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Abstract : With the gradual opening of the low-altitude airspace and the rapid development of Unmanned Aerial Vehicle(UAV)
industry, the users of UAV are increasing continuously and the conflicts could occur at any time. It is necessary to develop a
reliable UAV conflict resolution algorithm to avoid the danger. This paper proposes an UAV conflict resolution algorithm based
on the improved ant colony algorithm with two advantages. Firstly, the algorithm adopts adaptive parameters adjustment strat-
egy. which adjusts the parameters value dynamically according to the quality of the solution, prevents the algorithm premature
convergence and improves the accuracy. In addition, the disturbance factors is introduced to the state transition rules of random
selected path in order to accelerate the initial convergence. The simulation results have shown that the improved algorithm dis-
plays obvious superiority in convergence precision, helping the two UAVs avoiding dangers in time. The algorithm described in

this paper could be applied to target identification, path planning and other issues as a general optimized algorithm, which is of
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great significance and wide application.

Keywords: robot control; UAV; conflict resolution; ant colony optimization; parameter adaptive adjustment;

disturbance factor

UTAFEA o 1 T IC AL H OB )2 o Ef s 2 AR A5 ORI 3% L C ML QAT 22 2 52 BB . sk B
ARG TT AN 4 B T AT SR M s i i, S RS AR 55 A A ISR S, S R R T
N HLERS: 28 GE A% L+ H R P S0 D0 L o 5 Ak 5 330 2k B8 AT 9 308 I F AN 58 38 ] LE AR B dme /N B9 155 B0 T 52 31
Jo LI w5 gk Jid A7 15 2 — 22 BF I

MR AT VE A% G2 7 5 A Y TE A AL W 5 R I ) B0, N Petri 19 468 B8 3 R0 56 1 B30 il 1) SR R Xl 45
(R K 28 77 3% (9 T 2003 B A R TR P A2 3 4 G T LR 3 T 0 R e a0 1 9 A ke Ry 56« SRR
[3—4 IR 7 st A 30k, LR o A B0 12 7 150 3 ik Jd B A0 T o B SR 400 S AL S e o L WA S0 R A1 5 B0 e 5 46
AL s SCHRLS TR AT TR ALIR B30k S i AR Ve v (ELJR T340 1 Joit o 30T A A8t P 6 21 I 1) 552 22 5 SCHIR L6 ]
R TORL T RS R BRSO E R A 5 B AT T ELJR AR U0 RE D 22 5 SCHRLT— 8 IR 17 ik
A WORE L R AT LA B WO S31: [ AR A7 A 5 B A2, BLRIE A iy 705 R R B =, = B0 W I S35
2 A ol AL (EL R Al LRI R BB AR 0T LE  WSCHE B30 125 P RE S R, 40 48 R R RO BT AR R Y B e T L
B 3t IO ) 280 285 ) RO EL OR300 B 5 A Bk 03 SR M AR 45, ARS8 Bk PR E

S 3C 2 BB X 0 ML S Ak AT T ST B G O 2R G 5005 A5 R By T 28 W BIONS JEE A e A R R A BEAT
[0/ S ok VRl Ui i R 7 T R IR RPN U L G PP B L O VA F R T PN I RU LS 3 A I PR (R ST B WN
HL2E 4 AT I JE Al i/ DA o 5 SR 1) T € 3l i Matlab 05 2360555k 1 A7 bk

1 WBREZIRERE

1.1 EARWEHE X

WY BB 1 (ant colony optimization, ACO) J2& 1 DORIGO 557 1 2 Y, BCRE v 45 A i by {5 L B3
A 0 L1 5 2 IR PN 5 AN T I O B AH 2 ) S8 (AR BB £ A, B 103 e A1 3R 14 R R I A
1ioakt

[Fa) 50 P e A R v 3 e AR T R B Bk . X T 4% R A 2 Ok T R, CHRE B 3l o o SR Y R
fif ok . FERA I i (4 o 6 I T U, A% A LA A 0 A G e i O 2O PR AR Y G e IR S
T R0 T IE B LA 4 b T 3 R o b B, e A SR 19 ek 0 B A Y WS A . R 5 — A S Y
J 0 3 i S I O 1 AE R R R R TR AR AR IR sh

ACO WAL 8 T 22400 L, A W05 00 B4 A S pl bR 285 2 8% 0 D) R {5 8, 28 W L 0 e 22

DAR RS R .

