2024 4F 6 A
EBEEIM

[ DA N e 3

Journal of Northwestern Polytechnical University

June 2024
Vol.42 No.3

https.//doi.org/10.1051/jnwpu/20244230426

Z/BHERAELERTHESKESESE

RAELR', ¥, AR,

T, AR, AR

(LPEAE TR R RSBE, BRI P2 7100725 2.4 8 SE PR A IS — 240403 %, 107 TR 110850)

B E.DRFRAES S RE AL R FRRGTAAEZ — DR R — A AE S B X 5
AR BeAnsh 5580 2 ANNBSF IR L HATHE R AR XA HOE L0 T 2 AR R e N EBR AR 4
FiX — F A VA S B ARRAC T 89S TR o B e 2 B ARRAL TR S-S S o B AN G 3k —AF 5/

3B ARMEAC RS

FEBh BAES- o BUNFE Bt b R B AT BB R B3R R 4T, A T

KB T WARGTH % B ARKALEEAL A £ B ARG 12 A B Ml 2R 2 B A4 E 50, 5 A
LR ER T PTIR h6 5/ % B AREA AR 3R B ARG B AR B L T B RAE S4B IR AR P 6 i R

x #
HhE S5 TP273 X ERAREAD: A

PRI 55 3 T 2 4t BA PR [) 14 110 — TR O AT
55 H H B2 e T FR 4R H RGBT AR E B AR
JEYE EARIE B R | B A5 SR DL K i BA B 1
T A O, 38 A PR PR 0 AT 55 5 58, S
IR DE AT B, 32 s 1 BOSCRE , /M 55 AU
o RIENERR IR

TER R RN 53 b AR EAT 55 23 T 0] AT 43 AT 55
O BCA SIS BC . H HTAHDCHTSE o 2R AR BE
S (WO ORLFRE S (N e ik st
SR ASADIR KSR A5 ) A3 A1 205 R R RS ( con-
tract net protocol , CNP ) 735l 3R fif AT: 55 19 43~ e A1 3l 2%
SyBCRRS , FEAT 55 BT BE ) b | SCHR( 1-2 ] SR I
FEETE BN JOR B 50, B AT AR ke
W) 4 7SRRI AR R L I BE ), TR [ 3 ]
o A ) R [ S AR ) A R B 1 5 T AU 55
S3BC. SCHR[ 4 12 BAR ORI S5 2 Hbrki 1
WA G B E BARMES L, o T 25k
AR INZ R T 3, FE 0 R IENR 22 50
Ped, 2 B AR A HE 2270 2 ik g ) 14T 55 43 i
[, SCHR[8-9 | SR A ehitk iy Ak S e st % B ik A

%5 B #1:2023-06-25

EL£WH fisRe3E4 (20220013053005) %2 8)
EERIA KA AR (1974—)  RIBUIZ
WEESE . B EK(1974—) | Bl# IR

e-mail ; shiguoqing@ nwpu.edu.cn

Al % B AR B ARRAL A5 E 58 £ B ARE T A &6 R M i
X EHS:1000-2758(2024)03-0426-09

LA AR B f P A B 7 8 LI 0 Bl s . 73
DA RS SCER] 10-11 ] 52T CNP SR Ig S 4E
55 3T I R 38 3 2 A 170 28 3R 50K T 2 BA PN Ik
PLfzk, SCER[ 12] 7EAE 58 CNP Hhg| A S8 i 45 [l fig
PRACA A, SCHR[ 13 ] 3 BG4 2 5 bRt
fhn) A Ry 2 B AR AR IS SR A CNP ff e T
ES WNGIRSIEN R A LT

LA HETIARFEBUIR , 7T A& B, #1 B AR AL
FZ BAMEILE L B S 5] T AT 55 43 F Ak 1 2%
TR 25T (ER P A8 o2 4 i fe X T3 i ik
RE AR AR SR SR E b TEARRA T ThAl
WK BT 55 T00 53 FL AN BN 28 43 FCAE AR A5 vh gt
SIS, X AE— R BE B R T AT 45 4 Bl H R 1
K.

