BHSRE

Control and Decision

T P BOsAURA B 2 R B IR i R S5 R 5 7%
FREE, BEXR, HMEYE, PRER, B, MO

FIHIARSL:

R, BOCE, (LEAE, 45 5T MR Bk AL A i 2 SOOI B2 IR DM A 5 L0 5 k0], ) S 3K, 2021, 36(5): 1147
1156.

TEZR 2 View online: https:/doi.org/10.13195/j.kzyjc.2019.1193

TRAT RIS HAN SO

Articles you may be interested in

T[] 22 H R TEEAE 55 B9 TE A BT AL
UAV trajectory planning for multi—target reconnaissance missions

PR 55, 2021, 36(5): 1191-1198  https://doi.org/10.13195/j. kzyjc.2019.1284
Kol 23 PR R 0T 55 FERIRHY 55 T4 7 5 A PR 337

Planning model and parallel competing memetic algorithm for space—near space—air based cooperative earth observation missions

P 53R, 2021, 36(3): 523-533  https://doi.org/10.13195/j.kzyjc.2020.0732

HETXUZ AL B e P AT A U IR 5 vk
Early warning resource allocation method for hypersonic vehicle based on bi—level programming

PR S5 2021, 36(2): 443-449  https://doi.org/10.13195/).kzyjc.2019.0717

FT BRI 2 BT BT IRC ) R
Robust optimization based medical resource allocation problem in cloud healthcare system

Pl 5HIK. 2021, 36(2): 469-474  hitps://doi.org/10.13195/j.kzyjc.2019.0455
PR AL 5 AT RS B 0 AR R R 1

Convex optimization and A-star algorithm combined path planning and obstacle avoidance algorithm

PR 55 2020, 35(12): 2907-2914  hitps://doi.org/10.13195/j.kzyjc.2019.0351


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1193
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1284
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0732
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0717
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0455
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0351

9 36% 5 = oH# 5 xR Vol.36 No.5
20214 S H Control  and  Decision May 2021

ET M EIA R AR = RN SR EE S X 77 0%

ER WL, BLRL ARB LY, RRA2, % 2 Rt
(1. hEg R Tilisk LA S5, Kb 410075: 2. BRI S#EAKY: R, Kb 410073)

OB iR R B O UL RE 7, B o3 16 ZHEZR, 37— Fh PR BOS DAL 7 ik DAt 23 R
GRS R 55 HUA T A 55 1 i B, MR AR UL DML e 50 A 3t 7 P o 4, o T3 L AT 55 0 BE 215 1 1 7
Rl ehre; 55 2 [y B, B rho LR 3 20 TE B P4 95 HEAT DR USR5 20 4 00 BRI I, s SR IR LI 75
MBI B S 1545 55 1 B B 56 1 B B R AR 56 2 B B P S It 48 2R, &5 6 48 B R R, WA 55 73 e T SRR AT IS A
BRI SR, B3 AR e Ak i DIE B e A 95 20 e 7 SR AN BRI AN 7 58, NIRRT B VA A R, T K E:
PSRN SER S RAR W, 5 i KB S5 70 BE S0 2 T 0& B BE AR 55 0 e ik s 1 BRI AU B FE AR 55 1 L B
TEA LG, BT R T VETEAT SR 2 T T4 5 1 2.40 Yo ~ 14.14 Yo, BF 7T L 0] 2y 7 T I 55 95 44 % 9 5 (1 By [ 5

R LR AR SR

RERIA): SRR WP AT 0 PRI RIAESE

FESES: TP391 XHERFRSAD: A

DOI: 10.13195/j.kzyjc.2019.1193 FHFE (RiRBR S5) #RIRAD (OSID):

SIMME: R, BOCE, [ 4, 55, 2T DB BOB A A 9 23 JOWI B8 B R 55 U J5 74 (3] 42815 Tk,
2021, 36(5): 1147-1156.

