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The scheduling model and algorithm of space based early warning
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Abstract As a kind of complex multi-sensor tracking task, the space based early-warning is the monitoring
and predicting process with the property of the discrete time sequence. Early warning task exhibits many
attributions, including high real time attribution, dynamic attribution, and multi-satellite corporation
attribution, the satellites in the geosynchronous obits and the ones in low earth obit corporate to perform
the function of missile early warning. The aim of the scheduling model is to perform early warning with
high performance by effectively dispatching the available resources. Two sides of work are done in this
paper, one is proposing the information gain based scheduling model, and another is the immune clonal
selection algorithm is adopted to solve the model, and further the distributed parallel solving method is
presented to provide a practical scheduling solution. This study is evaluated with our HLA based early
warning simulation system, which refers the space based infrared system (SBIRS), the results verify the

effectiveness of above methods.

Keywords space based early warning; satellite scheduling model; satellite scheduling algorithm; clonal
selection algorithm; intelligent optimization algorithm
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W RRG TR, BRI S R B AEIRENS . AREAGHES) GXE. FFRHSETFZERE), B, HE
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LEO = {leoy,leoy, - - - leons} Fntd & N2 BURBLIE LE; N2 ARBLEENE (N2 > 0);

GSC = {gsc1,gsca, -, gsen1} FTrmm GEO MW AHEBIUE AT

GST = {gsty, gsta, -, gstn1} Fom GEO Xt BB E RS
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B 2 s T WZEREE BEAUREL o(tar;, T) B9 30 20 IREE, R B B SR T

(40 — 0)/[(5 — 0) % 60] * ( — 0 % 300) + 0, 0<z<5
(65 — 40)/[(10 — 5) % 60] * (z — 5 * 300) + 40, 5< <10
¢(x) =< (80— 65)/[(15 — 10) * 60] * (x — 5 % 300) + 65, 10<z<15 (14)
(100 — 80)/[(30 — 15) * 60]  (x — 15 % 300) + 80, 15 < z < 30
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0, T =0
fhk(tar;,T) =< fhk(tar;,T — 1) + fhkf* (&(T) — &(T — 1)), Ztar; € THKT (15)
fhk(tar;, T — 1), HE
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§(T) —&(T - 1), HeE
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KABUR, Hrr fhkf BHAUMEER B R K ABUR REG X (16) 1 sum(tar;, T) Fam—FhRINGE B E;
X (A7) HF cpe(tar;, T) MRRELTAMEE X (18) W p(tar;, T) RFE T WAREEREE, HHF losf
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TS BT BOREAE A g AT 1) IRIERUE RS X S Br B AT IR A RHIE; 2) BB TS
ZPER, EMIST, KRN, BIASE; 3) WKIE SR IE 1R R EE, FEAIRER 5 A M BE Al a2 5
&, HBRERE; 4) fiR FEEITE o(tar;, T) BREHIE EREREL
2.4.4 M3 1HE (SRERRARE)

6 M1l M2 BERIZERE b, ASCEAE RIS E R BT BRI, 1R U i — e X
W, H5IAE XU X e R R 2%, TETI ARG, AMUTFER @ TN R, Ve &R TR
IR/ INFTRT I SR . AR SCEE il AR AR AR rh i 5 | N XU A 77125

BRI 7 S — R ST T W R TR (UY) B, 7E M1 5 M2 BRI, U IR S
SR STAIRER RO SR AR UREE, R A KA ERTSE . fEf e B R H ARRT, FEER
WE YR FOCBUR” IR A R, XA iR A

YRS sen; TRIRMIE, & “RIRGAIR BRI, FTH {a1, oo} TR, o REHEIR, oo £
AR, A {wr, wo} KRB tar; RETFERE. v UREERERLEER, v, AERRER
ARSI LB B AR, KU EREL A(aslw;) TERISAPRGEN w; BERIBATE) o BIHUR. SFHE & sv FR
—A d FeRENLAE B, R YETH TR tar; 85| BA 15 5RHLE.

BB S RE R sv BURERBUTA ai , IRESLHZEINA w;, & P(wj|sv) ZLREAIRER w;
BHHER, S1TR o FHSCHERITHIR A

R(ailsv) = Z/\(Oéi|wj)P(wj|SV) (19)

— D BIRAARBIT A — KX, R(ci|sv) FRAZRAMREL. 7 sv ZM4T, WIEREESR XSS/ MNIFTA .

