient) . #F2FB9FIA (Economical use) ] M4 DDOEELFLC
LDERAVWSZ L LD, £, ERERERIEMADTREEZERET 5 &IF. FHOT
DMDERGEEBENFKELZBEDARL—2OXULEEN E5FHET 5 L THREIZ RS-
THEEML H D, CONHFEREDZ(F. BWESEMYTHY . RELERE TS ATEE
EAHDH, BEED1—ILORAED-ODRFEERMNLEI VLS ABNT+ATHST-
. BT S, BEEIRRNET S,

FMEEE I~ DEZ (Impact on Astronomical Observations). BEIZK > TIE, #HEDEX
WRICTHT S, HAWIEMSEIHMTRERNT L ENH D, COBRIL, HEKICH
MO TAERFNT DL SLERFIEOEENKEVMESENIVRTL— 3V TRLE
ELhD, BMERELELT, BERAOI—TA VI DR, Lo HDIRFUITERSIC
TE-OORABAELDFUARKEORBLEAFLENEZAOND, OB, B
4 (Detectabi lity) . #AITE (Index) . JBEM4E (Trackability) ES a—ILTIEFEbHRLZL, &
HHEEEHDLIE. ERNLGREEDE AN ST RTOBEIZE>TEETHSIN. RBL
NEBELI Y I VOBEDANINLDOBBEEESEILTVWAIENEHTH D,
DECH L TARL— P ERXXEEDRABICL>THLT 5 ENTARETHY . TOMLE
N"Hd,

L YBEEDH I TFE YT (Broader Forms of Sustainability) Y AT+ EYFT 4 &L
SHEIK. Y TS54 F o — U OFECEERRENE. REHH., 3BEZLE thETOSFE
TELGXRTEASINATEY ., FEPEROERFALRECERYT 5 ENTEHEEL
EZRBEZELTWS, COaVvET ME BEDOHFAIREFF BE (SDGs) THAI Stz
17T DEKRNLGBEESSUEETH2—47y FEBERT S, TRED SR FRROER TIE, 8
BERAREZBRDI-OHOO7y FOHEERZELGE BEVGEEICEMATE ST, MENLG
FHRECEHELEZIDEE DTS,
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b FEHRXEIYFIT) U FEHDEOHDI v 3 U E1E
Sy a vhARR—RATFINIREICE Z 552 (%, ECOB (Environmental Consequences of

Orbital Breakups) [1]1ZHRAWTERIESNTLNS, ECOBIXY RV IBETHY . LTDO—
Ik YEBREIND,

Risk = Probability x Severity,

CCT. BEDHE (p) X, HEIVELIERBRERICESATILAREMREZRL. YEUT«
DIE () X, EDEILERODBRETEMICKRYT ., L YEHMICIE, p[FREBEHER (B
MENBEIRENBEFEEDIRLF—HIRE SN LER) Z5IERCTDITHALEREED
WA EBRY HMHERERL., 40J/g EVSBREMGRETRL TV S, BREEENDATHA
HIE REDER AT LATERMATEERKE ST, MOEREEHEE CRIBAIRETMEEE
RELRDHENCHENTHETHRIETHENTES,

(e) 1. EFATOHEDEHREEEDEME L SHAN L, BEMLGHEBROEXREZEZEL
TH5LDTHD, chld, ERFOEENBERAM o RRMWEMEEZEREL. ChoDik
T HYIalb—YaVvBRICKAIEBREREZHET LI LICE > TIThN S, EHRME
REDE)TADEOETIVEIZAW-FZOFHMIE]ITREIATLS, COLIHEUX
VR (D) F B—DIRYVETTHESNAIDOTIHGL, FEEOI v a3 2T0D
FANICEST, Ty LavBRTHORERBICEDETIMESNS[2], IS, REDK
WE (o) ITERETINEREOEROAHEEZERET S LICK>TiThh, BIFEFELRX
D521 5,

tEoL tfp trnp
ECOB=[ Idt+aj Idt+(1—a)f I dt
to

tgoL teoL

ST by, BERETHROIRY Y. ¢, 1, & ThENEESNSHELEESIY
MBS GERBELICRESLZSE) O 100 588754 L IERAOBAO IR Y
5 DRIMETHB.

1R LI 5IEAS DBONA LARILIRS A— R ITEE LD, RBS v 3 VT —F7
HFRHOZEBIzIE, RELHEAIL LT FORA. 1VATL—2 3V OER. &Y
PERBBOENG EEER) ERASCENTES L EATREATNS[B], £FHE
[1]~B] CEAS A ERIEIZE LT, BEREOHETIL. HREBHBEOAMMEIZ &Y
ERT 5 BHTRRWAN > OEREEOHDEE/T 5. EVRANIE, ETHEIEL
<. HRERHEOREILHIEOER— (yes/no) TRAEL . TOEMEERES 52
7 (v) Tkbhb, COR27E. HEOBEOCHEEEHREOEGICBEL ) — K4
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A LIFEDINT A—RIZ{KFT D, ESADRAMA suite’ [A]M ARESD &L S5%T 1) —Y—ILH
COEMIZHAREET. v [FECOBADA Ty bEHBHEEIND,

ERTERENLT7ITO—FIE, Ty aVvhREICER2EELTHEIMICEEMET 50
THd, 2FY . AR—RTITVERDI-HODHA K54 v EEFLIBETH, Thi#
ZABEIBITvavER BIZE 2 FLURADBERATIELGL, EEBRAZERT L
E) DBEIZEVTY, BIZAEFHRERICKELGREEZRATIEFICLY) BlzeW
2y bT) U FERDEREELAH D,

LAvL. SSR AVi&EE L= L MAIE (F, A HICEAL TERULDEBN-1THET 54X L—
ANNBIBEETH D, COREZEZIRAD=HIZ, @G T IV YR OFHEICMA T, &
HE3nfz79vbTYVUME RALT v avhSRBUT VA TERTHIRITEEREN
B, BRT7ILa OREERLANLICHETSSROF VAL, FPTBICHLTUTD
LOICEESINS: (—BRBISERASh. BFEMICREEINTOEIRR—XT I Y IERIZEIC
EJ1WTL3),

@ LEO: 254 & 90% PMD

@ GEO: =i5#uE & 90% PMD

® Other: /=79 <3V

TyLaVIEEBEREEL S I v a U E KT A-OICERTHIEMNTELSH. SSRD
LI HERIEEIZFNEEZEHD D ED 2 — LB FEHE-E D012, ERIED
T77O0—FHBETH D, RITAETIX. 7T—AMr—REEEL T, B#EE BHEOEE
DIEE) ZAVTHEEZOREZERELT 2EHANGEIhfz, LML, SOT7TO—FIZEEF
EUNENE WS REDH D, —AH. REFZEFEETO>ELL2B8D 1 D&, TITVIRE
DEMNLERBERADCENTEDLSITHEIILETHD, TN, SSR THRALER
7 70—F(&. RERE Environmental capacity) [6]. THhbhsE, FHERORHANE
EHEICEET SIS avOREBBEOBRICEICINDTH D, [2ICEdRchTLNS
KO FEREORAS I 2 L—2aV(E AR—XTFIVEBAA K54 VIT+775L
RIVTEMLE=BBLFT VA EBETLH-OICERTEIENTES, RIS, ZOVFIF
X, PRINIBNEHEEZEELT.NELOEF T FOBENAHE LTERSA
TWAHEEROEFEOFERALLREINFET, BE. RA I v a3 VEE (PID) FEE
ZFOHHERIBIL, FYERRMHICEBESATOLEVD, FHERT—20OEMNT T, FTHEHE
DFPHZEEHL. NEORKEEZ TR TSI LN TE, FTHEBOREZFMT LS EMNT
x2[6], BERELVSATE. ZO—HIEEIELEEFEOO Yy FAATEES L, B

" Available for download at https://sdup. esoc. esa. int/drama/
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YOEAEEBFDOI v a3 VORIV aVICHRAT A ENTES, CDIE (RIAT
BROGEE) ZE-T. SSRANDI v a VERZERIEL. TOREOEEZEENLERETIR
BOERICHERT DI LEERRSEDIENTES,
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6 iR [ElEEEE S