A two-stage iterative optimazation method for the coordinated task
planning of space and air observation resources

LI Xia-miao*, LIAO Wen-kun', WU Guo-hua'', CHEN Huang-ke?, LU Hui?, CHEN Xin-jiang*

(1. School of Traffic & Transportation Engineering, Central South University, Changsha 410075, China; 2. College
of System Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: In order to improve the coordinated observation efficiency of space and air observation resources, this study
proposes a two-stage iterative optimization method to solve the coordinated task planning problem of space and air
resources, which is under the divide and conquer framework. In the first stage, the fitness function is formed according
to two indices, ie., observation opportunity and conflict degree. And tasks are assigned to different sub-planners based
on the fitness vaule. In the second stage, each sub-planner schedules observation resources according to the assigned
tasks and generates corresponding task planning schemes. The resources observation schemes and related observation
profit are returned to the first stage. Iteratively, the resources observation scheme is adjusted and updated to generate
approximate optimal or satisfied task assignment schemes and resources observation schemes by using a tabu-list based
optimization strategy, with the consideration of the feedback of task planning shemes. In order to verify the effectiveness
of the proposed two-stage iterative optimization method, this study has done extensive simulated experiments. The
results show that the proposed method can increase the total task profits by about 2.40 % ~ 14.14 %, compared with the
highest weight first assignment (HWFA) algorithm, the task assignment algorithm based on fitness value (TAAFV) and
the task assignment algorithm based on resource priority (TAARP). The achievement of this study can realize the effective
coodinated task planning for space and air observation resources.

Keywords: space and air observation resources; earth observation; task assignment; coordinated planning architecture
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W, 75 3 5] step 2.

T 1 | TFHRI L
P 1 0|||0|1|1!!0|0|||0|0|1|
B M M
— MR AE %
A TG V) PTG g
JEAESS |\ PS [0 0 [~[0T 111 [ =] 0 [0 [-~[0T0]1]
%UT \ M T T M
F455 )i ll
Ay
P [0 I—T-T0T 1 |=]0l0 -T-T0T011
M M

== MERES —» LSO
B3 fREVRAD T R ARIEEE

1) 25 R,
He) 3 2K 2 3R, 25 2 3K tabu 16 I BR AR 55 FA) 4

VEREATZE T, I BRAT 55 #2443 e G U A 7R
N B A 55, RIVPE A 55 70 BE 5 58 PS oKX B Ay B
(UBE AL H 14205 0. Un SRAT 55 537 70 0 )5 45 1A E, U
R BEAE 55 M7 R L MBS PO 338 4 N 3 tabu 1. 4%
2 3% tabu 2 X6 AF 55 70 e B 57 B rhe 6 AR
17882, AR 55 0 BE 2251 ML bt Ja 0 BA #
A JEE, JULRE AT 5590 il 1% R R A e PR R AR TN 21
tabu 2. 2% 2 R (1 F A& X IAT AL R B AR REAT
A2, IR I LS B AR BEAT 25 SRR A%, 7T LU G 50k
SEEUNGEIEEN

2) MIBRAE 55 70 BC )5 58 PS HH IR 0T 55

RS Y P &I A, o — T g ok 41 35K
G5 K, B 1 23R AT 55 23 BE 77 58 PS Hh iR 23 o B A 3
DR 7 R A2 e 1) I AT 55 70 T 5 5 F) <08 4ak . ) ok <08 45k
gy g e R s 51 3 ) Bk 45 AR, H 48 55 2 BL Oy
FPS AR o> B A B R 142 09 0, B4R S5 70 BE 7
TSGR T2 ZEPEAR KO JRAT R0 AR 550 Il T 56
PS B (A7 1A 55 BRI 7 B o B IR I 5
ZPROR B AR ST, B 122N 0 J5 AR 55 E 5
PEILIN T5 5 MM B, 75 22 ER EAT 0 FE. AE AN R AE