A Nij = Mailwy), MId (19) A5
R(aq|sv) = A1 P(wi|sv) + M2 P(walsv) (20)
R(az|sv) = A21 P(wi|sv) 4+ Aaa P(w2|sv) (21)

HH, —WESREUR TR AR L IE BB IR FIPL LR, U0 Aor > A1, Az > oo %8 B3I (20) S50
(21) #¥ B EMR (S EmREE ‘@ f5EERE) HREERa IR ER.
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7R (7) |, A SInfol; FoR seny MF tar; N T —1 2] T BRI BoRSER WIE RMGE AT IR R
H (22):
N
InfoGain™ (tar;) = f(z SInfOiTj, Status(tar;), Priority(tam)) (22)
j=1
HiAr, Status(tar;) R HAR tar; BTALRIHTEE (A0, YRTRAFEEZRETREZORE), SR F Bl “%
EAHEERE. BARUEPRE. HARMILER” WREL Priority(tar;) Fm HF tar; MIGER. M6 EHEE
TE XA (23):

NT™
InfoGain® = Z InfoGain™ (tar;) (23)
i=1
Fy—J7 i, {5 BEIR Al 2 U (24):
NTT
0, H Vi =08 MVTrack(tar;) = 1
i=1
N T
Cost™ (sen;) = { RT(as|sv), HY VEisomMi=0 (24)
i=1
N T
CostSWT (senj) + RT (ay|sv), % Z VI >of M= 1
i=1
BB SO (25).
N
Cost’ = Z Cost™ (sen;) (25)
j=1

K (24) A tar; R IEPSRES sen; 18IRSS tar; . FIREMIBIICKR H TRTTHAZ S H SUHHIR
AR, A (20), 2 (24) FREEFFSIEIN T, SRIDRTE T B 20 SR T 1 0 XU

3 (23) BEAEN T — 1 WZIF) T w2Ipy3g 6, M (25) @R 248X T 2 T + 1 WAIJEE
SRR, Brid, BT LI RR, K (23) X AR T 2] T+ 1 FELMET, A InfoGain™ T FR a5 4k
Tt TG B R K . SR A/ N A AT an 5 B f5 e KA

Rt ASE

1) max objectl : InfoGain® ! ¥§fE BRI

2) min object2 : Cost? FemRPAKER/.

P IRGEEEAL D B H AR, 2 p AR RBE max object : pu- InfoGain™ — (1 — ) - Cost™

YREZMTFERE 2.3 THRSKM.

M3 BRISET g — RSN, AFMEER R IR S EURET, ol e SO B e m FRks
YIRS B AR . ZE BN A, eas . BROR XU Y B e bn B AL 7R AR 4 L S A B 7 Ltk
— ot
2.4.5 RDM 128 (PEHLIEE A E)

BJE RS 22, BT RELIEE =8y RDM 7%, LAE T

B 1 X FEE—A senj, & Mg =18 VZJT = 1 FlI tracktime(sen;, tar;, T) <= ctSTime, NI AV
sen;.

B 2: RETRBERIN 1 &R R, #E SN VT > 1, WAERTHIRE HAR45G TARc 1Y
BEERSIE 1 |TARc| WAEREEATEIR.

RO 3: anIRpA TR 1 FB 2 )5, FEFEE I ARSI, TN T S L NI % R S B, Tl
SRR BENL AR RAS AR IRECRNETR. AN 3, ERW R A 2R (T 2RI, Flkalk
%.

LR W 2.3 TTHERLRZ ARSI RAZMF. SRR REVURS AR, TThHERE
AP 2%
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FHSE BRI SR 2= )kt s R SR s 1) —2RB AR AT 2 BARARESE I 2 /AU L SR, 20
W LARBOR B, TR A BB M AR BRI, W ABRBIZIE; 2) AURSR MBS/, RIS
B/ b, BUERIEAD, WA LML R, B S22 Rt

SRTI, 224 (] BURALAS K, 5 AETE A R I ) PO ARAS G e, B REIAL R B — P T e B 7. AR
SR )R e ORI U, BRI CE M B e, T MGE TR BRI, S R R kA
S BB T AR TS S8 @E’JEE% AN R ] AT . BRI AR SR O SR i i B A S R A R B
XFMELT, SYEMBE S, BRI A, MR SREBE AR B2, A ORRIEE RS, 43¢
K R TE R B m RSO B .