5 (O ()

, J € allowed;;

ph(y =1 20 T (D
K € alloweds
0, otherwise,
2 fF B R AN
D=0 —p) e, () + D) Ak, (2)
k=1

L (Q/CH(), k€ [ivls

At = |
0, otherwise,

(3

KOy (OFTRTER ¢ YA AR G L) ERE R R, 7, () =1/d; NIA K PRE 3R 15 i
Wi GER] BB 5o #1300l O RHE B ERE D 1 AR R R R E R I T 5 allowed, 3271 05
kR —2 Ui aES . R p EERRE M, & — D BUE B 0 M 1 Z 18] 1Y 5 8,
Acl NI p A e PGEART A S G EE G BREINEE B R & HERE O e Kb Q &—
AT CH O SR kb AE ¢ YRR BT E R,



168 Mo B R % %R 2018 4

1.2 WEEENRE

AR ACO (1 IE SO HL ] B 5 4F 1 i AR BRI AL PR R TRIEVUIGEEEREER AL, &
SIOWCHE S 15 ) H U S B 0% L O FL T BB R ) J8, ACO 25 5 H A5l IR 42 AN BB X 25 ] 147 i —
AR RF T R B (R 0 T e i e fa) B, [ PR b — 2L AR T 22 B oy 3k 0 Rk i AT i L 3
R R B WSS RN B O 5 [

TESCHRL 14 b, OB B TR A1 DORIGO X SR AS SR 550 35 A7 ek L 46 113 T U &R 48 5803% (ant colony
system, ACS) . ACS X B W37 (8 R 2 2 7% 0 00 R0 {5 20 28 SR RN R A7 77 el i o 00 R 285 % 8 10 I 1y
e =k (O FrR .

arg max {t(i.j) *9G,j)}, il ¢<qo;

§ = j € allowedk W

phs  else,
BB g0 A BDIRASFE RS RN rp, 2R FH 23 28 1 I 428 1 IO SR SR BE ML IR R BT I AR 1 IR K R g0 K
AN RE L H R — AN [ B RIS LI 0.9, ¢ fAE [0, 1] X R34 57 20 A i BEALEC . 7626 ¢ YRk AR s A 3 1ok %
(oG] e LypGag) JE R AT AL, 33 590 {67 00 dCHR 2R 31 161 A8 /0N, sl /0 i 300 50 o 48 R ok ], O LA ] 42 Jm) 5 JRy 8
S FOUUE U R
i+ 1D =0—p) e ;) +p e« Ac (1), (5
;= —&) ety +& 07, (6)
KA (DO =(Cp) ' (Cp) " AYFT R RIS 00 RBERAMVIGEER 0 M RER
R ZE R BUE I FIAEL0, 1] =2 8] (8 %L
T X AR T AR B Bk T R B 0 R T A R R O A B B AR AT T, A=K (5) BR SRS L XY
WOE ok 0 N 8 T 4 SR B U A 0 B AR AT SR R A R R T, =X (6) R . 7E ACS w3 2o 15 MRk L S 42
BV A 4 R i 0 B AR IR e A AL 23 48 n AR R 2R KO A 3 A R 3R T E T R A B AL
AR & T e AR 5 B R KTt 2 0 s T Al i i, 5t 4k SRR AR A AT B MR, R AN M R
BRI SR B R s H R BRI S M R i B AR B B LS B IR R B R Rk AR . R — iy
W — A1 R B B 55— U AR B B R AR IR C6) DO N T BR — T LA E R R
SRR, (HEHR THEERM R EHEMN, B JLRE R G, g & TR ERE 0D, 25 B KK
I G R T LA A 25— ARG G, TR AR B 3R 0 R A T T AR P AN BE A A BHL 18 R E A R LAk,
Sh TR B R W R AT E g — D R JE E L AT, R TH AR T R & iR ]
FA AR IR AL S BUERT, — AR AR E . S E NI RZRFRMIA KB, S5 o
B XoF WS B 1k v W AT Sy A LS e W P AT Sy R ZUR R T 45 S UL
SCHRLLS 5T X ACS #E47 T 1R 5301, BRI TCIB A UL AR Tk & TR B 1o ACS 5 BE A WORE 515 46 e
AT AR T JF Ham it TSP i Eils1 X ACS #E 47 KRS0 3K, 8 2 T ACS 25000 fe £E BUE 8
Fl:a€[1.0,3.0].8€[2.0,4.0],0€[0.5,0.8], {H & ACS 76 fift the 52 B (7] B3 rpr , 475 9K A7 75 5 45 i, Wic B30 78 R
AR IE DL
SCHRC16 42 T S35 o p ATE N AR L B o 5 MEBRR M o +=M.M HFEEE .4
XA TREAR R EL NC 2 A5 502 06 18 B[] 9 8L LA R Xt AS ) s 300 380 S Tl B 4 ki, X (7) L R (8 it
a1 »NC << NC,;
a=1a,,NC, < NC << NC,; 7
a; s NC, << NC < NC v s