YT HEr £ BT AT 55 20 e [n) B3 A 5
FEAEAT 55 T BL o B, 1 sl 28 43 e B B 23 R Ok
F CNP (W AR T A S — P Tk 4
22/ B AR AL 3 B AR AR AT 55 FL o0 Be By B vh
22 09 7 NP BEAT: 55 0 e U7 8 4R W R T3 L By
Bei 2 H bR Ak a5 2h 24843 e B A 50 H A
AR IR, 78 Sh A A8 Ak 1) iR 37 20 85 ol e 3 3 1 &=
WA 472 JE AP CNP D R AL 52 30 5 2 b s
1B EAHC, fo)a, 28 T A4t i A o JEARL, AR SO0t
1155 53 B 19 2 H R UE AR B B AR LA HE SR ]
(2 R A TERZ R ITHE



SRR, 55 2/ P H AR T BV AT 55 A0 I - 427 -

1 EHHE R

Pl 2 AR 55 o BCAR R s AT AR an e 1 By
o BEAURAME S5 LA R o b 2 B AR T BUAE
S5 W BCAN R HAR AL T AL 55 0T 2 BB,
THEAE I PORIESCR o SR B B BB B
AR 6 7 S A B 6 ), R I3 [) 20 BA R AT 5540
FrBv B, 4 5 P 85 e A SO I (7 4 BA B 7
b S BUB BT B R4 | A 1 73 LT S8 AN BE 1
AT 55 0K, I DR 5K R ST 4R AT 55 B0 I, T
S C-5 A3 BC 2 e [ 20— A 58 B A 55 0 I
(U

| wREssRKR | i | wosnus |
255 1 i i E%‘ié%lgﬁ%

J | U R BT St |

(Pamnsis ||| s |

[ ammmwnn |

BS54 BT 5

K1 RSB R R

1.1 ZBERMEHESTSER
TEDMEE S5 A3 Be b, AT OB PRSI 44 i E:
S5y B RGN R B 7, 5253 9 AT D4R I k¢
PRI 73 BE J7 58, HE T 7803 R A N B 2 3L # .
AR SCLA 3 [ 285 35 B R 528 R i Ao 194 P 7 B
(4 2 A~ HAR R, A A0 19 2 H AR LA 7Y
min F(X) = (f,(X) ,/,(X)) ()
s.t. X = (%,,%,,",%,) € S
s £1(X) (X)) 5390k 25 1) 285 3 sl ok BORI AR
O RE R PR B X = (2, %, , 1, ) F/NRRAE
ML G sm FORRAS R AEEL S 3R R 20 4%
PR as [a], Bl 173,
AT 2 5] 785 35 B 32 P v B8 S | #7132 Jl Bl |
PR R BB A L, BB R 55 B —
ZIEFATT G BAH Y 2 ZRARAIL 2 [ A A an &1 2
T P d, dR TNl SR B, V.,V
FORTEIR ML B R A o, B, 73R ML JEE
K5 BRI FBHLE B K i 5 B ARZ iy e

S (AR RE SR O 8 7 i o B, A DR IE) o

Vi
B; -
/3/
i
~

B2 S2Hoh AR SO [R5 on B 1A

VERIIE 2 b, FORTOHL B WML ¢ 26 R A
P, UL B T, T

1 h; <=5 km
T, =10.5-0.1 xh;, -5km<h; <5km
0.1 5km < h,
(2)
SRHLSA LU T, PTRR N
o, [+ (8]
=—> 3
o (3)
SRHLE B T, RN
0.1 'V.[< 06|V,
V|
T, = —0.5+‘V‘ 0.6V, [< |V.|< 15|V
1 L5V, |< |V,

(4)
LS 15 R 35 R ) 0 T T L
B4 HLE B 7, TR

Ttlij =
0.5 (dlj <rmi>‘(rnzj <dij <rri>‘(rr]v <dij)
d; - T,
0.5 + 0.2 x r, Sd;<r,
ro—r i ' i
”Ij‘ m;
d; —r,
0.5 +0.1 x r,<Sd; <,
rr' - rr' ' /

(5)
HROHLIET (14 T 5 MR AR RE ) 4 TR AL



. 428 . iode Tk K

¥ 5842 4

Ttlij =
0.5 (dy <r,)|(r, <dy<r)|(r, <dy
dtj - rm
0.5 -0.2 x ~or, <d;<r,
r._—r / '
"l,’ m/
dg—r
0.5 - 0.1 x L oyo<dy s
r.—r /

(6)

(5)~(6) X, r,, ,r, STHIFAR I IRAL @ Al
HOT AL j BT 5T ) 28 25 S 5 A A BRI Y FL
r, S FRIRTT AL ¢ ANELT BRI j Tk A B R AR
MG

