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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. WWe 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
Keywords : conjunction assessment, collision avoidance, low earth orbit satellite, small

satellite
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A= (Kessler Syndrome)oll wehA] 9-5=37tof|A & ] Alol9] S=& AAfF o g uig
7] 2ol SFEAE Alole] IEFEAES Y & e T HThE Eofof gH2,3). o
Fol $E8kg0] 1B-4ol2ty wtEH ﬁﬂﬂ%‘g 5171 Al&ksh= Zlo] YZ|o g Hoj
Q31[4-6], SpaceXQ] AEFIIE 11 7|$0] 1E-50]gta 424 Qlout AAZE 184 A
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2. ITO| ME LFEH 2T A

Fig. 1@ 1% 200 kmellA 2,000 km Ate]9] AH=E 537+ 100 km FA1Y &
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[19,20]. 20099 =0l 7] AA oA HAIRIAELS + 49 3E52ES 2x1E-4
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9] ATt Qg {19k dol] glojA] Wi F a3t FelE :eteh A, 20214 3¢Y 18
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717} 1-10 em@& 7Fs/do] Atk F43tt. Jonathan McDowell9] E11of| &5l o] S&
FFANA F EA4l= TLEY AP 9lo] Z3lE= 1 km oJWY A7 AT Zo=

#RSOs (During 24 hours)

. All RSOs E W Starlink
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Al RSOs Hm Starlink
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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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W= ATH23]. F HAE =2 w7 3377k 17} 500-600 km 72+ T 9
Eo] YRE S Qe I E=E EFIE 24417 Bt o] TS Ak SFREA Y] &
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5ol gAE 8719 AHES £ =73t A, Table 13 22 A|¢hS ZH=tt.

59 3T B3t Ak AHUR =25 & 8719 94 FolA 7715 HTHE A
Z31e]th o]EYel 59 269 0419 Spacetrack TloJElHolAL FE|T 94 77|19} 3¢k &
2] TLE Hlo|8E 3715kt Fig. 2(a)2] A7t ol Q= 254 E0] o] HolHE 7t
AIBFeE Zloltt. o] F 9ol fIX|e M & Sdiohd Fig. 2(b)2k At fjollA] ofiZo R
SAHE ARE GZ, 281 W off&e] w2 Qi EA7F Holo. o] &9 TLE FE4= tha
3} 2tk 56743 (A), 56744 (B), 56745 (C), 56746 (D), 56747 (E), 56748 (F), 56749 (G), 56750
(H). 59 269 TLEC] Yehd A-G9] 24417t 59F9] 1k+= 538-552 kmolal, HO| 1lk+=
509-551 km# 3H}=| Qi) Fig. 2(c)= 5¥ 3199] B0l o] Hlo|H & 24417 B9te] A-
G9 &= 537-550 kmo] 1, HY] 1%+ 502-542 km=Z TtE ). 62 62 & AlolA
£ 24A17F B Z7F 540-550 km@} 515535 kmeolch. o & B =F0] BXojA ARE G
7HA 9] 7709] 23 f1gel HishA T2 £AS g 1 olf= AFE Ao AER &
2 Hul= 94do] oln] 2 IkoflA] EEstal Sl Y] el ok BRI
gt AlgslE Hrof g S SEAIANEE lojuy] Sl et TR EZI Y]
F84 ghzolth 9], 83 9149 A9 1 tidol 4,000th o] 1ol A oA
EEIL = AEG A0, 3 91 771 SOl 6717t F97|eS 9%t 9717t gl
Jeiehs SR04 o] ZEEFO] F840] ¥ AXth dFIKE ok FET AES
AFE7] 7R AAB71ZE AZl dot Sl Aolth A AAIA oA dog o] T2
o] BHEE 4= vt AR HO| 1erf oA HolRo] foA]] S04 WokA|ar 9]
1 G2 H Ae19] Azl w2 HojR| AL Qltt. 7HASR= SpaceMap?] AstroOneS ARESHHTH24].

