=a

H11% %6 W mOE RN

2024 12 H

¥ R (R

Journal of Deep Space Exploration

Vol. 11 No. 6
December 2024

Uit/ NMTEE T REE S ST R

B, KL Y, TR

Bt BN, TigM, ¥R

(LML=, A0 2300265 2. Bifg PRETIEMFTHT, i 201109)

B O o #E R SRR MT B T S TR, SR T PES PUL O R AR, DAPR S A
W/ ARR, Gl T SRR SR T I PTRS ATPURIUNELS, BRI Gy AN fE
RBHABEEL R, i a0 R ) LR R SR I PR R T e B 20255F A8 & A 15 MR /NT 22 2 A7
s DTSR TRENAT, IO/ MT B PR AR S5 RIS B R 2%

REBIR: AMTEPIHE; Sheefids Puliite; —#UR

RESES: V448 YHERFRIRAD: A
DOI:10.15982/j.issn.2096-9287.2024.20230078

XEHS: 2096-9287(2024)06-0551-08

SIRMRE: Aieve, Jufh, BRmE, 5. mHUMT R SRS 1P PUL B R AL ). IR R AR (R

), 2024, 11 (6): 551-558

Reference format: LIHY, YOU W, CHEN X, et al. Collaborative optimization of evaluation trajectory and

impact deflection for near Earth asteroid[J]. Journal of Deep Space Exploration, 2024, 11 (6): 551-558.

51 5

A/ NAT R B A 2 AT E R R SR, 2
LB N i ia 3 [5) R i B B i, 02 B B R s 4
AT 9T B BB T 1) X N T R A B T
R d. . Sl RS B, KRG ER
T M N AT B AL 5 A% 4R % (Asteroid Impact &
Deflection Assessment, AIDA) , BSZHl T XU/MTAE
FE PR (Double Asteroid Redirection Test, DART)
PRI Z8 0147 B R G Re i o BOR M 5E, 20244E10 H
WKW X R (European Space Agency, ESA ) K &T 7k
P (HERAD #RW &% xH i iy BORBEAT VP4l . AIDAESS
SRIUP JOR S I T7 %8, St BRI, — SR s
TR, RN &S R AR O AR T SR T
FES5 RORPEAL I RO

1 2R R 0% 3 1k — i R 7 2 I R S o A AR
KA, SEAE OB, X B NAT R R S A R
M s, S BRIMESHRGEE. —Fi R
IR S H e SR AR RS, RS R — S DG B ) i 2
Fa o tF P P [F AL 7] R

H BTk T /M7 BRI R YU s 7t , 322
S HTE AR S ) R A 2 B AR RARER

Wk 1 2023-05-15 &I F#1: 2023-09-26

PGB NES R BNMT A
RIMPBPEASE . SCER[71RT T 1 Bh RESE ol J7 S0/
TR BT AET” (Apophis) ¥ i) el 3 e i i
PUE, IR ST 10 HTs SCER[8IEE AL 1 £ H
PR/AMT BRI B P A T, SR T T IR
RERAL R TTVE: SCER[OIWT I 1“4 ik 17
(Trojan) /M7 A 1 F 5L AL AN HE I3 e 7 DL AL J5
% SCHR[1018E 7E 1 2 H bn/N RARAZ 2 /e T 1454
DT, R T — M AR R W R KRR
RIERE, MRS T ENMT R IR
e, ik H AR RAR IR E R BB AT D
A7 B S R R DAt TR o A ] P U TE A 5 B8 1Y

o [ IEAE IR GIE 1 O /MT B R AR %S,
J& B —HO0UR TRE T S &I R A RS UL L T4y
BORHIAIE, @IT AT RO L LA . — i XUE K
SRR TSR AR L, RTBCA AR BT, W T
RS IE B AT SR IS = . A MIFK
SENPREZ RIS, 2515 H AR KRR A iR
iy, HAm S A SRR, S R
A5 R EARHE R AR, H R G AT 2
I d /N 8] (BB T K BH A S5 200, ASSCAE PR B

HETH: EFRARRPIEIES (12102265, U21B2050) : il ERHESEA T R] (21YF1446100) 5 PRZS RN SE46 = AT AHIF
&I (GCO4FY1003ZC3ZT-2325) ; LM K434 (KIW-JT-QNKYJJ-2022-3)


https://doi.org/10.15982/j.issn.2096-9287.2024.20230078
https://doi.org/10.15982/j.issn.2096-9287.2024.20230078
https://doi.org/10.15982/j.issn.2096-9287.2024.20230078

