LSEVIER

Contents lists available at ScienceDirect
Engineering

journal homepage: www.elsevier.com/locate/eng

News & Highlights

REERKMEXRTEREZE
Chris Palmer

Senior Technology Wiriter

20214E 11 H 15 H, P Hi ) — 4 PL19 Nudol )k B2
SRR E T R T £ 486 km [ R S HUE FigAT . BlE
% 1) 95 BRI AC B COSMOS 1408 T [1]. dih HAr)a
SEEII R AR B DA, EiE Er T E
KR, filok T EBR2S s b ey & am gy (B
Do 3RE 5 P A H AL I 2] £ 1500 ] 38 B 1) s w5 A
B TP N ATTIE BRI ERE X SRR RN
2 [RGB AT RN R TR gy Ak, Ik B
WK T WG 2 1 2 [ A R 2 A0y 1t
A AT REAE E R s (I AT PUE TR AR LR 13 sl
HANETT, ARG 3 K 23 BRI 46 SCREIE R R RO AR
DU IX — [A) @[ 2] o

ST T S5 BEI0 AR JE SN 1198 A 7 PR A 25 33 B

-l '«J:"’/‘:J;‘-ffcz—_ i s 5
B 1. — % W P2 SR — R e A T2 Rl 7 2E R A i
T EBRE A S RmNAET GZERA BRI SRR LRI
TE)3t ), [ bR 2 TR 3t b (4 7 42 52 A D3 7E AN AT O AL R 2% v 38 1 2 ho
KU NASA (A4 .

e,

2\ 7] LeoLabs [ 15 2% £52 A Hf 7t fi Darren McKnight it 15 :
“HTHRD IR TERE, MERTREITHRTEK
AR R T RETERE T — 5 2, T H X R LR AR
A7

] B 2% [ b A7 T PR T 410 km (O S 308 L, BEE
5 B s TR A 7 A R P AN T T R o = Ay, X
TR 0 2 ) AR A [ B 2 )k 1) 7 4 = . CELRE T 44 1k
DHFALGD M2 G 1B, JafEAIE AN fefs H
IR IR K SZ FHEAG T 53 717 [ ER R AR 48 H k38 T 2 he
XA TR B 4 3 A2 SpaceX 2> & [ # A B KM (Crew
Dragon) A% Wi B S (Soyuz) # A KM [1]. HH

B [R) 0 £E FE M T 390 km [ S BE _BISAT, IXLEHE
B 256 R s Rl b 14 3 44 v A AR S 1]

JUEAR P B A0 AR IR IR AR 1 A i R 1967 4R 1
(HME =225 2)) (Outer Space Treaty), I 'BFRIX L
AN X0 R 73 0% B 38 e (3], (36 1 [ i S R R
(NASA) AT BN A FRIX — 47 A BE & 6 XA 7 57 A [ 1]
5 [ [ B 38 /0 B 08 WP A Bk b e TR 3R i A6 (4]
Hot ORI OB i N B GO RIE . A EE . H
A E DL AR R A LI H R E A [5-10].

2007 4F, HEMIAMRAS-ICRETE R T —HS
B, s T AR EE1]. EE T — IR R PR 2
FE20084F, Hili& 1L 175 i R AE =, IXLeRE
JrJE ARERIE S T HGE[11]. FREE 2019 AR REAT (1 — 56
AT A 130 B fr, Kb B E AT v b AL T HE B

2095-8099/© 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

H3CJFC . Engineering 2022, 12(5): 3-5

5| FfI4< 3¢ : Chris Palmer. Russian Anti-Satellite Test Spotlights Space Debris Danger. Engineering, https://doi.org/10.1016/j.eng.2022.03.005



4

[11]. EHEZ2MHAE4E 2 (Secure World Foundation) /&
— R RERAL T R X R, BT FUOR A AT R AR
PR R, 224t FREE G 2 I H AUKIES 3 F: Brian Weeden
vk, B 19594 Lk, PR BRI 42 T £ 6700 Bt
LB A, R 23800 BB H A N IEAAERIE FistT .
Brian Weeden %7, HHEAE. LA HARSEELERN
P EZ T et R TETHR, (X L [ SR W g it
AR SEBR ARG o