SO Y3 UTIE ARL— S OEREH. FL. BHAENEALE € BHOREAIZD
TR D, 320ATFTUMRESATEY., &HT T CEEAEESL DD DEE
7%,

o HLEREEMANEE (Orbital State Knowledge) :

HH KYBEELEHYO, STESN-HEOIX—/N\IZET HHEFHR (Bl : < X—/N
DFRFERMEOEY) EERKIC, BFABHILIELEXSE®RELYNESLT S, SSRIZ.
FYBRBVHERE, KYERICEHFININERE. &VYRWVEFE/IREESN-H7EK
HEICH LTEMWAEI LYY FEE5Z D, CNICKY HFICHEREREANTELT
WA/NEBEDPERTRENAZALIEELIENATED, HOBMTICEAT IERL
BOEENGZNGEE, ARL—2DVESWEROBREEHZ+HHICER LTSI &I,
ARL—EDOREENF-HSBEEELZEETINE S MDA R L—2 D3 FIERT
5T EITHID, ERKEBOMBIZLYERSNIEEDEMAMDIEEIL. BLERKS
(Orbit regime) IZIK7FEL., BIRLIEMICK > THELZ (TS5 4N H D, SR H
TENTETEDLSIZ, Py TULRLTHUOHDEEIDRET 2LELAH D,

o 7EZE[Et: FHEERIE (Collision Avoidance: Availability to Coordinate)
HH ARL—2EF. GVVEBETEHERBEO-ODEREL Y. DAL —4% LI
BILZIENTEDY—ERDBBEZMHFITIILEZFMININETHD,

o fEz=[mEE: FAEEREAH (Collision Avoidance: Capability to Coordinate)

HR: ARL—F[E, BEMARY FEHEICBRRT D ENTEHIEMMBEH-

Ry I eHBFITEH LTl SNERNETHDH, ThbhbL:

D FTIVEERER M) SLUTHMOFET—F AT LEMEESR (CCSDS) 2% %
BUHBTA4RAEZMEL. BEYT LN,

2) AR SSNMDBRBRERETL. BENE5TURIDLANLFFHETL, T X—/N\
DETHIE., HENIE LG LHFROVEETHIENT HEES,

3) HHRZERMT 5-ODIX—N\FEEERT IEN. RED-HITHOARL—%
DIX—NGFEERY )—=2TF BN,
BEICHLWEEEIX—NEEZRVIEL, TOETEHERT D8,

4) XEEINEFIEI. ELERAORLZICEVWTEL—TVIS—PTIZAILT
S —DHEIZ&IID,

2203 TOSSA LIFSSTDIEA. RREEHEICRIDFERIERS LUV T -2 2EKT 2.
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A (TRTOELRLEZSD)
ARL—% | RaAF7LEL | EX37 RRa7 =BRa7
-7 3 @RAVE) | BRAUF) 4 RA2H)
b
BEDIKRE | KEBFERIC | ARL—2D | IRYOBEIKEE R DEIEIKRE
BiE BE | DWT. E | ATV~ | 2. HowdARIC | 2. HLWBHARIC
1E ) =EZETHD | OHEFMER | LT I0kmKiEmE | HLTIkmREET
INH977 SSA | RED AN TiEET S &, BEITEH L,
ZJOo/4 & | (Orbital
[ZI&#F9J | position TX—N\PZOMD | IX—/NPZDHD
%, (5l : | state BRIZKY., ARV | BRIZKY., XL
space- knowledge)® | —% DIRREHETEN W | — 2 DIREEHEEH
track.org | ZH#FL TV | ELTERREBOMNH | ELHEKEBOME
TLE) 52 &, FUELLGDEEDTG | LYELLGDEEIN
BMEICEEZFEL | BEICEEZFEHRL
IBE. IX—N\FE | 56, I X—/\fF
EDYPEREZEH | ZEOPEREZEH
T5H5I¢E . T5I L
kU U
HMEREDHDERD | BLEREDHSTEHD
HEAT 1 RREE AT RREE
BEmEEE: | FABEFAEE | RAFEECH |1 BOSbRO LN | EHAR LT
FERE B9 560 | HREFICHETE | &, REOMREICH
FEMNTEET | THDHZ &, L CTIXIXENEEIZFR
HdlL, B.xducELL
(f:zzLEE 2. BEEFEIEFVA
BITAELY) TLIZEY 24 B
KHETRRICHIET
EOWEETHETSHC
&
EREE: | ARL—42 | BEEEE | ARL—42EF, TT | BRORY)—=V
RS (X, H6ED | OftoE ) R | ) EEAEE (CDM) J. i, ERDT-

S BERIEIRAE DN Orbital position state knowledge) & (. BefflEZFE o -MBE S EEDFRTHY . HOEE

BENGLY
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AP N)—Z | VOERMNHE | OZOMDO—BHGE | DOXELLESNF
VU | ELREBEIC| J4—<y FERR | IBEET S L,
ffi. ERD | EREZTSDH | L. URI ZHIER
-HDER | #EEZHLT | L. BREYX—N\Z | EFAFOFHEERD
JoeX%E | WBHI &, ER/ RO )—= FEEhfzTX—/N
A A THAEETH D #SSA oA 5D
ARL—% | ARL—4 &, hAanJICEBLLT
(FHEGEICR | (&, EEIMIC EHMICR Y ) —=
IELE-YX | BB LEES | AXL—2E, BB | V9952 ¢&,
—NETDH | N X—N | fkEhIL—Fo0
CENTE | #SSATON | BREFHEDI=HD
B, BL [ A9D0DIE | RTLEF>TWLS
{IFLAL | HERVB/BL | T
CEEER | K[FAREAN%E
ERGR Ry EBLL
BHETRY
)—=—209
52 &,
EZR[EE IX—/\H | M LETX | BE 6 FRURNICK | B1E 1 RN
IX—/\RE |BEZFBLT | —/\#EEZEHE | I0T D& (DiL 59 A & Wl
5 LVEELY T5I&E, &+ Alem/s) &1 Alem/s)
(EBART
il
Differential
Drag Z&T)
(IR—F+X) FHENES | FERIESHEIC | FEEIESEHEIC
BEICIRAT | BAT S, HLLE | BATS. L
BEERK 5. bLLIE | RRBEBZEAIZKY | KREBZEAICKY
THROHIE AREBEA | EEILHFET. JuB | EEIHFT. 9E
KED I [CEYBEEYT | KEEDHEHZ 10km KEDHBZ Tkm F
DH#EFF H5FET. BB | £TICHIFITSHC TIZHFT DI &,
KEOHMHEZE | &
HEILC
Eo

RIaF7YTER BERFTERIE RYVRITEENDZITATDISATI) 7 EHET
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BR.EDRYIATHI LYY bEZRITHIENEED BT ITEEN 1 DDITTHER
DRV Y REFH T ENTERGE, ThOoDRA Y MEFMEEN S R TAERT
(F. BT EERASEGLI2ARS » bDEFZ. BERS D FOBRFHTE S, ERESIE
RA U bDEEHE. SSREAE~DAN LK D,

] T—5H#%F

CDEVavTIE, BEPOY Y FOARL—AHBMDFRL—F PR TF—IHRILT—
EHATEDIER. BLUVZTOE I GHERIEANFERITOZEMICFST S LD
TihRD, T—AHEDIA—LIE, 3D20AFTIVIZHITEND,

® fEHZEEBIEAEFR (Col lision Avoidance Coordination Information)

o FEAGIER (Satellite Metric Information)

e f{EiE#R (Characterization Information)
BEMLGHEBOREREF. UTICRT4DTHD ARXL—2(E. BRAREBLEEDZA T
DO1EHR (Table 2 ICEEH) HEBITHILITLY. KAV M 2EBTEHIENTES, TD
ATIVIZE T A TERIEFI X AFREEFORANEENFT T, 2FY . ARL—F I,
RAVRERDIEOIC AFICMAT, BESTAIRADT R EEHIROILEETHER-E
TIERENHD, ERNLGEFEEET —2ORKICE >TELG LN, FHITHEE LG VR
Y, ZOERODERZ Y R— T O-OITELELHEELTERTIDLENH D,

HEEFEEET—FEHEITHIEDI LY FERHEHIZ, SR BFEITEEAENH
DEERMICEFAENT —FOREDNHAXEFATEDLSICTRNETHSH, AT
DADTRTOBENIAENEDT -2 R ITMEIRNEEFT 5 L ZHEBHITRT
BT (FIZ L, BEAFRAEO—HAZOBRRITHIEL TRV RTLAZHELTNT
b, RMUICFAEINET AR TT—2ZFATESELIICLTLVNETSTHS).