B sNC << NC, ;
BEZ,NC1<NC<NCZ; (8
s»NC, << NC << NC v
SCHRCL7 J3d 3 43 BT B 5 D W] AFE SR W I X 240 o 5 B B B AR B/ B A . 7 KRB TE 90 0 48 R
Bl Y SRR A Y AT B U S N U PRI A A2 A WA R B A R i e A I B o 5 B % B (9) =X
(10) #HAT I,

(s i & < s
a(t+1)={gla g )

@ max » otherwise;



5 2 FAE AL G5 L — i R IR R TR B TE A ML RE S vk O BT Y 169

SZ ([), if 52< max 3
g —[F ' P (10

Bnax s otherwise,
Kb 6,86 BWHRT 1 HEEG o o N a MR FTRELEI K |5
PLE 2 Fh S8 H & 5 2 BARTE —E R B OGE T REERE ER 2 MR BN T 2 SR BOE
s THEZATER R,

2 MR EEE R
WORE S A B R R A R R I AT A T B 5 At R RS A A RS JR AR S e R B T A
P o ISCHE B 70 2 il e TRAL AR 5, B A8 B R B2 TSP [l 81 1) 658 g 1 R Ak B vk 22— o FL R AT R A7 0 B 3k 0 T i s
1, 5 (5 B AR AR ) R, e AR 1 SR BT AR K i T i R AT 4 A 5 ST Y R E L AR SO ACS 5 A G B
SRR TS O BB AL R T, 32 1 T — BT 0 ok O R
2.1 BiEHwst
2.1.1 2% A & N YR e
a B JE 2 ANHEESH o SEFT A E N, e T g b T R R BB E BR LR S5 ok I AT 7
R v R A B AR AR R T R R AR v BE AL AE RN o B R B ML R S L AN G AR
HI8 R, B QAR LA i, Rl 7 P fh el B rp i a2 PR 2R 2 2 50 R R 7 4 5 00 4 2R 5 R op 119 A
Xof AR L BRI AR AL AR L B R R A S B IR B B A R AR R . o TR AR R O Y,
B RAPERE
B I ) AL AR AR AR 0 PR R DU, 7R R IR S L RS U X BB o AN B SR A GE N S BGE BT L A
WEHHEE O, (D) =[a, (). (O T, EHFHAX MK A2 PR
D@ e (1 1) = [ gimmer (1) F A s Briamer (1) 15 (1D
Do (1 + 1) = [ winner (1) s Buoiiner (1) ] 12)
B AEARZ G 1% 77 75 VPAR A 0 I (A8 %) IO, G R B PR B T2 A A T A A B A L 5
SZHARIERX QO EH X Q2 AT RE T 22 AR M, ol J2 U0, 48 2124 [k 40 e 00 B A% A i 2 bk
Wl $R B i 2 AR 1 W 2 B AT L AR AR AR 2 G MO BB AL o R X ML R . B R ) 2 i A A B
oo MR RL SN A=0.01, B & 5209 HEAT , 35 00 0 i et 15 8, 28 e B8 %) Je g 74 75 T fim ke, o 7= Ak 2L
A A [R] 45 4 2 B0 0 I AR iR A 2R T ) B O A T AR A AR I AR . A W R R Y o RS L)Y
PNE TS B0 A S0 H AR VR AR 0 A o B4R L DA R T R R
SCHRCI5 T KRS MR 25 SR R . Y o =1 fE L2 TR, FA B8 814 N M 6e, JF B
[2.0,4.0 1J& B A4 R L L D50, 76 T B8 1 0% s80aHE 33000 v, A 0 U F s ) 5 865 A2 ) EL A A R W IR (B o =
1, [AlEt g A ZAE XA [ 2.0, 4.0 JFPBEFLAY , IF HARRI B o & 46 F0 1 05 008 o 3R 90 7T 68 S 3 0 i B e
AT T4,
SRR AR BE B R0 R T 4R A0 15 S BUE 1Y S R B, I BE A% LR HE A 3E M E , RN I R R
DL by 2 T b 3G 0 o (4L o5 A5 TR T U6 B B 4k SR R R R A5 () O 1 TN o) s A B T By Ok Bk
PERTWC BB RS A /NI S A0 BN S E0 o 14 (EDKE 58 R B 4 19 98 R 23 1] X, BT DAL 38 20K Bk 5
S BI5GB TR o D) 5 B R SR A M SIOR T
2.1.2 I AR+
16 ACS H,q, SRS FER M 6 280, v T ACS DL o2k 07 Rk 2 BE ML 5 20 0E 356 B A2 A A 5, — i
TR 2 0.9 76 575 W1 3 T LA R S5 38 3 27 4% 7 X L de BRI A% . A B T A 0345 B R AR in bR i 0 i ekt
BE o AR i TR AT SO b T BURTE 2R 5 45 i 0T R B ML E 2 7 2 25 40 R T B AR R SRR AR, 59 T
A & R VR A
BEXE XA 8, AR SCHE ACS 3R B 51 ARSI IR F w, 10 ¢ swo HAERAR WX 13 iR .