552 WA R Ch3E30)

20244F

AL ) R I A ik o

ARSCHR T — W ORI /M T R L
DL, 8 o 25 70 750 R ] B RS S5 M Bk A 70 7
T, S XT20254F B 015Gk /N7 B 43 ) BEAT
PLAL, AI b ENMT 2 B AR SR AR ST R ISR S
%o BUHT AR T B R AR R SE B TR 1) AR S
KIETTE, R SER TREL AL — B 2 AR WF e
IR R, RXTHRBE R — N i kb 7.

1 MTEEGTIRE

1.1 kiTidiE

I —FCR 7 2, RS R o 2 A — R
KA N BRI ANTE , AR A A AR
TR RATJEMEE R, B CERIHTIR NS, ok
TH b AR BA MT BT AT R ER
HE R EEEE N TR, L3 JE N MT
B, W R HMERE 107, NS R TIR AL
B K, IR 7 IS AT R LB B e N AT
B, HERAE 777 2T B s o A X
12 shhEFiEs

BEARE AR E O TBORH RS, B

FIER
F=v
V= —ﬁr M
1"3

o PR HORALE; v RIS H O FE
-SSP NN £ i @

P ZIHERLE H 00 R (R LD Jyve, PRI A5 1E
oG 2 (R B2 Ay, RN 25 H O ZR AR RS - HLER (1
AR L v RIS C3 A

Voo =Vs— Vg
2 @
G =1l

FAXHH B v, ARG AR T A

arctan yﬁ, X >0,y >0
Xoo
Voo
@ =<{2n+arctan—, x, >0,y, <0 3)

o0

T+ arctan yﬁ, X <0

Koo

& = arcsin —= @
Vel

FELETE SO BRI OL R, 3 2 LB AR 7R i 1
THAZ RUTR R L U0 A

. (tané)
Qp =a+arcsin| — |+@
tani

sind
wp = arccos| — | —-v

sin 5
. (tano ©)
Ok = a—arcsm(—_)
tani

(siné)

wg = —arccos| — | —v

sSini

)
+

2
v= arcsin(l + rv_m) 6)
HE

Horr: FARRADII HIFRR T BERL, SEhr TREH —
ORI R SRS, T L3 T i A AT 200
FI JE i s A AR AT IR ML . TR
NGRS SE, RENLENAT A A B AR,
N
rr=r
{v+ =v +Av @
M ERAS 7 RN R 1] A A0, AR SR B)
Tt 3755 TeEh S AR BN S K
BRI 80 B8y, IO~ 12 I A, o
NN LSRR RN

h, = hmin + hmax - hmin
{ P ( )-xl (8)

W =2mx,

Hr hyn WERAMETTE L, X TER, HREg ek,
B/ME TR ERN500 kms Ay NERCKAE SRR, A
SO AN ER AR 1/10

BATEBN G I RERD AT A I 24 70 B Hdi ik
AR5 AT H O By, 5 1 R H ok
Ay, UIERIN S (0 00 HH 2830 N\ T8 O

V=V =V 9

T S AR AR T, PRI S RN SE AN S T aE
JERDAZE, B

o= Izl = Iyl (10

G IR, WU 25 fio

Hp (11)

0 = 2arcsin
Hp + V%

Horbe n NEE IR EAE T w, A R A
5171 28
ST FRARARRR A, il 1) U 2 N TR 1



Hol e, S T MT R R SRR B E AL 553

e 2 T 0L R NS RE A g R A S A B ST
T, RS Rk A A T B A ALhR R JRIBALAR R
BRI jo kTR 2% A

i=— kLii, j=kxi (12)

< | =<
8|8'

VU it £k 12 3
v, = v, (sindcosyk + sind sinyj + cos 6i) (13)

1.3 4%
D RECLH. fEd st Ko i E RN
EHERIGERIE, K CAR GiZHAE B,

C3 < C? max (14)

2) FERENAR A2 KA R — [ 21
BT, O MT ERATRIN

tzj_tbf SAtgc (15)

Hot: s a2 o AR BIE/MT 21
%5 Aty R RS BIK/INMT B I 245 48 ol 2548 7 i %)
F R REL I (1) 22

3) XL A ], il RARAE B
O R AL B L e Mv,, /N RAKE A7 B AN 7 25 A7
BEHFE, i dsE AL Ay, W A RN
TRT &M,

||vz_va|| >Avzjmin (16)

4) P KFHAELIA . il ik SR
HA& RIFROEIRFA:, AMTEBR SR ETT R 5/
TR BIRIIRETT M HIRAOFT DT —2EfH.

