ERE T PR Bl SRR Vol.5 No.4
2023 4£12 H Chinese Journal of Intelligent Science and Technology December 2023

BT A% SEAE QANIIRHE R T & BRI

rh, A INF, FRE, P

GLABHE R U TR P, YLI5 FL 2121000

B E: RENYEMERB AT T s — . AR A0 20 1 U R PR e 45 1) L, B B AL R S R G BT
B RAR RS B A 2 — . TS ML &, R T —ME T A* 5318 % AR AR
FE,  DUHTE I 2 R A R4k i AR 3R AL e R R (B R RE T . 7E AR I AR R i I St A AU R
fil&r Bezier 2R 545 FE TS B0, SUBL T ARSI AR 100 5 #3830 5 NBha8 & ML IR PR a4 R R 45 2%
TR I U A A B AR AT R IR R 5], TR R R BN R R I R, S T AR e B R ) Bl A
. PAGREY, BT AHHEEENBEENNEEELRBEAELKE. SHASNEKT 4.6%.
42.3%, [F)BS 7R R FR R0 P e S BT S A BRAT Y, SRR T IR A R BRI A B

XEEIR: BRI A*BLVEL; ZAHE L Bezier M4k WklLin

FESES: TP391

AR : A

doi: 10.11959/j.issn.2096-6652.202304

Research on path planning of material transmission platform based
on A* and dynamic window method

TANG Wei, TAN Xiao, SUN Yu, YAN Jiapeng, YAN Guangrui
School of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang 212100, China

Abstract: Due to the problems of traditional material transfer equipment such as single working mode and inflexible ad-
justment of transfer path, intelligent material transfer system has gradually become a research hotspot in the field of logis-
tics transmission. A path planning algorithm based on A* and dynamic window method was proposed for the modular ma-
terial transmission platform, in order to improve its obstacle avoidance ability during the transfer process by flexibly ad-
justing the material transfer path. In the global path planning, the smoothness and static obstacle avoidance of the trans-
mission path were realized by improving the A* weight function and integrating the Bezier curve and matrix interference
theory. And by introducing the dynamic window method and extracting the global path key points as transition points for
local path guidance of the transmission target, dynamic obstacle avoidance was realized when the path falling into local
optimization was avoided. The research results showed that the path planning algorithm based on A* and dynamic win-
dow method could reduce the total global path length by 4.6% and the total path turning angle by 42.3%, while the dy-
namic obstacles could be effectively avoided in the local planning, which verified the rationality of the path planning algo-
rithm.

Key words: path planning, A* algorithm, dynamic window method, Bezier curve, material transmission

WisBER: 2022-07-04; &= HER: 2022-08-20

BIEEH: M, tangweisc@163.com

ESWH: L8 E AR R ESBH (No.BE2016009): LI BHE K 2E L IS & W 7 H  (No.210813102001)
Foundation Items: Jiangsu Key R&D Plan Foundation of China (No. BE2016009), The Special Experimental Equipment Research
Project of Jiangsu University of Science and Technology (No. 210813102001)



© 516 ¢ ekl 51

AR H5%

0 315

AR, AT PRIR K FE, X YDAL 1
R BEALFERE IR I T m B R, SRl
R & K2 TAE T U — . AR s A et A A
M, JCH RN R M, A2 SERAET
T, HE8ANRFiciTMR. BT, Baefeks
iy 22 235 IR FL AT AE AN SO A Sy T ORI AR &85 440 1) i 2
T SRR T 2R B0 A Y BN S A B AR
5, RO AR SR fe s k.
FUHEHF IR L g, SRR R SR
T T () AR A 1, X TR R R S i
FERFR A EE R L.