n=1,2,"',NC, (13)

A IEAUCE 0 O IE I HBG AR SRR NIUIT IR I o REEAR KT g, I LUSE 125 10 99 B 4% DL 57 48 e 45 07 50



170 Mo B R % %R 2018 4

A AEAF R AT DU R 2R i B i A W S B A R AR N w0 /T g BYMERAR R Bl AIL i B i
PRI Sy 3, B 280 B A R T HLI T GG AR T, 2 o BU/NEE BVE YT RS RIE I, R IR 2R B
Ak PR3 A A SR] fE 2 S B AR R XY o 2T R SE TR SO L B DU WO BORS AR LR T, 3
FEREAE AR5 BT T T 4% B B, S PR b2 i s S vk O S5, B I 1 O SR A R A R EBE O L B B T Bk
HBWRE T .
D) A B ) AR S B % R Sy
arg max {r(i,j) Gty i ¢ <wos

s = j € allow "
pl] , if ¢ >wo;
[Tij ()] . [77,‘,‘ (¢) @ e allowed.
£ Z [z, (£) ]9 o [, (1) @ * k3
Pi = Vedomn 7 (15)

0,otherwise,
2.2 Bk Bk M S5 E B
BT R 50k B A AR A M, BT D, A SCOGT OaE Ay IR vk A A T W S IR B
UEBA AN R B SE IR B AT AR AR X A PR B G L) €A G B RWRE
JEA B 3 SR FEE I R A B R RE LUT B BE T 1 AL SRR B AL IR AR
Fr R KT B AR B 0 PAEEIRAR G L) EA vty GOFETE R o FUF B 7 B

Tonin < Ty (1) <K Ty » (16)
Koo, (ORBEG. ) LRGFEEREE,
T« 42 Ja 15 5L 2R ST R 00 0 g 35 45 5L 3R SR RO ] DL S it =X (A7) B =
am=0—¢)ea, +¢b, h =1, an

A ia, fla, RE, DR, @O HNEb=g( ) rerg ) NRRBMMIEEBREKE . o=p.¢.
IR 2 0] LS By 3 3 I 9 45 5]

a, =1 —¢)" g, + Z(l—go) ob=01—¢) " Va, +6[1— 1 —g) "], (18)
KR 1>e=>0, T LABEE h—o°.a, tﬁ?b
T BTN ) T PE AT IR a B
a'y =@, —bd—g )”’ ”ln(l—go), 19
PR In(1—¢)<<0, FERIETF I i ARIE S B R B AN E B RWRENE o, =0 B E o, K (HZES
JREARBEREAR R R g 7/ J—’FHE%ME‘@%E?@?MMKL Ik BT 2 A5 R AV A R ) Ak T ek R . P
IR TE R RSO N 30 (kO — HAEZR K AG B R WBCA AT o s, I8 215 B R vk B B4 A&/ F
o FTLME B REER/IMEN ton=710» FTVA ton<<t; ()T =g ("),
ke,
FE A P G NBIETER 2 WEAR 2D 1 AR ULAFBER, WX T — DX /NY e >0 15
Mon BRI A

P (n)=1—c¢, (20)

limP*(n)Zl ¢AD)