0 < emax (17)

2 PUEE

2.1 T E5ER

MRAEEEA AT, A ALR R I B R .

DNV i)

RIS AR AL A8 5 R RS I 2t e BT C3 R
Kis&a. 4o, Hataa; fE el s AA
MR R SHIRZS, BDRS G P08 1) AT HB A A AR
PRG CHIRA L Fiadithis, LIS B L RIK
S fqunen B P SRR SRF RA0 1 R £

2) FEREIRTHLS)

PE TR R 2 BB A A6 AR B O TR S L B B

tor psm» SETFIADNAZE; AR RS HoO AT BERH R
R HERR NS Z1 o

2 biiEdl
ARt RIIZL CLARRZ . SR

I
i S — IR LB
AdE: RENBIZ]

A
R BIEAHLE l
RE: REFHZ it BRI 71
W A R

A

PR S /MT R
Atk AR

A
ik B IR L)
Ak RN Z]

A

i ds i MT R
Ak L2

B AR A
Fig. 1 Flowchart of optimization model
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Table 1 Parameters of candidate asteroids

TR FRHAU  fROR B ) RS

2020FN3 1.01 0.21 0.90 24.38
2016ED157 1.31 0.15 4.77 24.64
2016A0131 1.31 0.25 4.50 24.32

2021UH2 0.98 0.17 0.28 25.11

2019AP8 1.14 0.04 2.40 24.30
2016NV22 1.21 0.22 2.62 24.90

2020CX1 1.00 0.16 12.74 24.08

2018RY1 0.82 0.34 1.17 24.44

1999SF10 1.28 0.25 1.21 24.30

2009CV 1.11 0.15 0.94 24.30

2020MB 1.19 0.05 1.68 24.50

2019ER1 1.21 0.13 8.30 23.60

2019VLS 1.00 0.28 1.66 25.80

2020PN1 1.00 0.13 4.95 25.40
2015MB54 1.31 0.24 2.75 24.05
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F2 EEER, GHIR25km'/s, ETHHENEELARS km/sHEEBHIESH
Table 2 Trajectory parameters of direct transfer, C; of 25 km’/s’, impact relative velocity of 5 km/s
MER - ORAE e e Rme Ry B Bav AR S
m-s ) (km-s™) (kms™ (km-s™) ®)
2020FN3 2025/10/18 2026/6/30 2027/4/5 22.85 1.43 1.01 2.44 5.00 2.13
2016ED157 2025/3/6 2026/7/9 2027/4/7 20.94 2.58 0.59 3.17 5.00 11.62
2016A0131 2025/1/5 2025/11/5 2026/12/12 25.00 1.90 1.45 3.35 5.00 15.02
2021UH2 2025/3/12 2026/3/11 2027/1/6 25.00 1.35 1.19 2.54 5.00 1.25
2019AP8 2025/1/6 2026/1/14 2026/5/14 6.62 2.64 0.02 2.66 5.41 1.15
2016NV22 2025/2/15 2026/5/29 2026/9/17 25.00 3.00 0.48 3.48 5.00 22.08
2020CX1 2025/8/1 2026/9/4 2026/11/28 24.83 4.28 0.38 4.66 5.00 47.17
2018RY1 2025/12/27 2026/8/10 2027/3/23 7.53 4.11 0.21 431 5.00 51.49
1999SF10 2025/10/13 2027/8/16 2027/9/16 24.05 1.03 1.63 2.66 5.00 17.74
2009CV 2025/3/27 2026/11/15 2027/7/15 25.00 3.05 0.33 3.37 5.00 28.75
2020MB 2025/10/6 2026/9/10 2026/10/31 12.93 2.46 0.12 2.58 5.00 5.41
2019ER1 2025/3/16 2027/4/11 2027/7/27 23.71 4.99 0.53 5.51 5.20 74.79
2019VL5 2025/7/4 2027/1/27 2027/2/26 10.33 3.24 0.00 3.24 5.00 5.94
2020PN1 2025/2/7 2026/2/18 2026/11/13 12.35 1.69 1.12 2.81 5.00 5.53
2015MB54 2025/3/5 2025/12/22 2026/4/18 25.00 3.50 0.62 4.12 5.00 25.08
®3 ERER, GRS kms, ETHEMNRELART km/sHEBHIESH
Table 3 Trajectory parameters of direct transfer, C; of 25 km’/s’, impact relative velocity of 7 km/s
