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Abstract

With the increase in the demand for air transportation, various types of aircraft usually need to be deployed at the same time and
space, which leads to a prominent contradiction between the growing demand for airspace and the shortage of airspace resources.
In this paper, based on the dynamic particle swarm optimization algorithm, a model for the adjustment and optimization of airspace
demand of various aircraft is established, and the experiment simulates and optimizes hundreds of conflicting airspace requirements
through fewer iterations, even if the fitness adjustment is controlled between two decimal places, and verifies the feasibility and
advantages of the model compared with the traditional particle swarm optimization algorithm. The model can realize global
optimization between small fitness differences, and the optimization of the scheme can be achieved through a few iterations. It
provides a reference scheme for solving the flight requirement optimization problem with multiple local optimal solutions and
complex nonlinearity.

Keywords

airspace conflicts; airspace demand mediation; dynamic particle swarm optimization algorithm; aircraft multi-objective optimization

E TSRS TR
RBimes ' SRS VrEws T RS SieE

1. EISFRHRE R e PRSI D S O CHR R B S, P - 2280 4 230037
2 [TERTIHOR DGR, FRE - 228 AT 230000

3. ERSRHT RS 2oy TAESERE, BE - #ARE K90 410073
4. LTI AR 22 B st =, ThE - 2280 &0 230037

=

MEMERBERGIE I, EREERTBRBFTELLERA—MNEHEZA, ARFEERERLRIHE RS TRTRRLZ
RFERE, BRI EEFHRAT X, 2T —FAB TEFMRE B TRE RLFAERAGEA, Fihddi Ve
K, BpitiE m F AR WAL N RZ ), BT LAAGEFTROEZRER, R gek TR L, BIET
ZAEA G AT AR B T I N E e R A AR 4Ry FAE, A D HGAARRP T R R, T RA SA
B3R A SR A B e AF Kok 0 AT E RAKALII R R R BAE T A 7%

XHEIA

THFR; TRERAM; ESETFELE;, TSR S A4k

(£&WE]TEABEADAAFDNELESE | 5=
B SRR -ABROXNEGTR (NERS. B VTR TR TR, &S s S s
2023-ZM01D006) EXERE); ERXERNZEEETFTNT ST B TSI 2Rk TG B 25as . R
HSTE “EF OMCl FHSEESUNESDSSNA I AR Tk IR R R, R
PRSI RIERS (IBHS. 62305389) B e e P AL
EzEA] BER (2002-) , B, DE=EwEA, 72 A0 A RmMRmpsal, Sk, SResiit
FHIT A== FSONR, ANiE A EPRE
UBAMER] FHE (19930, 2, DEIBENA B oot i, S (e s,
L. D, ABEBEREFR. X AER BRI (CERBE A I DS BT P2, 5 T 3REN

14



KEIEEANTEEE - $£05% - £ 0485 - 2024 £ 04 A

bkbE, 1escEE N T AT AN T REL/L B ( Dynamic
Particle Swarm Optimization, DPSO ) [y Kf TS i fsiid,
AT R A REAE AL AR R, B ) S el
HEFAEYIRHART A, RS AR AT 2200

DPSO BiERARIRRGE 58, WandEth, EEA9NE
FRRREMERTATAEEIRE , R 2 4einit R A ™,
TR |, 1850 fEE) DPSO B, ZZEiiasedfE Hridis
HRPENGARRRB R AINE, eSSBS Mzt
PIESIRTER, FERVFRRER S RO, S Eas R
AAEN, FBRECUTER, TR, faRd s EERR R
PR, B SR R E S RS AR AR
fhimastt, B MR RRE R E RR F SARE AR
¥, FARRERUEIERD ", Ba s THRAERRE, X
BRI EN RS AR TR ) S R — AR
HIRBER, FINZER S SN af TR R AR e