UEBH AR5 O B AL L )92 0] A1 15 6 4% (z,])(ﬁﬁ*ﬁ%ﬁ’]?kﬁm%%ha_ﬁ% Giaj) BYHE R R BEHL
R RIMER LB P (q=>q0) « py FTLATEAT R 1 RAEAR o 1, BB AT AT 4 8 S PR SR Ry
[z, ) 1Ly, 17 Y 7, (n)

P,(n) =P(g > q,) - =P(g>qy) s (L) e [0 e >
! o [ 20,7 Ly, T T r D0t
Plg=>q,)« (Lyra[ Fmin e _pr (22)

r % | T max
K, | VIR B ST S Ak B KECE . AT A R s AR R s €S L AR I NEE Ny
P =P .. >0, (23)



5 2 FAE AL G5 L — i R IR R TR B TE A ML RE S vk O BT Y 171

A (< F o JFII R R R EE . LA,

P )y =1—1—P), 24)
B ImP * G =1, M50 X TALE/MY e >0 M5, 3 0 BRI A
P "(n)=>=1—e, (25)

UEHE
2.3 WHWEBEEREEESN

TSP [ & fe 22 W 58 (9 25 AL R 22—, B2 — il NP X EL AT — > X ) 51 7 S 1 AT
REAE A R e h Ak B DI TSP [R) R 52 B 8 28 il a3 e X030 0k O A v R R, A SR AR i 4%
TSP [R) A Sy 0 3 e i R S vk M RE A T

ARG SCERL19 TP I& e ARk BB SR AR N PPAN WO S L O 9 R BE M BEAR 5 b . e AEPEBESR Am th I XT R 22 E,
T S HA AN (26)

E =2"% “100%, (26)

*

g
Kheg, AFEGE Z U174 2 M B UL MR s g 0 BT Ak ke i) 1) REUBR G b i e A . Foe AV BB 8 A T Ok
Ak MR o [ e i A DI AR TG /N B AR A B0 125 0 A P B A AT SIS B B v
TR ACS 5 Bk i WORE S 23 SR i TSP R B8 P Y Oliver30 [a] AN EilS 1 [0 A, Jf % HE A% BE 2R AT
BT, Horh 2 M SNBSS EaR E R 1.
K1 2 Ak SRR R

Tab.1 Initial parameter settings for both algorithms

[fa] gt Bk a B £ 0 qo m NC 7o
Oliver30 ACS 1 3 0.5 0.6 0.9 20 500 0.01
Oliver30 P ik R 1 [2,4]kEHL 0.5 0.6 (1/e)t 20 500 0.01

Eil51 ACS 1 3 0.5 0.6 0.9 50 1000 0.01

Eil51 [lgid ¥ 1 [2,4 kML 0.5 0.6 (1/edt 50 1 000 0.01

Sy ACS 5ol iy B2 SR % Oliver30 [ BE A Eil51 W) 8, &2 17 10 k. 1€ 10 IRiZFTH, ACS X}
Oliver30 [a] B1R fiff 1 e A0 B A2 05 B B DA R e A B K B2 an 1 11 2 Fir s o P el U 80 vk SR 19 Olliver30
[R5 A e A0 B AR DL R e A S e K R I & 3 & 4 TR

850
100 @ 800
750
80 -
§ 700
60 § 650
£ :; 600
40 = 550
0 500
450
400 T
0 0 50 100 150 200 250 300 350 400 450 500

AR EL
B 2 ACS K# Oliver30 st 3% 2 K &
Fig.2 Optimal path's length of Oliver30 solved by ACS

B 1 ACS E# Oliver30 &% 42
Fig.1 Optimal path of Oliver30 solved by ACS

ML 2 sl LA Y ACS KA Oliver30 . 7557 125 1y J Wi S5 e o AH 2 7E 2 AR TR B 137 WO 5 12 st 45 1k 4
SRS T AT T Rk A R B L 4 DA BRAH AT ACS 3 A B SR L B3R A 95 kAR LR A3 4R
A ) B A R B . X T i e BUAE BE K Y ERIS T ), ACS B fe i 42 S5 I R K AN I 5 8 6 FF i L ek
ORI 7 8 FiR,