Ma J W 25 \PIE T Bezier f 4842 1 7 —Fh P
PRATIRIGEE, BRI R R R A PR S Rk
— 2k TRl 1 A 2R Bk AR, (Hi T EIERCNE
I, HIRBEITRERBAL. s N T —Fh
ZamRhESHT G, Bl ACEIEMAN THY
ERIR SRR, IE S NREILT H bR s B A
Bk AR AE A, 7R R RS BT IR ST R o S 5R )
PRACRRL, AH PRS2 B R, 30
Mg WA H 2 P AR B G IR, & B T0IE e B A2 .
SR Wt NIVt of 3884 S 7 T N JE BR A 0 R e 5
Fea N e AU S B 1 S B i, 3R T — A FE R
RS O R B ——LCPGA Rk, it
ISR R 6 28, RERGRLIEH S,
e BCT 3B S B N SR s e, ik AR v T %
PRI FE SR SO, {RLE SN SR B e R A%
AR P e . Tt PR T —
Pkt A* SR BN % 113 (dynamic window ap-
proach, DWA) HIVRAHIE, &5 B 7L
NHBRAR IR, (HZZRL T HLEE NIME RS BRI
IRz, T EON N R AR AE S B R A A DL S
Blo S5k NOER & 3 5 Dk ERE ., K
B P R AR N T HLES N R R, fe SR
AR, (HH T RA—X—Misk X, AL
AR T AR SSCR, m HEVEM S e b a5
iR 2 2K

XTI, AR ST ) 2 TR AL MR % T
&, AR R AT 8T, 73RN
Bt A*EERIENAS T CHESE R AR AT i A R
IO NFE RT3 B O S R AT AT 22 A, BE
fife e 1 R R AR P B AR IR R, (RIS v TR

RIBRAR R 22 Ak SR A RIB AT AR . il
DI S SEIGIE TR T A* 5a W AR A & %
1o MR IR AL R BAL VR far 7 & TAF o sc il
A SIAEEAA A, NZTe T P IIEA
RLFHFTR 1 R AF AR

1 FEfpSHRiEE

1.1 FEEMA

AYRHE & EE B A T THIRAEL
KRR 3 AN . Forh, A AL
K ETEACH P A AT Al FE . UHERAE . W
KBEEESHIRE. TIWMHIZEETFGIE L
77, H T e A EME S F2 R PR i A B S
BARZHI . AR b TN E T A
2 #] B J6 (microcontroller unit, MCU) [ 1E/Nik
TEALHARRY i, SARAT 5 S5k, w1 s
RS 22 3/ FH S () A T e 4. (FE
[ J& 77 7] b 6] B 12003 5] 434D, B>z ) 6 3
XF N B L AT SRS IR B, AR AHAR N 3 N4
A TR O AR ENEL =AY . BT a8
ARG HET 1 48 R M 2% (controller area network ,
CAN) S ZREAT A MIEE

AV B RME R AR T, RS A A R
A A AT U R AR, AT AR SO SF B L 2
A KRG IRTHE T, Ve 2 A B Rk
PSP Eg A, MM SEIIRIRIERS . Bkt
J R 5 o

I AR A R B X

1.2 HHSERYEN

AT AR AR, A% & AT s
TOAEER o A5 S5 TR — MR VY SO B\ R A5
B, WE2FR. WBIETFEEMREa, ACKE3



54 FERSE: BT A5 E LR EHE T & B AR T 7 - 517 -

FIT 72~ [ e A A 1E A R 5 MR LR, a4
IR AR R e/ N T

P
1\

B2 ALY

SR 2

SEGHEME R LE,  de SIS R R 07 1R
b, e RS TSR SR S AR LRI
RIS, e SIS A R 5 AT 5 IR R A SR 45 4
FHABL,  ATAE 07 345 R 5 SR s S5

2 YIRMERREARIEE

21 2RBESMEEERKL

(1) Btk A*SRH 4 R R AR FR)

e G5 ALV I A 2 1 I v R R R A
A EEMRITE, W RAR R R4 R
BHERITE TR ERBRERIR A, fE&
BHEAE SRR, ARSCRAWE (D Fros B4l s
B AL B8 AL

S (n)=oag(n)+ ph(n)
N

*= N+2n e’
B=1-a QP)
Horb, gy SR 5 2075 15 n B SERRERARARAY S A(n)
AT S B H bR S BE A AR, av B
BN gn)s h(m)WIRLE, NREBERAET HE. B
QIR B, (MR B L, o [HAHX R