® SSA oA & (#EHAD)
ZLDEEEN. E=ZFBICLDFADEHIC SSA T—E_A—XZERL. F7=(F SSA
[CRHT 28MRE LLFY—ERZMEBICREL TS, ChoOEEDPIZIE, BUFHE
B, EEFEAREEZMHE. SLVEFNERK BHD5. COLSGEKEXLXFET D
C&ET. SR RITERXI LYY FEEBTESD,

o MEERICEI(MARL—4%
DA N L—2E, EDDENA R b FEHS L EREARADA R MR LT,
SSREFFFEHICEABDERZITOICENTE D, ANL—RFE, TDEILBFRRIIHEL
T, MHZBEOHHIMDEREZLERELET 5, TNISK Y, SSREFENCOLT
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JYTOILOY bEEFT S,

® FARL—APRT—VRILEOBEENLGERY FT—H

FEHT—4BEZECHRLALGHEBLS,. RITR2ICEHT 2FERERET 5L LTHE
LTHEY. RISET—5 OEMREOHER. £ABRROEAICET 5E/ - BKITAIHIR
ZIRUT MBI HD. T WEAEE T HANL—2DHDELAKXRY D —2
LHEAEL. TITRHARL—2OHFEDND=—XITHAS=HIC, BHRETT—4#
ANMTHONTVS, COLSBIEHR Y b=V M EBENEG—VGREITYYa Y
[CELWERAHDHHZE. & LFE2 U TLRITOREDIEEBOEN L L. BIET
X=NFr oR—VD—RE L TBAENGTENERSNBEICRESND, Ch
LMW EDHBEDIZEEICILOY FER/HIIENTES,

°
>

.3
DREDEFTI LD Y FEERTH=OICE, ARL—2FEET HIFMIF T HEF
LIRtT 2 ELNH S, TOLSIBEREERRFAT IEZZBICERZRULEHES
Bl : 24 FRTATVIHENEEZH/HET D). COHTIITILOY bEEFT
BICEF+ATHD, ANL—FFXBEREEENDOBRICAREHART S ENHE
ShBH, FIREICT AV b EBREFRAFHEADEZTEERLTH, SSRETEAR
ELE=ESC, ARSI REGHIRELSEVRY, BEEEFI LY FER/HIE
AHED,

EHDTIF. FERITOREUANDERE. REDFT AL —2 DET. KL LBBEDT—4
HBIZHT D2ARL—FDBRZITEIVTHMITE > TREESNIz, FEHOYRATFEY
TAICKEGEEZEZDT —IHAOBER. SYELDRAL FEERFTED, Thb
DERICEZ DB, SSRBFFET, HFER (FEFFHELEIBEREOVT L) [CERLT
BENETHICHT IRENHEEMETRET SLENH D, SHEMEDOI LDy ME, TF
NU—F2 ANDKEE] €7 Y a VITRBE SN TOWSRIEERIZLE > TEES NS,

T—AHBES2—IVADKEDH T I Y BT HEFHMIHER:
o EZRMEIFFRIER

£EBHR- Ly b BRYXAVERICET 2MENEF—LFTEZTDOMD
YRR - REHEREDER (BAT. KB, EFERS. A —/LT7 FL X, NORAD
CAT ID £ IXEREMICK 2 EERZMDI X b, ASHE) . TOEAAFEF
—LWNEET SRRETICET HFH. BEVLECS L TISERTRERRET, 1=,
FRU—BEDERET 7 L ARRGBAICARL, VLYY bEZITH0H
[CRFDREICR DO LZMRIT DL OROLND,
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BE: BE. BLUSARL—4NEET I EAPRHEZESTCE ) R DEAD
22L& BRI DIARL—FABOI =2 TILDIZI 27— 3 VK> THER
EINTWS (FEFEE2TEVIHIFTIHELN), FDEH. ARL—EMEA%ZRHE
L. RELGEHEREBTHEHE - AR TELLSIC. BEDA T/ MCEET
HEMBEICHERICERCTETELIEMNERLBEL SN D,

EEM: EXRMNTEREFROEZEZEFISV RN S, EXFREOEERED
REEFEZEZD, 74 L) —TEEGEREFERVEBESN D,

o ME-ISvia g
HEBFHR- LDy b GBYVRVDEEERHTE. HE. BE#ELELSETEH5FRL—
AADER, CHIZIE, OTY CDRAA ST LEE GTREEEEOTA). G2
[CELEBEHEN HDIHEEDERTERE. HEXKERFR BEL. SUEBEZ
HARAATZFEDFBERAERE, Chld. A—X 54 > SSRDITHETEICE DTS
fich, ELT T —XTOEEICEODVWTEHFINDS)., KEBREXDEIERS &
VZDEDSBBERNED LS ITER SN E LS HEBRAESEND,

BRI FTEFERIE. HFIITLIFEREAEML . FEEOKREFERNEHILT D
BT, ARL—42 <& SSA TONA AN EFEIKRREEZR LS E 51202 &IL
D, BRAKRERIE. ARL—2 D FEAENDENZHIT 5DIZHZILD, KK
FBERIE. AR —R & 2MERENEBINGHELYELEBEALTLEIEN
ZUV 2, SSAEMLEESE S, HNOWMERIEZ. BEOMBERNIBEBRREDETH
M. FYZBDERIDETHLIMNEHIET 5 LITRILD,

EEM: T EFFRHRISERLS. ELERICHEANE, E<DFRL—FITE
SDTOEDELLTNEL, ERAKRIZOVTOERIBREIEETH D, BE/F
ASNEREEBEEEDHIFROLFLFECEETH D,

o RIEFEHER
H£EBHR - ILOY M BENEELRES GMEKEDTE, il L= CAD £
TIb. FEEMOFEOVNTIN), ChoDT—2IF, FEAEDHEDER
FHRICRECEIT DI ERFRBN, o, ARL—FF. COFEHRET 7 L AR
BIGAICARL. RFIOREZHFITOILENRTHEIKRDOND,
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BE: HEOESE LY X SR FITEICIRMtEN, Ty b TU U FEHEO—
MELTHEASASGDS, BT LL—MICARSNDILERLGL, ERFOFENDIE
BREELY A ADEREHNDZ ET, EZBICL DPLEREN & BAETED ERE
HEEDHEIIENTESD,

EEM: FREOERICEY COBERIEETH D,

o HESRTL (MEHEREROYTEY )
HEBHR- VLV b KFYZKOBELNBEMLBEHREHT7ILTY X LZER
T5L512%H5E. FRETHIDENDVATLED I — KRNy IL—T%
BETDESBVRTLERFT 5012, ZOBERSICOVWTLARBEREED
ZENBEEITHD, INDDVATLNEDLSICTEWLLARLTHEET 5h. EH
ENDREFZALTAY, TLUTERBREOFHBEEBM T X —/N\EE#T5=-0IC
MDOARL—ENBEREIX—NIRTLEBEEDOFEROARL—2LED L
SITHATRENDERAEEIND, ERMICHBEIRZFEBLLTE, ED L
SHIZBITIX—NDREEINEIIDEE, FTEIN-BEIX—/1\DPHEESIH
5 SSAEHRDECIC, ENBEDHEETRIREINSD, BIEERHFICEREFIEL BB
TEH-ODRBELFIEGENAZEIFOND,

