#3258 it (=N HL =23 Eile Vol. 32 No. 8
2009 4F 8 A CHINESE JOURNAL OF COMPUTERS Aug. 2009

ETHRESEERME T ENERTRxE
EERLEE

EEE  EER

COY 22 7 B R 24 BE AR 0 A BT 50 I A RERON 5 PRL AR B A A SE 0 3 09 71007D)

T OFE AL T AT 55 0 R TR 4 B IR AR AL A R AT, 5 O O TR [R) 1 2 i T 2 ] —
A SR ) I 200 A — A T DALl R 0 4 5 T 4, Sy R 3 R R T B Y 4 A 5 i BE 2 110 T 4 A 55 4 T e
Fh T AR B M T 3 T 1) AT 45 A AR A i S T A N 97 U T A Bk B G 1k R 8k (Clonal Selection land-based Sat-
ellite TT&.C Resources Scheduling Algorithm based on the mission oriented model, CS_STT & CRSA), 3 N\FRiE
TEB] T 5k MU SOk . 3 rP R T 8 3R 7 45 TN 42 435 S I (1] 56 5 B JHE 5 Rl i ) 8 18 4 O R 1) K6 IR 2 A 7 X 3R 7 ol
PO s B 2 G A0 5 BT T AR L Y 5 2 SR R 5T CRIEER AR S I PR R SR Y SRR E S BRI 2 A
H1 30,40,50 B b TLEE R M EEAF AT 40 AT E T 10 HASFME 55 % b S8 360 3% WY B 2 i Hi0s A ay il 3
S T AT b ) R R 0 7 35 s CS_STT & CRSA A7 T i ¥ 38 3% RE 7 A1 24 o A e RE 7, i I B2 00 2 0 90 5 O 22 14
AT 55, & I P RE B AR e .

KEIR  RE PG A 5 ORI B U 5 1R ) AT S5 R R s he R s R R IR
hEi%ESES TP301 DOI £ . 10.3724/SP. J. 1016. 2009. 01525

Clonal Selection Land-Based Satellite Tracking Telemetry and Command (TT & C)
Resources Scheduling Based on the Mission Oriented Model
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Abstract  This paper proposes a novel model, the mission oriented model, for the problem of
land-based satellite tracking telemetry and command (TT&.C) resources scheduling. Compared to
other models, the mission oriented model constrains a satellite to be tracked and commanded by
only a ground station which can observe the satellite. Therefore, the proposed model makes it
possible that scheduling algorithms schedule TT&-C resources to complete more missions. Then
it proposes the clonal selection land-based satellite TT&C resources scheduling algorithm
(CS_STT&.CRSA) based on the mission oriented model and proves its global convergence in the-
ory. The algorithm adopts a matrix coding scheme, which depends on the start times of tracked
and commanded orbits and the relationships between satellites and ground stations. The severe-
constraint satisfaction operator which guarantees the individual satisfies severe constraints is pro-
posed. When there are 5 geostationary satellites and 30, 40 or 50 low earth orbit and medium

earth orbit (LEO&MEQ) satellites, 10 different groups of tasks are generated respectively.
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Experimental results illustrate that the mission oriented model enables scheduling algorithms to

make better use of TT&.C resources and complete more missions and CS_TT& CRSA has more

powerful ability of searching and solving constraints and is more stable.
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PO(X*T)=0[9(XP®)70) X P(O(XP)70) +
P(X* ) =0[9(XP®)=0) X P(I(XP)=0)
(1)

o S PR R S R PL AR AT 1. P (O (X)) =0 |
I(XP)F0)=0,1HK
P, (k+1)=P{H(X*")=0[9(XP)=0} X P, (k)

(12)
B R 2 1. P{O(XH ) >0[9(XP)=0}=>
P’ (O|B)=0,fif LA
P{I(X*D)=0|9(XP)=0}
=1—P{I(X* ") #0[9(XP)=0}
=1—P{I(X*")>0[9(XP)=0)

(10)

<1—P'(O|B)<1 (13)
ES)llie
0 <P, (k+1)<<(1—P,(O|B)) X P, (k)
<(1—Py(O|B)* X Py (k—1)+
<(1—P, (OB X P, (0) 14
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NHEFUm(1—P (O] B)**'=0,0<P, (0)<
Jm

1, B LA
0<IlimP, (k) <lim(1— P’ (O| B)**' X P, (0)=0
R koo

(15)
54
limP, (k) =0 (16)
oo
DAt v A
IimP{X*® NB"#| X }=1—IlimP,(k)=1
f—> oo koo
an