2553 BL 77 28 PS H B 40 AT 25 B, B i 4 A e ke U
W, 7E 44 8 R R H 5 NEE o R SRR

BRI YL AR O, N
PRI G, AT 555 UT A (4T 55 Bl L3 45
—NEZ AR TR O TR RS, ANZT
R A0 R B AR S5 A B S AR S5 4R UT Rt b
R N IESs. 5 AT ANLF-RERI O, T A3 5
(AT 55 5 Hh N B 5 12 AT 55 B Hh HABAT 25 R h i R i
KT, 5 M B AT 55 R A B 2R 2, I 3 —
A BT R K AT 55 34T B

JERAFN 2 FEHLE S — AR G, BB
T R A O P AT 25 4 HROBL R B /N HRIAT 55, 5 1
BRAZAT 55 IR E B AR S, W T — B f/ N AT:
25 HEAT IR,

JBRAFN I FEPLESEE— AR, 75 1%
R T BE AT 55 AR T BEAT LI B — M55, 4
AR, WIBEHLIE £ — ME S 24T MR

BRAMWS A T BT R e 8 FE
(R 55 46 v, e 3 AT DLSRAS 5 K19 24 s 325 A 5%
AT MM R %8 A W AR — e R B b el DA 55 X0 e
N HUGURE B2 U5 1)1 350 T8 FE, B 42242 = T AL S A0
DA 2. 2 M B2 A 55 R B AR A 2 2, e % R — A
AT LIRAS B K15 48 R 28 5 AT 45 334 T M .

3) S BT 5 UT H T4

B2 Fh AR 4 A8 DR 43 LA 55 A4 25 1), F AT 55 4R
UT AT 55 B 387 43 L 45 1 BRI A o, AR pl— > S 8
AT 45 2 B 5 6. 16 43 BE UT A AT 55 1, AT 5543
BC 77 58 PS R PR 4 1 BAE 554\ BT 25 78 B U0
W77 28 R e B 1 ] FH B ) 2 .

TEA B UT H AT 55 1), 3 A0 o 4 i v AT 55
T T G N, W AT S5 4 B 45 0 N A K IR ]
FAF-FRIH o, 4 920 N 213 5% 2 s /DN P e i )
&AL R A, WPRAE 25 LS T — A
TE L e KR R 0. L SE i, T
L UT B AT 55, B B P47 Bk #fE, BB/ UT
AT 55 4 o Pt s EE D 1k
4 LK

7E 1 B 4 2.80 GHz Intel Core CPU. 8 GB P 1%+
Winl0 #:1E 241 PCHL_L, { F Matlab 2018b #4717
R RRA TE LR, TR FIEI RO
FF R H o 2 3 3 45 i) 4 F90FH 3 i TR, T ALK
O 3ATFHLRI A0 4 PR FE b 43 Tl 2 3 1 RN b 2, 43
A ) 4 RN 3 BRI AL A5 I AT 55 1 AT DAL B[] 7
8 F STK i AF475 B AE R, 303K 1 FTR.
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AT 5 AT A EE AL D M TR B SR 5k 1153

5573 B R 45 R BE LN B3 8 25 ATAE 55, AN AT AR
555y BT B HIEARAL. TAAFV 152 4% & S B (1

ZH ach

FoN BT TP HEAT A 26 (0 5V T, 55 TAATL 2
(B R T 200,400, 600, 800, 1 000 1, 75 32 A BRI 2 B ¥ £ 300000 58 395 42 49 B 77
fE% IR (1,101 %R AT BN S S
(PRSI s (1,101 TAARP & 3 T B A0 56 FF 10 4 2543 e 400, 7
ANBLEOR AT ham by 1440 HEAT T4 4 TS 75 2552 FE S e U, o - B
AL BRI /s 3000 B [ L, 14 AR 26 4 A8 A i 2
AL BRI 200 BT 10 o, R B B A AR 45 4 TR TR
ANBURSIH 1 N 2500 TR T, SR 22 2 R RE B 75 ) oK A R E FAE
TN B 1 (27°N,95°E)