18 SR A A5 2R I i A A 25 i) 2534
JBUE . T AR B I, I T A AL AR R IR
PN R A OGRS A S A T R AR
SCR B IA s A T A

PR 23 ST 55 Th A B AR 2 () 253 TR R

T=a, xT,+a, xT, +a, xT, +a, xT, (7)
A, T, 27 G BN RE A4S o5 B2 O, 7T LA i 3R 75
A7 AL 32 2 oy B U 7, RS2 ) 21T 45 2
BAHEAA 19 B2 S T, D A8 A 32 JRlUB T, 9 A
R T, R, a,,a,,ay,a, 53500 R 0T
HAAREFEPRIOALEE , HI o, + a, + a5 +a, =1,

TR AR XS M SR BE U | 38 i 2 P Y
ML AARAFIZ IS RIS I (AR SRR e A fe 4%
(8) =ML AT FRAL i 1 RALRE WU 2,
1 1.5 < C/C,

0.75 1 <C/C; < 1.5

T, =405 C/C =1 (8)
025 0.3<C/C <1

0 C/C <03

C, FmFHL i FVEBCSBETR &L, C, Tl 1Y
VEREBEFR %L,

PIEEASE T AR i RN 3V E AE R
ALY DR 28 Y TN, AL AR 2 B bR
TORLF A AR AR R TT  BAR S BLy i 7] 225 5
fk[21-24] .

12 BEARRUESESE

VEN TG RC A A, A SCR FH 2 Agent BB
A 54 20 CNP B AL SR A e 45 F 1Y
A HARICAAT: 55 43 Be )&, 4 FH ek = 1 CNP P
PR (FELS2 A Wl Z J5 51 A sc 4 & a2 ) R fif o

Hprtufmst, [R5 ekt CNP 7 vk i Bk
SET AT 275 SCHR[28-29]
1.3 SBHREHEESTSERER

T BN HLEE N =6, 55 B 22 ML AL
M=10, 4 2 B UAAE 55 Tl o B 25 R n &l 3
B .

6.5f *
*
=2 * s
& 55 *
= "%
*
2/ 45 *
€ %
*
3.5 * N
375 385 3.95
23 AR

K3 X RS A &

BT 35 AT 45 A0 T 22 76 H A2 1] 1 A i 54
K 3 s, R aEAS B S0 R — M 1 AT 55 40 i
FTERBILE 1449,

2 ETRENZ/BBRALER

2.1 HiBHEEERIE

FET BN 2/ 50 B AR A5 3 5 0k 8 57 AE R
FHTEZ BT 55 Pl 53 Be B B T3 20 e
Fitfre Iz L fEZ2 BAntiibin Bng st
RS B — e L A A TR B H bR R R B
1 DX 1) At i P Sk () O AR | T X A B M 7R
VR Z T L AREL T PR X TS H s eR LA AL
iy, AT DA PR A R TSR 1) 32 W 4

BRI I, 25 2 R 5 3 118 3 Al - A 2 — A B
NI SEE B HBR RS0, B Pareto AR iR 4E o 0 Fr A
TCERBEVERRGER A B DR # X F5 8k 43 Bl o7
SERYIERRAE R RGeS AT LA B SR 1T 28 Hks i
Fofr 3 0L O - A A2 % T H AR sREC AR . AN
ERERRCER TR A i AR T AR AR
B A, Wt R, ol LAAR 6 P 0k 5 10 5 5 St
IR BA A HHREE LA A% 2 B AR AL ) i
ok B AR AR IIRE , SR 5 N FH CNP AR S 3 5 2%
ZAF T B PEEAT 55 H A3 B, AR 55 03 BE R 4 A
PR 1 AR EE B Bl DR R G B R R AT 55 )% 810, AT
SREN G e IEi
22 HiBEWEERF

AR AR A 7 AT R 454 ik



5530

SRR, 55 2/ P H AR T BV AT 55 A0 I - 429 -

155 BT FC O BOA A0 4 PIis i gL 55 73 Bl 7 36
E

IR R

o
2 A

K4 —FmlRERZ H bR RT3

R IREAE T BB BE e £ A, 1E Ry e 24T
5553 Be T 58 B X TR e i S AR AR &, ik
IR EL &, &y FIZHG BLLRAIE A, IALES SRAE
JIT A 5 7 S8 W TN 285 2R v S dse /N (BRI U e/
o) X Bk +k =1,