MER - RSE R e gme 0o B Ban R SR
m's’) (km's™) (km's™) (km's™) )
2020FN3 2025/4/24 2026/2/18 2026/3/26 10.22 2.26 4.30 6.56 7.00 53.61
2016ED157 2025/3/6 2025/12/11 2026/5/11 17.52 1.87 5.94 7.81 7.00 53.71
2016A0131 2025/1/2 2025/9/26 2025/11/15 19.72 1.86 6.25 8.12 7.00 90.00
2021UH2 2025/3/11 2025/11/30 2026/1/21 17.23 1.41 5.12 6.52 7.00 51.82
2019AP8 2025/7/3 2026/9/24 2026/10/26 14.24 4.11 4.90 9.01 7.00 46.44
2016NV22 2025/3/5 2026/7/7 2026/8/6 18.79 5.20 4.41 9.61 7.00 56.83
2020CX1 2025/9/23 2026/6/9 2026/7/9 16.84 5.85 4.70 10.55 7.00 90.00
2018RY1 2025/7/24 2026/10/24 2026/11/24 19.95 5.79 0.24 6.03 7.00 48.27
1999SF10 2025/10/14 2026/10/16 2027/3/26 14.78 6.84 0.00 6.84 7.58 57.79
2009CV 2025/2/10 2026/6/23 2026/7/23 19.34 5.81 3.78 9.60 7.00 53.00
2020MB 2025/6/19 2026/8/31 2026/9/30 10.38 4.32 4.59 8.90 7.00 48.90
2019ER1 2025/12/16 2027/2/3 2027/3/5 20.00 7.80 2.39 10.20 7.00 89.71
2019VLS5 2025/10/23 2026/1/12 2026/6/3 19.11 2.51 5.27 7.79 7.00 35.00
2020PN1 2025/8/9 2026/3/26 2026/8/29 19.92 2.12 4.72 6.83 7.00 43.10
2015MB54 2025/9/19 2027/1/27 2027/2/26 9.94 8.30 1.74 10.03 7.00 37.72
F4 EEHE®, GAR20km'/s, EHHEINREELRS kn/siEBHESH
Table 4 Trajectory parameters of direct transfer, C; of 20 km’/s’, impact relative velocity of 5 km/s
MEEORBEE feME m e, T SRA S Baw R S
m's ') (km's™) (km's™) (km's™) )
2020FN3 2025/5/2 2026/2/10 2026/3/18 9.52 2.05 2.63 4.67 5.00 52.54
2016ED157 2025/3/6 2025/12/24 2026/5/4 17.39 1.80 4.36 6.16 5.00 53.57
2016A0131 2025/1/1 2025/8/1 2025/10/14 17.41 2.28 4.69 6.97 5.00 90.00
2021UH2 2025/3/13 2025/11/10 2026/1/6 19.04 1.17 3.51 4.68 5.00 50.02
2019AP8 2025/7/8 2026/9/18 2026/10/18 19.31 3.71 2.69 6.40 5.00 46.53
2016NV22 2025/3/8 2026/7/20 2026/8/20 18.13 4.50 2.36 6.86 5.00 58.07
2020CX1 2025/9/16 2026/6/14 2026/7/14 19.99 4.87 4.78 9.65 5.00 73.99
2018RY1 2025/3/19 2026/12/16 2027/1/15 17.48 4.94 0.20 5.15 5.51 61.32
1999SF10 2025/10/18 2026/10/14 2026/12/16 12.98 0.96 3.86 4.82 5.00 59.08
2009CV 2025/1/30 2026/7/8 2026/8/7 14.47 4.95 1.54 6.49 5.00 54.06
2020MB 2025/7/14 2026/10/12 2026/11/11 11.69 3.84 2.98 6.82 5.00 49.63
2019ER1 2025/12/21 2027/2/18 2027/3/20 15.99 6.70 0.63 7.33 5.16 90.00
2019VLS5 2025/7/21 2026/2/25 2026/6/21 11.69 2.29 0.14 7.03 5.00 52.67
2020PN1 2025/1/29 2025/12/12 2026/1/20 7.60 1.93 3.39 5.32 5.00 55.08
2015MB54 2025/4/22 2027/3/12 2027/4/11 2.05 4.90 2.14 7.05 5.00 89.99
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Table 5 Trajectory parameters of Earth-flyby transfer, C; of 25 km’/s’, impact relative velocity of 11 km/s

