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Abstract: Automated Guided Vehicle (AGV) is an indispensable part of modern industry. This paper considers the
AGYV path planning algorithm. First, the grid method is used to model the AGV operating environment, and constraint rules
are formulated to solve the conflict problem of multiple AGVs. Secondly, dual nonlinear convergence factors and forced
dispersal mechanism are introduced tonimprove the classic Whale Optimization Algorithm (WOA). Third, we define the
fitness function and apply the improved WOA to the path planning algorithm. Simulation and experimental results show that
the planning algorithm based on improved WOA can effectively simplify the path complexity and reduce the difficulty of
robot control.
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B24t ik TR G AGVH MR AL BN 0L, 2B N
], FAECAREE ., O NAGVITER Y EI(LE, 2180
MRS BB, Sk s A By BB — % . X
BRI, M M a8 AT S . B, 75 2R e i 6
Mtk LR A HAAGV m sk iR 3l . WRA, WIFHEE
WAL SN BEATFIL, PALRTE MRTAGV R 4R E, HH
BT B LRI BT A S5 1 A BRI AR, 2 2 nil s Ak
PrCur € GIE BRI S,
3 BHRIERME L E L (Improved WOA)
3.1 [RigERM L EE

g D0 A0 VR 2 B8 S A B AT O R R AR B —
PR BE UL TA o AR a7 BRL ) 3t SRR 1) R AR D B R 5 A
B, BB RLRES N =A0 B BREY., WEEY. <
TGt

(DY

XA B — RS, WOAR SERLER— R
i, RIGAHAEAZ Y R M al e fa p) 7, HACA R
.

b= |E “Xrana _X| @)



B 12 GO BTG B AL B R A 9
X(t+1)=Xyqna—AD 3) N 0
R MBI B R, X, g i A FRTRE DL B 5 M=2—ZG e*) (10)"°
MARIE I, JMATE R TRE, ARG, ARIGH B e
SRR, HE R G =2 (=) —p=+2 (an

-

A=2-d-7—d (4)
C=2-% (5)
PRFEL0, 1FERE N RIS TEEANRRERIE M2

LB/ NEO, [ ARG AT A 1k,

Q)L E &)

TR — KB, 285 A B 7 & B A & TR H 2R 2L
{E, MW LAEERE AT RSN T, A H Aty ) H 5
IR, RTAEEA .

D =|C X (&) - X(0)] (6)
Xt+1)=X"()—-4-D (7)

XA ALE, MR E A TR R B R,
B, AKX ()R T A YRR LRI ALE, I
HLALEL RS

B)REHEH

EAPrBR— A AR, SIS AR IRE B
A S ELE PR Ay . SRR T Sk B IR RIS Bl T
PARIR A :

X(@t+1)=D"-elcos(2nl) +X* (t) (8)

D7 = [X° () — X ()| s Rt e 51 S Pl 1 B
B SHOIYE T X EREAE B IETE SR TEAR,, bFEREA
BRABEDE—AEEE, RECLITGE N RIE. &5
I E — SRR R S IR B . p2lo, 19—
ABELEL, #%00. 572 M SR SRR e X 5B o7 B A 4 6 FELEL
AR REILE, HEes a3,

R X:(t)=d4-D, p < 0.5
X+ =15 bl y el )
D s e ncos(2nl) +X* (b), p=0.5

MRA| < LNUFTA it 2 G 2 X SR, K2,
4] = 13F WOAB AT 2RI R, TR,
3.2 MHRERRLEE

()RAE LA T

IR WOAFI R A R RIA € [—a, ahiiiE S
TR R HIF R, IO T et i e DA 2 1
FHRMFHE0, (B2, [ R A T viE I % i
BRI, SR TR AR R, AR
WAL AU T T iy My BN TAL, BATR
-4 MR B R VA LM, 28 SR F

WMEBHR, ZiES00KER, 5WOAMHaH)E A
H, aq Flag XS [ i S 35 0 LA St E . Rk A 3t
(10), FAARAD), WERKE, a RERTERHER,
a; BRI % .