RBEIE 4 R 3 AMEF BT A, A, A, B4R
$§<ﬁ%ﬂj\7(ml ), (my,ny) M(my,ny) TS m; <
m, < my; Hn, >n, >n, i LRTHE, 0[5

kym, + kyny > kim, + kyn,
ky(ny =ny) > k(my —my)
ny —n, k,

> — (9)

m, —m, k,

kymsy + kyngy > kym, + k,yn,

k1<m3 -m,) > ky(n, - n%)

b omemm (10)
ky ms; —m,
HIE9) F(10) K, T4 (11) K
n, —n, S n, = nj (11)
m, —m, ms; = m,

Ak (1) LS5 R AT AT A, BT A, 5 A,
VELRIN T 7 | A RS 3 — 4 A i HO AL R A,
1A, IR 25 U = 3R B Ji /M, )3T
LIS A 5415 U AT 25 4 e 7 8 e B
FERAR2S I A, PG5BT 45400 )7 6 10 2
SRE A, b7, AT DS ARG LA 7 A,
IR 1925 5 26 AT 15 5 6 A B /ML

T VLB, UL S R R A 42 43 7
FRE TR LA B EL AT 401 P S ) o 0% 7 431
i AT Iy % s B AT MR Sb) o R i 48 A
(7 S AR T

= o %\\ = | Dol
& \\ N = N~
2 VN 8 SO S,
g 4 l AN 5 A AN ’
® L NN & o\
B ~ # AN
N \\
Ay 4,
o o
A 2 S

a)  FHEREMAE b)  AREENEAS

Bl 5 2 il Re L IR AR S AT

1E2 HFRBAL TS BUAE 55 Bor e v, 2 D33 ik
PR T7 SR T S, Al ORI AE R
YPRHE PR 7 SR AR J7 S, R AL e
57 1)L B 21205 58 ol B AU D5 SRR A R
HE I LI A P B 4

£ LTI AR DR SREE XHT 55 23 B B B 4 ik 1ot
{155 o0 BoJ7 SRR e, 0 mT LIORAS — 41 H b
PRACI R AL, R TR AN 25 2 R SR 32 0 D 4 )
AR R —> 2 BRI R AR A2 — A~ B H AR
PRIRIRE , MTI i SEAT: 55 i IO i 45 AF

3 HHEENAERIE

31 {FEKIERTE

SRk 22/ B B AR A i SRR TE A 14 | H2 IR
IR DB 0 HL YR .

AR W2 A BARRECT AT 55 73 B 7 = W
FLEEIAE R AT 55 0043 E B BB A A oy BE 7 2
A5 WETE 3 B

AR 2 NREBEARMAE S 4B R IR
BRSO N B AR SR B A R G

ABE3 FAHLEE 2 RSN ENS, KA
INABCR AN 7 X e 2/ 5 B AR Ak IR B e 4

HBR A R B ARR R OR S 1
PR AR, AR R AR SR ETE L IR 2
HE PRI S5 R — 3, WU I 2 HAR DL AL AR B AR
A Z [a] A DG R A2 TER Y
32 RE&ARHSW

R T VA E A R B R T FE DAY i BB 52
el , B S AT 55 4 Bl 7 R kA7 0 —fuAb B, 4n
(12) PR

Sfi(n) = min(f))
Niw = max(f,) — min(f,)




. 430 - iode Tk K

¥

A2 %

fz( n) - min(fz)
s = ax () = min(/3)
RN, N A AR R, B
Wt
{5 145 B4 R B 0 205 S 6
B

(12)

