AR (R 3E30)

%37 & 2020 4E5E 5 M) AEROSPACE SHANGHAI (CHINESE &. ENGLISH)

73

Walker 2 J2& filli 15 #6 I A% filfi 355 8% 2= 49 47

l IX/Z.]:\ @2
(1. w3k Iz 5 BAZH KB P, L 10009452, EH T2 T4 ¢, £ 201210)

1 E: A3t Walker 2 )& 69 28 4% P18, 78 0k L a4 69 A ah b 3% 3t —Fr Walker Z R st 4o A . A A &
Je 2 EFETRENMAB LML fHFm £, 48 T Walker 2 & M B 4 o0 T oh ) b g4 55 st 4 4 53 H 7 %,
AR T A AE Walker 2 i # A Br st 4F PEAE 69 % A B R 2. AR A M B A | 24T Walker £ JE 3% 3 B R AL A
e R RS R T EILE EAEMAR LR RAANG ) LS ANy, TR EM AR, B EAG LS
AL AR T % R ABEA G AT AT S,

KB : Walker £ & ; M A Yedg; | LAk SE ; sRIEME R JiaE

RESKE: V4241 XEERES: A DOI: 10.19328/j.cnki.1006-1630.2020.05.011

Analysis of Collision Detection and Collision Probability in Walker Constellation
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Abstract: A detection model of satellite collision in Walker constellation is designed on the basis of narrow sense
collision in order to solve the collision problem in Walker constellation. The actual constellation divergence and
maintenance deviation of the orbital configuration are considered. The calculation methods for generalized collision
detection and collision probability under the Walker configuration maintenance condition are given, and a safety factor
is proposed to characterize the collision avoidance performance of the Walker constellation configuration. Using this
detection model to design Walker constellation can avoid narrow collisions and realize the generalized collision safety
analysis of the constellation within the configuration maintenance threshold. The feasibility and reliability of the
detection model are proven by case simulation analysis.

Key words: Walker constellation; configuration maintenance; generalized collision; collision probability; safety

factor

3= s A~ 52 A o A T B O DA T S LA
Walker B FH G Hh e Sf g ze P R RIS WU %07 16 B Bk G G2 0 R, HLBE
$ 5T S R B M T L g fige R B TR I8 b S 2. SO
SRURAT S 0 G0 GPS  Glonass b 3k % Gy ABERIG YA B A )0y N TR I 47 #2503 ad
TR PR Starlink 558 5 TR RGLHORMA T BVH RERE T AE ﬁxima@mﬁ L 58 A
JUF )Y E TR AL TR B, B DR ER TR A S A A ?Ec%ﬂﬁif“kimﬁ
B 8, SR o TR U R e REROBESR . SOk g]ffaéﬁiraﬁmmw%m

KL B 5T T R i
PR AR . SO [5-6] 4 S48 B 2 v AT

Y5 B #3: 2020-01-06; & [E] B #] : 2020-05-28
EE R R0 R (1978—) , Lo 1+, BY BT 5T 61, W95 J5 1) 9 QAT 2% Ak it .

e

1o A S L TR AE U T AE AR Y ILHBQ/%&?FEX
UTE T T TR AL O AR SR AT AR AR T AR A e /B
TR Y B R B A 5K, A 0 A R SRS BT T L A N P R R A R R 2 kA



AR (R 3E30)

74 AEROSPACE SHANGHAI (CHINESE &. ENGLISH) 5 37 % 2020 4EE 5 1
g A Aa

T AL MR 2 155 6] 48 B0 ) S L LA
5 B (O 2 5 IO ST R B A T 4 A PO v o
DAL A, A5 Rl 3 S £ 52 % 8 B34 it 36 g 0 10
SRR 2 R AR 6 AT 2 A o TR Y
ARG S A L BRI A A ) LA f . .
2 i il 4 1 T B L AR SR Bl R X Walker i <_;§ i ok
B F il 88 T R G KR 5 75 AR L B 9 B 8 .. P "
R g TR T e R AL R AR A AR B A L z z
TR 2 5 O W, 7 B M R TR 1 A L 4 L |
5 LA Rl XU Tl R R 0 4 R
2B A 2R 1 A XLl A @y T L

S uE S VEpUR S

1 Walker 2 JE 44 Bl & % 3 5% v

Walker /2 J f B B 2K AT 08
Ko AR 2 %1 S/P/F %R, Hd,
SFE/REED RS H,PRR D AED M
I, oA N T . Walker A8 1 iF A 1A #L
T R ARG 2 A R B RS U N TR
Ay A F5Y N R I0AE T TA) AR AR AL (B & B2 R A )
PRFE—E AR G R, AH AR LI TE 0 R 5 T ALY
22 u=360°"-F/S,F=0,1,---,P— 1,

AR 22 AR BB B ) 0 52 e B0 T AR TR) Y
HXE AR AL & AR AR AR, B A A R Y IR, TR
ANYUJG 75 BT R A R GE £ . Walker S22 (1 44
LR R Sy TR Y LY S N iR DO A S
SCHERLIL IR 740 B 7 B ol TR i B2 6 ) 780 2
oy mob ot DA, U ETRE NS Hi
STOERE I R S S R A B DR B R
D7 5 R J5 R 6 AT 55 75 3K B 58 AH A7 15 22 B (E Su, B
SRR R R R B S B A S B E O A Y iR K A
VFAIL 22, 76 0K 52 Br 1058 4 45 76 38 05 0 £ Su
[ Z N 5 FE AR L 2 R ol B b, R R R
—ETE B R K R 2Z 7 £ e 2N,
B 1R R .

