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Abstract

Space is becoming more commercialized. Despite of its delayed start-up, space activities in Korea are
attracting more nation-wide supports from both investors and government. May 25, 2023, KSLV 11, also
called Nuri, successfully transported, and inserted seven satellites to a sun—synchronous orbit of 550 km
altitude. However, Starlink has over 4,000 satellites around this altitude for its commercial activities. Hence,
it is necessary for us to constantly monitor the collision risks of these satellites against resident space ob—
jects including Starlink. Here we report a quantitative research output regarding the conjunctions, particu—
larly between the Nuri satellites and Starlink. Our calculation shows that, on average, three times everyday,
the Nuri satellites encounter Starlink within 1 km distance with the probability of collision higher than 1.0E-
5. A comparative study with KOMPSAT-5, also called Arirang—5, shows that its distance of closest ap—
proach distribution significantly differs from those of Nuri satellites. We also report a quantitative analysis
of collision-avoiding maneuver cost of Starlink satellites and a strategy for Korea, being a delayed starter,
to speed up to position itself in the space leading countries. We used the AstroOne program for analyses
and compared its output with that of Socrates Plus of Celestrak. The two line element data was used for

computation.

walo] | 3R, BB, A= 94, 49 94
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Fig. 1. The histogram of the RSOs entering each altitude shell during 24 hours. TLE data
download time: June 10, 0:00 (UTC). (a) The shell thickness is 100 km. Red and blue denote
Starlink. Starlink satellites count is 3,741 (58% of the 6,430 objects in the shell of 500-600
km altitude). (b) A more refined histogram with 10 km thickness. The RSOs in 530-570 km
have collision possibility with the Nuri-SATs: The red denotes Starlink. RSO, resident space

object; TLE, two line element.
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Table 1. The specifications of Nuri-SATs. “Min Sphere” means the smallest sphere surround—
ing a satellite and is used to calculate the probability of collision. The calculation assumes

symmetry around geometric center

Diameterof ~ Mission =7
Dimension Primary
# Objname  Norad ID min sphere duration He GPS
(mm) mission
(mm) (vear) 2%
1, SNIPE- 56743 (A) 6U
M HY
2, 1/2/4 56744 (B)  300x200 374 1 UAS
o5 A
3 (=LM) 56745 (C) x100
3U XEH
4 KSAT3U  56746(D)  300x100 331 1 HE A AS
x100 =3
6U x
5 LUMIR-T1 56747 (E)  300x200 374 0.5 ENS AU AS
x100 =3
3U KM
6 JAC 56748 (F)  300x100 331 0.5 A|AH 2 o2
x100 43
NEXTSAT-2 5,023x1,340
(XEAICH x820 SAR
56749 (G) 5,262 2 U UAS
AEAH (EHTIX] ATFHE
23) Th %)
8 32 56750 (H) N/A N/A N/A A8+E N/A N/A
KOMPSATS 3,700%x2,600 SAR
227 10,161 5 ~ US UAS
Or21Y53) x9,100 ETIES

Apogees/perigees: 550/540 km for Nuri-SATs; 548/507 km for the rocket body; 561/559 km
for KOMPSAT-5. SAR, synthetic aperture radar.

@ (©) ©
Fig. 2. The visualization of Nuri-SATs. NORAD ID: 56743 (A), 56744 (B), 56745 (C), 56746 (D),
56747 (E), 56748 (F), 56749 (G), 56750 (H). (a) The first TLE data appeared in the Space Catalogue
at 00:00 May 26 (UTC). (b) The enlargement of the RSOs. (c) 00:00 May 31 (UTC). AstroOne of

SpaceMap is used for the visualization. TLE, two line element; RSO, resident space object.