= *A*
&/ 08 T,
29
qm *
& *
Fcd B*
*
% 0.41 *
*
T %
o xC o,
0.0 0.4 08

A— b 2 IS

Ko H—ft)mriiseit o5 BT 4%

TEAT 55 B BE B B, (B R SR8 70 i e B 3 Fof

WRAYEZ 1 3 AL G, dad F b e B
AT, o0 5Pk 2 H AR IR R 46 o 3 A4S AN )
HOLEN R YN LG A N SR 7 VA i RPN T
AAT 55 X BEAE SR ANIET 7 s, SR AL 2 5 1 2
4 50 AR AR TR U | B4 (858 AT 55 70 e 7 5876 H
brzs 8] b oA 5 22 HAROU A i 0 A 1§ B — 2L
HE— 2P 25 AR A SR Ao BE 7 S 2, Ak 2 B
IR K 3 BRI Y H AR LSR5 2 HARL
PRAE 55 T FC A R BEAT X L, AT L& UKL T~ 4 it 45
Roge—EL gl LB, 76 H A5 e B R
Ti R, AR S RSB R 2 AR 4
H R — Ak, HLBEAE A 2H A UL, 5 E BRI s
Rt Z Bt ALY Pareto BTV LA 3, MALEA
B B A2 BT DR SR 3 0 10000 B 7 8 R R I 3K
SCEIE 7 AR T4 G A0 R TR 2 B H AR AL
REAHAIERA T

75 AL B, C I 3 il P05 7 Y — 2 1] A A AL £ 0 : B AER
BREALA IR 1 PR, g . -3
F1 3IWARNNERBAS i &
2 041 *
RSB R RARE T g .
S B L 4 2z *
L S S &, 1 -
A 0.77 0.23 0.0 04 0.8 ~
B 0.51 0.49 VA—AL RG22 S S U
¢ 040 0.60 7 EBRILALT 3 FEE% SN0y S A i
£2 IMESHEHENRMHDBER
PEPEOAT
%E;%f BT 1 45 oIS A SR
A 1 5 3 3 5 6 6 4 6 4 0.009 12 0.923 08
B 1 5 3 3 5 6 2 4 2 4 0.342 60 0.461 54
C 1 5 3 3 5 2 2 4 2 1 0.651 67 0.153 85

4 HEFGTEZSESBEMGELR

N T RER S PRSREE I T 55 T A oA R
SN , AR B AE 22 HPRAT 55 Bl BE B B, 30 A 3
DL S ERE T ARl 6 FTR 3 FhAS[R] i T
ST AL B, C, O NRIRTTE, FIFROATEIE AL B,
Co Pl IR 1 B 7R RO ACEE R 8415 % 2 A H s
PRACIBCR AN, 7T AAR 2 3 A28 H AR p 4k ok £ (B

SR o

ARSI G B R VR Y SRR B D 3T R LA
ARG R R, IR B0 R HEAT AR 55 E A
Bl o ARBAEAE 55 SAT I B T, 375 9 BA P 40 50 5
(9 RBLIN B BB i 18 37, S PR UEAR S A
SEI, CHL S A BHE S5 581 o B AT 55 5 B R ERT
BeZR FAR IR BARL A
41 fHEER

XN THEIE A, B, C, il CNP B RTHEZR A T4



5530

SRR, 55 2/ P H AR T BV AT 55 A0 I - 431 -

F5 B e, HARD AR ANIA 8 Pk

i A
o1 B

—— 1M C

0.55

0.45

SR B

0.35

0.25

10 20 30
AU

K8 3FEIET CNP BikiafTas

K 8 Hr IR FR AR T BRI R RE B
CNP SRR QR B A2 f, rT LR )3 FPEIE T,
CNP B335 3 ml DUTEAR /N A 28 AR OB 52 AT 55
M. BT, BASRE HA A [R] A4 B A2
{5, X WA E LG 22 IR, 5 BRI AT
55 H BT I TR 7R 0.5 s LI A BAT R 1T
AR SR

3 BRI AT 55 00 Bl 7 S A 45 21 (BRI 3 b
SRBE T 5 ) B T F N B b ek RO fn k3
N

x3 EFESEARFEER

155 E AT BO RS TE ) ARINE Y A AR VEERRRE B
A 1 2 3 3 2 6 4 6 4 0.086 37 0.923 08
B 1 2 3 3 2 6 4 2 4 0.213 64 0.692 31
C 1 2 3 3 1 6 4 2 1 0.591 22 0.384 62
Wit 3 A LAREL, TR WL S B i, 0.923 = AR
SRS IAT 55 19 KB 1 BT 55 90T T — 52 08 = IR
[y I A SR C b 78 T2 BC B BEA 2% ~ 0.591
W AT45 10 GHL 2 1 6 L JF W 7R 40T 55 [ % 04 0385
TR EALA TR, AT 1185 8407 % 0214
62 25 M AR SRS W BB -t AR ], 00l ]
A 1% B ¥ C

