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Fig.1 Selecting N individuals from the combined population

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

14 EEH%: ETHIK NSGA-I H KX SE S DR R AL 45

T EITH S « R RTIHT RS AL THE BRI

A ¥ NSGA-IL EUA WA T (BB, N).

(1) #ngatt. BEAL= AR AR Po, X HBHATAER MR, HER I ARGEN,
EMNERESTMENIELEH 1 ARNKNE). ARXAEH, EXMERE T4

BOY N K7 Qo

@2)t=0.

(3) While ¢t < maxgen maxgen A KEAACEL
Re=F, U0y B MBI RS S F R
F = FastNondominatedSort(R;)  F = {F1,Fs, -} & R, HEHESLBKE
P1=¢ ¥ P MR
1=1
Until |Py,y| < N BRI
If|Py 1 UE| >N mE F RERHEMAN—2

CrowdingDistanceAssignment (F;) & F; R BTIER Sort(Fy, =,)
X Fi i >, SEITHES

Pii1=PnUF 255 ¢ BAESBBEMBEMARAPhEEF

i=1+1

Py =Py [1:N] HHE P IHT N ATE

Qi1 = MakeNewPop(Pr1) HIZE X MR HE T —1

t=t+4+1

ATLVEH, SaiEtE R, P T SRR E MR MT X R >, HF
HAR=N -

3 Bt NSGA-T Sl TR B i ib st A #9523

PREEMMAL LR - % Bt B, BBt E sk TR ARE, N
REHLMERSEIE. BEESER. ERELMEHANER T RS K FHNE
K. BHARAMESHEGBITRAE. THMNAREEK NSGA-L Hi, X X8 &5 HER
TEEEH#ITIT
3.1 EBREEE

AN PEESTEEA B LA 6 M2 uHERECR € L BUEEKH o, MOF e, 1l
i, FIEEKRE 2, BHAM ©, URTIEA/A M. 7R RER, HEEshgmbl ik
B, — R —ANEENIEAREREH, ROFHBAIRAE, X8 M N
BLENERE, BE 3N+31M24

BEETHER BEH AN Nua. BEEROASHNE 2 iR

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

46 W OB ¥ ¥ O 24%

AEOP A NP 7 S R

B2 BREREAKLH

Fig.2 Chromosome of constellation

WNmax MNmax | ﬂa‘gNmux

2, S8 flag, A TAREDE i REAEREY (flag; = 0 RWADE; flag; = 1 Kk

Nmax

B, SRR AR AR O K BER AT AR FR R &, TOREF R LEHE N N =) flag,.
i=1

i B 388 15 L B SR b AT RS, 4 TR B S i R RS W M A A O K
B, SRFSCETHR1E.
3.2 BHRAH

X BEENBRDEREMNE, BTSRRI, BT ESMERN, SFEERE
RARKGME S HE. Wi, BiRfEebmzE Dhm 3 B BREelr, BEoxR
REm, URBERTHIDEHERED. AEEAHERRDPENERMGE, FIA STK
MBS SRR E AR ER AT U BRI S . M5 £ B E A R X
S EIATHR, BETE OB AN S, F— 21 TR X s — A
BRI E A F.

(1) BEFASHBERITHE

BERFIANK, BB IR

3.83 fA A
5_7717_Lmaﬁﬂ.

HP, A AHENSHFHRMR, D AREREMABELR, [AL¥RENER,
D/f AMXLE RB\ARAR, RESHEE THEEA
é

A
D; = fH = 1.22H5.

Hrh,  H ARMIZS B 5 R B
LR, XAREBEM SR, WREFFEMERC GRS TH CCD 84, Wit
FEFmHEE (IRFPA), NI H R EEGL T CCD BH4WRSFMERE, HX 6 —#E/NTF
CCD 4. B CCD BuTiIRTH I x [, B F AN LT lh
o _H
DY =1
(2) Bm XN ARG E ¥R ITE
M T REXEAHABE, BaSERNERNERE, mE 3 iR, SRR
A H, MIERFENEARA R, SIRMBERCA H', W B0 5N S v iR PESE T A
EFEKAEXN 0. S L=H+R BE=ALLEH
__ Rsing

sin@

HI

LsinB) 9,

3 = arcsin ( 7

BB, FRNBELABETRIFE b i assoy 0P = 0 s, maey
SRR BT RAN T A P T, AL MM P L STERALBE T XM E b A

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

134 G ET R NSGA-T Hkm A% DR BRI 47

— Ao, MEOBK o A HE3SHH, ao=04+43 FHFBREIHT@E L, HK
=] Dl(-g) = Diz)/\/cos(ﬁ + ).