Brian Weeden &7~ : “H NMEE, ME B KA &R
BIAEE e TR RS 1 1 s R TR, A 2 iB AN K s
SERE SRS . 7 B LE 2022 45 2 A A 2T I EE S
KREAPR R 80 TAEH 210 RIS R 25015 30 16 3
By EERR, W CRBORAIANEZR A, FikiX
F BRI B R PR

S TR ARG AN Ry R — SRR, A 7 1) oK i
B HESS AR 2 1) T A B i AR D R IR R S B Ik
B2 [2], LRI, FE M [LFFE Starlink (3£ [F 45
T S5 ) . OneWeb (EEAGHD) 1 Amazon (ZE[EH4E
REGM PUHERD JTHRIFEAR SRV R 218 6.5 TR A ,
R —A “BER TR " (megaconstellations), [[] HiER
I8 EE TR AR 55 [12]

H AT, 5% [ E By &8 B i BOE B R e A
27713, deAh, EAEHLE G EAA/DNT 10 em (A
AB BRI B B IS AT o 36 B 5 1 ZE M S M T
Wl - 52 %5 AR R AR 2 0y (Harvard-Smithsonian Center
for Astrophysics) 1) K /4 47) B %% 5% Jonathan McDowell &
e CERINRBIR N AR E, HEAER TR . KT
WORAR S —FE, R ULERIER™E, FEIELE
5 AT PUHE A, EX i, FRATET R AT sh &0
R

19784F, I [HE F iR m 1 FHE 2 Donald Kessler
MR T — Mk, B REECHARSEY AT Re s KA —
ER IV SANELA R0 2 N (T Rae U e A N =% S R 27N E RN
(2,141 ZDNTREE, BUFE Rk 2R B A L.
1995 4, 36 [ E 5 Wik /K A 128 — 4 A T ) s
PR IRZETRFA[15]. 2002 4%, BEEE KA T RTH L%
HIN[16]. M JLAFR, AT I IX BN TAE - 24
AR AR DR (RS AR X EE A 2
W, MAEERRPUE LA $3% . Jonathan McDowell it
T8« AR ISR D0 AT AR B SR AT DA O Pl L 1) 4T e 0
H (EFERTHIROCARELNPE) KIHMERHER
A

A5 NIE, KA A SRR T I3 R 1 Al

2 — & Astroscale (—F AT R PIWIQIAFD, %
AT HEEMH ARG TR, 8BSk 3103%k0. 2021
FIA, BERAREAT “HEmARMRS” (End-of-Life
Services) A (ELSA-d) (&2) [17]. ELSA-dXH M
WiRAE, —DRFEN 175 kg B B RARVKFE K
INFIRSS T DR, B—ARAENI kRS T LAE.
ELSA-d ¥ F T 018 B 5 K TR R R A7 3R /s T 1) i
J1. 202241 H, HARELSA-d IR 7 H& 5 DA,
{H Astroscale /A F]HRIEFR, HT 555 H[A, Astroscale
ON T A BB SR B A (18] fn SR X P IR B Ak 5
B PRZEMUR AR HEN — AN A BB HEH RO SZ R
be, XMIRBEA 218 BUT T fE 5 .

[ 2. Astroscale 24 7 1) 75 [FURE Fr g BR AR A%, HH— D9 175 kg %€
BRI R ARUKFE KN RS BRI — AN RN 3 kg & 7 BAEA
e 2% 7 DREALT T . ELSA-d ¥ H -1 BRHOR TR AR/
LPEMAE . MR EEFAKEPEER, SR IR )RR
JEHIRGE, IXPMRBEAR S ARG . RUR: Astroscale (AFEAIIED

Astroscale A 7] 11X 7 2023 SE 52 it 55 AL 55, fi gk
HARB) — 2%k #i BiHE2$[19].  1H Astroscale 2~ & 1 1 75
HAEAEHTHANHRE LR (FERTPEBERERK
FIRT R % 23— NG o A H BRI L B 7 OneWeb
R FEEARTEmNPEHE AR, KR
BA R UL £ 2021 4F 10 H R 54201, #5625 B
[ 7T BE 2 AE 2021 4F 11 H H BL R ) — BT OneWeb T
2121]