42 (TEZRMLSH
R L5, XARTEIE A, B, C #E174E
S5 HAMC , S5 RN N S AR U N3 4 R
R4 BKERAIIR R RE

S ESENE NEHAGA NEHAEB NEHEC

A 0.278 82 0.496 36 0.588 40
B 0.323 73 0.448 19 0.500 84
C 0.543 70 0.489 98 0.467 26

4 IR R R H AR RS F AR e
B, B — N B S ALRE , AT LA B, P R A Y
SR A 5 5 1 R AR DR B (R 445
A XPREEIE A) 2B M, HE—20 T LUSRAIE , %)
THRAHFE B A & e PA nl BER E BT &
U SRR T A ICE , A RE ARG fe/ N A
JEUMHMEL

3 iS5 B AMICTT 58T Y 2 ) 25 3 L B A
A RE B BUEL AN 9 FT

K9 3 M TAESS Hr BT S8 REXT LI

251 9 3 Fh 5 SRR SRR HARZS ) L i 3
it , AELR B, I A T (BRSR AR T BC B BE it 7
JIEEA) i TR SO i 4 1 AROKRE , TR LI
T AL 55 H o Be 2 R A 2 O B TR e In =
3L C T IIEAR R, AR 55 B RO 25 R &
RS (B 2SS0 B 25 BN 162 B A TR
A TSI C AR AT 55 B 73 BO 45 2R 0 3ot 2 4%
REFR R

LR 4.1 AT RO BAV RS B, wT L
UER AR SCR i 1 B2 T iR 0 22/ 8 H AL A e
JEAR BB A DR SEE TR AT 55 T FE B B 19 32 WL i
ARSI AT 55 By B, 23 5176 2 B Ak
AL 5 5 BRI AT 55 Bo3 Be 54T 55 0 BE 22 1]
ARG,
43 ZEMRMHMBEERRALZEERRANE—F

iwig

TEAE 55 B3 BC B B, T4 B 4T 55 20 I 7 58



. 432 . iode Tk K

¥ 5842 4

P AERCE T I A oL, AnfEl 10 PR

s [, . TR
§ 0.8 4 A JEMETE
& i
= R
% 0.41 * A
S ‘.
1 *
m
0.0 0.4 08

H— A B 22 R A3 B

E 10 3 FpEIE T CNP ks fT45 R

HRIE(9) ~ (11) A, xF FAAE T %5, 72
BORAT T, IR R G167 IR 3 32 WA 4 1)
IR, 52 AN A — b oxt 7 A A T 4L e i i &2
SRR R AR R SR NS RN K [ IR
BARSE RS BT CNP AT 5 A BCERE, itk
X3 R0 B A R 4, AR SO SRR U K EG B
BEPEIE B AN TR Jr 8 Foe it AR 7 I AR, LA
fifiJ5 4L CNP {155 ALY TP

i1 B AT R 28006 51 Btk T b RE
B AT 55 43 ) A AF 9 o, A R 45 ol i BE 3 A
TEGR A 7 2k 375 A BE pR B, BRI, TEie
ISR REW A A, B H AR A SR AT 23 it
— S A AT 55 50 B 7 58 (RIERCE I 52) , iX A4k
B TR BRI AL T BOAT 55 0 B S 1 R R A 5
VLS, 2 BAREAL T AT 55 43 Be 285 SR 00 vl DA 25

SE

FrA i bR L A as R, — & Rl , . HARf ik
SR Z AR eI — 10 R

BEXE H T HARUAL SR A B B — R BR A
H 5 B i m] LS o v i 4 A ke
PAFRAD

5 & it

N T B A PEEAT: 55 5 BE 3 AT 55
P REAE N, A SCRL 2 AAREAE T A B3 [ 3 =
AL 55 73 W R AU VDA R 8 5 23 7 A 328 o W 7
AR AT 55 23 e 7 52 8] B A 3B 2R, A1 1
Sl T — ML TR 2/ B AR e A %
7 1% T IR R SR 0 T e A 55 70 e 7 SR e %
SERWAE H PR X B H AR e e i A, 2
{7 2 P AR IR AR EL SR AT Y AR pRBORCER, 52 1
Z/ W AREA IS BT 55 IR E i, X
bR A8 FEAR N SR AW FE SR AL 1 — MR LR
W P EARAEN] T B de th 1 22/ 50 H br % 1 8 AR
AR TERA 1 AR A S A 55 3 40 C R O B SR
Xt 2/ AT 55 7 BLZ T ) 5 R AT T IRJZ
WHITHE . 7 248 |, AR SCHY A JEAEAS AU A X
155 o BC I, BRBEE T X Er 2/ 5 H s
DAL AR ]

