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Agile satellite autonomous observation mission planning
using hybrid genetic algorithm
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Abstract; To improve the efficiency of the traditional genetic algorithm when the agile satellite observes large-scale
ground target points and increase the solution efficiency of intelligent optimization algorithms, the traditional genetic
algorithm was improved, and a tabu search-simulated annealing genetic hybrid algorithm was proposed. First,
considering the time constraints and attitude orbit dynamics constraints of spacecraft in observing ground target
points, the corresponding fitness function was established. The proposed fitness function could guarantee high
observation gains and low observation energy consumption, and reflect the observation requirements of practical
engineering problems. Subsequently, to improve the mutation process of the traditional genetic algorithm, a tabu
search-simulated annealing mutation method was proposed. This mutation method introduced the tabu search
method and Metropolis rule in the process of individual mutation optimization. As a result, the tabu search-
simulated annealing mutation method could improve the probability of obtaining the optimal global solution, and
accelerate the convergence speed of the algorithm. Compared with the traditional genetic algorithm, simulation
results showed that the tabu search-simulated annealing genetic hybrid algorithm saved about 40% of the running
time. The operating efficiency of the algorithm was also higher than that of other improved genetic algorithms such
as simulated annealing genetic algorithm and tabu search genetic algorithm. The results verified the efficiency of the
tabu search-simulated annealing genetic hybrid algorithm in solving the mission planning problem of agile
observation satellite.
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Fig. 1 AEOS observation diagram
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Fig.2 Satellite attitude maneuver angle diagram

M (5) FTLAE Y f B e R B AS S fk
Hir, RI7e5 3] TR e W FE SO0~ R nl gk
2 MR AL i 25
1.3 AEOS EE#MIUMNAREM

T2 AEOS {155 FLRI I 2 s 458

WG EBR S my, I TS 2 W8I0 Fr) 4 2 s ] X
B A2 A0, 5 A N m, AT LA RN 1, B

Lo St sl St 405, =1 (6)

TBEEEFM m, UG, AAE m, FE] ] 7 H

BER Z TS AL AR LI m,, B

b+l +d, <t 4 F;=1 (7)
FIEMT TEBIES) ) AR
i+ =0 (8)
r

PARAN DRSS MR BEMBELR ZEM
JIBEIERAT

lgl<eo,, ,IE1<¢, (9)

Oy SWy,, 0, SO, (10)

QS 0 S, (11)

AR NG Z AT TR RSB R 2
t,; =f(r,,pos;,pos;, T,..) (12)

o, IFTE] ¢, SIS H bR s 2226 B2 LU S AEOS 1Y
BRHLB 1 T, M1, TR i i 2 R, JE
Ht AEOS 5 ZEHLB A 0 SRR A T SCHR 17 ]
F 5, i 3 B,



-4 - Mok EOT Ol KR 4R

553 4%

AEOSHUE

X

3 AEOS £EW 30 f B KE
Fig.3 Calculation of AEOS attitude maneuver angle
FEIE 3 1R R R, AM1H m, Bl m, 2R
AEBRZR (ECI) AR R B A

cos wf  —sin wt 07 R.cos lat,cos lgt,
R, =| sin wi cos wt O || R,cos lat;sin lgt,
0 0 1 R sin lat,

(13)
Ko HHER B FE A R, AHLER}AR
K 3 d R TUEFE ECT Fh Ak AR, T B =

RKig:
cos ) cos(f +a) —sin  sin(f +a)cos i
R, =R |sin Q cos(¢f +a) +cos Q sin(¢f +a)cos i
sin(i +a)sin i

(14)
AR, N TERBLE AR, Q NI RIRE ¢ N
VT Hb SR A o DRy TR S 0 AR R RT E T CE
a=E+wt (15)
A E S TR ITF IR WL I 2] 1) B A, 0, T
B AL ¢ A S HT I 2
Hi 1 3 Al 4e T =X
R,=R,-R,
R,=R,-R,
PR, TR ORI m, 22250 3] m, BT % 5l
(AR BE 6 AT aE R ARG
6 = arccos <R ,R; > (17)
ZiaaX(17) 5 2, Bl e 20k 15 TR i %348
BLEh 1,