https://www.jstna.org | 123



ir
o
fol
o
=
10
ox
un
1o
O
i
0
oo
lo
2
I
Bl
oo
ob

oz
Ofok
10
=
olo
o
10
ro
HI
1

124 | https://doi.org/10.52912/jsta.3.2.118

4. AEHET HE=EAM

A% 550 km A oll= 4,000 o] ABHA 45| Bt s St
Table 2= Z|27HA] HARE A3 97 & 4,051HH9] 878 1Al Attt
(25]. 1A (Gen 1)9] T1& 1(Gr D& F213 917 22 550 km A=A BARTE 5329
7270 H=gHol, 7 A=PHS 22719 9o =E F 1 584‘:]19] d= 7HAAL Sl walker
constellation®|t}. 1% 4% &2 5:—1}_4 F/dE0] vttt A0 540 km oA -8
3 Qck YA 1 10 km R perturbations ZH=th= A2 185hd FEo
L FEZE 1% 530-570 km AEE 2= He EAEYL 35S 7L ok &,
Table 2014 15 1, 2, 3, 4, 5, 69 “active” ¥ “decaying/deorbiting” A€l 4,051712] A&
B e ARt SEES WAIT 4= gloH, ol SEAES AEKH R Bt
Skal dju|sfiof gttt 539], 22 94 7dl FolA ot 397550l 7] Wedl 5=
A Aol =52 HIwrt wobd ol gtk ABRE A= 20229 12¢€5F 530 & 560
km %] 24H(Gen II) Mini 948 viAI517] AlZHCHTable 2).

5. 2|5 940 SEY

w2l 51 7717t Aekia 9 Vel SRBAST BEL FEYES RAYCKFg 3). 4
Felolel: Fig. 101 A8T 23k 2ek. 24412t B2l 500-600 km MEFIE Ak BE

Table 2. Summary of the Starlink constellation status [5]

Orbital shells Orbital planes Status
Gen Gr Alt  Planned Inc. Sats Decaying/  Weight
Count Active
(km) sats (deg) per deorbited (kg)
1* 550 1,684 53 72 22 1,458 268 260
2* 570 720 70 36 20 250 3 260
1 3* 560 348 97.6 6 58 187 10 260
4* 540 1,684 53.2 72 22 1,567 69 306
- 560 172 97.6 4 43 0 0
5% 530 217 1 307
3,360 43 28 120
6* 559 21 0 750
2
- 525 3,360 53 28 120 0 0
- 535 3,360 33 28 120 0 0
Tot 7,596 3,700 351

(14,488)

The constellation is categorized by “generation” and “group” units.
*, active satellites; —, approved by FCC but not launched yet.

Gen, generation; Gr, group; Alt, altitude; Inc, inclination; Sats, satellites; Tot, total.
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NURI-SATs Conjunctions
Shell: [500 - 600km)

600 200
—— NURI-SATs vs Starlink
500} --<- NURI-SATs vs Others o 1175
1150
400y 125 o
'n | .
) 3
5300 100
~ {75 &
200t
150
100} 1os
0 0

0 1 2 3 4 5 6 7 8 9 10
DCA (km)
Fig. 3. Conjunction assessment of Nuri-SATs (500-600 km altitude). TLE data download time:
June 10, 00:00 (UTC). X-axis: DCA. Y-axis: conjunction frequency. The upper blue graphs corre—
spond to 7 days (The blue left Y-axis). Solid curve: conjunction assessment between Nuri-SATs
and Starlink satellites. Dotted curve: conjunction assessment between Nuri—SATs and the other
RSOs. The numbers of approaches for 7 days: 2,906 within 10 km and 48 within 1 km. Starlink
takes 58% of the total RSO count passing through the 500-600 km altitude shell. The ratio of the
conjunctions created between Nuri—-SATs and Starlink is 94% of the total conjunctions. Bottom
red graphs correspond to 24 hours: 468 conjunctions are expected to approach within 10 km and
2 conjunctions within 1 km. TLE, two line element; DCA, distance of closest approach; RSO, res-

ident space object.
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Fig. 4. Conjunction assessments of the seven Nuri-SATs. Data: TLE data download time: June
10, 00:00 (UTC). Blue and red correspond to 7 days and 24 hours, respectively. Solid line: con—
junctions with Starlink. Dotted line: conjunctions with the other space objects. The altitude shell is
500600 km. The interpretation of the graph is the same as in Fig. 3. Software used: AstroOne of
SpaceMap. (a—c) SNIPE, (d) KSAT3U, (e) LUMIR-T1, (f) JAC, (g) NEXTSAT, (h) KSLV Il R/B (rocket
body), (i) KOMPSAT 5. TLE, two line element.
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2191453} DCAS] E3zof QlofA e thE HEe HojFal ok 6-7 km7HAle Ui W
< 712719 A¥S71E sitih 21 of| 712 A S71Rtt. &, KOMPSAT-59] 73-9+= AE
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719} o] 7155t
T 2) FE|S $do] A AL 7Y B2t 10 km oJHiE2 HEtKs A= & 2,9068]0]1L
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Table 3. Conjunction frequency analysis of Starlink satellites for 24 hours "All" row is the
conjunctions between Starlink and all RSOs. The second line is the conjunctions between
Starlink and Nuri-SATs. Starlink has on average 178 conjunctions which includes 3 caused