(1] JREAR, FBJBLr, whag, 55, FARZBe A9 WU - BOD0R Ok O[], RE TR SR THAR, 2011, 33(5):

1182-1186

MA Shidong, GONG Guanghong, HAN Liang, et al. Hybrid strategy with ant colony and simulated annealing algorithm and its

improvement in target assignment[ J]. Systems Engineering and Electronics, 2011, 33(5): 1182-1186 (in Chinese)
[2] XU, Tik, B0, %, Bizs 1 HARAEC RS ACO-SA TR AL FRIEHIFE[J]. RE TRSHEFH AR, 2007(11) .

1886-1890

LIU Shaowei, WANG Jie, YANG Ming, et al. Research of ACO-SA optimization strategy for solving target assignment problem
in air-defense C’1 system[J]. Systems Engineering and Electronics, 2007, (11): 1886-1890 (in Chinese)

[3] LIK, YAN X, HAN Y. Multi-mechanism swarm optimization for multi-UAV task assignment and path planning in transmission
line inspection under multi-wind field[ J]. Applied Soft Computing, 2024, 150 111033

[4] NALLOLLA C A, PV, CHITTATHURU D, et al. Multi-objective optimization algorithms for a hybrid AC/DC microgrid using
RES: a comprehensive review[ J|. Electronics, 2023, 12(4): 1062

[5] DOLATNEZHADSOMARIN A, KHORRAM E. Two efficient algorithms for constructing almost even approximations of the Pareto
front in multi-objective optimization problems[ J]. Engineering Optimization, 2019, 51(4) ; 567-589

[6] FROMER J C, COLEY C W. Computer-aided multi-objective optimization in small molecule discovery[ J]. Patterns, 2023, 4

(2): 100678



%5 3 1 SRR, 55 2/ P H AR T BV AT 55 A0 I - 433 -

[7] KONAK A, COIT D W, SMITH A E. Multi-objective optimization using genetic algorithms; a tutorial[ J ]. Reliability Engineer-
ing & System Safety, 2006, 91(9) : 992-1007

[8] sk &, MAEM, M2, % 2 HARm = D PR B o AHUE 55 0 Be S BB A [ ], S22, 2021, 42(7) .
1482-1495
ZHANG Yunfei, LIN Defu, ZHENG Duo, et al. Task allocation and trajectory optimization of uav for multi-target time-space
synchronization cooperative attack[ J]. Acta Armamentarii, 2021, 42(7) ; 1482-1495 (in Chinese)

[9] ZHANG M, LI W, WANG M, et al. Helicopter-UAVs search and rescue task allocation considering UAVs operating environ-
ment and performance[ J]. Computers & Industrial Engineering, 2022, 167 107994

[10] Bt ¥, &, XIRT. ETE MBI AN B brirBeirdk[ 1], RGO E#H, 2011, 23(8) : 1672-1676
QIAN Yanping, XIA Jie, LIU Tianyu. Task assignment scheme based on contract net[ J]. Journal of System Simulation, 2011,
23(8): 1672-1676 (in Chinese)

(1] 2R, KR . BT Ut S RMARSEZ AUV BEES R[], K FBARGEA, 2017, 25(6) « 418-423
LI Juan, ZHANG Kunyu. Heterogeneous multi-AUV cooperative task allocation based on improved contract net algorithm|[ ] ].
Journal of Unmanned Undersea Systems, 2017, 25(6) ; 418-423 (in Chinese)

[12] e, B, M FET G FPLHIEZ UCAV S0 Ai PRI 55 21 (1] Aizs 2441, 2007(2) » 352-357
LONG Tao, CHEN Yan, SHEN Lincheng. Distributed cooperative mission control based on contract mechanism for multiple un-
manned combat aerial vehicles[ J]. Acta Aeronautica et Astronautica Sinica, 2007(2) : 352-357 (in Chinese)

[13] ZHANG Z, LIU H, WU G. A dynamic task scheduling method for multiple UAVs based on contract net protocol[ J ]. Sensors,
2022, 22(12) ; 4486

[14] CUI H, ZHANG H, ZHOU L, et al. Fuzzy analytic hierarchy process with ordered pair of normalized real numbers[ J]. Soft
Computing, 2023, 27. 12267-12288