MERORMME R RN e gate, T SAA REAL . BAd SRR
m-s ) (km-s™) (km's™) (km-s™) )
2020FN3 2025/10/22  2027/3/23 2027/2/18 2028/6/17 25.00 0.98 1.83 2.81 11.00 7.93
2016ED157 2025/3/19 2025/9/11 2027/3/20 2028/2/23 18.99 4.02 2.25 6.28 11.00 16.03
2016A0131 2025/1/8 2026/1/16 2026/5/18  2027/10/12 25.00 4.98 1.30 6.28 11.00 20.13
2021UH2 2025/3/16 2026/7/11 2026/9/11 2028/2/26 24.86 0.37 2.83 3.20 11.00 7.78
2019AP8 2025/1/21 2026/4/21 2026/2/14 2027/11/6 24.93 3.18 1.53 4.71 11.00 7.44
2016NV22 2025/8/29 2027/2/4 2026/9/15 2028/3/16 13.80 4.29 1.51 5.79 11.91 22.68
2020CX1 2025/9/2 2027/2/17 2026/9/2 2028/2/27 24.99 3.84 1.13 4.98 11.00 14.77
2018RY1 2025/10/28  2027/9/13  2026/10/28  2027/10/25 16.34 3.77 0.44 421 11.21 34.83
1999SF10 2025/10/17  2026/10/22  2027/10/17 2028/8/7 4.80 3.31 1.28 4.59 11.00 14.30
2009CV 2025/1/25 2026/11/4 2026/5/22  2027/11/12 5.74 3.69 2.26 5.95 11.00 12.42
2020MB 2025/1/1 2026/6/1 2026/1/22  2027/11/22 25.00 2.56 1.40 3.97 11.00 4.77
2019ER1 2025/10/16  2027/6/11 2026/10/16  2028/6/16 25.00 427 0.34 4.61 11.00 19.74
2019VLS 2025/11/22  2027/2/10  2026/11/22  2027/11/23 24.85 1.83 0.79 2.62 11.00 32.51
2020PN1 2025/2/13  2026/10/26  2026/8/17 2028/2/12 14.65 0.51 1.74 2.25 11.00 3.08
2015MB54  2025/11/21 2027/4/23  2026/11/21 2028/8/2 11.41 4.07 0.00 4.07 12.31 6.60
®6 MIKEHER, CAR0km/s, EEHEMEELYR kn/siiEBNESH
Table 6 Trajectory parameters of Earth-flyby transfer, Cjof 20 km’/s’, impact relative velocity of 11 km/s