EER: HEIBREDHERFICEVWTHEREICEETHY., TDLILGVRATLN
FYLSERTHICONT, FYEERZEBELTWL,

EZEM: ChE ARL—2OHEENEVOBEMGEEICRISLI-E EIC, BB
AERZIMDARL—ENERGEECPPERILGVEREZRET 5O DRE
EIRHEITKIUDED, HIEEEETHD,

COATINIE, BEEGEIX—N\VRAT L (RTAIERZERICL ST
IX—NEBLBLICHEIX—N\DRTSNDIVRATLEERSIND) DERZE
TAIARL—RIZHLTOARREND,

o FTDMDT—EHBHDHE (KR—FR)
B BREBRBER. FTEERERERR. 20 AR EIEOOOT -5ty

b
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BE: DT —2HBOREIFEOYRTFEY T4 Z2YR— T 58, &
A EOYWE G EREE & (FEREMEL., COATIVTEH, COLIHT—
SORFIZEMLEERERIC, SoQEIR—FTRILYY bEEZSHEZIRIE
5, HEINDEZT—2EF, ARL—FEERALD=—XITL->TELGDH I EN
FRENFET, #oT. COATITVFERMICHFEYERSNTULEL, COT
—AHADELL T, ARV B RBELGIRNRE LR DIBERERF IO ENT
BEhd, LMLEAL, COLIAT—AREE, BETLIZHATITIDDELCE
H 1 DONEBRT—I RILF TR R ZIRMT 5102, REMADFHMT
HEINETH D,

1ER: XEEbSh, FATEELR 7 IVyr—2307055305408471—R
FrIEFOMHMDTL I Y—T AR TT—R

BEN: K XEBEELINMATRLEISOY—II VA2 T—RIE, DT
ANA A RET -2 #ERTO R THEL LART A2 AEEEMHL. XU L
AEVTEHBLTEBELFEVBFARL, ARL—2(E. ATITVADTA
TOT—4 (EEEEAZER. HERGCHER. FHER) . XELIhiz AP
FHIEEHERICEL -OEMNA V2 7z —ATHRATES LS 12T AL
BMRAS Y FERIIENTES,
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Table 2: F—4H#FICEHAT SFERARE

Page 28 of 53

HET 3 (RE~DERE
[T&YhnTIY)

L

SSA o
45

AREBEERIC
O A
RL—4

FRL—%
PRT—9
RILEDE
B 5he
kT—2

EREEREES

EEEEOEL ST IFHRD AR
RUEH
K& (¥
BEE (EHA)
BEES EHA
BFA—ILTELR
(&%)
NORAD ID & 1= X EMR4Z:
ICLHBEERIEYD IR
k
EREHE

10

10

12

12

EREEER A AR R R D2
R UERH

COLA 3= #&.FRE Xt i FefE D
A3y AV RERARRUE
#

#E - = viaiER

BEXKBEO LR EEH
(LEO 1% 7 HFEI5>. MEO/GEO
X 14 BEISZ DI X—N\EE
L) T—HATT—2DH
HIIHETHLHMN., BEATH
Ly

12

15

15

HOMIERD LBAR VU EH

HoRE S ZYMEHEROL
R UEL

TEFRR4 207 - BB
(FTE - RIR) OLXRARUVE
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HEFEES

HEEEOLMEEHR

TX—/\MEONEEFEH
(T X—/N\FH)

TX—/NBENDAFREEH !

HMEDERRRZEAFKRUVE
# GERT/IRERKE)®

BEIX—NIZEBEVRAT LA
(AEDNELGENSRT

L) #ERY5EE. TiEd
ARRUEH:

& IX—N\DHEEYTIED
HAE

o HEIhIzBHEIX—N
M, ECT. EDLSL
HET, £FEINTSSA
ERICRBE SN B D,

o REMERFICEEYX—N
ZHhiY 5-ODREEF
L FIEAFET M. &
VMDA RL—2(FE
D& SICRAFILEEER
FRED,

ZOMDT— 5 £EDHIE
(R—F2)

FHER GRS SF 0 —
Y3V EXET S ERERM
ik

FHEEREIFR

FM - BRFIRAIED=HD
twoT—2tEy ~°

CCOHRBEOBRIE, HICEENEEEIEDRABMEZERATIOATAIIEVNT, YR OEEELZIBO®
BLRERDBAIC. REOFERDOIX—N\ENEMOEREOEREHN TS THD, —ODEMICERT ST —
SHAOMEL LTIE, 24 B (FEMMOSGEHGHRE) RICEERELN S EERRGRALZM. | BERHY0

AVEEN., FLEERAEDOLDHH D, EEGETIEL, KESOF—FTHEEN D,

SHBLEFALRESNDIETOHRED Y TILE A LIERKRERT
S e LT, FBUEMEET—4. HERTER, ITX—/VER (2L,

BH5,

CNBIZREENGLY) ANEFNHATHENE
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LEOERIZTOUNBTY |0 1 1 2 2
UNBEMNICT I ERT BT
HD APl F=EZDMDF
B,
RIAFZYTFER ARL—RIE, T—AHEOZATIITASI7I9TA4ET1IC
HLTIOLDY bEBDIIENTED. TIVTAETAR BEDI—HF—LBFEDR
KDBERERETILETHONDIRA UL ERTRATELBICYUR MY TS
B, ARL—FIE 1 DOBHEDEFREBEHORMERELRETLILLED., To1=7
RTDTITAETAITHLTRA U b EEBTEHIENTED, FERTAEXTIE,
ARL—EDNEFJLIRA Y FOEFEBERA Y FOEFTEIS, EREShTAR
12 bDEEHE. SSRETBEADAHELD,

8 tEHME. BAITE. BERE DIT

8.1 BE
REOMEMEEOERD VT I, MR EOE U AREERE. BRI BT 58N
CEBE5Z%, SO SSROBMIL. HEDRHOMEMEMOIT LT, ER. EEROE
AR, BAENGEEEA. RT3 LOREICEDL S ISHET AN ERNT B4
SHWEARL—RICEHTEHETHD, BEORHOBAI LT FEMTT 500
—BLEAEERBRT Ao EISE Y. SSROAER L. B, BA. BHORTTHES v
LAV OHBOODEBENLRELTS, Fi-. SSR OAEHE. HEAXIHADK
EAQEEEVHHRT ML NSERE, BEGE SR, B, BHT 2R EM
BB EDNTUREE HEODOH LWNFEEREMT SR H B, SR DIOES &
FAEIC, RHHE. WA, BEME OIT) HHIE. FRL—2MK YRS DFEER >
TEEEMEERT A HEICONTOOYRY 2EHE - EXEME LTINS,
SHICBELEREEIUTOEY THS -

o EHM: COERTE. AIFEYREZRATH-O0RFEL HPOL—FEY
HZERAVEFEERVZATLLS, REQFENEKY R FEHF-T. FEEOY (X
PEE, ERELEOFROMBE LICFEROERETIVTIAEEAT
WD, SOESITERMAGVGE. RIS T, FMEDEIZH S FHEN AT
EEBEERAL—FICL > TRRICEMENSATREMENH D, LI=A>T 1Y
POy a v OFEEDOBRHMER, AFERFEERAL—FRATLN, €Y

THRA Y MIRRICERT BT -2 AT I — (BREHFAEFR. HEALER. FEFEER JEICERESIT
Waf=., BEI7VEADEHKRSA VI oDED 3 FEELS,
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MoDIS—FH. KRPZEETHEDESEK. KIE - FEM - €9 ORI
FHRHARMNDOHEEZZ T T, ATOFEHYURZHATESARMEL L TER
nd.

o AN ZoOMTICELNT., BAKEIL. FTEHEOEH. FiESE. 8H. Y1 XIC
B 2EOEREFLGVHRBENS., FEEARL—32 L0EE & (FEBRIC
BITE - ERRELGHFMEDAZTANT, HAFEREZMN S —EITHANT 5 &AW
MIHEELLINZRAICHEL, MEMRAZE L THELBERZAVT.HBAIZET
TEH5TAOERFET, HIC. NEFEOLCOVRTL— 3 o OEMIZEL., #hEh
LDT—RICLDHEDHFNDHL SASERBIINDILEEET DL, ER
[CIFERICRETHD, COLIIC. FEHMOAEBEZEL. AEBEN OH
FHEISRFICEBTHI LD HERERETSHI LT, TOHEND
NBEVNIRMTHD. VFREMWNESVNFE., FEEOBEEBTRIZHES,

o EH: COMENTIE. BAELNBICFHEERE -FHLTEY . RIZFHEOH
EORMMELZER - FALESETH5T0 R EEH Tracking EFFA TS,
BHETTIEE, BEARNL—2 TREREVRAENEMEEZRTI A EDHE
T 5. COGE. BEEBHEEL. BEDRA. TAE. BHEDKRL OBERH
MRAEICE T HIFHMEF > TLEHN. BAFFNE/NSA—FICEHTIEER
MBERHSTOWEWIENANHRTH D, COLILRRICENT, th EENFEHRE
ZBATH-O07 Y L ABRREANEL GBS & BIEFROTHEEENSEMT 5,
D& BEERIT TR, BT O L RADTHEEEDLANILEHEET 500K
BELT. 7Y ERABMERHET 5. BREFEOL—FDMERY FT7— EDFEE
NADHEENGTNEEWNEE., FEEABURFRANZERT S FEDFAILRE
£9%,