LI RE S 3 5. 83k CS_STT&CRSA D% 1
e S A5, JIF B,

6 {TEXILERER D

6.1 HEHIE

FEASEADL T AR B 1 04 37 SR 2 L 6 T AL
SR — VI 45 11 i 4 A e S B ) — TR A —
R PR L4 1) J5 2 R 8 A R B A B s = 1) B K
TR B 6 () B I A I 3 il 1 oA g 000 M T 8 B L
A AT 42 3 SRR — YR 5 ) S5 K R e e T)
s S 1 o K R e e D B T U A T R K B 2 TR
FAETT S R TR AR SR U B i SR OB X
AT R OB IR I 51 2 0 al T 1 0 45 18 4% o 2 B
FEAT S5 % F [R5 T B Y 2 i B R ]

AR M R R S B WA TER S
L, A AT TR 4 ) e 30,4050 L i R A 4 5
Gk 1~5, 81 KFRE e Hm. BRI PR 5 W
]2 TR Y 5 BREIE S 4 24h o] WL, 4 A 25 1A
SIE SR EOZ 20,3 KB B 1200s. 76 80 b
PR HIN 30,40 F1 50 AT, 10 4100 45 35 5K 19 48
TR T3 1~3% 3. A 5 3 75 10 B 46 i ] KL
E N 90s.

F1 EHEMIER 30 HE. 10 AR EESHHIRERSE

% ek RS DEMTY FHEER BT
e B S R E WFERFR] /s 2 20 B
1 202 359 6.73 851.97 1.78
2 197 327 6.56 859. 84 1.66
3 199 339 6. 63 895. 68 1.70
4 187 310 6.23 870. 29 1.66
5 205 340 6. 83 818.15 1. 66
6 192 315 6. 40 895. 82 1. 64
7 178 303 5.93 881. 88 1.70
8 201 336 6. 70 918.51 1.67
9 177 291 5.90 897. 62 1. 64
10 212 377 7.07 870. 17 1.79

®2 EHEMIER 40 FE .10 AR EESHHIRERSE

15 Wk g TERMTY FHIEER O MBI
e BEC B iR 5 RN TV B B ST

1 260 452 6.5 854. 47 1.74

2 261 439 6.53 912. 01 1.68

3 260 447 6.5 948. 50 1.72

4 266 463 6. 65 845. 04 1. 74

5 234 371 5.85 900. 34 1.59

6 260 447 6.5 890. 37 172

7 272 463 6.8 929. 63 1.70

8 254 419 6. 35 906. 12 1.65

9 270 477 6.75 916. 63 1.76
10 245 416 6.13 970. 04 1.70

®3 EHEMIDER S0 FE.10 AR EE S HHIRERSE

fB55 R By DEMTY CFHIER B LK
TR =S G =S /3 Rk LR LN IV SR B SR
1 337 563 6. 74 908. 27 1.67
2 341 554 6. 82 908. 05 1.62
3 316 520 6. 32 828. 20 1.65
4 306 511 6.12 856. 38 1.67
5 340 561 6. 80 947. 86 1.65
6 338 544 6. 76 876.78 1.61
7 334 551 6. 68 891.71 1.65
8 350 591 7.00 816.12 1. 69
9 335 542 6. 70 953. 54 1.62
10 337 565 6. 74 915. 63 1.68

6.2 HXLLBRASH

KT B E T AR A R R 0 RO L R T AR
Sk (CA_STTR.CRSA) K& T 18 [] 4T 45 1 7 (14 il
FE TR I s R O A A B a8 4% 59k (GA_STTR.
CRSA) M 7 3¢ fi $2: 85 9 (CS_STT & CRSA) ity I Ji£
GERAGGA AT BRI A Z R HEE
it L ) — i 6 158 45 122 B A0 b S AT 55, o R iR D T
SR FHZS SC I 428 174 5 2 R0 2 55 b 1Y) o 9 Tk
2 [RLRE BE AL HE S BE l o SR J5 ) B A i XoF 17 F) A
55 AN BRI — AT 55 XoF IO 14 TN 4 1 SR 2 A B 0 1
b Wi A GA_STTR.CRSA i by i it 15 5
EREBR AT . 58 XS T R AT ERAE WA SC IR I
W 5 DR e [ — 47 1 ik PR o o 38 2 B0 12 o ) B 25 58
A TR A WA S AR o 3 TR X g A AR — 7T
e 3 TS PR 1 38 07 B A A0 SR AT S AR 14 3
B 0 IR AT 4 365 0 B I S 38— > 38 1 OF X
[ 5 Bl S PR AR I BRA T WS R BN F