Ko gy EFIEM,; FEE LR B b s 5
T, h(n) T HOEBHE R, LA, E IR A YERF SIS
AT AU o F1 B AL I RN 4 TR

1.0

—— WEB LM
....... e tlilE
08} e
1 06]
2
R
041
02
0 o N N L L
20 40 60 80 100
PR R

K4 BUEA L

(2) Bezier il £kl & 5 5 M40

e 48 A* S E U AR K 2 T M 1, )
BHERI,  BRAS D9 R s B AN g B2 AT e o A
RAZ, AMUEFER AR, Wainteims
] AN E Ve O T B A% BRI R A% 1)~ T
P, AN Bezier fh£ "%t B ARHEAT AL . [RII
FREBE A*FEO L AR, R AR H AR N i
MIEAT AR A, BEE TR SERR RS, ATRES
BRI B BRARAE SEBR B TR VA SE L, ik, A
it 3 TV AR AL SR B A B0 S0 T RS K S N A #2645
B SRR, X PR AL s AR 2 AT
X, BEEA/HEGERT.

R PR IR B E S B, HA Ly K(xy)
7399 9 S I PR A% B A A B A T RO R
Hls

FEFEF A 0 R AR I R .

PHB1 WERNZREE, #ELeBEE
D IR S R iy H AR AN RS 5 6%
ZH.

BE2 TR ESY L P (x,y) B AR A
Ky d, st (2) Fr:

d=|x,—x|xcosa
o=l
bey— x| 2
Hr, o N FERS O BRSO P EL S
IR
B3 F LU AT 8 A W

N

o =arctan



© 518« ekl 51

AR H5%

5 FEFET AR R

O #d>D, EHEEAETH.

@ # d<D, LEANRIEYIRMG E 1 bk N s
fakEX (K5 FRBEHEX D, 2B T, LAV
PRAT BT K AL, 2 BIE D A2 [
FRl A e SR IR AP AE P A M, 98 e i e A
ROP AT B K RO 2R, 7ELE K4 P il ad i BRI
FEEBGI I P A M, &G RO AE R K,
EK B PR, YR KT ZEREDI, ¥
VIR AT K BN K, ST I AR i EE it
17 Bezier &, 13 OGHRIEEAEL,, BUIS, I
BRI B R B 1R E 2.

T4 PR IPERS, HE AR E R
A A E, TR k.

22 EERESIWSEZEMNK

BN A T A — Bl I R 0 A B R R
L BB R KRR T A B H AR B B (x,
PV T E A ARE B (vw)e HITAAEZ AT
IHERIE L, SN T SeBAE S B bR E R 25
A EERR, ASCUMERIHPRAZSHEXN G, R 4T
H A5 KPR A f iz 3 A A R AR T — I 21 1) 3z 3 8
75, [FIE i B A A W H VP R d_distvw), FFiE
1TV, 1S A, IS H bR fe
JREgAE B GREEIS S .

(1) 37 ER

G R RN TS HARAE PR i 0 3R ) 5
JG, AR B SIHEAR I 3 A A S R R ik
fikr, 3 I 4 ) RE R L B 1R EAT P R R
SEPLE AL PR AR R 7 TRl A

DRI PR E A8 et 72 o i e (R DR Bh e R A2 BN

RIS, N T AR AL A RIS BRI
fRETERAT, R E SR 3 IRE) T IS B Y
3% RIB B AR RS WA 6 PR .