CDtEY a3 TIE, SSR DM, BAIE., BIVERNT Z 1T EmATEZZ R L. Systems
Tool Kit (from AGI) & MATLAB (from MathWorks) &ULyo7f=Y—JLZRAWT., Y7 bkozx
7aA—RFDORADN—2 3 VEEETLHHEICOVTERT S, SSRAVY—F7LTIE
F—TUV—RPORMAFTEDY I NI TEIFATHERLTLSA, STK & MATLAB
FELELELETAEVANMBETHLH I LEZRELTLS, §&. SRaAVY—VTFTLF—LA
(X, STK DRHYIZ OreKit HEDA—ToY—RYT bz T7Y—ILERWNT, DIT ###F
YILITTDIAA—TF Y THREERT S EEBIELTLVSM, 9 STK & MATLAB T
BHOWPHO S v I XTI FETH D,
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STK EOIR: MATLAB: wREm D MATLAB:
ASO M T ASO 181 ASOHEIRE B FEERE 22 HEptR:
YIal—v3 BEfE TR ERRE 7Yy IBRiED 227
¥ 7 — 4G BAER b
ASO i
e
STK Radar: MATLAB:#® Hi#E
MATLAB: ASO ASO RCS ASOR L ) Eor—sEL
RCS #E EE $ial—v C—siE 2378
VLHE EoE

K

RAL—F =2y

STK:

T—=I DT Y

T U ARt oEt
g

MATLAB: ASO #
EEFENEAES

B~

ASO
HEER

B, TogERE.
FHA v R —NIL

TgA v R =N

i5i5]

MATLAB: L

LT U4 AE
I =b )27

AR OHE S0 BB
ASO
sEln
- SR BA MATLAB:2
JURETEER ENEACERT TN DEEFET 5L R S et

Fatexa7y
> 7 BED LB

% nEgEy |,
&

Python Script:
ASO#EY v 7
a-FogEs

#

ASOWLL
Yy 7a—
[ =i

#

MATLAB:
OZCBEME QT
Uy SBRED

Figure 5: fRHtE, BAME. EBFMEEZHET BT FIROME

LERTHENLEBEBITE. BEZEHT DA RXL—F DREN & FERRIC, HDHRSODDIT %
EELL. BENNEZHET SRDREEZVLGLTHIILEZEMELTVDS, DK
2. REBRTEH ATOFEDEROE U HBRBICE > THELONDBHRDAEH S ML L1-8
AEDHRAZZEEL TS, HEMEDANL—FICLHEEEDREDLAIVIZET S
EZRIE. SSR OFEEEEDEY L3 v TThhD, £V Ialb—2a EFEALT, DIT
BRI AR —BICERSN=MEHGREE NPT 20ty b SFET 5. BES

RLU—FICTBEREINDT—FIE. FEXRBEIY TV rOFFEICEREShSI v a Y

BEEV1—VICEREINSGT 2 ELE—BEELTLS, VR MIEUTZEET,
o {A[ZHY5E{Ll: Geometric Approximation BRUNHE (EAK, FHE. BRK)
® (FR) 5 CAD ETIL-EAY A X & EMBHAIK
® (FER) #Ml CAD ETI/L - B I77EY FETIL (M OLHLHE, HERE
DEVNGERBEZRET L0 RAOTHRBNMEZTFHLT S EMNHELE—
DL I 7Y b)
o EAMENTA—F (BHMABRE.EMASE. ERA. X ARE. A A58,

¥R )
FIVLAVICEBTRBEDES - RA VT4 VJICET S/ S FIVEREE

SYLIAVICEFNAEEOHREOY Y O LDHETOER
EHNEICEET AETONHERERBOEMHMGE (EFOSETHEZNET
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Z2ON0? HAEAEEICABBAISNEIN? ZOEEICENS SVVOBRBHEL TL
LDOMN? EREEICHET 2ETICHEMALEELAH LI N ? ERPICEELEHE
EfAIEEELELMN?)

CCTHATLHDTBTOEELRERFI. ETLTEET SHtiEt Ry T—2 (GSN)
BENTH D, SSRDI-HDEEEA GN (F, HRPDODENFATELIBEXAICE RS LT
DHICE > TERHESEADIDOTH S, TOEAIK, SSRIFFTEELZR Y EBAEDEF
BEAVWSCLZERLTWA=THD, €NT=. SSRTETILELT=GN [, HED
BEDGNZRERTHHLDOTHL, IS, ChoDEFICERA LGN (X, TROLi=EE
PLUL—FVRTLERFDRNDZH DLV Y THEASINATWS, 1LY (E HRAGINE
FRIBRICAN—TBH=HIC, 3aL—2 3 VHNTHEMNICHBIN TS,

8.2 #HTE Detectability

SSR DWIR TR S NI BHMERTIE., AFENRE L L—FBEHD 2 DOERZHF->TL
%, CD2O20HEIE. ATBERZTOMDO ATFEYA (Anthropogenic Space Objects :
ASOs) DT —RZIET 51-ODHRE—MULEFETHD. D2 D2OFHIDLTIE, £
RO IO—Fr—bOL2TTREIATVET, ChoDATOBEMIE. BESN T
ASO X FETHOREMELHT L. TOHL % SSR OFHMERIZIERTHETH D,
BREMLTREMER DT AENTEL L—INFTEEEbERLIOTHS, LEA-T.
BRHEMEEIAFRIT7T*(05)+L—4RXa7*(.05) CTEliich %,

C OSSR DA TIE., AFHREMET X MME REHEOEIC—DODEELZF O ZERRZEE
FRALTWS, CORIEF. XFMICEBEINT 0.25n ZRBEORAEHRTHD 15 F
RIZHFEINATLNS, T RFMICEELLIhEIX, ERBEEANRFHTRE
TORRICHREZELSEBLBVEVSEKRTH D, ERICIE. AFEEO VDO LU X 5.
EFREBOATEEICL T, AEREHRORAEFRIMNMET T S, 2FY . EHFTRE &
MRHATTEE) ORIDEER 15 OFARAEL, BAEMYG 0.25m ZEBICH, FEEMNLG
0.3m-0.5m ZiRFICHLRIE LTS, TNV T RADEREE. ZEHEFTTITH47= TRaven
automated small telescope systems] MEATRMRICEDINT, RHLEVERETEENT-,
COMETIE, 0.5m RFEOHROLZFELHEDOERA - BHAICERT L30T &
E-RILTz, ASON 15 EHOREZF LGS, REMERIT7ORERSITH L TR
aAT7IF ERY, BEFBR-ILGEWNMESE. XRaT7I£0.5 &£45,

L—SB@I Tl REYEDNODORY L—FESH. HLHEHEETERMELRIATE SR
ERWMERIC, BHAIREE G5, DIT L—HRHMEITTIE, ASO ZRIERRETES 1D,
BREHLPTVDLO, RIFERICHRETELLON 3 DORMENRESN TN S, BEITIZER
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LI=STKY T D7 %A - AT D AGI #LITk b &, —MRBIICIRBFERA 50% ZHE A
HPRUEBRIE., BHBWNEALT I ENTELEDIETHS, °

L—SRAEEN T, S/NROZFIEEN LAFFENASO &, EREXIRICEZ S ASO &
AT H1=0HIZ, 15 & W SEMDIRIEEAN ZERA L TV S, ASO A 500 DRANE Z = L 1=15
B. L—FZXa7I1F0.5, 15hDEHEZE &= LI-HEE 1. ThLUADIGEE, L—FRXaT7I(E
0&% %,