2% 94 771% 550 km ILEOA 97.6%9] AT R YEal B Bo] AAZS 2
U Sz, Bt AEHe] Aol Yot fAlEE Hds7]HEelt. olF A
Lol BT} 90=E o]Fo] HAL=HoA BIgsH= f14d0] A HdS HIEHEHA HES
AL 5 Qs AEE o8e(dawn/dusk) A=kl Sick 5 HAAID ZAIT A3
237} A71E @ol AR&Sfiof k= FA7IEIolE (synthetic aperture radar, SAR}E AH&-5F
7] 2ol AFFEAEE Aeoloirt. FAE, JPFEATE B ToAR 7Fsst A
< ofym, oo oA, B AARES ol&ste] AT 4 itk AFHAEE AT o
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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) 5
1, SNIPE- 56743 (A) 6U
IEM HY
2, 1/2/4 56744 (B)  300x200 374 1 UAS
o5 FAE
3 (=e4M) 56745 (C) x100
3U XEH
4 KSAT3U  56746(D)  300x100 331 1 HE A= A
x100 =3
6U =
5 LUMIR-T1 56747 (E)  300x200 374 0.5 ENS A AS
x100 =3
3U M|
6 JAC 56748 (F) 300x100 331 0.5 A AH 2 o=
x100 45
NEXTSAT-2 5,023x1,340
(XEAICH x820 SAR
56749 (G) 5,262 2 AU AS
A (EHSTIX] ATFHE
23) )
8 3HEA 56750 (H) N/A N/A N/A A8+E N/A N/A
KOMPSATS 3,700x2,600 SAR
227 10,161 5 ~ US UAS
o2 53) 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.
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4. AEHET HE=EAM

1% 550 km Aol 4,000t o] AR A QidE0] 2T AYesS st Q.
Table 2= Z|7HA] TARE A3 97 & 4,051 /878 1Al Attt
(25]. 1A (Gen 1)9] T1& 1(Gr D F+213 917 22 550 km A=A BARTE 539
7271 A Hel, 7t Al=HHE 22719] 9180 R F 1 584‘:H-°4 d= 7HAAL Sl walker
constellationo|th. 15 4% &2 5:—1]'-4 AAE0] HIS=%E 2O F 540 km I LA 8
1 Aotk YA 2% 10 km ] perturbationS ZH=tH= AL 1E5HH FE S
L FEZE 1% 530-570 km AEE 2= HE EAEY 3E7/M4EE 7L ok &,
Table 2014 15 1, 2, 3, 4, 5, 69 “active” ¥ “decaying/deorbiting” A€l 4,051712] A&
B e ARt SEES WAIE 4= glon, ol SEES AEKHeE Bt
Skal dju|sfiof gttt 539], 22 94 7dl FolA ot 397550l 7] Wedl 5=
A Aol =52 RlTrt ol o] glvh AR A= 20229 12¢€5H 530 & 560
km 31%=0] 2MH(Gen II) Mini 913 ¥iX[517] AAZIEKTable 2).

5. 2|5 940 SE

w2l 51 7717t Aekia 9 Vel SRBAST BEL FEYES RAYCKFg 3). 4
Felofel: Fig. 101 A8T 23k ek 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 53 187 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.

124 | https://doi.org/10.52912/jsta.2023.3.2.118



J. Space Technol. Appl. 3(2), 118-143 (2023)

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.

SFBASES HAYNEAR AGHON], A§I 2EEFo] SpaceMap®] AstroOne ©|
o 2”0l X3 B4 5598 Hconjunctionl FE 1 71 7P7ke Azl
‘A= DCA'IR, Y22 19 @R vlEdolch, THolA 9% ek 9
n 77k o2717 k0] oS S1Ae] SIRARe] HIEE HojFu, wiehy A v-
o] HEE} A2 HFF7lolch. UME relE Sl Aekea 94 Alole] ST
T, 4L e 94T AR DA LE SFERL] SRRl 2 e
At el Aol w212 9143t SetYR A 22 SN AR 4
sttt 79 59 10 km ol H5He A9 F 3,08720011, 1 km o[l A9 483]
SR, 5001600 kin T T2 ALK $FEAS) 3 24N iAol X}Xl'a}
L v]go] 58%91 Zlo] vls 2] Pt 2ekY Aolo] WEoIAL TS v &S
%z WS o I olf LelE g AR BE o e A= st}xm
7EF BAEL oliiBol AHoR 2 BAEE vy o] elx g e 713
7h 7] tgoR eEch ofdhE Mrhs JmE 24417F Bk FIHAIRS UEhe,
10 km o[tz %8k A%o] 4682], 1 km ol HsHs Aol 28] WAIT o= of
S5k, Fig. 42 el 914 77] 2470) SRRt relse) 3ueAl BA) J9a ol

o]"l
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KSAT3U (56746) Conjunctions LUMIR-T1 (56747) Conjunctions JAC (56748) Conjunctions
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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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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.
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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.
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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,
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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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