y

Ko 3%t Riza) A

Horb, v o 73 90 R AR ) AR AE T8 R A 1) 9 1 A%
A E IR, LR 0 B A e e O
FIZRTFEE RS, a SR REERRE <B4 1) 48 2 1R K A
(=607 v vy v, K3 T D A 2
B, v v, AR SVIIRAE xoy A4 AR 2 AT x il Ay
WhOT R R B, 3% Rz AR L (3)
iRt
v,=v,sin(a/2)+v, cos(w2)+Lw
v, :—vy+La)
v.=v,sin(a2)-v, cos(w2)+Lw (3)
(2) VM EREL
AR T ikt F 4 r) 56 R B 50 FRUDL ) S5 4 S50 )
BHERI AR ERIE R, XA PR} i 7 1) 1
AL, LU B A B ORI 2 AT AT
MR @ Fros I VEY ek 20 ik i R
5, AT SEIL R EBER AR . PEAN BRI ERAA A
G(v, w)=0J[a x heading(v, )+ f x dist(v, )+
Axvelocity(v, w)]
Hrr, heading(v,) &Y EHIL 1A A VEAN R, H T
TR AL RL 24 B RS 5 0 BEDIR A R AL 1) Al 22
dist(v, ) MRV EE B VPAN BR AL, FORTFEYIR
RO E 5 R RS [ R EE 25, R BB P4
PR K . velocity(v,w) A& 38 JEPEAT R, H T F
W A FTIZ S PLE T ERME SRR Z I KN e av By 4
NRE R, sNH—HSHL.

(4)



54 FERSE: BT A5 E LR EHE T & B AR T 7 -+ 519 -

(3) HukahdE k%

RGBT AR 5 H A fUE N E T WA
PO B 2 heading(v,) KU TR AR, SR> JRETE S, 5
18 AR R BN R R AL . ik, A e R RS
PRI IS A 2> bR FIWT R B, ToVECRIEY ML
TR X TR 22 4 1 R SIS PR ) 2SR . xf ik, A
AR GE UG AL BR AR N0 B YA FTRL B L, I
St 1 e i

© WAL B2 1k e R E

N T B RIS, 5 4 R
AR RE ISt & 22 A B E DR N BER S 4L, 53
ZSWE [ D,=2D, 4 H RSB T D,
I A o il W ek B, BT R R Al A R . [F]
W, EMERSAE DN BN L, SIS
BERFYD VTN BR EL d_dist(v,0) Rk H AR5 i 3)
SERFYINEEE, DR ST B i i) s s
Ry RIEHED R A B R S (5D s

G(v, w)=9J[a x heading(v, )+ f x dist(v, )+

Axvelocity(v, w)+yx d_dist(v, w)] (5
Hr, yhd distv,o)RUE 25

@ F4h 58 0 K B4 Jm) I A7 TP I DG B B A YT
AR B AR s, FERHE R R BT R 5 =,
PAE G PR AE RN SR iR i L. BRI T .

SB1 e RIE A EE IR G 5
path 241, B HARSAAE path2 v, FH T3 3 H bR
HORE, RIS sh A BRI R AL 28 5 RAHE BAETE
DWobstacle #2+ .

$R2 HIEHBRAKEKENK &
path2 H1 R AE T R DLSR IS 6 Al PR KIEHL
R 2 (6):

dist
K= distj
Forr, dist, oy AT R B B B A AT Y KBRS
num Jy EA dist, A2 E NI S8 dist, NElEs
B A7 DX AR 1 i /N S (B 242
B3 KRBT, PR 2 3R
LI H bR S AR A ST RME R 51 5 R BT A
PPAN B 8 heading(v,w) 5 & 1048 AR, BEAT A4 S0k
JEER B AR IR .
S EH DR 2~DIR3, H BN H AR
BN, R PR Bl A R
23 HEBEERENX
1 3 A I ) St 4 SR AR R R, e RIS A

X num 6)

R — 2k A m . BR AR mi b HLI A SRR R SR 1Y
Rt A R, EOCR 4 REIETVEMR Y EHE
v TAER 2 H bn e da 5% T K2 A 0 )
it AR A T, SRR it
(1 5 Bl B A B ¥k B R 3t N X 20 28 3 s ) e
B S BN R R

BEXT EIRAN A, ASCORE Bt ) A*SE M 25
W CREATRE Y, A A R IS B ) O e A2
RAE R BB AR AR B F AR AR, AE S S
it 75 =3 s dme LA A IR, A LA 4 R R R P
BT A5 E LR H G B AR S TR

W 7w

T & BRI iR e
I LA

;