2 Walker B Al MR+ &
Walker £ J& T & filf 48 [7] 25 %) WF 55 7] 49 o0 Bk L
Tll 428 0 SO

2.1 Bk AhiE
Be S R R A — AT e, R Al 2 R

Bl1 EEQBERFTE
Fig.1 Schematic diagram of constellation configuration

maintenance
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Fig.2 Schematic diagram of the phase intersection of two

satellites
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Fig.3 Schematic diagram of the critical state of phase

intersection
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Fig.4 Schematic diagram of phase maintenance deviation
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Fig.5 Flow chart of constellation collision detection data

B K Walker 2 J2 [ filf 5 #6 I0 A5 A 55 R Q0
Kl 6 /s, % Walker 2 J& filf £ A5 ) 2 40 0] A )
Walker 2 J & & 25 & 4 flf 48 , 9F &

4y R

B o X TS AF AE REfE KR B Walker A2 3 14
gy R e R, TR R R Y A
PEE S



U537 % 2020 4E45 5 1 S

B % Walker &2 J3 filf 15 0 K% fif; i B 2 53 7

77

B S i RE
FEAAL B (U

FR Y B e 4R AE AL
B (L Cu T
/N EEr
v

R A BT
PR/

SRETX
4

AR X
il 4

FhREERER | | e R

I

gEmR
6 Walker £ JE &l {# # ) 45 Y

Fig 6 Model of Walker constellation collision detection

42 HEEH

AT F H Walker A 3 b7 Ailf 8 46 000 45 7Y 53 #7 A2
JAE FE SIUAE TR A R S5 4R T 1% Bl G 4 P A, S B AL AR A
AP . DL 72 90 10 4 Bl A Walker 52 RE S 451, 10
B IUTE R BE R 600 km 1511 60°, fi 0 3y O, BT A
JAE TE AL 7 A 47 AR (B Dy £ 4°, 2 4K b 48 £ 1 (B

4 +50m,

1) 43 5475 B T8 16 ER 6 R 9 I, FE S [ AR
PR F 25 L AR ) 97 G A e 1 L3 1 R 2.

R4 26 1R3¢ 2 0 0 B4 R, il 72 9501 A A
() Walker A J88 , G HLIE 0500 6 ZEAHAL R T F o
0.2 F 41}, B f/h TR A BN 0, 2 & A bk b
T EARDSL N -9 1.3 F 5, B R 2 kAT XA
i, LA 220 B Y 3R E 23 43 i oy 1.472 X107,
5.614X 10 ° 1 2.653X 10 °, MBI w4~ %k 9: M
A7 R F- e B O~8 B, 5L JAE 349 AN 45 % A 0 SUIEF3 5 24 A4
AL T e 0.1.2.4 5 M SI, &k AR ) YR , flf 4
HESRAT R 5.412X 10 .2.382X 10 7,7.503X 10 ",
4.652X10 °.5.899X 10 "F15.899 X 10 *; A fir [ T
N 3.6 Tk #H TN, AL RN A & ARk SR R Ak
AT ORI IR ST 3 AL LI 2 4 B R B
0.026.0.106 LA S 0.417, % 4= B Z B0, D) filf 8 JXURS:
RIS, DR, 2 B2 R A () A, W) R (72,9, 7)
Walker /2 JAE A4 AU o] S b g o

2) Walker £ 4 BUIE$E(72,9,7) 45 H B HERY
TR v g /N TR R 4 P 2R BB A 1) 78 Ak 1
WE7HE8FT/R . i B4R R, 7R JEM R —
AR BT Jee/IN T2 L T 8 I 4000 72 Ak T A2 £, 40 A 7
60° BRI , fe /N AL I BE SR B4 KAl . fERI 8 b BLiE
i ff > [38,58] .[64,71].[75,85].[87,89 0, % 4>
BERBUNT 0, T W0 4 & A T SR S LA
i Ff1 Ry 86°HT , 4 4 B R BN 1.4, ik B e i, BLA A2
JAE (14 75 Tl 4 i e £

3) BFxF H i 2H M aE fE R DR BRI Z %
480 1 T & 30 /4~ Ll T 4L A% 1 K A Walker /2 3, )5
T A ) TR e i /0N T A IR ORI I A B AR 67 TR T
B4 735 A 1 0 CRRASE (394 Sk 3°, %9h 36 40 £ 89°) A ] 9 i
IR P EAE R A TR B P A RO R Y
T AS TR AR A7 R g A2 8 il J ARk AN A T

F1 BEEFRIERE(P=6)
Tab.l1 Constellation anti-collision characteristics (P=6)

REHRGS P RbnRAE/O| e | Ak | ERRE R HE 3 A A
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