172 Mo B R % %R 2018 4

100 @ 900 -
850
80
800
60 £ 750
£ & 700
= %
0 2 g0
&

550
500
450
400

20

0 50 100 150 200 250 300 350 400 450 500
AR H

B4 s EEAEE KM Oliver30 L% 2 %K E
Fig.4 Optimal paths length of Oliver30 solved

B 3 BB R % KM Oliver30 L %42
Fig.3 Optimal path of Oliver30 solved by

improved ant colony algorithm
by improved ant colony algorithm

80 [
70 850 ‘ ; ;
60 [ 800 | ! ! !
50 7501 1 1 1
o 4or- i | i |
= 30| if 650 |
20} = 600 : : :
550 - beeo- Ao
10 ‘ ‘ ‘
500/ | | |
O [~ I I I
450 L L T y T T T . 1
| 0 100 200 300 400 500 600 700 800 900 1 000
10 0 10 20 30 40 50 60 70 Y VB
x/m
~ X . \=4 3 224 K o
B 5 ACS £ Eil5] i fs% 42 B 6 ACS KA EilS] BB 12EKE

Fig.5 Optimal path of Eil51 solved by ACS Fig.6 Optimal paths length of Eil51 solved by ACS

y/m

400

0 100 200 300 400 500 600 700 800 900 1 000
ARV

A8 At BBEAERMEI] REKZEKE
Fig.8 Optimal path's length of Eil51 solved by

-10 0 10 20 30 40 50 60 70
x/m
B 7 BatsBEA AR EIS] R Z
Fig.7 Optimal path of Eil51 solved by improved

. improved ant colony algorithm
ant colony algorithm

i 1A 6 AL 8 Xif Lo, m] LS AR M7 . e MR B 3 A R R AR I B A BB e A5 i L AR R
T ACS, it WORF 3L XE EiLS 1 [R] AR H i i A8 o B, B A I B B . S TR A ) E 4 SR L 2.



5 2 FAE AL G5 L — i R IR R TR B TE A ML RE S vk O BT Y 173

¥ 2 2P EmaemaXagR

Tab.2 Test results of the performance of the two algorithms

[F) At AL/ m ACS e fifH/m B R R A/ m ACS MXF iR 2%/ % R Bk MR R 22/ 0%
Oliver30 423.735 6 433.105 2 427.466 6 2.211 2 0.880 5
Eil51 426 458.306 2 442.129 0 7.583 6 3.786 2

NF 2 Hh R LA H L B i R 1) ORISR 7 O B 125 PR R X R 22 A B T R O R T RE AT R O — e AR
JEEH) T o LR R ) IR B 3 AT A e 0 B AR I R S AR R R 22 T T B/ T ACS, B B R R RE S
ACS ML RE BT AF 2 — P R B 3 0%

3 SR R () R AR R AR UL

3.1 AR o B AR
IR sl 5 3% A28 T AL B IR A Y B BY L I HL S T AL ARG R G AR 5 TR AT 0 A L ZE IR IR B 22 Rl AN
DT S 80 370 i S . A R R ke G B A 2 i R R o 28 TE A BT R 0 ) o B R SR YL B LA E AR H B R

k k
f=min( X day+ Ddy) 27)
i=1 =1

K, i=1,2,koda5dp HTXANLA R B 7255 ¢ 0, 5 ATEE IR . JF B8 T 8148 75 T8 AL
RAEE AR R 2 ML A B 22 Ja) i I 2 0 2
(xp —xa)? + (yp —ya) =7r., (28)
o, R TC LI S5 /N ) B BT 45 Rl JC A ML BE 22 900 4, BT AR 9i 45 42 06 A HILIE BE 45 o5, il 8 T8 A
T AL e /N2 4 Tl B AR A X=X (29) B
o j/Vl V, V. ¥V, V, +V, V. +V, V)
I
L.V, R RETHHEEV, WEKRKFREEV, e REH EFHEEV, HRRKTFERE;V, RKK
SR ) B 5 T o WA PR AR G R
3.2 fFERIE
AR SO P TC LI 3k B [0] 14T Matlab {5 B, DL7E
[F] —HF SOV TR ). e — 1 200 m X200 m (1Y X
B OFBRE AN A F B AR 46 540 2 (100,00 F1 (0,
100D, BAT 43 500 A 45 AR o5 ) X6F 1] 6 AT . AR TE A AL
PEREAH R, 25 45 A B OR 4550 3, B4k RAT B4 M JE A HL
FEAE (100, 1000 ZhAH #l 5, &l 9 BoR .
DX a6 A 10k T SR A e AR AR B K TE A HIL R A, Bk
FL. BB MWL N a=1,6=0.5,0=0.6,m = 60,
NC=100,7,=0.01, A RKHET ADSB il A
PLWE L 45 BT AR R 0.5 s/, FR AR B Ak T8 AL 3
KKFERITHEBE RV, =V, =V, =45 m/s, K LT F %
BV, =V, =30 m/s, I IR =L (29) 7T 41, 7§ T A #L
6] f52 /N4 A 18] B 7., = 19.655 6 m, A 5 355 BUEE Ol 20
m, KA SCRTHE Y o OB R TR R 2 T N L sk R (]
Airf, 47 Matlab fif I E .,
A SRR B Y o g i R S TE AHLEE B an e 10 & 11 fran . A 10 Rl LR L B ANL A H
F 0 R S VR TR L TR 11 AT B JC A AL T b e A T L TR S 9 B A B T /N AR,
AL i i o8 T S5 300 e Ot 3kt e T R 1 A