BLBERAE 5 R PR ZS A

:

MRPEREHORAS | AL e
{5 BB TR R A k)

FEFE T RN K
FEAEIE

R A B AR A | o
PR 5] SR

TFRA SIS H LT
S

SRR Eh A
B XA

K7 BT A 53 D RS AR Sk 1 2R

3 MBEXBEENHESH

31 Kt ACEZEMEREENAXGE

(1D FEGuMi % 5 SO (1 2% 12 7

T 5 et FE A G R AR R it e A A
() A= ST B AR LRI B, I LA R R ) A
R EMAMAEH M. ESRNE- R, ik
i WAR 1.



© 520 BReRt - HHEARS
A
15t I 11
14} 2,
13E (. |
12F [
1nr |
10}
59
=8t
7.
6.
st ||
4.
s3f
L T
H: £
1 23456 78 9101112131415
x/em

(a) fE5c

10
5o}
AS_
7.
6.
5.
4F
3.
o
|1 199 TN . 09 W0 W0~ WV A
123456789101112131415
x/cm
(b) MEEMHA%

K8 T AL GRS AN SLHIAR i) A% Skl 3045 SR

F1 FEMMETH ABEEMRIMTESER

®2 FRBAEETHBREMAKNESER

551 SRR em SRR
FEGEMS 19.142 360°
I S5 A A% 19.849 390°

LT, ARGUETEMS a2 HBLES ()
FIoRI “HURIN 7 8%, (HIZERAR R SE bRk 4
MECASEIL, TR RTE T 15 Soibhs R 5 ARAE N A
HATBRRTE, A G EATYRME RN, 123)
HARM RS @ R E B m N xR, EiEHES ()
FIT 7 B R s i, SR B B AR TG ) 2 R RS A
M 8 (b) AR 1 AT, R e SIS 1) A%
BOE B MR KE . BRI LA BT,
(B RE AU R S A R B AR I B, HLRIRE T, 18
UM A S T 2K R A R A ] s e A S A A% [R]
HILEI8 (a) Hr b s i o

(2) B A*E% 5 Bezier H A& 17 &

NTREERRNE, KL AFEAG T
BRECH LN T AL R E, JFd I Bezier il 28 %1 A*
IR AT A . N T WRAERARA Bezier 4k
Jo BTV RO, R etk A* SRR BT B, OF
PR SRR A, SRR R i ek
FLEBRAR A AR IR ANV TR AR . 7 EE S 9
FioR, A B WK 2.

HE9 (). 9 (b) FIFE20 M, @héAUE
AL = M Bezier 11 25 19 7715 0T LLBA 2 sk /) B
BIRN KR R fa i, Horp i IR KRR N
25.8%, W MAAEIRE N 53.8%, (HE S IEEL B
AP AT BE S BON R A2 5 S 4 2 R) fr P
ok, HERES, WA EESYI TS T IS

HEgEK B BEE B

Sk Bfem  fi1 GRRE GRE
A48 A* 5L 19.849  390° — —
BUHE A*S% 17320 330°  12.7%  153%

BUH A* A Bezier 42 14.723  180°  25.8%  53.8%
BUE A*EA3 B Bezier th4E 16,196 210°  18.4%  46.2%
[N e el 18.928  225°  4.6% 42.3%

X3, MAFAEERTFER. B9 (o NIIAIH
Bezier f1 417 2 BAAUA Ja 905 AR, ml iy b
BT XM I B RNk RS 5 sEBrfg
Sk PRI, 7E I — SR BT U R I RN B
L, hEERME (D s, BiEg A*HE %k
Mg, SEBAEKEARREN4.6%, LT A48
TN 42.3% . IX % BH RN B BT 004 DU 5 1 ot
A*BVEAUBE PR S B R A, SR s R i I
PRk, T H RS BRAKE, fEEAmSER.
3.2 BUHHAEOENEMERHE