AXx, x>0
()= (18)
map(x {(1+€)Pmin—1'>< ]Is]m\‘n . <0

Hor A1 FR A IE B TRAG B e om — AR/
(19 TE 00 o {7 /1N O EE (L B 53 )5 KT 0 Py A1 Ny
G 590 2 s AR AR R i/ 4 T 3 VR LR 5 /) 14 9703
JEAE. b ACORIE T 5 A9 3 IV e S35 {6 /N T IE A9 385 17
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JEE WL S T RN 38 N B B RS kR L B AR B AR Fk gk

A NG R N e 2 2 NG L T S R N B
JO7 BEARL S /N T 0 DR F AT 1y ke S5 o
map(x)=—1X Ny, +x+e (19)
RISHBEW T FH ik CS_STTE.CRSA
I LR B 20, SERE AL 30,0 2 5. Bk
GA_STT&.CRSA #] 4 # & b A AR BN 600, A4~ 14
AT XM 0.2, AL FHERE Hy 0. 1. A5
2 0 B R AT AR A& 10000, G2 500 48 N B e

7

XF T 6. 14y g2 45 0 BAT: 55 #R M T B AT X 3
AN 30 WL At g Rk 4.5 5 fIk 6. Horr,
ST 27 I 45 W Je 1) ~F- 159 A I 4% 6 8] 5 cons 7R
Al R 2 A T I SR 4 1 F Y ) gen
IR IB AT YR B time FoR B 3L 5L bR A8 1T BF
FERYE Xy IFE]. ST cons M time BB HB2E min. Ky
T EUHL AR 3 AN ARG R R 4~ 6
rh IR ER 23 B 3 i AR s L 1L B 2 A 3.