1 R TR SRR S

AT BRI R

I TSI T

A 4

IR P IRR EAR

A

|%Exﬁ%%%¥ﬁﬁ<ﬁ§ﬁ&)|

%%ﬁﬁﬁ?ﬁﬁ%@%ﬁ%ﬁmﬁﬁ|

'

| st |

RGN S

2 hSHFREEE
2.1 RFEEERIR

1E D HEHRERERF, A n T, MR RE—
Mg FBiMRTIOLER: Xy = 00, Xo, ..o Xp) TEZSIE
it R TR0 B RSO R, BRI R =
ITRIAIACEAIE, DUCRRTREER e 4.

i MR (RFRESINEERTTR ) A V=
(Vits Vizs -5 Vip)» 2B i DRIFHERZINRMAE (MEARITER)
Nt Pigppess = Pits P> +-» Pp)» RFARIERFINERILOIE (BEAR
BRI ) N2 Py ppes = D1, poess Do, poesr > P, pest) > 55 1 HITF-
HRBNRIATENENE (TCEFRREE) A, BE
R REI NSO ENIENEA £,

TELE, B EERAARAG B B AR

Kl k k k k k
Via =@V, +CN (pid,pbest =X )t Cn (pd,ghest —X4)

kel _k k
Xig =X TVia

Hep, NARTRE, i(=1,2...,N) 2R~ T 553

D AR THEEE; dd=1,2 ..., D) Ak THERFS; kb
UL o ATERE; o F1 ey B4 MEFIEHAS: SR T
r Ay, AXIE [0, 1] NRIRERLEL, FERIGINIE SR AIBENLIE: ;
Vi IRLFAESS | ok S d 4EROIERREE AR x RLTIES
i YGERAER d 4EMIALE TR Py phea WRLT § FEER k UGEIK,
R d DT SERUOIE, RITES ks, & i MR
IS RBENORIE: Py ppea WEHRLES kK RERAZE d 4t
DR, RIESE kg, B TR R R

SRR, sk R TR T A3 R B
Soi» VEEARSE 2 UGERIERFEEEE AL, WETE ZEN4E
SHERA F,

V= fk+1)- f(k)

=3V

W FEAN OB, IANAHINIIR O A AL, 5
NG Fige 24 F (BB EE FgW LR, R RHLE
Fe—E WP EFr A R TRk T3 .

2.2 THASHF B E % e it

EOR TR N, M T B iR E S22 MA
AR S 2 e R E T B AT E . (BAEAIEER
b N Vo VA I BN B VAT e i VA DS A S i N [ R
AU, R TR RERE AT SCBIE R TR, (R, &5k
FREEMEDAEA SR FEREI RIS, A T IREE AR
SISHOBERA L, Sk TREBEI Tl RalEsb i ¥,

221 ARFHFIAT

EiZEgd, 28 5117 (Learning Factor) 3%
M SR~ ( Cognitive Factor ) Fltt£=2% 3] [K ¥ ( Social
Factor) , ‘B 1 BIEEI TR T ME s U 2 fof U0 %
Z IR o TR RE R R (A S R F-Te R R R
ARSI TEIEN R, LA S SR TR
WL TR e T EE . iR IR A BN, KT
BOBAN B ED A ;. anfRk B R, KfR]
e TE#, SERERVEER MR . =R T
PAVANSINEE 275 A BRI e T ORE N 1 SoNG =y I S < v e P
BEAGH, KRBTSR RPREIEY, FEREHIL
HORE KIERFEIL. A T iRl LESm, 163 DPSO #.i%
SRR T1E T R AR LR SR T R

€1 = Chaae ™ (o = Cin) ¥ b T K

€ = oy ~(Copa = Comin) ¥ 1 K
A, s Comae AFEART L OARFESIR T ) R 2 (11
ST ) BUERRKE: s Comn AFAEF 1512
BUEMIEIME s Kk Kooy 4 BTRIER AR RS,
222 AAE LA R A EAE
TPERY E (Inertial weighting ) #2551 7T SR AL
A] Rk TR D5 i AL S A e R AL B 2 [ IR