2 HARRBRKEEBEHE

X TR MU ) T B AT 55 LR TR, A% 42 4 38t A
SAVEAROME T S5 L 1) 3 S I ) P 45 8 s I ) SO0 00
B, PRE A7 B AL SR Y S R A Bt

(16)

FEXT FAE G545 3305 28 5 05 vk AR SCHE R i 25 2
1R KR 55 L RE S A RIER v B SR R R ROR
TR EIL B TR ]
2.1 HIIRFREE A Y

AR SCR FH A B0 ) ok fife e TR 1) 4 55 B K i)
FL R A 5 ) G A A A g A 5 AR L
REAS B UL e 7 T 8L 0 O 7 31, o o 43 v 4
AR

K LR g 5 00 B G B A (R A A
AN A3 R — B T AT O P 51, etk
BEANSE PR X oz 8 B R B A, Al 4 s

(slifa]3]2]6]
M4 SHAEBOLEE
Fig.4 Integer-coded chromosome

K4 RFE—FKERD6 MR, KR DA
ZOWM 6 4~ Hr s, B 5 5 B, 55 Wil 6
S HEHRA

W L AR SUSECH n, AEOS T2 n 1N H
b s R B NV A~ B s s AT LI, AR M
FREER A6 A0 T ¥, BEAILAE L M A0 3], H:
RSN F SRR N DA KT n HEAEL W
TERB BT — A HAs AN S B oW, fE /s
AL R UGE G R B e A A T
— R YRR T T 7 )3 0 PR
2.2 EMNERHEITE

35 RS 8 KN R A R AR P RS A
KT E LGN, W TR 45 I T 51,
T VTSR T R A 3 A T S T
B RE T RUOWIN Iy 5 e 1 B bR, iR aE .

Stepl  HCECYATHIETE] ¢ 5 m, BRI 11 45
A 2,0 A0SR ¢ >, 0 m, TCIEGOWM, 4> s, =
0,i=i+1,4kZ:4017 stepl , WK ¢ <, WHAT
step2,,

Step2 LA ¢ 51,0 R >0, WHAT
step3, WISt <1, , WIEAT stepd ,

Step3 & 1,0 WER 1+, >0, M m, TOUE
PO, %5, =0,i =i + 1, HUT stepl o AR ¢ +1,, <
o W, FTRABOURIN &> s, = 1,0 =t +1,,+d,i=i+1
AT stepl

Stepd 5 1,0 WER 1+, <0, W m, AT
PO s, =1, /AT stepSo TR ¢ + 1, > 1, W m,
TCEEBOII , 4 s, =0,i =i + 1, 34T stepl ,

StepS WK+, <t,,, L t=t,, +d =i+
1, 0AT stepl o MR ¢ 41, >0, , 2 1=t +1, +d,,i=
i+ 1,37 stepl ,




LERVR |

FRTIN, A SRR GBS RO ROE TR A 30T 55 ML) -5

Mi=1, EBEHIT LIRS R, HE =N,
A BBV F SRR s, LK F, o ¥ s, F, LA
KT R HAR A w, 528741 AL (5) BRIk
AR LI 7 51) T X6 I 118 3 7 (L ) R/, A A
(P25 i Bl T AR IR A o
2.3 EFE RZXIRME

AR PR AR BE SR W LA S B 255 W vk X b et
TTiEHE A SRR, MIEOR B SRR 6 o AUR
2 TOLTE AR SIS A HHAR B B ¢ + 1 AUFD
B BES AR A 2R N ACA th e B ACA #4728 X
B AT 55 g + 1 AR EEIESA M.,