2021 £ 5 7, WM LR RS B 4D 8 A A
ClearSpace il 3K H WG BT R W2 (Vega) K B
—N 2.4 m HEZIE RO, ZIE R AR N 2013 LR —E
TEIE FIgAT[22]. A A THRIT 2025 4 &4 ClearSpace-1
BERIERRAUR A, IR S iR S A — AN H 4
Pk )3 B, TR LR K f, SR E R
Frf NRKSJZ . ClearSpace-1 121 2 2 K Hi e v #5044 76 i3t
ANKAJZ Gl s (KE3) o ClearSpace ARl ER RN, K
SRIAE 554 R A AEE S IE B R R 3 B R 48 (R I S B



[l 3. ClearSpace-1 1% F1 35 B i K #04 F B 10 4 AN HUBRE 3 38— AR B Bk
WAL R R R L B RS HETE R, SR JE s Hos A K2, ClearSpace-1
T 38 B AL R 9 AN 2 e BB KT 3K TR N K2 5 40 o SRR
Wikimedia Commons (CC BY-SA 4.0).

2 BRAEIS fRE Fr[22] -

Astroscale A 7] Fl ClearSpace A & (575 =2 i B A
1 FeAth 2 =) IEAE @ T R Be 2 A 1) RS S HoR
K fft Peax AN 1 . ol an . 36 B E A AR R R T
2025 4F 5 2l OSAM-1 (On-orbit Servicing, Assembly, and
Manufacturing 1) Wi H, 278 €EMAHDE EY—4
T, ARG AR A BRI 23]. Inse Rk, mhal B
ML XA BRI T s B 22 IE . ERy
7B, 7 Northrop Grumman 2> &) (3£ [ 35 75 J& Y 48 /R B
WE) CaE HARSY R ATH (MEV) N AR EE
) PR RS . 2021 5£9 H, WMESY R ®iTd
JEAE W R Intelsat T b, 81X P9 80 TR JF v e AT i
fEHORFFAEIE B O B BT 75 3h J1[24]. TR, #%
2 A TERIE 2024 4K H A 5% [ By v e A vt R R
(Defense Advanced Research Projects Agency, DARPA) JF
R KRS WATAS, 45 6 DU 2k R ) LR 4
EHEBBTRE A, EEAEIE F ST 6 FF[24]

mEWIA T EEKEATS . 202241 H, ET
4 HHT RS R SE B -21 i K48 (Shijian-21 Spacecraft) 8l
PR —BHE AL S M B ERA T “EHBIE”
(graveyard orbit) [25].

Jonathan McDowell &7, AR “Aa KBRS, £
ST RAT AR . SEB-21 MUK AR AUIHAd MR S 0 H ) H K
BRRLFH), (AL 500ER], FFERBAR M H T2
. B, XEREORE 2 R A G 1 2 Pk,

5

NI AR AT BE 2 il NPRSE 5 [ IEAE DLRYE v PRI 44 S
W PERA. LW, Jonathan McDowell A A7 B
T3 1 STk RS it 2 T R v IR AR AN 5% 07 T
HIFEAT . Ml “BE ik TAE — @ EAESENE T
AT, AREE, RONETE XS A AR VA AR T
AT SR VAR I T AT o AR AN RE T B b B 254 3R — PR s
PRIE T EARAGVFA] 7

IAh, B4Rt E KK . Jonathan McDowell [7]
. “BENIEER? Tk A M AR, W
RESK E 2410 K7 FH P Ben i g .7 (B AlLS i1, Starlink
ANF O TRENPERSR, HH LEMHGmES R G
filE 7 DEZEAE R 2K Starlink X 82 7] 4 3 H
AR 2 1 58 168 20 R L O 2 B AT 2 A T 0 %) 8 i 2 e
FEI BB S BE SRR AN AP

RGBT HAT TR, AR A Pk S Tn) TS
SRR 2 B BURH 2 FH S EAM . Darren McKnight 1735 :
B P SR R DR R FRATT AR B S I A Tk A AR
FIgatt, BIRZ N HRTEE ] 565, AR
REMRRIZ NPT . BOFRITCEERAT

& TR AU COSMOS 1408 18 1 51 & (1 7 4 %8 45
FIE PR Es, EEERNENR RRLE R, — BER

2 (B A I AT, 2 SR SR A 23 Lk bR 2 [
PH 28 FL P fE 80l 36 I [ S 2 i oK = ok R A e T
2031 NG IXANHHAG 23 4F J7 2 1 1] B = 1) s 4 [ OKSF7
B [26].