MBS ENZS T A ANt fa BN AS i 1T
R, dRwE10ME 1R, H, Bk
NAERANEE O BR, RN G E O
AT

B 10 NER AR il 2k, RISF & H 30 bR A e
L. B o hshASBREEhZk, B2 Hbs
FEAgT, R AR H AR B2 R 0 ) 1 ke 5 i
o MWEITORTHEN, fRGahas a5 H br 0
R, AW —, GFENRSRL. SOl ERSISE
P19, i T 0 KR B AR U ) B RN
M EFR ST, BRI, AT 5



2440 JEMSE: FET A5 CRER Y EHME ST 6 B AT IURIT 7 - 521 -

1
15+ 154
14} 14}
13+ 13+
12+ 12
1 1np
10f 10F
\59- \§ 9
8 st
7H 7h
6 6F
5H s5h
4r¢ ) 7 41
=
1000220568 |
2K ) 2t
Wk 02002020 !
1234567809101112131415 123456789101112131415
x/cm x/cm
(a) FUEHA*RE (b) BUHA*F L+ Bezierllh £&
uf HiSe2e2eSe2e2e8 &
5| HiIgegeseseesesn
I 13‘ B o ..".
12 12_ . TR 5 A% ' .
Hy L Oa0.0.0.00.0
10} 10k
e § of
=8t = gl
Tt 7k
6f 6k
5t st
4+ 4+
3t 3k
2t L PN N
il 2 PRI 1
T O R IO KD
1'23456789101112131415 123456789101112131415
x/cm xlem
(c) AUHA*FE+3F Bezierft £k (d) 3¥rBezier £+ Rkl
B ok AEAR AR R DT
16 16
14t O 14 O
& s
12 O 12
10 10
£ 0 £
8 S 8
Sl A7) 1X Ll
6 O 6 O
: O : O
:® O 7 2<' —— JGEDWA
dgotowAll T/ = T FEADWA
------ E5:DWA £
0 2 4 6 8 10 12 14 0 2 4 6 & 10 12 14
x/em x/em
10 s Beie et s i 2 i 28 1 B RS g e i A il 2

R B R R 1, ko ke BRI distton) OB S TTRLE
EhAS B IBE B ORI B, SeekoA I NBA ke TEARTEAEESYR . M B e 2 A



©522 - BRERRE GRS H5%

WFYDIEBNIX I, & B H AL a5 A AL ) 44k e
TSR, T 51N B B A B B S IR A
R, R R RS R (A A ORI B A G X
5, SRR AR
3.3 HAWBRREAEMNE

N TR AR G R IR R B A A
TEAEREEIE F R E —NEA. BW A A ZEAT AN A
Wit iz sh s SRS, KRk iET A* 538
&AM BRI AL (B4 /5 R A 55
5K (O FrapaRddt &% (3 Bezier i
LA PET U ID BT b, SR 12
e H, BB ARG R A kR R
AR, HEOSTECNHA RN, KESTL N
HAE LA G G W B AR s .

R
S
tegeS020200000
e 30

() a
A\

=}
b o0
8.
il <)
of £ J &
5' ".
| 22088
” ’ DA
i atassiniiss
2| — N X
A 202020

123456 7 8 9101112131415
x/cm

K12 @Rdolfa S et

S TR, AR SO RE O S I Bh A RS
Wi, AR YR A I R A 1R S B A BRI K
AETWRINE . e/ REAEEETIN T
B %, IR A R 5 AR OSBRI R R
R H b il B B S04 = S i 95
A, T REA I b A 3 5 A S e 1 vl R

4 SEWERZIF

4.1 SKIGHEHLFEIR

N T B UE 2H A B AR BRI B ) SE R AR R
AR T WE N3 R SRR, HhadE T
ALAEBL . F B (B A miesia) &AL
STM32 il dR . A7 THHLEE. BAIHL. & FA4L

HLEATS ST R T CAN S 2R dE 47 20 3815

B3 Bt 6 SRRl

HA BT AR 7 TS AR T &
RRSHSEEER, 1 %50 /AR 2 S 5 % A
Bk R~ GOk 162 mm); HEPE TR A i Pkl &
B MAREE, e T AR (H% 78 mm)
JORBNF AL S G IR A S 15t 1) L IR D
HLHLMG513P20) s AR 7 & LAE X3 Tl AH AL
R, M ALE R (i B MV-CE060-
10UMD FEAREAHBLITN . A SEOFIR AR /AL
42 HEREEELR