R RE R TR AR AT R

F,
Qi = n
2F
i=1

P, = 2;(5 (19)
AP F, 5 AN SRR BIE BL(E, Q, A i DAL
ARWEFEMER, P, W NER 1 DA ZRE | A
A SRR, Ly | 2% AQAR Fz IR 7 HE AR 31 /1N B
ity HES
i DAL S 5 R ITE I
PR T 0 F 1 Z R BEAILEL r, AR BEA 1AL
Wi P,y <r <P, WEWRES | MIAYET , 25
PSSR FERWE W B R R B T
AL G T EAT S SR LR Mg, PN ACAR
e E  BENL A — 38 SR X A SCAR AR S
I IPTIAIR R, SRR E 5 B,
X

(18)

KA1} FHR1
l6[3]s]1]2][a] _ [6][3[5]3]4]6]
RA2 —p
(sl1[2]3]4]6] [sltf2]1]2]4]

B5 ZXERE

Fig.5 Crossover operation

23 A8 AR RS B i TR A0 A AR R A
B, HeanfE s H, AR 1 B 6 i3 AR R R BLAY
JUE ., HL, HFEHTEEEERE, SN
ANFEHZ ER W AR R . REERIERE A
FAR P AR A IR I BEAL AT B B % AR ek
H AR, Al 6 R

FH FRI
Lefss[sf+6] _ [1[3[s]2[4]6]
FHe2 =25, s

EIRNEIRREIEY s[1lslel2]4]
E6 xBEBMHE

Fig.6  Deduplication operation

2.4 BERRANER

AICH T 2 2B KA 5 (tabu search-
simulated annealing mutation, TSSAM) , B /G451
AR SAE R R FIBDIR KR B A OCE SC; Hy
297 TSSAM B BRI RE ; FeJm 70 17 TSSAM Xt
TR GEN AL S 07 B el Z AL
2.4.1 EESIHREE

SR (tabu search algorithm, TS) F-1I
TR Sy, IAT) e %) 08 Sl e 2 v 35 B e 10 M i 2
RS S AR AE R B B R 48 R i, 5 BRIk
WS, AR S R R AT R A R Ak T
—NEBIRN E A AR TR S S R R R B
J1 M PREE N S . AR R R — S L
wr,

D) WG, S5 RN BRI IR ME, EA
SO RIS Z 5 SR ME X,

2) ABIRFEEE . WA x, AT IURAN R EE &
X R TR it 7 A G @ AR D, 408 4al gk R ]
2-opt JE, BV B A (R 67 oo 2ok 7 A
% 11 B A5 O N 82 7 R B - R RN )
KEAK,

AME AN’

— I
[s[1]2[3]4]6] Z22% [s[3]2[a]4]¢]

B7 FEABER

Fig.7 Generation of neighborhood solution

3) MR, x, 77 A 008 A A B B D A R
FREARPEE R AL, T x, HA, JeE 21
B R AR x, o

4)EEs ., HTICRPEE =B RTE TR
PR W TR R B A T 1) e LR, 2R kit —
AN x N BFERE, Horp N @A RKEE, Siadkh
5 L ATH j DR a, R SSH iLj ME E T
ENIUECS (B TR &S iU G B S B A A
EICEN 0, W SRIR BB S AT R B A & R
RIT IR B 2 SR 0 TR

SBERKE, P R BYRAEA R VF ok B
RRUEL, B KESRORRKEAC, AR RKE
WEH Ly,

2.4.2 FLUER K

Bl iR kB ¥ (simulated annealing algorithm ,
SA) YT N (BUE — N8 KR, FLR i %
I RRIEECT R, B UCE AU 78 24 i A A4 408 A
BEHLAE S AT 47 4% , FIH] Metropolis ¥ U 4] W7 2 15 2
AR FTAT AR G ER I AR R RIS