8.3 EEMItE:Identification

HBAMEL (L. FHEOAT. TEE. §SH. Y4 XLEEOBRIOERZF 40 VB2 88
EMN, HEHSOYBEATEEERZLEIC. M EDE VYA LB SA-HEDYKE
BYUBLEBAL. BZA Ty bOEH BB, TAEEZRRIHET S0 %S,
COBEWTIE. FEEOARL—4 LBE L THAMEEZITS 2 L BAITTRERFHED
HERANT, FRZESEZ DA TLWLRWVRAEN DS FTEEEZME —BICRANT S LD
EEHRT5H, COMRME. BEATEDITORIATZYUTICEETRTILVEL,

8.4 BEFtE:Trackablility

EITORBERTIE, MIIL-BAEIFEOHEDFIROEILEHETELHEESEDOL
RNIVEBHT S EILY., SSRIFBEDEBIFEZTMT 5. CDERBETIE., HERLPEHA
DRATLE. FIEDY A XLEHE (BREEBTTHE SN OYMARETEHRRAT H1-0HIZ@EY)
BINTGA—RICHBIN-EMRL—F R TLEBRAENMERT A2 LE#BELTNS,
BT, RESNE-FEPRERI M EEL YR Y TV ADERELCL—FDRFEE
BY RO FAUAEEHET 5, BB FROBBOHEEDTHEEED L ANILEFHE
15, BEONEHTEDFEESENASTEE, BIHERITIFIEL B,

RRBEEZBIRT S-OORBRAFIRET 572012, Celestrak H 54y 3200 EDERFD
BED TLE ZMYH LTz, ChoDBEEZEBMERATICH T, BB (Pass duration) .
BEEE (Orbital coverage), A > & —/\)LEFE$E4E (Interval duration metrics) D&
ERTET DS EICRIODMEER LIz, UTICERBAT 2BEEX. COT—<ICBET 53k
NoDEHRE. 93200 BOERATI v a VITODWTHERSWERIET—2DEENSE
LNf-EHROEAEDLEICE > TERSINT =,

EBHEBITORaT7IE,. SDDERIZDHTFLN, TREFEN2 DO TRa7hHYET ., &
VDEZHRIL.ASO DF & :BrRS (Pass duration) [IZEDNNTEHY 1207 (0.25 KA > k).

8 https://help. agi.com/stk/11.0. 1/Content/training/StartRadar. htm
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180 % (0.5 R4 b)) 4007 (1 RA> k) MRRBEFELLG >TSS, 2 DHDERILASO
DITEENEERE (Orbital coverage) [CEDWLTHY., 10% (0.25 R4 > k). 25% (0.5 R4
UR).60% QRS2 R) DMEREELL >TSS, 3 DENDERIK. ASODFHMALA >
2 —/\)LB5RE (Interval duration) [CEDWWTH Y., 1285/HE (0.5 K414 > k) B LU 6 B5fE
A RAVb) ZRAEELGS>TVS, EBHEDEHRAATIIUTOKLSICGHESN DS,
EEME = BB x (4) + THEEEE x (4) + EFREFRE % (4)]

8.5 DITO7 > 4r— hEiS

DITEMDREDERIE. 7o — M T H2ARL—EMoDEELYEFELNDEMDE

HHRXIT7THS, DIT O RO—HOAETIE. RERATIEIEEMICFFET S5 L&A T

ERWH. TUr—MIE, BEOFHFRE S EBHFORHFETARL—2DNTF+—T VR

M T AEMAEENRTLS,

BRITLUTOREY THS :

BRALTWSELDFEHNRZEHL TLEN?ZETHLDELETERE KL,

® FAARL—AI&, Space-Track = (TMDE=FD LK SSA TONA FIEKET S, (1
RA2B)

& FARL—EHLLFEHLTWSSSAH—ERTONS FIE, A% 14 BURAIZ, B
RAEE2EHEL. BB S, QK1)

& FARL—EHLLIFEHLTLS SSA H—ERTONSZIE, FA%R 1 BURAIZ, &
AEE2EHEL. 895, QBRI

BEICET DR ARG FRE AR ERFET —52 % SSREEEITIRET 5.
o MHEAET—% (FH/&EX/&/N L—FRHEWHER QK1)
o RFAET—F (FH/&EX/&/N REEFR QRA2H)

REHEDIT RATZIXUTOLIICEHEINDS,
DITRO7 = BHMRAT7Tx %) + BEHMERXRI7 X ®%) + ETHMRXIT X (4)
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(=

G - ERREDEH

FEHAGFTE, BEMICERRBINBREZERT A EN ARL—FBEIUANL—4
EHATHAFHRREOHEDEFROREMMZHERT HA-ODRAEELETHS, LAMALEGHY
5 MR LE-FEOYRTFTFEY T DEBREZERL &S ET 5L, BT EERDIREN M
BIZk>TEAS, SSREDA—IITEH, AZSYRAVFDLRLFAET B=0I12, —
RRHIERII A AL BBLI-7 o7 — FBEBICK Y . UTORAFEFIRET 5, AFE (L. SSR
DIN—=2a3 Ty TD—RELTEHFHINSIZLEEZBELTLS,

SSRO—IRELT, Rt - ERBELEDEEO—MZHATHIFHEL ., HEDI Vv 3 VDA
BLANLERRT %, CHITYEMFHESHTERICHY. SSR DO TEEZ—7 v
FEDLDEFMEL, B 1 TREREDE—7 Y FARTSNEEICTRBEICEDL S LGH
RE1EoIMZEFHEL TN D, REEERREZUTICRY (& 3~6), RRIXREMIC
15, 0. &E TR, RE0RTHS, PELFME L TOEHFIIITHLEVFET
Hd

R—F X SSROFHED—IRE LTHTLEIFTEE LTOREDERAMNF SN S FETH S
BEMERREZUTICRY (BRI, Bl 2). CO5HE. SREFEOHEEICKET S
EI2BBHH, BLOWEHZRTTOEVWAREDHSFEFARFTEREN DI LEITE
FEHIZMFEALBNES NS UREZRMAIRENHDH. —AT. REMAGZLALENLT. E
B IZIRHAGIZ R IR 5 2 L FNMH T E2LELNH D, RRIF.BLDSMAA K54 240
SEZHEICHMbE L. BRMIZITS. £0EH, &XTI. &R/ITO (EEEADESE
F2DEH) LGB ENHDH, CORATIIR—R T4 VFHEDFER ZMkT 52 & T,
ARL—ENEREINEZLUEDZ EET N EI I DIEERET S,

BEOEA
Note: CHDED2A—ILDRAATDEEIL. BH/LIE-KRA D FOEETEMEL., BEMNGRA
Y rDEETEIS, FRiESh=/Ra4 > bDEEHE. SSREEADA N LKL B,

1. AR=XTFITYDEBELEERICETIUTOXENDS L, S v avICEATLE
DIEENTHEDe AR—ZXTITVERIA RS VIZEDI RAR=XTITVER
BEFZERTSI v av0GE. MADATIVICFIvIEADIE, BEL
EA-BREANARFSAVEVRAMEDS ABRERZHARE L. EENONIEHIEFE
DAEEERT B,

o EL (0
0 XR—RTITERHA KS 4> (@ : UNCOPUOS, IADC: 1) RU/HLLKIEF &
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HYXTFEYT2H4 FS4 > ({5 UNCOPUOS; 1)

0 AR—ZTITNVEBAZED L IFRFEATREAERE (51 1SO, FSOA, NASA: 1) %
U/ LLIE BELEShERTOS S ~ (B CCSDS: 1)

o IS UTIT—ERNIZA: ReFRE (| CONFERS MEMHE S L < et AEHRDIR
£ D, TOEIEERAMIONGWNGE: 1.

o FERHEEICEY S ITURE ()

LEROFEDOT T, ERBEO—HLHIBRCEODLSICHE(T—F ) 29 HMT

ntz20lEH5M?

