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Research on constellation fault satellite replacement strategy based on

Markov decision process
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Abstract: With the decrease of the importance of single satellite caused by the large—scale constellation, multiple re-
placement methods and the retention of faulty satellites should be considered when formulating the replacement
strategy of faulty satellites. In response to this requirement, a method of formulating constellation orbital satellite re-
placement strategy based on Markov decision process is proposed. The orbital states are divided to the number of sat-
ellites in orbit, on—orbit backup and ground backup. On this basis, a return function model representing the expected
maintenance cost is constructed by combining different replacement methods of faulty satellites and corresponding or-
dering, storage and penalty costs. Sequential replacement strategies are formulated with the goal of minimizing the ex-
pected maintenance cost of each decision-making cycle and an application analysis is carried out taking a certain con-
stellation orbit as an example. The results show that when ground backup satellites are used to replace faulty satel-
lites, it tends to supplement the consumed. The longer the mean time between failures, the lower the total expected
maintenance cost, but the effect is gradually weakened. The increase of penalty cost will lead to the solidification of
strategies, and the upward trend of total maintenance cost is expected to be greatly slowed down.
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NN Zi 04 8ri SR JH 5 51 % TR SR J7 19 TR SR
w2 20 1 0 55 1~ 30 PSR JH ) s 1
55 1~55 12 Yo JE 0 sems
RE56 19 1 0 95 13~55 29 P 5 JH 19 Rk 1
55 30 Y32 A 1) e 1
55 1~45 20 Y5 I gV
A7 19 0 1 55 21~% 29 PSR R 41 SR IV
55 30 Y3k JE SR T
5 1~ 27 SR R sRmg I
RE13 17 1 1 55 28~455 29 P 5 JH 0] w1l
5 30 YL S ) gemg 1
s 1 . . . 55 1~55 29 Y5 JE 0 Sk
55 30 e 55 JE 1) e 1
S 15 . o . 55 1~55 29 g3k A SV
55 30 PS5k A SR T

57Tk T AR 23 IR 25X R A M e ) B B A
{14 3% 30 /> P S i BIL B0y SR s AR . O
BB A TR 2,18 A 7R 3X 30 1 e 3 30 ) A
i — > R SRS AL, B 00 e R SR 1, RN AT T
W7o XJEm TR MEYE BRI LA
S B SE RS G Ok 2 S 2 e IR A AR I TR
B R BUE B0 B RS 2 B BE BEA AE B i T
B AR A TR BT O .

R 6 MR 12 4 PSRt HL I ek £ 7 sms I,
N — U B Oy TR s e LA Ok R —
UL Oy TUAE ™ EUR USRS 13 A R 36 J 401 O 4 ol
POk PR me 1, ol ] — U TE B a8 T3 28 i o
TET WA ZEAT R TE, B A 2 Bl 3 fie 28 P 5 ] B
O i T, 5y 10 A i = S BBOAY T vk R A
Wi T Y R B T AN BT T AR LA R R A ik [E]
BeF5 Ay TRM ST o RS 7T NIEPE R M V 2 ik

FEAEmE IV A A2 A o 2 T AR R A9 DD, A o A5
21 DRSR TR Tt AR A 7 X8 g 1) 3 45 5 Wk A g A
kg IV ik 2 i AR 7R Ay LR b T
b T A 03 IR A, AT R A B TR BT Y ]
WA, FETCUE Bt fift A o £ T3 A2 8 4 i o T 2 A
R BRSO RS 14 B2 R I, AR
15 M) SRR VR T Y g B
Ty TLR B 4 e B RS, S 20 #h FE TR AE X 2 T
X P R A BUE B TR SO C 2 2
BB P RE UE— 20 T B, B UE A AR R DR
A o B AR AR BT, PR 2 T 4 E 8 sk A n
R JCE By R AT R TR A R RS Y RN .
TAEBUIE b A7 7E B TR AR JRE 3 A T 2
A0 TR IR A Sk £ 8 T P& 0 TR R
bl e LR Bl an s A 3 B R TR AR S
13. SR, 5 [ AR AF 1 3 ik e 10 A2 IR 2, (ELAY



68 fiias TR

L 516 &

B AL TREBIRE 14 AR RS 137E 1~
55 27 PSR TR B g NI, 2 28 N 29 P 3R ]
Sk I, MR SR BRI . X EE N
RS TR [ B A7 AE 76 045 0y R0 Ml T A 4 LR |
AT ERAD DEFRR THEDTRE BAS
BRI A 28 13 8E T TG ¥ B e 2 o i i 13 L 1Y)
AR, PR B AT 1T R % B S b S8 T FE B 7E L
BA,

FE AR TR AT HRIR A TR, AL AR 030 A9 990300 4 b s
LA Bt A T2 Y- 24 0 ] I e ) 8 o v A2 £k 1
AN 1R o B Rk i 2R 4y IR R TR
HUEREE 2.6.10 14 DRI IR A BT ZESHUIE &
TAE DR FEC L 20,19 18 17, M fE L& Ih
TR0 1AL A e A 0y R o A AT I S 3 i
R ] [7) % 119 < 3 55 e S S B e AR [, B 24> A

200 -
|
' — RJEHIEIRE2
{ < A6
2 150 o R EUEIRAS 10
i - - E R 14
im )
§ 100 Fy
)
%
50
(s 1 1 1 1 1 1 1 1 1 1 1 J

1 1
2 6 10 14 18 22 26 30 34 38 42 46 50 54 58
(P S g o R I/ 55 39y A

PELL TIL AL 4y e ) R s ] ) 0 0o 4 4 0 A 174 522 )
Fig.1 The influence of the increase of the mean time

between failure of satellites on the total maintenance cost

ML RT LU Y« 45 - 247 e e (] s s ] 3 4
25 604~ R 5 A WA [, 2 3 U A de 2% T AR
AL BT B, T B B e o ) 208 TP 22 ot
S Ui A T - 247 o ) B 1 1) 28 4 2 A 7 A f
MBS Z AR . XTI A PR AR, 4 TR 197 1
A e I [ [ s 38 2 8 e 3G ) S PR ] 3 L 5 4R I
K 1 28785 e 1) ol IF ] 42 4 2 A T B A0 (A B i
JEBLIE E TR BIT AR 0.4, X W5 H AT
AR LR R J2E e 6 5% B 5 I 2k A )™ 1) AR AR /N
TEKMBURMTE .

- 47 i I ] o BT ) ) SEE R AT BT e AR A L
A PR R TR M R AT o AR A 5 A Y
J B AR T AR P R R R e T e R R L TR
SEHLTE T B R, LR TR X R A
AE Y B2 W /0N A8 T A AR AL I , DR O IO - 0 g e

FIF 1] ] o SE - ) T2 S AL 0 % ¥ 0k 555

TEA R B0 IR 28R, B2 e 03 B U400 24 4 8
A B A4S A 3 A A fY ks B dn 18] 2
IR o

60 -
— REEPIERE2 - BEPUERE 10
- 50 F - BEHUEREE - - REPIERE14
1
}_Q —t e e e e S ¢ s @ ¢ o mm e ¢ EEE ¢ ¢ EEE ¢ ¢ G ¢ ¢ Gmm oo mmmoo
i 40 p
§ 20 [ s e
= /o
ook o,
b /s
% !,
W0ry,
0 1 1 1 1 J
20 40 60 80 100
TES A o

P2 A AR 81 m X 4 B S A 1 52
Fig.2 The impact of the increase in penalty
cost on the total maintenance cost
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