B3 HAuk BRI RE R

Fig.3 [Illustration of resolution computation of other positions

MRIELL EIHE, 246w/ T CCD SRR/, TR & K i AR R B 1

AT LU R 2 R it 8
Dol Rsin { arcsin [&?SI—M] - 0} .
fsin 0\/cos { arcsin [(—Hi%)ﬂl'q }

E R E AT EE TRENEDR, rTUXEA R 2 S8 RS T Bk
R B I PREAEE — SRR NEKE BRE NI S0 sHE, K5
PRI A B/ IMEAE A 4 B R PR AR TR B B T RE.

EFEt NSGA-L (8 B DR B L ST ERARE A 4 Fin. FUH Matlab,
AT LASEH, NSGA-L 535 B STK B—PRANIDESH TR, #FA STK RELAER
T BRI, 85T STK #2fti 0 STK/Connect Y —F 4 il XK.

3.3 *%¥

I B B NSGA-T i 8 % TR R R4 Wt BIE 1S 2 )2 — 41 Pareto i, X Ef#
RN B EA SR RRFITURERRNTE, EREFHHATLEE, XBRTE
B R . BRTESBIRE NS AR RE SN, X BFRET R MW
§FHE B SUFIAB TIOR ), 27 R BRI H D& R BB HRFF, Rtk
FERKK LB E.

AXHBERREE A L 3 A B EERF R A BR A, AN
B PR AR R T EHE.

4 fPiRRIE

v R R T I [ B S VA
Amin = 7507 Amax = 136°, ¥min = 0°  Pmax = 55°.

e, A HHERARE, o NMIRAERE, iR 3 DA E A B AR 5 TR

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

48 = | B ¥ ¥ i 4%

STK/Connect

%t Po #EATIEBHE ST B, FERT
/l\/[\%“ﬁﬁ‘i& (Rmax - rank)

v
%, X, BR %STK/Connect
BEFREQ STKHEEEYNER
FHA LM SBER
A

g

g

L

N4

=

w

R R TRAITESHES R
F =FastNondominatedSort{ R;) . AX. B9

BIETFHEQ

P¢+1 = Pt+1[1 : N]

HEFp R R R ER I BT
No CrowdingDistanceAssignment (F,)
4

Piyr =P UF

K4 EBER

Fig.4 Simulation flow chart

iR BAYUAERAL RS, AKFENSmMAHL 5°, BEFNSAA 8.7°. MEEN
50, B AR XA A 100.

AR, TR E R F R ELE DA

HEMAET NSGA-T #:# & D2 B B T EIES 2] —4 Pareto i, SRR
TP X S ST, BRMERTE R BRI Rk 1 PR

F1 HKHmER
Table 1 Optimization Results
BHA oo TE
sHH /(%) PR /m g2

a/km e i/(°) 2/() w/(°) M/(®)

137.32 303.18 118.03
42496.20 0 0 100 769.08 2

223.15 242.32 65.150

EMAAHNERDERERRCERLA 6.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

| _smelim s et 3 om0 R Ns 1 [ e R AR e T B fe 6T me
e HEARTE G ERE €SB lnt § M i T B B MR T o R
Fig.? Fuipected coversgc arca and pogition Mgt Coverape arca of remoic scosing
of oy cbecrvation cemetall mtics

A I HEE A O BR B i SRR R, BT e R,
(R B RN P TR RS NSGA-N A 5 bR S R L B A RAE R, BT
Mo D, 17 ES Pacte §, FEFEFHDER TREHMSHFT]
H A, RUEETTLRET MY, i teh B8 B FESM R R
B, (R TSI A F