15



REIESATIEBE - $05%5-5F 048 -2024 £04 A

R A, T ARREURBEFTREANA NS R, —BEE
Teik RIEHDIE ROX Fh AR 25 5 S B AR LG RN %%
RAME. feBkh, e R M B R 1R - HY
FEAHEREES), WA ERS R TR S T
SFE TR, anSAER BN, KRR REe T
TR, B AJDERIUmEDARk T R E IS ES
UK, SR TR RMECRIRT, EREHZE
PEIWCHIOEE . 7F DPSO Bk A= A RER T OB
SR E PR G 2 RO AR (i i A A= AR R O TR «
k(o —o

max min )

k,

Hrp, R T ok) AEREE LR 0,, STHE
T IARME; 0, MEERTHIME. F8HIBER T4 A28
PR TERIINEL, EEMTER AR, (RIEBIERRZR
b R e R EE SRR, AL i
WIS EEHAR R, R T B aai iy ME, XFEAT
DUS R S i RO EA | Se s i HaniE s, IS
/NIRRT iR A S e R LA, X SRR X I8
FHAERTEE, REGREIRSEOEE P,

223 AR BEPREIINEH

R R P ME e TR 2 RIS BfEis Ty
A, B MR EME R ENER, KFrd
FHES [SAIDE, DHERERTE, REENeRigRaer,
RIAGHEE MR RTAENR T2 RIFOAHE SRR REE 1Y, DPSO
S | A HEN N ET MER ( Adaptive Weight Topology ) :
TEENERNA S MEf, SR SHAMR -2 Rl
FERRPE R R P EI TREE, AR EE O MR 512
LIRS

Ot MR T-HE R E.

ORIER TR EE, HES MM S5HEMR 2]
PIEERER R . — Pl WL 5 1 (5 PRI b/ (B A I E e
BERGE, RUERN EEMOR, S ERN, R2IMA.

@k Tz IR A ] Dl Sk R, H
HREER T R ORI R T 2 AR R

DL, DPSO K& Fhik&R S B BE, nshSSE
. BENEL NS, ZBERIUEE, X RS
{15 DPSO BENSAE A A B9 [RIRR ST FI (A H bR B S50
FRE R A g 1
23 HiERR

DPSO Bk ~: QWA T8 n, &MRT
RE—NATEERIIE, RI—AEMGE AT, A8 SR
ACERIRR], DA Mg, ORRTES A
SIFETRbR, WG EEL, WitG ok 3 V., ITEA R
FRIENEE, fraEEmRrhRiee)); ORIESRINOIE
AHREE, DUSAMADS sh e AR AR D e A, B &
FRE R T A R T RO G B AR s NRIE 558G Ak:

o(k)=w,,,

16

FOLE, NEAEMSENNZSUETELE, RSz
RO E ;. ORIBIEIERHINZHl, SEFntEs T
FORFAREOEN L E £, M S, JFRESR M @ Tz
T, SRTHAMARD SR OO E AR SR AL E s ¥y
FE R R AR, AR B Rk B I (S
% @EWEAMLL L, MBI, RNEEG),

SEBINEA
3.1 SRR B AR

TEFR—HRIBEAN, ansA R DL /T P E A
TR A SR S T SN, B I REs A EreTE
T, AR, EEERHRGEER. IR SEEEK
RAZESHCEEE: RISEEEHE H = [h, b)), HISTESE
G S =y} =1,2, ...,n), HIBAIATEE 7= (1, ] F12=
EERIEEEM e W TIRAEMRA ST K FEE
EHEFEENIEER I =28 (. ACERINT) Hig—4
a2 NDAERRISS, BRIk 5, RS
DA A -

O T ToTE T MR 23 T R P9 B i R R AT BB D Y
DR

QZIRFTRAFAEM AL, MACTREERS R R 2= 7R R
EAERMRE SRS, St R R

QRER DR IR TR 5

@R B2 BREE IR, A ACE. SR
IS EOR AR AME (B Sumas Mamaxs Lamax)