o EL(

® (Fy (0 X x=1): TF=FVVI/DEELEMI~T CIRAT-HHEZTET S
=8, SRETENT—RANAT—XTRETILELH D,

CNOHDFBROS5L, BEMNICERLELDEHSAHN? (R—F XL, B 1 TOE
AHADFIZZELLY

FEELCOS Y MM, BEAO—RELTHELTTIVERET 507!
o HLLHNIE ImUTDEODH (1)

® (XL (0)

ERFHO—HELT, BROEER (x) ZEDLANIILETR/MET D
¢ XXa7:1-10 " min 0, log;o(x) + 2)

® EETIETIAIbL: 107

o L Ly, LGV E =1 &£F 5,

FEEOCOS Y MM, TOERYPBKRTRICREEEEINED, OV ATFL—Y 3 Y
. ZU—FrB&LUVAFr Y FZDOWTEHYMHLEZEFIRET S,
o FATTxH MM DOWLTEHHEAY : LWVE (0). XLy (1), FHIEHEEA Q)

FHEERVAT Y FOLEE, ERRTRICEZHTE~NRASN SN

& RHAFTIxH MMIDWNTHHbA): Lvz (0). (FLy (1), HIEEZREA (2)

o JRUDEERILIFIEFRD—HTH S

o REMHLMARNL-—FDERNBEZEE LREEHE (2L, FUT FRIL
— [T

5 LFEIIE, BEFHEMTEMARAZESOFHEFEC TLFA/O—FRD



SPACE
E SUSTAINABILITY

RATING

Page 38 of 53

BEATOxY FEEFTDHIEEFHNRLTLED, HLLEEFLEZA? I VY
AVICEETHETOA TV b FIBLEFRT—UFEE) ITDO0VT

e Lz (0)

® (FLv ()
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10 SAERF—E X

SHEREEREIL. IBIGLVVEBIZEE L. BIEDEE, BB, BB, BEOM/HKE. M|, HE. X
BEDEEZTINEY—E R (External service:ES) 2ZIF0OFT NI v 3 UIZT BT
H. HLLLEINBY—ERDEUT 2HEEZSOIOICHEARL—IHNWMESIENT
EHTEDY S REHANT D, Ff, BHAE—a LY ILI G E, FEHAWERKR
TOFEEOREE., BEE. BRIMERERE L ERALSE D LO#EEIC DL THRE
T35, ALBEOBELRSFE. HTOELICES ERERPT7Y T L—F, £z, 4
HTOFERAFABEORERBLEREINS,

SSRIE. 2TOARL—AANEHY—ERICRESTHIEEZRELTHE LT, EHREDONE
BELGE, MY —EXNRDELVEHIHENDBEEELH D, COKSIC, MY —ERE
Va—IE, Y —ERBANORENBEU LI v aVITR—FREFEZE5ZA5 &
ZAMELTVS, RATEHET DI ARL—ENEG LIRS DB ZEBE
KA FDERTEIS, EREESNFRA 2 FDEEIE. SSRAEDR—FZEHAI~NDAN
R A

ARL—RIZEBTHILavIZo2WT3ID2OATIYETERIZLOHT,

o REMICTARL—EANHY—ERZZITPT T H5LHD, BEHICITLITHTO R
TODTF7o<ay

ES ik, S voavpIbbiFohtg. TUTILEA L] THILT S, BROESE
BINZ<IE. Y—ERESZFHIEEBELTVEVVEE GERANAEE) TH.
ChIES®E 1~2 FREC EBDhD, ChbDERS ES OEEICET B0 E
BN EEEZEL. SSROVKRTIE. ETHES DHEEIZEZE LK EADHET5. SSRD
BROON—C 3 VTR, S 525037 L0y MREC, BRICR—FRESHEL
THbh., ES OEENDOBREE. ZLHER. TEVR FL—2 3 VORWATEBEE AL
[E. #ONA—C 3 TEIHES N D ALERLH D,

NASA @ SSPD (Satellite Servicing Projects Division) 45 ESA @ Clean Space Office
BEDE=FEHEA/ XL HBOHRSO, BTV TN IV XAF v G EDHREE
REBELTES WEEDMII AR ETME., REE. ZHMRERZBOTLD, ChoDIREY
—IVEERT AN, BoDEAMHERR VRO ETR®T S A, SSRIL DY
FOBEAICKHLETH S,
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BIELEH—EX (On Orbit Servicing:008) OFMAFEITRIF~ADIAZIV ALK

ARL—EDT7I a3 vFERFINEBY—EXDOZILLIZELS 00S OFIAICEY. v
L3 UWBRITORGIRECENT HBRY ., ARXL—E2E SR VLYY FEERFTH
ENTFRETH Do

ES FHLULRMTH A0, BED—B L-FHUBINERAEINHETE, KBDOYR
1FE<. BEMTREL, SSROFEDN—T 30 TIE, ThoDY—ERDEME
MEEETDHENMBESNTLD,

BITIR#EICR > - ES OFRA

NER—EXTHOBRACLEMEAICIMZ., ENHDHVIEBUCAHMER L TIHFEAICE
B45251-0. TRFLERTILELNH D, SRIE, TUoTT—EH—EX-FR
L—2a OERDI-HD ) —F L (Consortium for Execution of Rendezvous
and Servicing Operations: CONFERS) ZFMEMEMLZERKIZK > THE - RESIE
2, BRF—LDBERLTOEINE SO EFFMT 5,

Table 3: R—FR - A7 DL=HONBY—E X - 7 TO—FOFHE

gRhT3

Bl

Ll

A7 (R—FR)

B L (00S) #aE

ARL—42 (&, it
3T 5 £ AR B
T. #FEMIZT VD
AIVDY—ERER
[T <<TBH=HD
TOavERSHZ
EMHED, T,
BYFERTEHEE
BEKYT 51D TEA
LY.

JxAIt—T0F 7
avoORAEEL
T. 00S HERED L,
BlZzIE, EZSaT7IL
J4Fa1—Sv)l,
959TNT49R
Fy. Ah=hILD
1—F¥. T59v7T
J4—Fv,. E—2O
D& D HERES
BRI R EEH L
PFLTETAT LA
E0H 5,

0.5

BRERAE2 T —

WITBREIZE- T

=23 | A R B e

0.5
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R 00S O FI A AEEE 00S #ae %
BRY %,
FmMERY—EX | 00S OFAFEITE | HEOERKTED 0.5
SEADOZI Y AL | BEBEY—ER
N WEDY R4
EHTEENR
ETIIZEEN
%
5}E8 ADR D F| B 00S DFAFET(IE | V8D AR =AY | 0.5

(B %a30754
TURAEEAT)

SEANDOI Yy RAY
8

DM, 25 FEEEERR
JL—IVIZERNT B,
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11 SSREFMMICK T 54 > Ty FERDHE

1.1 IR EH# D ERMN
BIERHMDERDEHIL, BEF NL—ZD/INTF+—VRL, YR TFEY F1I2HF
BREBDEFADLANIVEFH L TOBHEIHEFHET S L THSE. & LATERHFSL
LEERID 1 DBV WIF—T X TEEINGEE., EDINL—IDEEXIT
(£, =L ZMDEHBEEE TEATIVEE L TE, BUOLANIUICHBIABZRETHB L)
SELZLTHS.

UTOERIX., EREEMAR—XTIYREZES (IAO)D TAR—XFITVEREATA K
SAv] I2HEDLC?