55, % R JEE (AT 558 ] K -means 5IE3E4T 2K,

ANFEALE 2 (9TN1057E) PR [ 54 B 48 2038 B WL 0 o, 3
SRR S TRERHLIA ! AT 7 1405048 440 5 3 5 40 D 2

FES MO TP /b 0 76 R B AE % ¥4 F, S F HWFA.  TAAFV.
- #1257, 30°] TAARP. TAATL &5 20 15 7, 15 FI4E 55 45 2548 A1

ARZ[90°,110°)

WERANE S RZEZKE, L2000, 400, 600
AT S AR SR X G, AN 2R B R K TE [3, 6]

FESS 35 26, b3 4 R S0 1) EL AR SR A 45 S 4n 1 4 A
R2HR.

FEY DX 1) Pl S50, 45— 2114 2 K 942 S0 10 . LA o [
Segn g R S B4 R E AR RIFM AR R KA E 16} o AN 1
tabul; = tabuly = 3. 4 e e
F T 45 6 WL FE ) 0 2 52498 ) R B 5 2ot
AFR A, A5 SORIFELE T35 R M AT 55 4 LB s ¥
(task assignment algorithm based on tabu list, TAATL) 8 2 4 6 3 10
5 H A 3 A 5% 43 B SRV EAT T G, AN PR AT W0 % fEF AL 104>
Y B ] L (a) ANFEFE TSGR
551 ML 2 e R BLEE i 56 43 B 5V (highest 100 HWEA
weight first assignment algorithm, HWFA), & 2 i & s IR T ARe
15 3 T IE N AT 4% 4 Bie B9 (task  assignment % 6ok
algorithm based on fitness value, TAAFV), 5 3 Fh 5. 7% i
T I T BHURAR e BE AT 55 43 FL B3 (task assignment S
algorithm based on resource priority, TAARP). HWFA 202
SR BT DR AT 55 o BL B0, 1 i AT 55 T4 A/ 10°4>
I BO s TR 0 B B, P AR AR 1 B 1R K i (b) AFISIR AT 55 W 7 5
ITAES . (EAR S5 /e gs R e, 1 FR O R R 4T 4 FRESHEEENITEER

*2 TRIEZEHKMBLERIIEL

HWFA TAAFV TAARP TAATL
case AE25 HAs
WS 2 e W2 2/ %o Wiz W 2 6 / o W 2 AE 25 2/ %o LigALIEN 1 2 2/ o

Cl 200 880.60 76.51 997.40 86.67 973.40 84.57 1043.40 90.65
C2 400 1151.40 51.47 1321.65 59.08 1274.10 56.96 1368.50 61.18
C3 600 1317.50 39.61 1463.40 44.00 1392.50 41.87 1579.85 47.50
C4 800 1468.70 33.15 1591.20 3591 1448.25 32.68 1731.20 39.07
C5 1000 1505.65 26.98 1637.60 29.34 1570.25 28.14 1770.85 31.73
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175 B S H0 45 TR AR B, T8 SRR 25 R I B8 5 B[R AT
25 MK ) L, TAATL & 2 48 T HWFA. TAAFV
TAARP. 7E AT 45 U 35 18 |, TAATL 5 T HAth 5925 40
~260; 7EAF %5 W 25 % b, TAATL & T H b 5 3%
2.40 % ~ 14.14 %. BT HWFA 5032 6 Z A 55 70 ic 77
FMERMA, LR Z 15 0L T, HWFA HE 1 a8
KRR, 5INAT S5 43 i 77 S kAR B AL S,
GO R R I TAATL LU VG 45 & 28 B R 5 08
) TAAFV fEAF 55 Wi i # B4R F 1 2.40 %0 ~ 4.00 %,
FUR T A T RS (A R