G2 IR e S B AR BY, R AT R
BRI

RIFAEMGE 2 B TR ) TR B R s . 7RSI ]
WAREBANT N aflbE, S, RyEm
S = R BRI AT 45 i B REE | AT RO )
e A 2 frR. (ESEBE MTUEY, ARSI N EISEE
KRR $FFAE.  $oa TrREdeRTORER S, b
AU, SEE T RENE, 1SS R B0, [ 2
FREZAE D BI R G RS . AN RIIE

’

o1 E5eh2

ngngngngng

(a) TEEEEEE

2ET=XSHYAENTHA R BB TEE
3.2 FEMUEE

— BT R EA TR, BT B R
T AR B2 TR A
RISRHORIHARI, 556 B TR 2SS



REIESATIEBE - $05%5-5F 048 -2024 £04 A

TP AR T 2 TR R SR A R BRI T2 8 f A
RiEME. BREMZEEHNNZSET, R Erh o Wi brd:
Mz SRR RN A TS B AN R S 28 B AR Y
FWr, TR S EEENZIR R 2 AbER ] . dt
SIS ZR Y TR S B TP B ITE &, DL
ZRERRAR AT R S BTN T, Ko s s
SERETIR A PR, (2o A B, AR KA TRl

IniEl 3 R, IXPIERMTZS 28 BAREE IR 2SI T R AFTE
—EES, MRRAZ ML 2 e R E R T
THTMRITTEE, RIS SR T RK AR
5o (Hib—PEE G B SRS R, RIDAKEL: EOR
P SRS A S, (BRI (TS A B IR
TREHEZ IR, N W&, ACPRIR R ES
s N RN A AR ARIE, RISy TR AEET
o, AiERL TE, AR RN A AR,
P PRI TE T H AR KA TR

b

B 3 A= 25 8] B SE B AT

—J51H, fELL BRI HTIRE TR, T2
RPN T SZR, FESeMaas B TES
R TR T ARG EAISEIN B TR S
MR, HIMNANZE B AR IO E Wik
A=MPSRUREIURE S, DUERRR T B R AR 5
— 7510, T RN EZEEE, TR 2
EREIIFEN UTTRREGE, X Wl T s
SEEERIRA, DUARH A GRS 2, SC T
FRIAISEI 2 TR L, IREZSIRAIRARI R, k52
[EIE=REE LIS LA

£T DPSO ik, Bt HFReRAECRITAER LSS 7oK

G=axt+fxr

Hrb, o Mg ABERE, AT WTRERIEHIX
MRS ¢ O VTRITRIREK: r ARG,

ZEE| AT Rl B IR T AR AR S,
HEES IR, X TRTRCEA B ReRE —&55,
EAS H PR T RS T A RSl i . (b EFR
/MU TER Z RIS, AR 24, SNSRI
BRI MR R TITE

O s R/ NZeiEE . Tas 2 BN Z AR 2
PR eiRE, DB AT, 5 BRI R Ve

PRSI T

@ TR IR . /TS Z (A AR B th 2
SRS . A FRAERS RO, R AEEHRHEN,
DRI H DR S R SR 5 Tl BRI

Ftl, T SRR :

r=ypxl.,+0XAv

o, y 0o ARERE, HT PR N2 a EEAtE
IR EE R B 5 1, A KT RS (R 2SR AR RIS SR/
L BEES; Av b K TASIAIRORRN IR

RIEARN HTES, SEBEARABTI—8L
BREERSELE, dniBEdn S5 EAD TR | msr SR B
FHTEREEY) . ITRCRRIEE], T ES T EAERE,
W RTPABEH AN RS AR R I H FReREL

4 DR ER T
4.1 [EFE X

AT HHIETS S DPSO Bk 7 ¥IT R i (£ 5 i
AR, 1T 05958, (5 FUFRHE AMD Ryzen
74800H with Radeon Graphics, F55 2.90GHz, 16GB N7E,
BT Matlab2023b. 7EIEZ AT FFEAIM TR SRR (18

SCEEER TSR KRN R, DL ARk
HIESE ) RIRTREAEAERYZSIEMsE
4.2 1EENGE

Bz B A K I/ L 1000 % 1000 (km) , &
JEEA [0.3, 9](km), MEREHE [0, 600](min).