MEEORBME R RO g gare, TSR HRREAL . Bad SRR SR
2020FN3 2025/4/26 2026/2/12 2026/4/10 2027/5/27 20.00 2.65 2.64 5.29 11.00 40.83
2016ED157 2025/8/27 2027/6/20 2026/11/17 2027/12/2 10.57 4.78 4.44 9.21 11.00 40.47
2016A0131 2025/1/22 2027/1/29 2026/6/28 2027/7/19 15.47 3.99 523 9.23 11.00 39.72
2021UH2 2025/3/13 2025/11/9 2026/4/4 2026/8/23 19.58 0.69 8.18 8.87 11.00 35.14
2019AP8 2025/12/26  2027/8/25 2027/4/14 2027/12/27 8.65 4.04 4.39 8.43 11.00 67.34
2016NV22 2025/3/22 2026/9/23 2026/5/2 2026/12/31 18.20 2.37 5.08 7.45 11.01 56.13
2020CX1 2025/3/23 2026/4/27 2026/3/24 2026/6/5 10.71 6.67 0.42 7.09 41.65 49.57
2018RY1 2025/12/7 2027/8/8 2027/5/10 2027/9/7 2.79 6.84 3.99 10.83 11.00 49.60
1999SF10 2025/1/4 2026/6/4 2025/12/7 2027/3/26 12.18 5.05 1.86 6.91 11.00 37.52
2009CV 2025/4/14 2026/11/15 2026/5/23 2026/12/27 16.49 2.49 4.55 7.04 11.51 52.65
2020MB 2025/10/24  2027/7/24 2027/3/1 2027/11/29 13.94 3.40 5.27 8.67 11.00 64.08
2019ER1 2025/11/27  2027/2/24 2027/4/2 2028/7/3 20.00 5.61 1.47 7.07 11.00 52.01
2019VL5 2025/10/19  2026/11/26 2026/12/4 2027/4/15 19.94 2.00 8.58 10.58 11.00 29.64
2020PN1 2025/2/13 2026/10/31 2026/8/23 2027/10/2 14.03 0.53 8.23 8.76 11.00 41.07
2015MB54  2025/12/22 2027/3/3 2027/4/24 2028/8/25 20.00 5.42 1.28 6.70 11.00 36.96
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LA2020PN1 941, R FEAS [FIBCEEXHEAb 45 R 152
Wi o AR B8 AN ER A 77 56 4% AN [FI DU I U A 0 T 3
JE R HG B3 ) AT AN, AT LA B 2 ORI T AL
FEAHRIIN, R A R B AR, T s A o P A
Pt HBCEARRIR, BCEBOKN ) — 5 8 8 &
B, (R B R K e BRI, fEE
TFEAL RSO0 T 28 A 1 5 SRR I s £

Ao SEERTAET, ATARYE TSR A B L, A E L
EHIE
®7 TENET, BEEEBREIZE
Table 7 Parameters of direct transfer with different weights
" = o ERERAY B AV MAvV/
fURE i (km's™) (km-s") (km's™)
1 1 1.69 1.12 2.81
1 5 4.11 0.00 4.11
5 1 1.08 3.40 4.48
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®8 TENET, HKENEBEEESE
Table 8 Parameters of Earth-flyby transfer with

different weights
e k= ; FERARAY R ARAV HAV/
FEERE (km-s™) (km's™) (km-s™)
1 1 0.51 1.74 2.25
1 5 3.74 0.85 4.60
5 1 0.52 1.87 2.40
4 %
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IKHS km/s, PR AR FE R B /N T3 ks g H BR A
2020FN3. 2020UH2. 2019AP8. 1999SF10. 2020MB.
2020PN1Lit64y; fEdi g ER{E LN, fECH
25 km*/m’i}, T AERT AT R T 11 km/s,  SEILEE
R, P AR R R /N T3 km/s B IE H bR
2020FN3. 2019VL5. 2020PN13tit34>. LL2020PN1
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Collaborative Optimization of Evaluation Trajectory and Impact Deflection
for Near Earth Asteroid

2

LI Haiyang"®, YOU Wei"*, CHEN Xiao"’, DUAN Xiaowen’, WANG Haipeng"’, PENG Yuming’

(1. Deep Space Exploration Laboratory, Hefei 230026, China;
2. Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract: Based on the problem of impacting and flying alongside a near-Earth asteroid with a single launch vehicle, a model
for the coordinated optimization of the trajectories of two is proposed. The optimization objective is to minimize the weighted velocity
increment of the two spacecraft. An optimization framework for the flight trajectories of the two spacecraft, which are by a single
launch vehicle and fly alongside each other before impacting, is given. Constraints such as launch Cj, the impact relative velocity,
and the impact sun angle are considered. The impact probe can use two transfer forms, one is direct transfer and the other is Earth
flyby. This paper has optimized 15 candidate asteroids in the 2025 window and provided feasible engineering design solutions. The

results can provide theoretical reference for China's asteroid defense mission.

Keywords: asteroid defense; kinetic energy impact; trajectory optimization; one rocket launching two probes

Highlights:

e Trajectory co-optimization frame for near Earth asteroids impacting probe and accompanying probe launched using one launch
vehicle was proposed.

e Constraints such as launch C;, impact relative velocity, impact sun angle were considered.

e Feasible design plans for engineering implementation was provided.

[FTiESdE: Mok, ELHFR: RAE]
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