TAARPKGAT 55100 S 43 Be 45 B I8 R 1) T2 230
AT 0T A A R BEE TR AT 55 38 43 R VR AR FE B v 1 B AL
AT T SRR R e B 4y WO AT 55 00 AR AT DLAS 2
B HIWIARAT 55 73 B 7 8 ARAEAT 55 53 TE 77 58 B vt
B oA EAG R T AMNPAT RS E Ly T 1
BEPAT, T EURE L AN R AL, R TAATL
(AT 25 W 2 A FIAT: 5 YA 25 28 41 bk TAARP 3 4. 76
{E 55 U 38 1 b, TAATL 5% LE TAARP 5L 38T+ T
70 ~ 200; fEAT 45 U 35 % I, TAATL 575 L TAARP 5
EPETE T 3.59 % ~ 6.08 %o. {H 1 B M2, BARFEE
B AR R R 25 A T S 3 (3G 4, (E2 4
155 B VTR I 1 K 2 T K. DR A AT 45 RUAR A
K, HWFA. TAAFV. TAARP. TAATL AT 450 25 %
2 [ ) 222 B A B SRR /)

[ BN, 43 T 4 b 592 b 2k SR A A 1 5L TAATL
SRR B 1) B AT 55 53 e 7 R AE A AT S5 MK E T
B 22 G0 AT AL I 3R Gt AT 5 W 2 1 4. %
PR U 7% 58 T A 3 A RN 2R 35 (AL 2 1 AT %
bl AT N AEHE A Wb [R]0I0 28 0 Hh 6 200 5 50 AT 45
AL 25 B 2 (16 T RS By, W 2R G 4 e [R] 2800 00 % R
2L B2 P R 00 A SR IR %, i T2 O 2R 8 B4 Pl AT 1) 2
BRI L. BEMIE AU R S AT 55 U8 8
T a2 3 A1 5 IR,

®3 EANFMIERN RGN ESBEFR

T NP 2 5t NEREYYIESZ

case 1£%

MR R SENER WGERE RS TaRa I E
c6 200 104.67 583.92 62.75 459.50
C7 400 112.13 757.13 75.13 611.38
Cc8 600 120.08 884.89 83.46 694.97
Cc9 800 128.53 992.20 86.07 739.00
C10 1000 126.50 1011.71 87.64 759.14

1200 F"—= =

= KRR S
800}
mo[m

2 4 6 8 10
55 AL/ 10°4>

(a) BEMENHMIMAGHESS I E

B =Tz

= NIRRT
100 }
50
0 4 6 8 10

2

55 W 28 1

£ 55 5 LU A

AL 55 AL/ 1074
(b) EEFTANII R 58 TS5 58 AL

E 5 DEMFTANINREHESEEFR

FIFES 4 FR W, T AN R S TS
WEREAVES e R S A E T DEWN R4 40
THE, TE AN R GEEAT 550 a8 2 b W &
G275 4.53 Yo ~ 11.26 Yo, 2 B T/ 0 Bl X 38 9 4F
25 B, TG AL I UL 68 77 b TR B T 45
4200 400+ 600+ 800+ 1000 i, B AR T AMLAL I £
Gt HOAT 55 W38 18 T K, 1E A T2 58 AT 55 3R A3 0P34
W2 (1T 55 WS 2 A8 B DA 25 56 BB 20 B 6 A WL 5l
7 1.74. 1.39, 0.96. 0.87. 0.66. 1] %0, 24 4F 55 F A
PRI, I B 2 T8 1 22 B — L4 /N, R MT 55
FEHEAT 53 OB AR BE IR PAT AT 25 P S g — R =,
T RV 1 5 PO 75 058 2 HE AT AT 95 P e A 2
AR 15, (H AR BRI ~F- 30 AR D TR, 24T 55 B
ORI, X3 AT 55 % FE 3G R, H R A Bm e )
15508 23X 06 To ANHLITT &, B R B8 5 #6 /D
BRI i m AT 45 50 22, IR 0 T8 A WL 2 42 17
(R E S T WL 2R 45 1) 22 BE R T4 K.