WXHES, BT 300 Mz e TT ok (R
300 MR ), RTERCFIAEREY 4 (R KSR IRTELL
Feflesedle) o Eoe, BrEER R —lEEARSE L —REki,
BRI SR T DS IHE R, (HrlREaPE IR
KR, —RAAERE 0.5~2.0; KB AT DN &
FIEREE, (HRIRES SRS FRa A JiBm iR, B/NIBHEAL
B DU R, (HSISIE R, & HEES
0.4~09 (FE 1) .

F1EESHEE
I
L AR R N MR e
b AT
EXS T;ﬁ Rk o o MET MRERT s
ZX N T E E C1 Cz 'max. Wmin
Vinax  Vinin
ZHEUE 300 50 5 -5 [0.5,2] [0.5, 2] 09, 04

A3 FERWRERSH

MRIEREIRE, WAL T RRE MR IR E G B AR,
WAL T MRS EMRILE, WAL T 2RRIOE
FERILE, B EEEHAN, BUAEFEFAN, -2
MRS SR E (. a8 TR R pRAESCOR A  TRL
FHIRE, HICRBUGEIRIUE. (RS Y il R
TERASIT B E AL R4, X /2 DPSO

17



KEIEEANTEEE - $£05% - £ 0485 - 2024 £ 04 A

SEIME 4L

[l 4 53 B A e b RERE NS R R RO N
EECRIAANSI LT RERR AT | 22 SRt
2o fEZBUH, 2RI T R R 2SR R
20, RENSETRIEERE MREETR, KR
PRALFR AR AR BN, SEUEZ A 10 E
e HIER EPECHZE AT AT, EARE] 25 ok A n R
BRI SRR BATE IV L, HIRTE, WIZEEES
WS B T — AR A E 1 P W Egh FREEE,
DPSO %72 ] DUTER /D ik PR h S sl R FE(E I 5
o, PHERIUTENEE . ZhZE— SR d Rk s)
AR AT DAEAR G N 2 B (8 2 TR SR R EE R 1Y
(rEARE, DOAFEIRERMAR, HE RS
ERUECRE RIS TIL, IR T EdRAAL IR,
N SERRI IR TR SR Ot T g2

(a) JERIRESEALHERERS

22

(b) ML i

() %> TE tihek

4 FRGeh F R B R R RN AL F B 5 %0E R B B L h 2%
MM FRERNRENE, FIEFHU L

R, BERGER R 2 &MU, MERIER
MY BRI S RABOCEERVEE, Z NG R T

18

AR B IIREdE . 7Rt R Al TR BRI —E
B, ARSI R IR TR, It T
R, B TN EIESPMERE N, e RS .
FINEIESE MR, tE22E ST, S T BRSNS R,
e SITHARRIER T BB AT 2 38D, 1R
LRHIEERAET); EERRRENE, BETEIRE S
FARE DRI 308D, KB RR s
.