X T, (29)

0 20 40 60 80 100 120 140 160 180 200
x/m
A9 RAWRAIL
Fig.9 UAV original route



174 Mo B R % %R 2018 4

140 T [ [ T
200 T SR ‘ A A -
180 } +3252L g e S e B S
C2 R I I A
140 [ fomd Rl | £ 100 AN
120 e e
E 100 petmerte e ety =
B o S e e i s £
80 oo ook |
s e b N
MRS ORI 0 s e s 10 2
- - . - % - . - . 0o 2 4 6 8 10 12 14 16 18 20
0 20 40 60 80 100 120 140 160 180 200 160 4 %
x/m
b v e s ey s , 11 FAHUIG] BB B
B 10 it BURE I ok R S 6 35 3 ML AR IE
Fig.11 Dista AVs
Fig.10 Improved ant colony algorithm adjusted path '8 istance between two UAVs
N N N SN T 84.0 T
P 12 S 7 v 5 fiff I 53 0 2 B rh s AR B S T e A N I T
. o N N N N 835 IR A T Il i i B
BUEBRBE B 2 W9 6 R, 7T LAR A EIER LR T \ N
- N TN . ) SO S .
BNz A W BRI LR R 58 34 YOk R A sk s & 830

U RN B B 8 D T IR AL By SRR [

AT, (7SRRI BRIk AR R A R 2 s20[ A
6 AL 5 % 1A D W{W{AW{A ——————————

810t A -
4 & iE 3 I T T I

O'50 lb 26 30 40 50 60 70 80 90 10
BEXTTE L o 5 i JBd 7] R AE ACS 1 il B4t — AU

Mol A B SRR B0 X A S HOR AT A I R L B 12 &R FE & R F kAR R B T AL
YRR R, SIS S, i A TR Fig.12 Delay distance varies with the iterations
P RE ST, B2 i 1 WCBIORS BE 5 AR SRR S RS AL R g A
P2l R, I PR v m S M SIGH BE  IE T O B i W St L JF SR D Olliver30 T EAIST A ) B X ACS
AN A WORE S 12 R AT 1 0T B 003 2 SR 3 W S Bk A B A PR RE DT AT 1 B Tt o et i Bk ]
) TE AAL 5 fige Bt b #E AT Matlab £ 5, 7 B 25 R 3R BT SOH i ORE S 20 D e 2 248 RIDKE 4 2 il 48 1) T2 A AL
BERE . AR SCAUHT ST T P IC AL b S ffp I 15 D0 » 4 i oK xok 22 8 A AL el 5 A i 1R) R BB A5 5 TR A B BIE5E

5 % X Hk /References

[1] MOHANTA J C. PARHID R, PATEL S K. Path planning strategy for autonomous mobile robot navigation using Petri-GA optimisation
[J]. Computers &. Electrical Engineering, 2011, 37(6):1058-1070.

(2] #Lob, FEREAS. WU Be Rk 7 G0 A D 1 it B ML R AL 5 510k [0 ], R G5 FU 244, 2006, 18(11) :3301-3304,
JIANG Zhongzhong. WANG Dingwei. Fuzzy programming model and algorithm of logistics distribution vehicle routing problem[ ] ]. Jour-
nal of System Simulation, 2006, 18(11):3301-3304.

[3] ROBERGE V, TARBOUCHI M, LABONTE G. Comparison of parallel genetic algorithm and particle swarm optimization for real-time
uav path planning[ J]. IEEE Transactions on Industrial Informatics, 2012, 9(1):132-141.