by Nuri-=SATs (1.7% of the total)

June June June June June June June Avg
4 5 6 7 8 9 10
All 191 169 188 146 189 181 182 178
Nuri-SATs 3 2 2 2 6 4 2 3(1.7%)

Seven repetitive analyses (June 4-10).
Range threshold: 1 km.

TLE data downloaded at 00:00 (UTC).
Shell altitude range: 500-600 km.

TLE, two line element; RSO, resident space object.

DCAZ} 1 km ©J31]] 4J%<] M@= gelstr] Al 68 445E 68 102714 72 &<t
W OAlol TLE dlel8E Wz il 1 F 24A%F &te] SEfdel dis 2450
(Table 3). 73] A99] Bats HH, 2B+ DCAZF 1 kmE T 77k 140l
Skl et 1783] WAsHH 11 FolA w2 4ol ot Aol A9 1.7%el sidsh=
Bt 392 e o] AMdE the BEE A

[¢]

W 5) FeT ol 2B AL 24417 52E 1 km oW E Fdk= 9= Bt 330l

6. AstroOne2} Socrates?| AH4tZ1} H|W

AstroOne AXMEIE SFEA9] SEA50A Eol AMEE= Celestrak AF2] Socrates
A 9] AlibA e} v w3t Fig. 5 F ZET§0] AR & o g/l tis &
A3t AiE ARt AL PAF R HolEtt Fig Saks F ZE13H0] Al4RE DCAS
AAG7E AR oA 0.99970]H, Fig. 5(b)= DCAZ} LAIFS wje] A7kl TCA
(time of closest approach)?1d] SA] 0.99979] AHAFE 7Hth= AS HojEe) &, &
AgtHos & of & T2 oA St H2 ARt & 4= Qlok ShARE &
L2 TLE HlolHE 7I12AHEE AMGSH | o] HolelE et Aol whaba] At
SE9] Fho] gEtt= AL fsfoF gt} & TLE Hlole g Weld= Aol g2tAH +
2] AHIA7T Wold &= k. @A SpaceMap?] AstroOne> TLE H|o|EHE $H=
AZE i | 12410 Wzetol A A 2l(preprocessing)S §F & AASE A 2] H|o|E{Ho]
~F o834 DCAZ 3ttt o] HI5) Socrates HIOJE}E UTC 71&22 0, 8, 16A] &
Sko] 33] Ju|o]ERIt. webA Socrates?t o= Aol HlolEE WE W=7l wt F
DT ATATE 9 5= Qlok ©, & A¥E A5iA] AstroOne©| TLES W=
Az UTC 71 0A1= FiTh
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DCA Comparison TCA Comparison
(24 hours, 2023-06-10 ~ 06-11)

(24 hours, 2023-06-10 ~ 06-11)
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Fig. 5. Correlation between the outputs of AstroOne and Celestrak's Socrates. Target primary sat-
ellites: Nuri-SATs. TLE data downloaded: June 10, 00:00 (UTC). Prediction time window: 24 hours
(00:00-24:00). (a) Correlation coefficient of DCA = 0.9997. (b) Correlation coefficient of time of
close approach (TCA) = 0.9997. DCA, distance of closest approach; TLE, two line element.
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DCA & PoC of NURI-SATs by Celestrak
(7 days, 2023-06-10 ~ 06-16)

=2 * . NURI-SATs vs Starlink (#: 763)
NURI-SATs vs Others (#: 37)
_3 -
O -4} !
[
o ANt
&3]
_6 -
=7t -
0 1 2 3 4 5
DCA (km)

Fig. 6. The probability of collision (PoC) and DCA reported by Socrates. X-axis: DCA. Y-axis: PoC
in the log—scale. 800 conjunctions in total. Red: conjunctions between Nuri-SATs and Starlink
(763 cases). Black: conjunctions between Nuri-SATs and the other RSOs (37 cases). Data: down—
loaded from Socrates: June 10, 05:00. Prediction window: 7 days (June 10, 00:00~June 16, 00:00).
Socrates reports conjunctions within 5 km. DCA, distance of closest approach; RSO, resident

space object.