[15] LIU P, FU Y, WANG P, et al. Grey relational analysis-and clustering-based opinion dynamics model in social network group de-
cision making[ J]. Information Sciences, 2023, 647. 119545

[16] MUTHANA S A, KU-MAHAMUD K R. Taguchi-grey relational analysis method for parameter tuning of multi-objective pareto ant
colony system algorithm[ J]. Journal of Information and Communication Technology, 2023, 22(2) . 149-181

[17] Brakfh. TEABLZS SRR — Al A B UGl SRATFE D], H st M it ik R, 2011
CHEN Zhiwei. Research on the autonomous attack decision of UAVs attack and defense integration [ D ]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2011 (in Chinese)

[18] LEI J, YANG C, ZHANG H, et al. Radiation shielding optimization design research based on bare-bones particle swarm optimi-
zation algorithm[ J]. Nuclear Engineering and Technology, 2023, 55(6) ; 2215-2221

[19] CLERC M, KENNEDY J. The particle swarm-explosion, stability, and convergence in a multidimensional complex space[ J].
IEEE Trans on Evolutionary Computation, 2002, 6(1) : 58-73

[20] COELLO C A C, PULIDO G T, LECHUGA M S. Handling multiple objectives with particle swarm optimization[ J]. IEEE Trans
on Evolutionary Computation, 2004, 8(3) . 256-279

[21] HAN H, ZHANG L, YING A A, et al. Adaptive multiple selection strategy for multi-objective particle swarm optimization[ J ].
Information Sciences, 2023, 624, 235-251

[22] ERWIN K, ENGELBRECHT A. Multi-guide set-based particle swarm optimization for multi-objective portfolio optimization[ J].
Algorithms, 2023, 16(2): 62

[23] LINQ, LIJ, DU Z, et al. A novel multi-objective particle swarm optimization with multiple search strategies[ J]. European Jour-
nal of Operational Research, 2015, 247(3) . 732-744

[24] ZHU Q, LIN Q, CHEN W, et al. An external archive-guided multiobjective particle swarm optimization algorithm[J]. IEEE
Trans on Cybernetics, 2017, 47(9) : 2794-2808

[25] VENGATTARAMAN T, ABIRAMY S, DHAVACHELVAN P, et al. An application perspective evaluation of multi-agent system
in versatile environments[ J]. Expert Systems with Applications, 2011, 38(3) : 1405-1416

[26] KODAMA J, HAMAGAMI T, SHINJI H, et al. Multi-agent-based autonomous power distribution network restoration using con-
tract net protocol[ J]. Electrical Engineering in Japan, 2009, 166(4) : 56-63

[27] GUW, LI'Y, TANG D, et al. Using real-time manufacturing data to schedule a smart factory via reinforcement learning[ J].



<434 - W odb T ok ko E R

B
°
gl

Computers & Industrial Engineering, 2022, 171 108406

[28] LIU B, DENG M, WU G, et al. Bottom-up mechanism and improved contract net protocol for the dynamic task planning of heter-
ogeneous earth observation resources[ J ]. IEEE Transactions on Systems, Man, and Cybernetics: Systems, 2022, 52(10)
6183-6196

[29] SAXENA S, FARAG H E Z. Distributed voltage regulation using permissioned blockchains and extended contract net protocol
[J]. International Journal of Electrical Power & Energy Systems, 2021, 130: 106945

A multi/single-objective transform-based approach for
combat task re-assignment
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Abstract; Cooperative combat task assignment is recently one of the hot spots in military research area, and it is
generally divided by previous researchers into two separate phases, namely task pre-assignment and dynamic assign-
ment. However, in this manner the correlation between the aforementioned two phases is to some extent neglected.
This article investigates into this issue from the perspective of multi-and single-optimization, and proposes a trans-
form method for multi/single-assignment optimization. Decision-maker’ s subjective preferences were obtained
through their choices in the pre-assignment phase. Based on the acquired subjective preferences, the multi-objective
optimization is transformed into single-objective optimization, and then the task re-assignment is completed using
contract net protocol. Simulation results verify the proposed transform method as well as its applicability in dynamic
assignment problems. Finally, the correlation between traditional multi-and single-objective optimization is demon-

strated and a potential future research direction is outlined.

Keywords: multi-objective optimization ; single-objective optimization; task re-assignment; multi-objective particle

swarm oplimization; contract net protocol
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