B 14 538 T °F & FENLEE AT 8 f 52 56 1R 7R
WILEIRAS T, B % B bR R AR A B AL 72
HHIVIELZE S8, AR G TCE A B A BT
Y. Hrb, BRI ST WxH=25 cmx20 cm, PEfS
1. 28R~ WxH % 51820 emx13 cm. 21.5 cmx
14 cmo TV AR LA 7 Woi/FD 1) SR A 3 P55 56t Ak 4%
IR AR AR AT IR AR SRR, TR R E A Bh A
AT R ) B /NS A g8 (i 14 EoF
MGeoH, PR IEA AR AN EENAE
Rtk

B 1S IR 7% S8 R R R i S bR R 1R S

SIS BEYI1

K14 fefier & LK



54 FERSE: BT A5 E LR EHE T & B AR T 7 -+ 523 -

LEEN A A N WS ENE R /L (S e B VA= b
LAy, O FTO" 73 3 2 7= WA A 1) 52 B i
P R SRR R A TETIE, EE 1S5
AN T AR PVRH R ER L AN B A BG83

x/cm
10 20 30 40 50 60 70

B 15 R R =K

SRS I AR, PR B WIUE S A 1A H bR S D #ET
4, A AN SIS BRI 3 £ E©F 5 GoH
Z AT AERIZE) . AT E 1S vl A, Pkl brfs
R SR A A S, RRKIRER AT
0(31.85,42.40) 5 0'(30,43) 4k, H [] BE 25 1w 22 29 R
1.85 cm  COf B2 [P FHXT 1% 22 24978 3.36%) ,  1X S 4%
AP B 7 10 R A A S 30 . 7R 14 1k
frscaG, AP T IR S s CRIRRE YRR B 3
SERSYIE/NAEE, i FPRl R R B 1S
B(26.96,33.57). C(57.36,49.16) % 5, &5 4 40
A G(51.18,16.32). F(33.28,67.08) % 5, it & 15 H
Kb N P 5 BE B 4 i N 2,75 em 2.15 cm, XK B
VIRME AL I FE TP AN 2 H IS Bh A8 BG4 R A il i
BLS, YIRHRESS IR M 2k H bR S BT, 2 T
FEAG R LR, B0AIE T ATIRZH A BE A2 AR R
Rtk

5 #ERIE

R XTI R ST &, AR OR35S T S5
EHIAUE A*FE ST EIRE S, #1782
BB AR K, DAR A% i H b 1) i 2 1Bk e g
J1e AT B AERNI R H AR 5 W) A AR
P 5| R AR W 2, 9 3 B Bezier 28 X0) 1% 42 3t
TP . T 8EE B bR R 1) 3 A
RE 1, TEANEE AR ASIASE DR $, I

P4 R R AR R AT A O P AR, AR H AR AT
R ARG, CAB BN R R . R e
SRIGFENL_ BB IR 1 H A& AR R EVEAE TR
JS2FH AR A R

ASCH AT SO YR RSTAE e Va N (BR3 %
FfihD 5 H be A% I AR IR AT RE L 2 5/ 2
AP ] FRUBEAT TR, AR AR R RS H
bRy AR E SR 2 Hbefedn = sh AR e
RISE IR TT, LAt — D it 4L A A2 k)
AN A B S I

S K-

[1] FUY G, ZHU J M. Operation mechanisms for intelligent logistics sys-
tem: a blockchain perspective[J]. IEEE Access, 2019, 7: 144202-144213.

[2] ZHE . B REPUE RIS RS TED]. RS TR
2020.

LI J H. Research on control system of track vehicle system[D].
Chengdu: University of Electronic Science and Technology of China,
2020.

[3] KEEKJS, LOH S L, CHONG S H. Design and control system setup of
an E-pattern omniwheeled cellular conveyor[J]. Machines, 2021, 9(2): 43.