5 JEoR T 300 Tl ek T RESLIEAISh AT
TREE SRR RIS S MR I ES SR, "]
DAKEN: shZshifREEEh ok SRR - i L E51E -0.23
£ 020 ZlH], HEEERVNEBETRGE, #ak Bk
PLEmirE -0.20, BHTZEDRAREHNSE; RRAE
RS RET RILEEE DR AN A iR LA, i
g M AERE T AV TIRREE, TEDUR RO b s e £
WERTERREABIFRREEDRT, Py KAk
M ELRE D M. GG BEELE AR I & DR 5 I
EFERIER, WAREERK HINEIE. DL - RANZ LR
BRRFBIFIZ I, AT R R R IRR B RRRE
], HE2UZARITHIE, TECRIEM L RETRAVIBO
RS AN I AL Ot TR

B 5 Rkl F R RSN ASHLF R AL T RILED B SR

5 &it5RE
WIS VTRt Al BB AR I 2SI Rt AT
TR, RIEMSSEIR SRR, 1E DPSO RAEAT I
PR T — A TRR S TR P SRR T AR, B2
B2 TR ERRESEFRITE. MIBEERKE, 2R
RO SEN, BRGTE R S e, Wi, TR
PUTHUIERERST . FFEEEHR, B eSS T RIS
1% LSRRI SRR B A4 R RN, 75
BT T AR, DURIERA A28
NP R RIS A B SEER A E s BRI



KEIEEANTEEE - $£05% - £ 0485 - 2024 £ 04 A

1,
LT TGS
[RIE
S 30k
[1] FR TR BT A SO HER G T s R R 0] E
I 514,2015,22(12):20-23.
[2] ZEPAEE $ATIhos NS iR SRS A T [D]. AL 5t b E R AR

25K THAPE,2013.

[3] KRR, 2D S —Fldras SRR AT R A B
1. ?fﬁ%‘?&‘ﬁ&,zon 31(6):432-435.

[4] Z0Z, R, 8 E A R T ehE BiE N AR S R TR L B
0179 b TR (AR R R),2021,34(5):41-47.

[5] FNEE R PRTE AEME, S B TR BRI A L Al
BEARHURII VR R 758, 2023,44(8):1707-1712.

[6] LIAO Pinchao, SUN Xinlu, ZHANG Dan. A multimodal study

18524 A H AReREOIZ AR A, e — 2P B
e, fis3smE s DEPLENRISF

\

to measure the cognitive demands of hazard recognition in
construction workplaces [J]. Saf Sc¢i,2021,133:105010.

(71 T 550, E W 2R B B 1] L LA,
2010(4):193-194+197.

[8] #H7MA.Z HiRR TR LA
TK4,2022.

[9] BXEAE AR SR FREELE R 2 T2 AN LL[]. ot S
231,2023,30(5):29-33+51.

[10] VFREA BE% R0, 55 S T Mk Sk T2 57

BRI M D] A s b5t

OB FREOL

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(EREE ]2 55K, 2019,34(2):419-428.

R, S, BT B IS R AN AR AR RE LA ]
T T2 51151,2019,36(2):6-10+15.

R RIS, Fwh L AT IR ME M AIE AR 2
T 22 H bk FRELAC SR [ N R 22 i (B AR RR),
2023,26(4):19-24.

Hu Yi, Wang Jie, Liang Jing, et al. A self-organizing multimodal
multi-objective pigeon-inspired optimization algorithm [J]. Sci
China Inf Sci,2019,62(7):70206.

Ramachandram D, Lisicki M, Shields T J, et al. Bayesian optimization
on graph-structured search spaces: optimizing deep multimodal fusion
architectures [J]. Neurocomputing,2018,298:80-89.

GG — P R RE LA BT I [ ]. R IYE e
112,2018,38(6):68-71.

Zhang Weizheng, Li Guoqing, ZHANG Weiwei, et al. A cluster
based PSO with leader updating mechanism and ring-topology
for multimodal multi-objective optimization [J]. Swarm Evol
Comput,2019,50:100569.

Wang Hong-bin, Yin Peng-heng, Zheng Wei, et al. Mobile robot
path planning based on improved A” algorithm and dynamicwin-
dow method [J]. Robot,2020,42(3):346-353.

Li G, Chou W. Path planning for mobile robot using self-adaptive
learning particle swarm optimization[J]. Science China Informa-

tion Sciences,2018,61(5):1-18.

19