-6 - Mok EOT Ol KR 4R

553 4%

D) IRJGREE SA R RIREE ik T, Yk
IR JGREE T WHIIRIREE T, TR, kAT PR 4
TR,

2) BT WA IR KR R SR K, W)
IR EZRIR IR T(n+1) =K - T(n) , M n
AR, KR 0<K<1,

3) Metropolis 0, UNSRAE {5, BILPIRP
IR AT s, D0 T 4 HTAE 0 LI 1 B2 s,
VERH R M H R, W s, 5T s, MIA—Z MR p
32 s, VERB B SRR . MR p 5 YFTAIREE T
PR s, s W RAER) 224 56, TR AT

p=exp(AE/T) (20)
X AE N s, s, @ E KRB ZEME, H AE <0;
T 24T RGN
2.4.3 ZERIB KRS (TSSAM)

P PRI —NMA R B S 52 500 %
T A REALEL r, QR R KT v IR 2% S HiT A
PRIAT TSSAM #24f:, TSSAM BHRANE .

Stepl  Xf TH— M2 5BSHME x,, 5 6™
A AN SRR 4R . x, WRRVESE A% R W0 ih
il o BEISRE xg 7 A 0 SR8l e BN DI 3] 25 1 T
HEATHES I I ARy 2, o e x, VERRIESR

Step2 Kk x, SHIUG M x, HEAT AL
AR x, BAE N BE PREE KT x,, AT step3, 2R
x, WIE AR/ T 20, TAAT stepd o

Step3 ¥ x, 1EH x, 28 55 B AR A ] 2 A
R R AR R R, 10 x, 158 x, TR N
HIES 0L, DR LT R, EEAE R RN
R AR R P A AR TR AT AN T A

a;; =a,, - 1,if i, j#),
a;; =Ly, =i, ,j =], (1)

BEJS 5 8T — SIS A 0T Stepl .

Stepd 5 x, HYRP B A T AR B AR 2 Y e A
il R AR BT e e x, . FF x, 5 ox, 1Y
HArE L B EUERY 22980 AE,AE <0, 7=H:— K
LU, a5 /2 exp (AE/T) > r, W37 x, 1E 7
S I B AL B R b Rl TR AR e B S %
BTN — NS B AR, AT stepl ., iICH x, 15
B x, WM B O, 7, FERG FROTER, AR
RIITEANEE R R P IER TR AT T HRAE

a,;=a,, —1,if i##i,,j#],
! ! (22)
a; ;= Ltahu Jf i = Iy ,J =Ja

AR BENLEL r, WS 6 /2 exp (AE/T) <r, W3
Wt x, M WA B x) N RAEAR R [AlEE T
BiEERR, BEEIET DS RN, AT

stepl ,

EEPAT LSRR, B S

MFEE R T A 2 528 5 AR AR 758 L
Jo R SRS RIS T(n+1) =K - T(n) ,JT R
FREE T — R LT R

B A A S RATUE NS 5271
AR £ A A PN BE LI B — A 28 5 A
X —AR S PR A AL, SE% AR
SERIFRAA L, TSSAM 5| A B S48 2R 5500k v i 8 Sl i
B AR T SRR, AR AR SR R 4R
Il it B B AR O T N IR A Z B Al ik
ARSI WA Fe 2, W5 i Metropolis ¥ 1| L) — %
WER 232 KBS S e AR A 28 S5 A

£ 153 M, TSSAM e AR Sl R AL HELR
KEEA A BERBSE Y KA A4 R G, L REREH)
FH Metropolis 2 W4 7+ 5507k 19 SR BB 7, il K el s
TIRAE IR BRI T B IS AR

ARSCRETT Y TSSAM Sk i AR an il 8 s

RIS
HRYEN
BRI

»

VAR
5 L R S

REHTER YBS S msim e
B & IR S 7
NO %'FE

W T ERAE
BENT— AR

BB KR
T(n+1)=K-T(n)