= T RS
FAQ el Qe SEATEEA Ags ohaat Atk 1E-2 < PoC ( 1E-1:13]; 1E-
3 < PoC { 1B-2: 28]; 1E-4 < PoC < 1E-3 : 163]; 1E-5 < PoC ¢ 1E-4 : 663].
Fig. GOllA] ®7H Aoto] sl 215k 7|9t HAAFHS A8aHH log(PoC)2t DCAS)
WAE Ashs S0l vt ol =&Fth

vl 2 Abgo] ofe] W Eet & Qirks AL A9l Aolth, FIE Fig. 6ol4 2 7o)
o O

log (PoC)=-0.86% In (DCA)-4.6457+ &

71 R} epes B e A 2ot BE DCAC sl oF 0.229] A/s1ete] Ftol &
A== As RIS dAAY 5 km oJHollA EAfsk= A4E0] 5-10 km7HA] A4
ool 7Sk e 9T AR AT WiEs giERe] SEARAROIN SEEES A
Aksked], o] A% o834 AAAZ 10 km7HA] iHextrapolation)d 4= Stk B,
AstroOne}t Socrates®] DCA 1% 37 10 71471 wiizo] o] 415 ol&siA F+2&
A7t AEFY A9 FEZES AstroOne®] DCA AXREOZHE 2 oA AREE <= it

SocratesellA 69 8Yol W 890719 SEA IS PoC (7, DCA (W), T+ E49
N=Ao] (Bh), F EAY HEHE7} olf= Ak (@), 1AL AdtiEE (D & o 7HA §

$E9 o= AlsHA BA EdthFig. 7). oA 7] WeE § 7 7YY 2og

25719 TmE 5 FelthE Fig. 7(1.1), /4T Fig. 75,52 Zol #7130t 7 H2
A& o mtdog o Wirko R H7|T) Fig. 79 257 1 ZEL Fig
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Fig. 7. Analysis of the pairwise combinations of five variables: (i) PoC, (ii) DCA, (ii)) altitude differ-
ence, (iv) angle, and (v) relative speed. An analysis of the 890 collisions downloaded on June 8,
05:00 from Socrates. Analysis using AstroOne. PoC, probability of collision. DCA; distance of clos—

est approach.
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Starlink Conjunctions
(24 hours, 2023-06-10 ~ 06-11)

100

Starlink Conjunctions
(24 hours, 2023-06-10 ~ 06-11)
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Fig. 8. Starlink conjunctions. Blue: conjunctions between Starlink satellites. Red: conjunctions be—
tween Starlink satellites and the other RSOs. (a, b) 24 hours. (c, d) 7 days. DCA, distance of closest

approach; RSO, resident space object.
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SPACZMAP KoVl oun

(@) b
Fig. 9. SpaceMap's website. (a) The landing page with five services. Log in from the top right.
Bottom bar is for animation progress in timeline. (b) The Nuri-SATs conjunction assessment panel
developed. Daily e-mail conjunction data message A-CDM from AstroOne is freely available for
any space objects including Nuri-SATs. Requests can be prescribed using the “Favorite” function

of the SpaceMap website (https://platform.spacemap42.com). A-CDM, Astro-CDM.
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45189 (STARLINK) vs 56748 Nuri3Rs0-5)
“TCA: 2023-05-26714:22:37.5632

DCA: 1.988km

(@ b
Fig. 10. Visualization of two conjunctions using AstroOne. (a) The Norad ID 56748 satellite is close
to the Starlink-2398 satellite having a distance 2 km. (b) The Norad ID 56746 satellite is close to
the Starlink—1230 satellite having a distance 0.333 km.
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