5 J5 73 M 7E 200+ 400 F1 600 ME S5 T, &1
UL 7% 50 1D AR A U AL 2 D s e % R AT
25 AR 43 3] v B 6 4H S, RFAH SEIR T ML LAY
A ), 5T SR 10 UG, R W0 I 5 A AR A W
I 25 (B2 5 T, €11 38 B T8 AHLAT R (&
¥IR2, g5 51 k4 E 6 .

24 TN 6 g5 BB, 2w 00 BT IR A E
0T, AT 5% B AR B 2 3G 0. 44T 25 BUAR D 200
400~ 600, 7o AHLAN T2 AR 2 AN 2] 7 A KF,
fE S5 IR 25 2R 40 BN T 56.09 %o+ 39.08 %o+ 31.92 %.



®5H E2F G % AT A&k R AL E AR R PR S AR ik 1155
R4 FAADETN RGN ESKEIER 5 & ®

TN
(5L case EEWHE ARSI/ %
TEHE
Cll1 2 399.10 34.67
C12 3 574.60 49.92
Cl3 4 727.30 63.19
200
Cl4 5 864.70 75.13
Cl5 6 967.30 84.04
Cl16 7 1044.60 90.76
Cl17 2 495.40 22.15
Cl8 3 677.50 30.29
C19 4 892.10 39.88
400
C20 5 1104.10 49.36
C21 6 1247.10 55.75
c22 7 1369.70 61.23
C23 2 519.30 15.61
C24 3 747.00 22.46
C25 4 962.90 28.95
600
C26 5 1 174.60 35.32
Cc27 6 1399.10 42.07
C28 7 1581.00 47.53
o L —— 200 ME%
e 16 —o- 400 MEZ
< 600 ME% A
m
e
=
xR
A
2 3 4 5 6 7
To NAURI T2 i $om/ A
(a) TDEFTC AN 2R S AT 50 26 15
100
—— 200 1\}@2
° | —o- 400 MF
= 80 600 MES
- L 4
w60 e
= O
X 40
H -
208
2 3 4 5 6 7
T NHURT 22 e/ A

(b) PRI AN 2 G 4L 55 56 1k B
El6 AEIHERINFRIESEEFR

3 Foft AN TR AE 55 RS 1) ST 56 45 SR 4 e e 1 LN
PRURBCR B3 In 2 (AR S5 Wi S G, IR BN
HUAD T2 F B A I — A, A 55 YA =P 2 1
6.38 % ~ 11.22 %.

RICET 3R 2 HELL R H T P Buk AR 4k
T3 VE g e 23 RO I 55 Y B TR 55 R K ) . 7R AT 5%
SYECHT B, B H T2 T A TR RS AT 55 A B R K
VL (TAATL), — PR 55 73 Bl 77 S8 AR AR AL
T AZEERE TARSS S EL R P B R =), IF
o 3 165 S FE o B, R AT 55 6 B 43 E 45 % LRI
o, TE NI 55 U5 U LB B, £ A 1 1R R R R AR A B
43 3R A 22 T NHURN 22 52 1 B ) R K 14D 45 3L 5K
B IOE T BT TR A R, v LSRR DR 45k

1) B e it (1) 4 AT 55 2 B S b, TAATL 20UR
I, 5 HWFA. TAAFV. TAARP # kb, TAATL X 5%
()W 2 22 0] LASE T 2.40 %o ~ 14.14 %o

2) X T /N Bl DX A 55 BRI, T AL AR UL
RE 77 L TR 8, 75 B (R0 I 25 G v, (9] R 250 1 A
SR I, 6 AALILIN 5 40 AW s 26 b T2 I R 42
Y)754.53 % ~ 11.26 %.

3) 2 U I B YR B N, AT 55 U A
B 2 390, 76 AHURT T2 B0 A1 — N, A 450K
KT IE1N6.38 Yo ~ 11.22 Y.
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