8 TSSAGA 2@
Fig. 8 Flow chart of TSSAGA

3 A AEOS £ 4 # % 7] 21 16 3iF

ARG i 5 BRI T A% SR KB R B AR
AR 2B KR R TR B TATE AEOS AT55 BLI (]

AR



LERVR |

FRTIN, A SRR GBS RO ROE TR A 30T 55 ML) -7

3.1 FESHIEE

& AEOS W RS, Wk 1,

W STK #5r FiR DR W&, fe st b AL
AT AR AT WY B AR A JF i 2 B A5 e Bl
PR E 1 ~10 BRSSP0, X 28 HAR ML N

20°N ~50°N, 110°E ~ 130°E, {Jj EI}A] )\ 2020 4F
3 H24 H 04:00: 00 77, 512020 43 H 25 H 04:00: 00
gh9, I STK A DA 5 s 10X H AR 2 m] Wi
B[] 14 1,

*1 DESH
Tab.1 Satellite parameters
N GON|

PRk KRy ol BUEMR, IR, FIEASM, TSR ;: S Fegtiat/ " FRES), BAHERs RERIHNFE

58 : #

- km R (9) ) ) ) (N-m™) (kg +m™?) () +s71) s/ () WBRTR/s - H%in
SHEYE 7200 0 90 0 0 0 1 100 5 +30 5 0.5

N T FEST RS B R R A AR KRR

TREG 1 (TSSAGA) 53 528 R ist (G 5535 (TSGA ) |
1B JGBAL A (SAGA ) DL K %38 i 38t 5 54 9% (GA)
HEATXT A ELSEEG

LA SR A 1 B 5 R R RS M ACAS B
PARAE SR K, TR Pl E B M = 10N, AL
HH0.3M, 7B FHE N 0.09, BB RE LTI
PEREE DR T25 3K B DA R 40 it 4 AR, TR I
W BEEGRKE N VNN = 1) /2, B3 ik 5 i) LA
Bk N3, BRIk 0 SHOE M AR B T A 1Y
PILG TR E 518 K R WIURIR S AR i AR A
B A O, AR SCBGR JGHEAE R K=0.9,

L L RTR, BRI E M RSB 2,

*2 MENSH

Tab.2  Determined parameters

552 41556 M 100 4~ H b5 25 H Bk 50 S EFT
LI e AR K E N =50, KA HAWSHILE 4,

T4 XHEMSE( BirEA1%:100)

Tab.4 Undetermined parameters ( number of target points: 100)

B FMEALEE WIRIEE || Sk ML WiiniEE

TSSAGA 200 10 000 SAGA 200 10 000

TSGA 200 GA 500

R TR AT RS A T Ml L A 5K A g
B XS R B RIL T 50 ISR RIS T H
SEY, B AT - 42 3 7 JRE R RS DA R Bk
RIS SRS, Sk WS BT AR A, i 4k
15 YOS B AR . X 50 A F AR s 17 KL
% B AE R LR 5

Wk AOKMUE ERR BRQRE B R AR
TSSAGA =5 EEMUERILE( BErmE:50)
TSGA N(N-1)72 N73 Tab.5  Comparison of mission planning results ( number of
SAGA 0.3M 0.09 0.9 target points: 50)
GA UREAERS AN FEEAEM /s WL REFE
N TSSAGA 672.5 60.94 94.7
3.2 (hE&RSH
AR T 2 SUR AL R LG5 £5280 5 6 o45.0 w099 s
i TSSAGA 1E AEOS {E55 MU A PERE . 55 1 4% SAGA 639.9 72.06 94.4
O M 50 A AR 2 2 20 A FBR AT L
K9 50 A FAR s 20 A H AR s BEAT LI , B A 008 057 03,2

Pt KK N =20, ESCP R H B4 B H A
SRR 3,

K3 RHENSY(BIRRTE:S50)

Tab.3 Undetermined parameters ( number of target points: 50)
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Tab.6 Mission planning results ( number of target points: 50)
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