3.1 fhEmfEEREE

SR R RE AL SRE Y W SR AR 22 HARTUAL NI, A s LA | BB k. WORR: o FRFRDE .
PErTRE PR 1%, HoAt Lemaitre 45 12 5 Crawford ™) BT H T UMDY . T o MR R T robeag s
R gk (1ol

1) #adl. FER/NR N RIIRALTARTIRE B0, & XELHTHR DO. i&E3hFEE A0 FISETRERTE CO A=,
At =0.

2) FEFSCELOTIAFIRE. BETUATRE B HRYSCRCHUA, JORITA KRN B — it SR AR
DTy ¥, 415R DTy WR/ANVNF N, & Diyq = DTy, BN, T3 DT PR MR E(E, HR
TEPRBTEE Bt RB/ AR, FFEERT N DB Dyl

3) Bl W2R t > guax, WEIRIER; BN, ¢ =t + 1.
4) BT ARRARERYETE. IR Dy BN PNTIRSIFEE SRR Na, & A = Dy; 500, 3+ Dy
A MRS EE R, FHHEEM R/ MR FHES, JBHERT Na MBS SIREE A,

5) WAl skE. X A, BSOS C,.

6) 5. XTITRERTRE Cr STt .

7) W& C F1 D, BEIGUAFEE B, #7 2).

XEGUAMEE D NEA MR HBTEEE A

:(d, D)
d D Z fmgax frmn (26)

2 (26) H, e m e RS o A BRI R EMR/ME, G(d, D) BYEMm T
00, fi(d) =min{f;(d")|d € D}
Gi(d, D)

0o, fi(d) = max{fi(d")|d" € D} (27)
disv, HE

R (27) H disv = min{fi(d') — fi(d")|d',d" € D, fi(d') < fi(d') < fi(d")}.
HIEFE RS, BIMERBTRERILSE 6) PRy RRG T, FETRPY (Cauchy) 747 R EE IR
Sl REEZTERIREENES U b PHURER Y B G, BOCRE B FRESReS. B e s, 7]
ARG AL, SR BER T (<0 AL, ATPE A R RN (28):

1
C(ﬂf):;'u ixQ

FR R A, WP A B . Sl R B T BRI AL, TR (28) BB Z 4R, YRR
IR, R TS5 A RS B .
3.2 SHAFITREEE

ST EOR EELE L NN AR S, SR AR BN . B REI SR, HAS AR
FYREAF AR A — T, PRI R TR & ] PR S R W B i, SRR ]
B, PRIHOELMRUE— 2SR5 B i 3 —J7 T, MERAER R TE 5 T30 T, I 2 R LR G5

(28)
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LSRR RIS RE T, SEELZ ORI FIEFATIH ., SRR TR, EREAR, A =OHT T &
FAEL T, X BUA—FEAR AR 7R 41,

XEFOMATHATRIGHITERE, TTLMRIEHER NPT REPER M AR, (RBCE =Rk AL B, C, TEfER
fpt i B A SA R RIS R BN Pay Pou Pe, IR T 0. F=ZREEARR, WAL,
WEES, IAT AL B C BIBIIBER I LMETE N Pay =1— (1 - Pa) » (1= By) * (1 = P). Bk, XEUTIF
RAGH A EEERTFETHA RGN, Pou > max(Py, Py, Po). ST BBEERMTRGILIL L.

TSR TUE I R e BRI St P, Al A 2T SRR HESR T, Sl 8 e 2By SR A 2R TR
FRAYTE, SEBUR 1S 2 I TH] P SR SR I R R 5 .

4 {FREESSH

T SRR HE A R E O RIRLLAMIE R4 (SBIRS) KSR, ZER N AT HLA HEZELRY RIETN A ( F
ARG R AaERE, MR Z B RE .

fFECAEERIT “1 Jan 20107, ¥ TEAH2: M SBIRS BEEEAH: IEEHTEN 5 B, KR TE R

2 M, RBLTER 24 55 WHEBOF BFEW AN XIS AL AL 407 B, B fE— XSO C. 4007

A 54177 B FRt#EECiE Ty C, §—L00r K4t 5 HUSi, 2077 A, 4077 B, #J7 C fysEA e DL K Sk GHE
BUINE 3 PR, L7 3LE S 10 Moo, AR i S SR L R AL BN 1 R