References

[1] Roulette J. Debris from test of Russian antisatellite weapon forces astronauts to
shelter [Internet]. New York City: The New York Times; 2021 Nov 15 [cited
2022 Feb 4]. Available from: https://www.nytimes.com/2021/11/15/science/
russia-anti-satellite-missile-test-debris.html.

[2] Palmer C. Space trash removal. Engineering 2019;5(4):607-8.

[3] Zakharova MV. Commentary by the official representative of the Russian
Foreign Ministry M. V. Zakharova on a number of aspects of the space activities
of Russia and other states [Internet]. Moscow: Russian Foreign Ministry; 2021
Nov 16 [cited 2022 Feb 4]. Available from: https://archive. mid. ru/ru/
foreign_policy/news/-/asset_publisher/cKNonkJEO2Bw/content/id/4944761.

[4] Sheetz M. Pentagon calls for stop to anti-satellite weapons testing after Russian
demo debris threatened ISS [Internet]. Englewood Cliffs: CNBC; 2021 Dec 1
[cited 2022 Feb 4]. Available from: https:/www.cnbc.com/2021/12/01/
pentagon-calls-for-stop-to-anti-satellite-weapons-testing.html.

[5] Dutton P. Russian anti-satellite weapons testing [Internet]. Canberra: Australia
Department of Defence; 2021 Nov 17 [cited 2022 Feb 4]. Available from: https://
www.minister.defence. gov.au/minister/peter-dutton/media-releases/russian-anti-
satellite-weapons-testing.

[6] Thomas L. France says Russian anti-satellite test is ‘destabilising,
irresponsible’ [Internet]. London: Reuters; 2021 Nov 16 [cited 2022 Feb 4].
Available from: https://www.reuters. com/article/usa-russia-space-france/france-
says-russian-anti-satellite-test-is-destabilising-irresponsible-idUKLEN2S760M.

[7] The Federal Foreign Office on the destructive test of a ground-based antisatellite
missile by Russia [Internet]. Berlin: Germany Federal Foreign Office; 2021 Nov 16



[cited 2022 Feb 4]. Available from: https:/www.auswaertiges-amt.de/en/newsroom/
news/ffo-destructive-test-missile-russia/2496412.

[8] Tomoyuki Y. An anti-satellite test conducted by the Government of Russia
[Internet]. Tokyo: Ministry of Foreign Affairs of Japan; 2021 Nov 18 [cited
2022 Feb 4]. Available from: https://www. mofa. go. jp/press/release/press3e
000270.html.

[9] Si-soo P. China silent, South Korea ‘concerned’ over debris created by Russia’s
anti-satellite missile test [Internet]. Alexandria: Space News; 2021 Nov 17
[cited 2022 Feb 4]. Available from: https://spacenews. com/china-silent-south-
korea-concerned-over-debris-created-by-russias-anti-satellite-missile-test/.

[10] Statement by the North Atlantic Council on the recent anti-satellite missile test
conducted by the Russian Federation [Internet]. Brussels: NATO; 2021 Nov 19
[cited 2022 Feb 4]. Available from: https://www. nato. int/cps/en/natohg/news_
188780.htm.

[11] Smith M. NASA confirms Russian ASAT test doubled debris risk to ISS
[Internet]. Arlington: Space Policy Online; 2022 Jan 18 [cited 2022 Feb 4].
Available from: https://spacepolicyonline.com/news/nasa-confirms-russian-asat-
test-doubled-debris-risk-to-iss/.

[12] Skibba R. As SpaceX’s Starlink ramps up, so could light pollution [Internet].
San Francisco: Wired; 2021 Oct 01 [cited 2022 Feb 4]. Available from: https://
www.wired.com/story/as-spacexs-starlink-ramps-up-so-could-light-pollution/.

