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Abstract:

satellites. In this model, the primary,/backup policy is employed to tolerate one satellite’ s permanent failure at one time instant. On

This paper presents a novel dynamic fault-tolerant scheduling model for real-time tasks on multiple observation

the basis of the fault-tolerant model, we propose a novel fault-tolerant satellite scheduling algorithm called FTSS. To improve the re-
source utilization, the overlapping technology is adopted. According to the satellite feature with time windows, we analyze the over-
lapping mechanism on satellites and combine them into FTSS. In addition, the FTSS employs the task merging strategies that are
used to decrease the task count needed to execute and thus further enhance the schedulability. To demonstrate the superiority of our

FTSS, we conduct simulation experiments to compare FI'SS with three baseline algorithms. The experimental results indicate that

FTSS efficiently improves the scheduling quality of others and is suitable for satellite fault-tolerant scheduling.
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AL L] [ﬁiA > SZiM] ,

max | r?,ﬁ[ﬂ + pff[:t-,jf +duy < st (26)
I, estfy, AT R 30315
estﬁ:maxfrg,ﬁik+p¥i,j} (27)

FEVR BE 3 FTSS v, 4 32 A 1 T B ik 1] A He de
S FF A A ) AR AT
5.2 BIWAREE

X RRAS 2 28 40 B B R A, N2 % R T fg
IR AR BT LA B 0 4 B T A o 2 e 300 35 1) 4T 55 i
FE AR SE . BEAT , % e B A /N 45 PR s ) A
PR AT 55 B8 H IS IR] , 328 o 4 55 R B ) 36

W10 — AT EIA of TE5— L2 ao),
WHATAT LR VAT 3 Ffrik:

(1) ¢ PTLARIME—AT 55 (B A AT 55 ) A 1

(2) 7 AT AR —AT 45 (A AT 55 ) B

(3) aof, AFAEZS RIS TR 0] LAZS A o

TR —Fh o serh 295 (13) 28 (16) A /2 LARAIE
07 AT LARIR:— AT 55 (SR AT 55) A . o i eIt i
18] Lseg, 55 T 55 of R MU S5 o8 (9 FFIRI ], B .

lstf,q = stf;, (28)

NI FRATTIT IS AR A R N = R O T AT 55wl

RS B F B T s ] XA 35— AN RIRRAS o, He i g I

Bt ] Isty, P LAGE e MAAT 1) A2 5 R TR] £ 10 9K A5
Ist? = {nﬁn%[weiq],di% —du, if Ist = idle \ ol (t]),
" if s = idle \/ ol (¢7).
(29)

Hor, I FoR M BB IRIA , of (o) 2R o W LATE
IR I TR N 5 B AT 55 (SR AT 55 ) A . sty Fm
1155 o WIFLRITR] (o AR5 of B8 H S8 0 ATHY
1155 . ts TR wk o o R . phy FORTE of SE K
J o vy FEUR £ ]

FE FTSS H , Bl AR (5 1 U s 1] 98 15 e by JHL d g
i
6 TEEEITAY

AR S AR DL S M FTSS B 1 VERE K S
HE 3 4> baseline By b A7 L &8, BIA % 18 & B A 45 R
JEBTE NMFTSS, AN 7% 18 0 B 25 55 1 B2 550108 NOFTSS Fil
WEAN G A R XA 25 1 8 7 VR B R0 1 NMINOFTSS.
6.1 EIFEMBSE

KT HE FTSS Bk i tEgE, BARFELR I - 30° ~
60°, 22 5 00 ~ 150° 11 X I h X ST BE AL 70 A1 . H bR FLAE 3
B2k 200,400,600, 800, 1000, 1200. A 3% JE 10 A [
FO TR AL R UR . 1 A TR IR e 2 8, =
T DR HUERDR B TR E T H STK, 3 « S 1S5
JEARE SCHR BT, HeE S 80k TR ARG IR A8 i B 52

(DRSS ALK BABTRI AT RN a; = a;_; + inter-
valTime, H:H intervalTime 4 3F 7 A 5 2] 0 AR BEALEL, af
=0;

E5 o, MR IE N d, = a; + Deadline, H:
Deadline 5 1E 2547 4 FEHLEL , Deadline ~ N ( baseDeadline,
baseDeadline/10) .