A, B WF7EF A ST /A7 AR B S, AR Hpge® |, REHE. B 4 RART 9#

AM5 FE “01 Jan 2010 12:36:40.764” B2 PRERE DL, SARFRZR/RZETCRD, PARFRI/RAHM A LEO BEM AL

xR 1 BEHHSHEGHERAE
a7 S4 RETEHE] BUTEHLETE SR KGR
AM1 12:02:49.200 12:40:55.872 —19 —51

& 2 100 RIFEERILMFNIEIRHE

AM2 12:13:21.600 12:49:49.722 —20 —56 ] M3 M2 Mi  RDMI
e oA EREYREC 103.966 118.239 21581  342.347

A AM3 12:15:50.100 12:58:24.548 —21 —61 NN
fEEH% 90.9821 58.2871 54.4077 88.7552

AM4 12:25:06.200 12:57:00.506 —12 —61
AMb5 12:03:04.800 12:39:24.384 —23 —63
BM1 12:06:17.000 13:06:46.925 -3 22
BM2 12:18:53.600 13:22:47.032 -5 12
B BM3 12:24:11.800 13:27:10.841 —12 21
BM4 12:12:20.600 13:12:07.665 —17 29
BM5 12:08:42.800 13:15:11.366 —19 25

SampEpntE  2549.70 2454.51 2460.09 2802.09
S PREREERTE]  1555.84  2227.44  2242.43  1743.77
PR EsEs ] /AR U 24.52436 20.75889 11.39933 8.184941
STAHRER R IR 14.96489 18.83845 10.39076 5.093575
(RSB G 0.875114  0.49296  0.252109 0.259255

B3 BEht 10 RSRAHKTEE B4 S8 AMS REELHRERRT

Xt 100 WA E IR Z TR AT oiit, Wi e U, (5 B0, BRERI ) SE P dm, 2% 2
TR O TP R O L RO R T AT TR A
MK 2 B, M3 BRI EA H E 5 I8 A0 2 B VIR A He. BUE R IRAME 55t 2 AR5 5

2. WAL (1, 11, 14-15].
3. ML SIS 1805-300s 2], MEKIRPTIL B SRSI, YR RS T E R SR,
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B, TLHR AT, oot OB EE, R B AR RN 5, RS Wcas fUEE, M3 A5
THHIERE, T ABGER S EE LS. THEX 100 RGESHIVMERSHHE, W38 3 s, HPEFE
2 95% .

& 3 100 RIFELGIHERASEFIEEXIE
Bl WiE WE (BEXIE) RS teER (EAEIXIH)

] M3 103.97 [102.2, 105.7] 88.52 [7.77, 10.28]
# M2 118.24 [117.6, 118.9] 3.42 [3.00, 3.98]
w M1 215.81 [214.5, 217.1] 6.43 [5.64, 7.46]
¥ RDM 342.35 [341.7, 343.0] 3.38 [2.97, 3.93]
% M3 90.98 [90.57, 91.39)] 2.06 [1.81, 2.39]
B M2 58.29 [56.74, 59.83] 7.78 [6.83, 9.04]
s M1 54.41 [53.07, 55.75] 6.75 [5.93, 7.84]
% RDM 88.76 [88.39, 89.12] 1.84 [1.62, 2.14]
[y M3 2549.7 [2540, 2559 46.77 [41.06,54.33]
B M2 2454.5 [2453, 2456 8.12 [7.13, 9.44]
ity M1 2460.1 [2459, 2461] 5.13 [4.50, 5.96]
Ii] RDM 2802.1 [2801, 2803 5.43 [4.77, 6.31]
A M3 1555.8 [1549, 1563 35.23 [30.93, 40.92]
th M2 2227.4 [2226, 2229 6.45 [5.66, 7.49]
B M1 2242.4 [2241, 2243) 5.151 [4.52, 5.98]
o RDM 17438 [1742, 1746) 10.33 9.07, 12.00]

# 3 R, WERRPATEATE, HE—2E 5 R 100 WHEAE B 45 VIR AR,
ZEIRI M3 R BA I R

@
S
)

%)