x4 ASIZEHSH.ENEHMIEH 30 B.CA_STT&CRSA,GA_STT&CRSA .CS_STT & CRSA i £ 45 R 9 bk &

CA_STT& CRSA

GA_STT&.CRSA

CS_STT&.CRSA

ST cons ST cons gen time ST cons gen time
1 9237.79+ 360. 92+ 11888. 14+ 0. 004 869. 07+ 3.85+ 12015. 63+ 0.00+ 1087. 47+ 5. 44+
164. 26 40. 08 38. 26 0. 00 299. 20 1. 29 12. 66 0. 00 289. 29 1. 46
9 9677. 68+ 485. 57+ 11945. 78+ 3.38+ 875.07+ 3.87+ 12000. 50+ 0.20+ 952. 07+ 4. 084+
181. 57 46. 22 87.88 1. 88 306. 27 1. 33 49.58 0.28 274.92 1.22
5 9488. 05+ 526. 94+ 11901. 27+  25.22+ 854. 33+ 3.69+ 12026. 70+  15.534+ 1245. 07+ 4. 66+
168. 41 49.78 85.43 4.03 182. 00 0.76 44. 08 0. 34 405.79 1.51
4 8841. 33+ 317. 34+ 10905. 92+ 4.88+ 826. 20+ 3.54+ 11019. 44+ 4.88+ 955. 07+ 3.39+
193. 82 49. 25 44. 62 0. 00 339. 47 1.45 15.79 0. 00 302.92 1. 07
5 8966. 90+ 452. 45+ 11267. 90+ 0.00+ 910. 10+ 4.13+ 11495. 24+ 0.00+ 1117. 20+ 4.26+
209.72 57.98 56. 76 0. 00 302. 33 1. 37 34. 57 0. 00 455. 11 1. 74
6 9733. 69+ 336. 12+ 11905. 30+ 0.00+ 759. 73+ 3.26+ 12088. 62+ 0. 00+ 1061. 80+ 3.83+
175. 96 48.71 60.72 0. 00 229. 25 0.98 50. 08 0. 00 502. 98 1.82
7 8461. 07+ 440. 42+ 10479. 43+ 3.39+ 864. 03+ 3.59+ 10601. 77+ 2.13+ 927.10+ 3.24+
186. 86 62.91 74.71 1.28 251. 64 1. 04 29. 00 0. 00 233.68 0. 82
g 10376. 97+ 393. 99+ 12858. 98+  12.26+ 830. 93+ 3.76+ 12857. 09+ 8.84+ 1098. 37+ 4.03+
250. 66 53.33 100. 41 2.99 324. 54 1. 46 91. 25 3. 81 394. 21 1. 44
9 9239. 28+ 363. 75+ 11998. 62+  13.20+ 876. 47+ 3.89+ 12137. 80+ 6.01+ 1280. 47+ 4.50+
226. 05 49.13 109. 51 3.91 295.77 1.42 35.79 1. 09 465. 09 1.63
10 10361. 95+ 573.52+ 12896. 924+  24.41+ 905. 73+ 4.96+ 13022. 02+  13.38+ 1322. 07+ 5.03+
236. 20 62. 26 72.55 4.21 367. 24 1. 99 27.39 1. 12 512.33 1. 86
x5 ASIENSH.ENEMIERN 40 F,CA_STT&CRSA ,GA_STT&CRSA .CS_STT&CRSA i E & R B L&
CA_STTR&.CRSA GA_STTR&.CRSA CS_STTR&.CRSA
ST cons ST cons gen time ST cons gen time
1 10488. 79+ 680. 03+ 13269. 81+ 50. 06+ 899. 47+ 4.77+ 13303. 37+ 31. 33+ 1433. 20+ 8. 19+
182. 61 61. 14 111. 87 5. 64 282. 35 1. 46 74.90 3.34 606. 77 3. 46
2 11533. 47+ 644. 88+ 14391. 10+ 34. 67+ 817.57+ 4.35+ 14495. 78+ 7.384+ 1104. 73+ 4. 74+
231. 46 58. 69 136. 46 4.58 251. 34 1. 33 133. 60 0.51 404. 87 1. 74
5 11804. 46+  804. 18+ 14719.76 £ 139.85+ 837. 87+ 4.62+ 14744.844+ 100. 71+ 1124. 43+ 4.94+
304. 71 53. 26 197.93 11.16 396. 15 2.18 132.78 8. 82 417. 14 1. 83
4 10683. 46+ 641. 05+ 13661. 25+ 46. 30+ 973. 37+ 5.25+ 13725. 65+ 30. 60+ 910. 70+ 4. 07+
286. 69 44. 11 103. 55 6.12 286. 88 1. 54 137. 86 4.93 380.07 1. 69
5 10474. 15+ 596. 65+ 12899. 06+ 64. 34+ 833.57+ 4. 06+ 12990. 00+ 46. 22+ 1056. 10+ 4.26+
219.52 50.03 74.51 6.12 278. 26 1. 34 84. 05 4.45 379. 62 1.53
6 10814. 26+  834.34+ 13544. 07+ 103.48+ 899. 33+ 4.68+ 13525. 30+ 56. 30+ 1152. 47+ 4,47+
197. 80 59. 39 145. 26 6.93 252. 24 1. 30 96. 89 5.91 383.01 1. 55
7 10369. 28+ 631. 34+ 13380. 17+ 49. 95+ 901. 40+ 4.84+ 13381. 60+ 36. 32+ 1048. 40+ 4.67+
245. 06 50. 22 147. 02 5. 34 247. 33 1. 32 115. 45 5.97 371. 10 1. 65
g 10703. 68+ 689. 47+ 13628. 98+ 57. 78+ 859. 97+ 5.07+ 13709. 75+ 54. 98+ 883. 17+ 3.85+
266. 24 68. 09 110. 52 5. 10 274. 96 1.59 89.02 2.95 300. 83 1. 31
9 10909. 93+ 799. 80+ 14341. 30+ 71.07+ 828. 03+ 5.42+ 14334. 86+ 36. 22+ 1189. 87+ 5.41+
249. 57 55. 54 101. 13 5.03 307.59 1.28 103. 75 5.65 513.18 1.74
10 10158. 60+ 899. 19+ 12965. 47+ 133. 11+ 933. 73+ 3. 60+ 13003. 78+ 85. 47+ 1071. 90+ 4.58+
224.11 60. 39 129. 09 7.70 331.72 2.02 113. 71 5.14 406. 99 2.33
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%6 ASIEASH.AEHITEH 50 H.CA_STT&CRSA .GA_STT&CRSA .CS_STT & CRSA 3 BF 45 R i bk 8