L & SN THEN B
00 50 100 150 200, 250 300 350 400 450 500

B3 AR Lk b 8 A T
Fig.3 Dual nonlinear convergence factor
(2)3i i B HL

“IRECT R ML B A ¥k (Bacterial Foraging
Optimization, | BEO)HFAIMEE, KFHIFIARHIYZ N T Mk
Rt WOAR AL 2213 2 WGE A Z B A R i LAY Sk il i
CHE A ], SR R ORI, T2
WL R AR 0 T AR B UL SICIR 25 R AN TR B9 SR, 24
WCSCIRAS FE A AN

Drep = |6 Xrana —X| (12)
X(t+1) =Xrana —A - Drgp (13)

23 (2) P B RELORE A B R sh i, i E i)
FORREE R, MUSCIRESEIE S E 2 MK 2AT, MR REL
SRFIIRELE, AR
{)?(H 1) = Xounar + 7FED X (UB = X)X < Xomtoar

. . L M1
X(t+1) =LB +rFED X (Xyuua1 — LB), X > Xl

LBFIUBZ 5 HAZ B T RRA_EFR, X0 HFV W
RICOLE, rFEDNBENLIEE R T, 5 ) SR AL i Ao fid £ 2
SE SLBIRIAG O BN F 2 MR AL, WPEAPTR .,

LB UB LB UB
— et —
X “_Xinmal Xinﬂia] —X
_l+. .<.l_

1 |
B 4 5% 4] BEHALH]
Fig.4 Forced dispersal mechanism
33 BNERY
TEAGVBRAR LRI, ASSCRARS AR 0 FE B 4 S I T B A 110
FHHbRHE . MBUMAS SIS A RE 5 18, AGVIER RS



10 TR

20204F12 A

iR VA - I S e £ s | W b L RS S (3]0
EHRIMERE, ISR SRS 7 Tr. HAREEUE AT
f=2o=1(p0 " Tr) (15)

Chgf s rmsEos, mas(DMp, € GRIH, %
R RIS S T RS , DUDE YR R R Am x nfEE
BORAGIGIN, B BHERRAE ST . XM 0 2 ToATTE B A
MR BT . AR ECR BARCE B SR
AR REL, BRI FTri0F e, M2 T
LR NHRIEA TATHERE RS, $HES=v < AN, SEFRF
PRI R Ho, AR T BAR R B S 2k . PRAE— A% 3%
Tt 25 YR/, DN s o (B, 3 I R
N S FIR RN 22 3 (16) Fi R -

_ {1-2’ Xom1 F Xor1HYor1 # Vo1
1, HAbER

AXO6) U TER T RIS, FEfAUE 2 AR .2,
AT K E3EIN T AGV R B FR 2
34 HESR

(51, PaikCellyy,

Qi EE A HHECel Ly i BRI E W,

(3)H S 2 RASTFIZE TR AT

(4) B 7 SR LS AT 28 AL VCHK

(HAGVEGA TN, iz, MRIEkdisE, e
TR BB s ST H B B AR

(O 4 2 (1) B AR R BT SIS W

(7)1 Bt ) W O ATE R AU A P i B BB A S
4 WOAZE % {5FE(Simulationef WOA)

H T AR WO AR R MERE, ACAEMATLAB
AEATHE, S RERREEA30, RERRECHS00
W MIAGERANFE 1IN ES IR,

F1 RWOATMS#HWOAT MK &R
Tab.1 Simulation test results of original WOA and
improved WOA

(16)

JEIEWOA HEEWOA
T NEEE
mean std mean std

Sphere 2.5781E=73  6.7588E—73  7.0174E—83  2.7160E—82
Schwefel 1.2 4.6344E+04  1.4936E—04  1.5374E4+00  4.9769E—05
Rosenbrock ~ 2.7911E+01  4.4562E—01  2.6621E+01  2.4981E—01
Schwefel —1.0443E+04 1.6840E+03 —1.0472E+04 1.5966E+03
Ackley 4.9146E—15  2.6405E—15  2.3093E—15 1.1235E—15
Penalized 1.1 3.9954E—02  5.5244E—02  9.9516E—03  5.2717E—03

Sphere Schwefel 1.2 Rosenbrock

Schwefel Ackley

L

A5 /‘%\%WOA%‘J&I‘&WOA@%?M%@ £
Fig.5 Simulation test curves of ormiginal WOA and
improved WOA
MFLIFMES A, B ATWOA TR S B2 A SO
E LA TIEHEWOA, [ A TN 3 WOA R &
AR B ERE, ERRAES=(2,1), HirA
T=(18,20), AGVEAZERIFFN1.2, (iEERWEOHR,

| |
||
[
i1
u
[ |
|
|
[ |
[ |
[ |
|
[ |
[«
12

Ho % ZMRMG AER
Fig.6 Simulation results of path planning
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