M1 SyvavBTHROEZEIZDOWT, IACHA K545 3EZEFLTLSDHN?
(FLy
AYAY4
o —H(GiBAZER)

11.2. IACAHA F5425.2 BHITERSATWSERY, ERRTRICFEHKEZ
TEMIET 52 L EHENT 50V
e (I
o (\WXZ
o —IRGEREAZESRD)

11.3. IADCHA FIAVABETERSINTVAIRAR—RTIERFBFEZAELTLD

m?

e (I

e Lz

o —IR(ERRAZER)

1.4 FEYVEROERNGHERZEITTLDA?
e (I
o L\WX
o —HR(EREAZIESRD)

° https://www.unoosa.org/documents/pdf/spacelaw/sd/IADC-2002-01-IADC-
Space_Debris-Guidelines-Revision1.pdf
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TRENEMIE. T vy a VERERVCEREE. B, BRI ERTT 572012, SSR &7
fAZI YL avNFTA—RICETHEENARRICE SV TITONSZ EERIAT 510
DEET T ELDELDTH S,

11.5. SSREMHEIZER LAALANL—2IE, S v a3~ SSREBDEREFEL LT,
DEGERBELIVHEZENEZ SSR RITEEHAAT S (RUIvYav02HHE
BLTEHT D) CLEHRTD. FEHEDOI VY3 EHMICENT, SSR #
TEDERIZEDVTERS S VHEREHEERHM IS LZHERT HM 7
e (L
o WX
o —IRGEREAZESRD)

11.2 2y a3 iEE
o FEHYEDEM:
o BE,

o WEE MEE / SUFLREE2TY U TERIEITHEEHE !

o ERFE/NTA—A:
o ®IER BERFZE. LEEFAA. BLE 3 LJIETHMEERRE (IR X—N\ZED),
o FTHEINDHEFT,

® Zylav -T—FTIUF¥:
o B/EDH,
o LAYy FEEEHE ERPE/NT A —F ERFFEDIER LR,
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This documents intends to describe the Space Sustainability Rating process from the
informal approval of the operator to perform a rating, to the feedback loop phase.

The rating process is divided in three main phases:
(i) Contractual phase;
(i) Input gathering phase and computation; and
(i) Feedback and re-computation loops

[ Contractual phase

The contractual phase sets a legal framework for performing a rating. This part of the
processis crucial,as the SSRis voluntary and requests satellite operators’ data to perform
an assessment. Whereas the Space Sustainability Rating promotes transparency
between space stakeholders, it is not mandatory for participating operators to publicly
share any mission related data. In that regard, a Non-Disclosure Agreement ([1] SSR NDA).
between the parties is signed in order to protect any sensitive mission information
provided by the applicant to the SSRissuer used in order to compute a rating.

Arating agreement document describing the role of each party is also signed between the
satellite operator and the SSR team. This document provides the basics obligations
regarding the communication of data to the SSR issuer, confidentiality and intellectual
property.

This initial phase is designed to ensure that SSR contractually acts as a third-party
evaluator of the applicant’s sustainability level. The documents ensures that the rating
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issuing is performed without disclosing sensitive mission data or proprietary information
used for the computation of the rating, and defines the rights and duties of each party ([2]
SSR agreement). This document ensures that the results of the evaluation are the
applicant’'s property. It is consequently the operator’'s decision to publicly communicate
theresults of therating, which is encouraged to increase transparency and convince more
operators to evaluate and enhance their sustainability level.

Il Input gathering phase and computation

Prior to any evaluation and to proceed with the assessment, it is necessary that the
applicant's mission meets a minimal level of effort toward sustainability. A small list of pre-
requisite questions is then submitted to the applicant as a first step in the data gathering
process. If the mission does not meet one of the minimum requirements, the overall score
of the operator can be limited to a lower level, even if the operator performs well in other
aspects of the assessment. Or it can make it impossible to receive the rating. Therefore,
in these cases it is advisable to vary the mission parameters in order to be compliant with
the Space Debris Mitigation Guidelines of the Inter-Agency Space Debris Coordination
Committee (IADC).

After the verification of the compliance with the pre-requisites questions, the applicantis
requested to provide different information to the SSR issuer, also defined as “inputs”. A
list of therequested information can be found onreference ([3] SSR Master Methodology).
Assistance is provided by the SSR team for the applicant to familiarize with the different
rating inputs and requirements. Once all of the latter are available to the SSR issuer, the
computation of the score can be performed.

It shall be noted that at the date of publication of this document, the “mission index”
module is computed by the European Space Agency, and the “Detectability, [dentification,
and Trackability” module is computed by the space enabled research group at MIT. The
input relative to these modules are then shared to these organizations. The data shared
with these organizations is also protected by Non-Disclosure Agreements and the
exchange of information is performed using secured servers located in Switzerland.

[ll.  Feedback and re-computation phase

After the first computation of the score, results are communicated to the applicant and
based on therating score, a badge is awarded to the applicant (Figure 1) as well as arating
certificate (Figure 2). These documents are acting as formal recognition of the applicant
participation and outcome in a rating.
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Figure 1: Space Sustainability Rating badges (Tier score)

RATING

é(g el BN [O perator’s |OgO]

SPACE SUSTAINABILITY RATING

[Company and Mission Name],
completed a rating and achieved a Golde Rating with Two Bonus Stars.

Scope of certificate: [Mission Phase]

Date of issue [Signature]

Prof. Jean-Paul Kneib
Academic Director
4+ coLp eSpace - EPFL Space Center

[Date]

This document is not an official certification and is valid during the [Mission Phase] of the assessed mission.
This rating can be re-evaluated upon request of the applicant, or if it is deemed necessary by the issuer. This certificate is the property of Space Sustainabiliy Rating.

Figure 2: Rating certificate for a simulated mission

Alongside the results, the SSR team also issues a score analysis and recommendation
report, allowing the applicant to have a more detailed understanding of the score of each
module, and to identify areas for improvement.

In the scope of this report, a separate analysis is performed by the SSR team including
modifications of the applicant’s input according to recommendations that could be
implemented to the mission. A projected score is computed including this new set of
recommendations and is compared to the initial score.
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Figure 3: Module score comparison between a mission and the projected scenario including recommendations

Based on the recommendation report, the operator can decide to incorporate any
recommendations into the mission. In that case, a score recompilationis performed by the
SSRissuer to account for the operator’s effort and the new score is issued. The SSR goal
is to allow the operator to identify areas for improvement as well as incentivize to
implement the currently advised best-practises. By performing recompilation of the score
in case of inclusion of a recommendation, operators can reach higher scores, ultimately
resulting in more sustainable behaviours.

[V.  Process summary, tasks description

Figure 4 summarizes the process of performing a rating. Based on beta-testing and first
ratings, it has been noted that a rating is usually computed within 4 weeks from the
initiation of data collection (excluding the contractual phase). The most time-consuming
step being the correct completion of the input file as the operators need to familiarize with
the SSR methodology and understand what information is expected. After a first rating
computation, the recompilation of a score is relatively straightforward, depending on the
amount of input change, allowing fast feedback loop between the applicant and the SSR
team.
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Here below are summarized the steps, tasks and milestone to complete a rating

Figure 4: SSR process summary

- Phase 0: Contractual Phase (Timeline depending on the operator responsiveness)

o Signature of the SSR Agreement

o Optional: Signature of a Non-Disclosure Agreement

- Phase 1: Data gathering and verification assessment (Timeline depending on the
applicant responsiveness and amount of verification needed)

o Kick-off meeting: 1 hour technical presentation by the SSR team on the
necessary data needed to perform a rating
Verification to the compliance with the pre-requisites questions
Completion of the data input form by the applicant
Optional: Progress meeting(s) for the Space Sustainability Rating team to
provide any clarification deemed necessary by the applicant

o Optional: The SSR team might request of additional documentation or
information to support the applicant’'s input data

o Milestone: Validation by the SSR team of the correct completion of the
rating input form, including the verification level

- Phase?: Computation (indicative timeline: about 10 days, depending on the type of
mission)

o SSR team communicates of the necessary information to MIT and ESA for
computation of their respective modules (using a secured platform, servers
located in Switzerland)

=  Mission Index data to ESA
= DIT datato MIT

o Computation of the module scores and aggregation into a single score by
the SSR team

o Optional: Preliminary results sharing from the SSR team to the applicant (no
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preliminary scores shall be publicly shared by the applicant at this stage)

- Phase 3: Results communication and feedback loop

O
O

O

M eSpace

Scoring results communication from the SSR team to the applicant
Deliverable: SSR scores document, certificate, communication material
(rating badge) and feedback report including:

= Score of each modules with comments

= Analysis of the possibility for improvement through

recommendations

= Analysis of a projected score including the recommendations
Optional and recommended: implementation of some or all
recommendations by the applicant and recompilation of the score by the
SSR team. This optional step can be requested several times, the SSR team
can support the applicant to publicly communicate around a potential score
increase.
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EPFL AVP CP ESC E-mail :  espace@epfl.ch
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