TN} NS RF BEESE 0T i, RS R AT R R T, TR
¥ Aeaib b B A RREATAREL, O A SR AR a R O a4 TR AR i . it
NSGA-E #5741 Mk SF i A

(2 S35 RAPEET. FUH W B B T B B AL TR B, R TSR I,
Y EHRNEEREL AN, FEFXREITERNE, REHTHEE. TR HEEEE
NSGA-I ¥, REEFRFAHFZRFEXLIATEEIK Pareto R {THEFFRIR, ARE
FRBATRE. MEER NSGA-T H 5kt s 4 FE e R B & B ARLAL. 1ol BB I 3
RpE—L.

5 Hig

WLk, B EHAX SR S TE R ERITHRNABREZ. AXEAERA
TAEMERL L, WS NSGA-L HE: 5% Biri X SUE = 2 REUL R BE R R, il
£ BRI, BE—hE S AE R RIS T R PR v AR BARE
EEEEE, MOANKGRE S ERRAEEHY, RAFARERITERNE,
RIEWFSHA, B EER— S SR X R BB, B5h, AX
2 H Y B AR A7 B T DUHE T I P 21— B B SRR LA 1] AR

8 % x W

[1] Wang Rui et al. Optimization of regional coverage satellite constellations by genetic algorithm. J.
Astron., 2002, 23(3):24—28. in Chinese (FH%. FHBAHEZ#ITREES DEEBHRMAERIT FHF
#, 2002, 28(3):24—28)

[2] Mason W J, Coverstone-Carroll V, Hartmann J. Optimal earth orbiting satellite constellation via a
pareto genetic algorithm. 1998 AIAA/AAS Astrodynamics Specialist Conference and Exhibit, 1998.
169—177

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

50 = | OB ¥ ¥ 24 %

[3] Srinivas N, Deb K. Multiobjective optimization using nondominated sorting in genetic algorithm. Evol.
Comp., 1995, 2(3):221—248

[4] Deb K, Agrawal S, Pratap A, Meyarivan T. A Fast Elitist Non-dominated Sorting Genetic Algorithm
for Multi-Objective Optimization: NSGA-I, Parallel Problem Solving from Nature VI (PPSNVI),
2000, 849—858

(5] Xie Tao, Chen Huowang. Evolutionary algorithms for multi-objective optimization and decision-
making problems. Eng. Sci., 2002, 4(2):59—68. in Chinese (%, BEAFE. % B 5UR KR
g PRI RS, 2002, 4(2):59—68)

[6] Wei Shixiao, Zhou Xianzhong. Multi-Attributes Decision Making Theories and Methods and Applica-
tions in C3I. Beijing: National Defence Industry Press, 1998. in Chinese (Biib#, H#k+t. £@EHERE
Bt TR EE CPL RARMMA. dLst BB TR, 1998)

OPTIMIZATION OF REGIONAL COVERAGE
SATELLITE CONSTELLAION BY IMPROVED
NSGA-I ALGORITHM

YAN Zhiwei! TIAN Jing? LI Hanling!
Y College of Management, Harbin Institute of Technology, Harbin 150001)

2(College of Electromechanical Engineering and Automation, National University of Defense Technology)

Abstract

This paper presents a new method to design regional coverage satellite constel-
lation, the non-dominated sorting genetic algorithm II (NSGA-I[) based on Pareto
optimal is improved and applied it to the optimization of regional coverage satellite
constellation. The best solution,depending on the importance of different objects,
is selected by a kind of multi attributes decision making method. Simulations on
remote sensing satellite constellation are presented. The results of the simulation
realized by STK and Matlab show that the algorithm can get a group of Pareto
solutions. The algorithm presented in this paper can avoid selecting weights of mul-
tiple objects. On the other hand, compared with the simple genetic algorithm, our
algorithm is more active. Thus the question of optimization of satellite constellation
with multiple objectives can be solved.

Key words Non-dominated Sorting genetic algorithm, Satellite constella-
tion, Regional coverage, Optimization
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