CA_STTR&.CRSA GA_STTR&.CRSA CS_STTR&.CRSA
ST cons ST cons gen time ST cons gen time
1 11493. 94+ 1055. 72+ 15021. 92+ 163. 76+ 937.90+ 4.62+ 15006. 71+ 109. 38+ 1225. 77+ 6.56+4
240. 11 77.21 130. 73 8. 84 301.63 1. 45 111. 77 8.18 439. 60 2.32
9 12434. 78 1062. 21+ 15875. 07+  192. 15+ 939. 43+ 4.82+ 15998. 12+  107.23+  1906.07+ 10.37+
264. 07 83. 87 126. 93 9.41 352.93 1. 97 111. 96 10. 15 656. 74 3. 60
5 10470. 96+ 871.70+ 13781. 084  104.57+ 911. 40+ 4.59+ 13752. 95+ 62.27+  1299.07+ 6.98+
254. 77 62.92 114.63 6.57 296. 02 1. 45 108. 67 5.79 549. 04 2.96
4 10826. 35+ 811.89+ 14012. 60+ 99. 47+ 899. 90+ 4. 40+ 14059. 77+ 84.874+  1021.30+ 5.42+
228. 41 59. 96 122. 94 6. 71 382.23 1. 85 88. 06 5.83 418. 36 2.22
5 12344. 654+  1409. 94+ 15917. 04+ 346.24+ 974. 704+ 4.97+ 16102.49+  249.56+  1393.00+ 6.89+
' 272. 84 70.43 141. 77 10. 64 350. 32 1.78 118. 50 16. 82 542. 96 2.58
6 12247. 79+ 690. 60+ 15143. 95+ 78. 10+ 965. 37+ 4.85+ 15320. 03+ 23.20+ 1325. 03+ 6.29+
268. 26 47.16 148. 03 7.77 283.88 1.42 115. 41 6.72 419. 23 1. 99
7 12237.51+ 655. 71+ 14963. 00+ 51. 93+ 789. 77+ 4.17+ 15039. 94+ 19.48+  1165.23+ 6. 25+
311.09 73.50 155. 78 5. 94 298. 88 1. 56 111. 82 2.54 380. 96 2.06
g 11520. 15+ 726. 38+ 14392. 19+ 88. 95+ 903. 50+ 5.65+ 14452. 52+ 37.81+  1257.47+ 6. 95+
241.93 59. 80 143. 94 6.49 220. 06 1. 38 88.03 7.10 443.71 2.48
9 11635. 18+ 990. 51+ 14986. 43+  121.67+ 828. 33+ 4.83+ 15202. 59+ 56.89+  1214.93+ 6. 78+
) 266. 76 68. 90 136. 20 15.52 298. 23 1.73 139. 04 12. 85 474. 88 2.65
10 12773. 88+ 779. 99+ 16232. 95+ 67. 60+ 915. 43+ 4. 21+ 16278. 86+ 27.79+  1313.60+ 7.33+
273. 64 65. 50 151. 81 8.02 278.49 1.32 139. 29 4. 26 524. 31 2.92
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The problem of the land-based satellite tracking teleme-
try and command (TT&.C) resources scheduling is of impor-
tance to the development of aeronautic and space cause. The
problem is a typical constraint optimal problem. It is related
to the constraints of satellites and land-based satellite TT&.C
resources. It also relates to the visible relationships between
satellites and land-based satellite TT&.C resources. This
problem has appealed to many researchers. Zhai and Tang
consider the balance of each station and propose a balanced
scheduling algorithm. However, they do not give a math-
ematic model for the problem and the proposed algorithm is
prone to trap in a local optimal solution. Yang et al. study
the satellite TT&.C resources scheduling strategies by use of
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Event Scheduling (ES) method. and propose the mathemati-
cal models. However, the models focus only on the conflict
of individual ground stations. Gratch et al. investigate adap-
tive problem solver and take the problem of scheduling the
Deep Space Network (DSN) 26-meter subnet as example.
They formulate the problem. However, the formulation lets
the time periods specifying all temporal intervals when a sat-
ellite can legally communicate with an antenna be the varia-
bles. The formulation does not consider the constraint that a
satellite to be tracked and commanded by only a visible
ground station and the priorities of orbits. This paper propo-
ses a novel model, the mission oriented model, for the land-
based satellite tracking telemetry and command (TT&.C) re-
sources scheduling problem. The model constrains a satellite
to be tracked and commanded by only a visible ground station
to make better use of ground stations. This paper also propo-
ses a global optimization method based on the clonal selection
operator to solve the problem.

Authors have made researches on fields of evolutionary
computation, such as immune clonal evolutionary algorithms
and so on, and have applied these algorithms to many engi-
neering problems, such as the multicast routing problem and

SO on.