X BX
Stbp - Pibp - duj,

®1 IEEESRSH

Sensor Satellite bs msg FOV du” s b” 0" as” Height
Sensorl IKONOS-2 4 45 0.931 1 0.5 5 5 10 681
Sensor2 QuickBird-2 2.44 25 2.1 1 0.5 5 5 10 450
Sensor3 SPOT-4 10 27 4.2 1 0.5 5 5 10 832
Sensor4 SPOT-5 10 27 2.09 1 0.5 5 5 10 822
Sensor5 ORBVIEW-03 1 27 1.0 1 0.5 5 5 10 470
Sensor6 JB-3A 3 32 5.72 1 0.5 5 5 10 300
Sensor7 EROS-A01 1.9 45 1.6 1 0.5 5 5 10 500
Sensor8 CBERS-1 19.5 32 8.32 1 0.5 5 5 10 778
Sensor9 CBERS-2 10 32 8.32 1 0.5 5 5 10 778
Sensor10 ERS-2 10 25 7.34 1 0.5 5 5 10 780
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2O TSRS S B

Value(Fixed) — ( Varied)

Parameters

Task Number (1000) - (200,400, 600,800, 1000, 1200)

Resource Number ~ (10)

([20,40]) - [0,20],[20,40],[40,60],[40,60],

intervalTime(h) [60,80],[80,100])
u(%) (50)

baseDeadline(h) (30)

6.2 AESHEXEENFIMD

AL S I 3 AT 45 B0 X B3R M R A S ) . S IG:
ZE RN 10 s

[l 10( ) B FEE AT 55 i 38 I, B A Sk R B

90

B FTSS
B NMFTSS

©
o
T

O NOFTSS
0O NMNOFTSS

~
o
T

Guarantee Ratio/%
(2]
o

a
o
T

'
o

200 400_ 600 800 1000 1200
Task Number
(@)

BRI 3 R R AR R IR R AN R I L L AR 55
BN, A5 R G0 0 A, R AT 55 v O B R
W/ AN, 10 a) 2R NMNOFTSS 28092 AT 55 4
IR A, 31X A2 K NMNOFTSS 7 = 8l AR 4 Bl i 72
FEERA R EEEABEA RAA A, KEE
TR 2R G805 A L, FTSS 1 V8 B A ) % Bk b B
XN S R FTISS B IE T ZF &
FR PEm T R GTIE A 2. WA, 38 i A B AR
T SR BT 55 B DRI R R T R
BEAh, NMETSS [ 9 BE B 51 348 F NOFTSS (1) 9 B % 2
R IE R R A R A b B AR A 2 Ak
&, L NOFTSS 19 18 B AR B 28 B AIG . 4% 55 £l A2 b
BF, FTSS (1) 98 B J B 2 AH H NMFTSS. NOFTSS, NM-
NOFTSS 754 17 1.2% ,3.4% ,6.3% .

8
B FTSS
751
; n
865t
5
EPN|
O 5.5F
[
£ 9
® 451
B o 1
2 35}
°© 3
200 400 600 800 1000 1200
Task Number

®

B0 ESHEXNFEERKE T

1006) @7, BEE AT 55 B iy 3 m, A Ak
AT 55 LI 43 H 3 B 22 A8 K 3 R Ay A R R e AN A
TEOLT ARG BRI, 8N T REM A, REE
o eI IWOE 24T 55 i, RS AN — %2 94T 55 0 9%
I A RN 55 10 3 BR800 2 0 P 75 2K) - KL 10
(b)) AT LA 76 R 58 0 8 e i (AT 55 0N F
400) , FTSS W4T 55 43 P2/ T NMNOFTSS 19 1T 55 43 HF
IR FTSS 7R T 45 11 [R] B i pe A0 AT 55 40 3%
B P PR AE TR A R 55 5 T 2 R 6 B A (A
R4 HK T 600), FTSS HYAT 55 43 #E % K T NMNOFTSS
FIAT 55 43 B 3k S Rl FTSS A1 56 25 e 32 il £ AT
55, R I 2 e — 2 AT 55 43 BE 32 AL, NMFTSS 14
5557 R T NOFTSS [4E 5543 B R, X &N AT 55
A B AR Ok BEAE AE [R] — O o B P SE L A
55 AT AL IR O 02 A R B B AR T AT 55 19 43 HE
R TAE NMFTSS H, AN 5 22 e i 58 Al H B AT 55 90 3
T IRER IR A, DR AT 55 40 R W 15
6.3 AEFIEENEENEMN