[13] Space debris and human spacecraft [Internet]. Washington, DC: NASA; 2021
May 26 [cited 2022 Feb 4]. Available from: https:/www.nasa.gov/mission_pages/
station/news/orbital_debris.html.

[14] Kessler DJ, Johnson NL, Liou JC, Matney M. The Kessler syndrome:
implications to future space operations. Adv Astronaut Sci 2010;137(8):47-61.

[15] NASA’s efforts to mitigate the risks posed by orbital debris [Internet].
Washington, DC: NASA; 2021 Jan 27 [cited 2022 Feb 4]. Available from: https://
oig.nasa.gov/docs/IG-21-011.pdf.

[16] Space debris mitigation guidelines of the committee on the peaceful uses of outer
space [Internet]. New York City: United Nations; 2010 Jan [cited 2022 Feb 4].
Available from: https://www.unoosa.org/pdf/publications/st_space_49E.pdf.

[17] Astroscale celebrates successful launch of ELSA-d [Internet]. Tokyo:
Astroscale; 2021 Mar 23 [cited 2022 Feb 4]. Available from: https://astroscale.
com/astroscale-celebrates-successful-launch-of-elsa-d/.

[18] Astroscale statement on our ELSA-d demonstration [Internet]. Tokyo:
Astroscale; 2022 Jan 26 [cited 2022 Feb 10]. Available from: https://astroscale.
com/astroscale-statement-on-our-elsa-d-demonstration/.

[19] Astroscale selects rocket lab to launch phase I of JAXA’s debris removal
demonstration project [Internet]. Tokyo: Astroscale; 2021 Sep 21 [cited 2022
Feb 4]. Available from: https://astroscale. com/astroscale-selects-rocket-lab-to-
launch-phase-i-of-jaxas-debris-removal-demonstration-project/.

[20] Pultarova T. Commercial space clean-up service could be ready in 2024
[Internet]. New York City: Space.com; 2021 May 26 [cited 2022 Feb 4]. Available
from: https://www.space.com/commercial-space-debris-removal-2024-astroscale.

[21] Rainbow J. OneWeb mulls debris-removal service for failed satellite [Internet].
Alexandria: Space News; 2021 Nov 24 [cited 2022 Feb 4]. Available from: https://
spacenews.com/oneweb-mulls-debris-removal-service-for-failed-satellite/.

[22] Mathewson S. ESA partners with startup to launch first debris removal mission
in 2025 [Internet]. New York City: Space.com; 2021 May 16 [cited 2022 Feb
4]. Available from: https://www. space. com/esa-startup-clearspace-debris-removal-
2025.

[23] Jenner L. NASA’s On-orbit servicing, assembly, and manufacturing 1 mission
ready for spacecraft build [Internet]. Washington, DC: NASA; 2021 May 5
[cited 2022 Feb 4]. Available from: https://www. nasa. gov/image-feature/goddard/
2021/nasa-s-on-orbit-servicing-assembly-and-manufacturing- 1 -mission-ready-for-
spacecraft.

[24] Erwin S. Northrop Grumman to launch new satellite-servicing robot aimed at
commercial and government market [Internet]. Alexandria: Space News; 2021
Sep 23 [cited 2022 Feb 4]. Available from: https://spacenews. com/northrop-
grumman-to-launch-new-satellite-servicing-robot-aimed-at-commercial-and-
government-market/.

[25] Tingley B. A Chinese satellite just grappled another and pulled it out of orbit
[Internet]. Miami: The Drive; 2022 Jan 27 [cited 2022 Feb 4]. Available from:
https://www.thedrive.com/the-war-zone/44054/a-chinese-satellite-just-grappled-
another-and-pulled-it-out-of-orbit.

[26] Hunt K. NASA plans to retire the International Space Station by 2031 by
crashing it into the Pacific Ocean [Internet]. Atlanta: CNN; 2022 Feb 2 [cited
2022 Feb 4]. Available from: https://edition. cnn. com/2022/02/02/world/nasa-
international-space-station-retire-iss-scn/index.html.