< 504 —a—M3

s —e—M2 1.2

£ 40 s B
2 Y —v—RDM 101 (e
= e

b
w
S

n
o
w

=

0.1 02 03 04 05 06 07 08 09 10 11 1000 2000 3000 4000 5000 6000
the Ratio of InfoGain to Cost The Time Axis by Epoch Second

B 5 EREGZSTHMAEMMNEBSIEN G B 6 IHRE TN tLiEnaTtEs

FTEE ] AL T 100 W5 E AR A B A5 XA I 0L T T e FRL O LRI TR A T gl g LU, BN
0 ZIF I —HEMFES W, B 6 SR T 100 W LRt 8@ 3IEN, AT 5 X, ™
AL M3 (s E NS IR, DR S AL M3 1 25 2 1) LBl

763 2 MOSSH: IMEEREAMES, M3(90.98)> RMD(88.76)> M2(58.29)> M1(54.41), [fi[&
6 U0, M3 A SR I, T HEEXT M1, M2, M3 BARIEWSHE L T 5 T PR, X =Fh
AT ] S B S IR R SR AR AR RE 22 7. A SEBUAE R 20 A — iU [a] — SR AR LT L, =Rk
R ST R AR | B R 8 R R R E N R B A R, Suitg Rk 4
Fi7s.

=AEF A FE R B (skewness) FIIEE R B (kurtosis), Sk>0 FRHEIMT B IEMmZ, Ku>0 FHIMK
BED. AT IR AU o B IRAS (B W), FEBENE. Z3RBER T, M1 S L% B /iR, i
RN AN G, THREREIE 14.83 . L, M2 5 M3 BEEREMEE R R, AXTH M3 b M2 &
{EMRHH BUACEEE D. Hesh, IARHEZ A HEISE AR K/NRE, BRI e B AT

n
S
!

N e ——

o b
=~

by the Relative Value to M3
o
>

7/ \'\.-- 'A\

o
!

o

N

The Ratio Trend of InfoGain and Cost

the Ratio Probability
=
S

o
o

4. BEERBPATITE]_EFRY 3 #0815l CPU i Inter XU 3.0G, WAF 2.0G, JESETTHRFSTFRIEATE 1 AL
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" 4 =RMER IER R RIS R it

M1 M2 M3
ot MMERE SR RERE SR ERE
¥l 14.83 1.417 82.49 4.397 77.85 3.869
¥IER 95% TR 1205 73.84 70.23
EAEXIE] FRE 17.62 91.15 85.46
5% B 11.14 74.95 71.25
g 1.00 63.00 66.50
i 24.861 77.170 67.907
FRUEZER) 95%  FRR 23.041 71.519 62.934
X[ FRE 26.997 83.799 73.740
e/ IME 0 0 0
NN 124 404 455
TREE 2% 2.209 0.139 1.441 0.139 1.775 0.139
IR AR 4.956 0.277 2.485 0.277 5.282 0.277

5 45iE

AR LTI 55, FUE AT 55 vl W9 BRI P SR B AR I, R R itk shst. 2 B UMESrss
R VRBEARAL S PR B A B SR R A B R B R B S B MR —, SOy LARARBETER A I :

1) | T $2m HARRINE B 4200 2 BRI A BEARAL, FRr e R U R 5 N BEARA. DL SEE R
BLHPERS (SBIRS) MTES%, M ARSA IR T HLA M08 (i RS T8, 45
SRR, AR B B 7 R S AR AR T M B FUE R ey B 55 L AT U (5 AR,
B, S G AR P IR, AR HC B =B, A SCRURARR B HH T 4y HERE.

2) R R FE AR AL, Jras o LB AT 2O TR FIAER. RAETE AR R T
NP-hard [A@. JEEEAEXE REUALSAA BB TSP RIUS R SR M R B bR R
B, ORIITIRMSE AL (R AEXICIOR BE | B R E R Ar) AR, T A SERR MR R, A Gl 2
RERAE SR AT AT TS BOAR. (ARAUIETT ), 3 o 10U 1A B SR AR A WAC S0 JBE A 5

A EEAPTEAER R B IEN S, AR TAE LEAEPERN AN —. hTSEEHAHAA
FERE I, —HRMER R A EEPRR A, aPRASCRR R AR IR R R, FFm
LR CENE, LA LAMMERNRIETE R 75 . @ s RSB o e A =TI E
FORATHARE ), RIETHE LA SR TR L B R RIS, S R e AR AR
PERE, LA R SERR BT A B 75
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