AL SZIR VP AL AT 55 31 35 6 Bk M RE Y R L S
AR A 11 s,

E 11(a) 8R4 25 interval Time [I{E M [0,20]
K H[20,40 |1}, Fr A 816 AT 55 8 B2 D R 2445
TR, HEEFEER LT 2405105 —, 230 interval -
Time FBUETE[ 20,401 Z [RI}, R GEH TR ATARAR 5, 1t
IR AT 55 BRI, A7 1] ) 3K (4T 45 K 230 & 58, 15
e T 2GR R BT REAR S, 1 1 — 4T 55 T RE A 42
W, T B T8 2T 55 T 56, DT R JEE B ) R A
PR B 28— FEAT 55 Bk 5N B S ) AT 5 B B 2L
Sl DT A RS A, B AT 5 Z R I R &
ML HL 2 | T 24T 45 3 B A X i 7 B (eI 2R 46 97 2K
WARARE ) , B A B AL 50, L, 8 BE i o %
BT B M 24 intervalTime A BRAE M [ 20, 40 ] 45 1k 3]
(80,100 ]yt Fi v, JT A J30 35 1 R 32 A T SR B 2 42 v
R 22 50 60 302 W AR 5%, 7 BT AT 55 B I, 78 JL AT
T 2R F LT 55 S AT T8 8L, A B Z L2 A] L
a1 BN 52 . 7E 230 interval Time 1 28 46 o 72 v,
FTSS F I8 BE B 01 Z 46 20 F F B 5k, A EE NMFTSS,
NOFTSS ,NMNOFTSS 435l #&& T 2.0% ,5.3% ,5.9% . iX
SR FISS SR H T 24 WA 3 & 5 R FE 55 6 b
A A S 1 P RE



% 8 M

R IS AL THT 1) 7 X b OO T 2 S A 55 98 BE BF 5 1479

M 11 Ch) ] LUK B, BT A 5312 AT 55 A B 43 Bt
FIEPNIAK . Horp iy 22 5 /T LA J5 T 434 . 7E R 58t
FAEEHY (A interval Time AYU{E 7E [ 80, 100 ]) Fir G . 1
AT 55 53 BRI/ 332 R AE X A 00 T, 38 2 14T
55 ] AR, [R) s m DA ok S AR/ I AT 55 0 %R
AN AE 4 5, NMNOFTSS (14T 45 43 B R A1 X i
AN AR HARWOAT: 55 D8R (I 11 (a)) . TEDL 2

65

60
4
E 55 M I
5
=1
Q
2
E 50
<
3 B FTSS
45 B NMFTSS
O NOFTSS
O NMNOFTSS
- e |
[020]  [20-40] [40-60] [60-80] [80-100]
intervalTime

TEOLT , RS0 T B R 22 M ol FH P A B0 At T P O 3
T2 AT 55 () B 5 2 L0 3 SR R, TR L R4 NM-
NOFTSS 143 3R I /N (A HUFE P T AT 58 24T 55 1AL
MR FTSSHTPRATARSESHEA, REERS
55 R BE g 28 i [R] B XA 45 0 BE R R K, 5
NMNOFTSS [~F-34 53 #5225 H A 0.065867.
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=
=
3=
=
°
3
: ‘I
=
=
®
Z
§ W FTSS
o) B NMFTSS
O NOFTSS
O NMNOFTSS
I Tl .
[0-20]  [20-40] [40-60] [60-80] [80-100]
intervalTime
®)

11 EHEERNEIEE R

7 it

ARSCHIFTE 1 T8I 1) 22 52 A 1) S N AT 55 9 L [l A
SR FH S RUAS /) RUAS (PB) 2 AR AT 3R 2548, LA E
XTI AR SO Je i sr 1261 PB R A4
FERIRY VRN 73 AT 1 22 AR 18] i) 3L B 1) 25 F , DA St A
555 R AR G 20 o R e S Al b ) 1 — ol i ) 5
B 22 B SLNHAT 55 P BE T FISS, Bk i B I8 T
1155 19 -5 B B, n] A0 S DA RS [R] I A AR 3R = R 4
BT IER TR NI = AT 55 S8 R A 70 B R O 1O
fili FTSS S9L M PERE , 7 S o 440 52 98 o FLEAT 1300
0 SRR AE R R ] FTSS A H B 005 BA B 4r 11 %
PERE 18 5 Sh A IREL T 2 BT 55 AR
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