[4] TSAI C C, HUANG H C, CHAN C K. Parallel elite genetic algorithm and its application to global path planning for autonomous robot
navigation[ J]. IEEE Transactions on Industrial Electronics, 2011, 58(10):4813-4821.

(5] &N, i, F M. BRGHE JGR & 5180 R AT o SR IBE b i BT ). 3238 65 849 % 4x» 2005, 23(1):115-117.
PEI Zhigang, LI Huaxing, WANG Qingsheng. Application of simulated annealing genetic algorithm in flight conflicts resolution[J].Com-
puter and Communications, 2005, 23(1):115-117.

L6 Bisk, mli, Zeaal, . BT BUbnn+ R0 00 CAT 25 oh S M B 7 ik i g L) . Wl b BB R % 5 4, 2016, 37(5) :491-496.
ZHEN Ran, SI Chao, WU Xueli, et al. Aircraft conflict relief method based on improved particle swarm algorithm research[ J]. Journal of

Hebei University of Science and Technology, 2016, 37(5):491-496.



Fol FAE AL G5 L — i R IR R TR B TE A ML RE S vk O BT Y 175

(7]

[8]

9]
[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ZHANG W, GONG X, HAN G, et al. An improved ant colony algorithm for path planning in one scenic area with many spots[]]. IEEE
Access, 2017,5:13260-13269.

LISSOVOI A, WITT C. Runtime analysis of ant colony optimization on dynamic shortest path problems[]]. Theoretical Computer Sci-
ence, 2015, 561.:73-85.

DORIGO M, BIRATTARI M, STUZLE T. Ant colony optimization[ ] ]. Computational Intelligence Magazine IEEE. 2004, 1(4) :28-39.
GUO P, ZHU L. Ant colony optimization for continuous domains[ C]// Eighth International Conference on Natural Computation. [ S.1.]:
IEEE, 2012.758-762.

YU B, YANG Z Z, YAO B. An improved ant colony optimization for vehicle routing problem[]]. European Journal of Operational
Research, 2009, 196(1):171-176.

JoE G, BEM R L WAL A PRI T Sk WO R A LA B AR BRI B ST ] T R R 222 4], 2015, 44(2) :260-265.

QU Hong, HUANG Liwei, KE Xing. Research of improved ant colony based robot path planning under dynamic environment[ J]. Journal
of University of Electronic Science and Technology of China, 2015, 44(2) :260-265.

FUELLERER G, DOERNER K F, HARTL R F, et al. Ant colony optimization for the two-dimensional loading vehicle routing problem
[J]. Computers & Operations Research, 2009, 36(3):655-673.

DORIGO M, GAMBARDELLA L M. Ant colony system: A cooperative learning approach to the traveling salesman problem[]J]. IEEE
Transactions on Evolutionary Computation, 1997, 1(1) :53-66.

JIANG L Y, ZHANG J. Analysis of parameters in ant colony system[J]. Computer Engineering & Applications, 2007,43(20) :31-36.
LIU Y, CHEN Z, WANG X, et al. Research on adaptive ant colony algorithm in robot hole making path planning[ J]. International Jour-
nal of Control & Automation, 2017, 10(5);189-198.

AR TR T SR A T AR AT R I A A SR [ 0. 55 2 B A 4 (A AR REAE) 2017, 85(2) :18-23.

HUANG Z H, MARHEMATICS S O, UNIVERSITY J. Solution of traveling salesman problem based on adaptive ant colony algorithm
[J]. Journal of Jiaying University(Natural Science), 2017, 35(2):18-23.

SRAEEE . PRAFIR . BAr L BE T A SRV PR SR M A OB B SR A TSP R[], Sl A5 2441, 2013(4) :165-170.

WU Huangfeng, CHEN Xingiang, MAO Qihuang. Improved ant colony algorithm based on natural selection strategy for solving TSP
problem[ J]. Journal on Communications, 2013(4):165-170.

BUIEAT . BB, &F 30K, JT LEACH SR 5 A9 WSN B h HLE K e RE 7 B [T, &R ER 2440, 2008, 21(10):1735-1738.
HANG Haicun, GUO Aihuang., SHU Wenjie. Performance analysis of WSN routing scheme based on LEACH and ant algorithm[]]. Chi-
nese Journal of Sensors and Actuators, 2008, 21(10):1735-1738.

XIANG J, YANG L, LUO Z. Flight safety measurements of UAVs in congested airspace[ ]J].Journal of Aeronautics, 2016, 29(5):
1355-1366.