[4] URIARTE C, ASPHANDIAR A, THAMER H, et al. Control strategies
for small-scaled conveyor modules enabling highly flexible material
flow systems[J]. Procedia CIRP, 2019, 79: 433-438.

[5] MATW, LIU Y, ZANG S F, et al. Robot path planning based on ge-
netic algorithm fused with continuous Bezier optimization[J]. Compu-
tational Intelligence and Neuroscience, 2020.

[6] Z=f, VLA . 2 Az it bR 0 T & MR RI[I]. R0 HA R,
2021, 33(3): 698-709.

LI Q, WANG W. Path designing of multi-omnidirectional wheel collab-
orative sorting platform[J]. Journal of System Simulation, 2021, 33(3):
698-709.

[7] FuRUE, SRR, AR, 45 . BT 40 g Sl A 1A% S0 A T A FERR
AR T[], B Refhy L HAR 4R, 2019, 1(2): 171-180.

XIN J F, ZHANG Y B, BO J G, et al. Study on path planning of un-
manned surface vessel based on data-driven genetic algorithm[J]. Chi-
nese Journal of Intelligent Science and Technology, 2019, 1(2): 171-180.

[8] EVRK, FH e, A4k, . BT it i A*SE 5B E Dk sl
PLas ARg A2 BERIM]. HLAE A, 2020, 42(3): 346-353.

WANG H B, YIN P H, ZHENG W, et al. Mobile robot path planning
based on improved A* algorithm and dynamic window method[J]. Ro-
bot, 2020, 42(3): 346-353.

[9] Z5RE, A5, 1 . HET-udt A* 5 DWA BERRE 1R =018 A

FRRI[]. A HURAAR, 2021, 52(1): 14-22.
LAO C L, LI P, FENG Y. Path planning of greenhouse robot based on
fusion of improved A* algorithm and dynamic window approach[J].
Transactions of the Chinese Society for Agricultural Machinery, 2021,
52(1): 14-22.

[10] JBESC, WRPET:, SRIEAE, 45 . aler bR R ) ot AGV BR A2
RISTHEDHLL). TR 5K R, 2021, 31(9): 1-6.

GU W B, CHEN Z Y, WU Y W, et al. Research on improved AGV
path planning algorithm based on grid map model[J]. Computer Tech-
nology and Development, 2021, 31(9): 1-6.



. 524

BRERRE GRS B

[11] FU B, CHEN L, ZHOU Y T, et al. An improved A* algorithm for the
industrial robot path planning with high success rate and short length
[J]. Robotics and Autonomous Systems, 2018, 106: 26-37.

[12] JIANG H J, SUN Y, WANG X W, et al. Research on path planning of
mobile disinfection robot based on improved A* algorithm[J]. Journal
of Physics: Conference Series, 2021, 1871(1).

[13] A, ki, P, 5. 5T ook A* 5L Bezier #2112 Bl

PrlFl & R BRI T]. A HLAR 244, 2021, 52(S1): 548-554.
CAO R Y, ZHANG Z Q, LI S C, et al. Multi-machine cooperation
global path planning based on A-star algorithm and Bezier curve[J].
Transactions of the Chinese Society for Agricultural Machinery, 2021,
52(S1): 548-554.

[14] LI XY, LIU F, LIU J, et al. Obstacle avoidance for mobile robot based
on improved dynamic window approach[J]. Turkish Journal of Electri-
cal Engineering & Computer Sciences, 2017, 25: 666-676.

[15] MOON J]Y, CHAE H W, SONG J B. Planning of safe and efficient lo-

cal path based on path prediction using a RGB-D sensor[J]. Journal of

Korea Robotics Society, 2018, 13(2): 121-128.

fT R, BIAERR, BOCHE . =R AR sl s N RETHFE AL IETT EE 0T

FEI] HURSHUE, 2022, 50(3): 1-9.

JIAN A, MIN H S, HUANG W H. Research on online calibration

method of odometer for three-wheeled omnidirectional mobile robot[J].

Machine Tool & Hydraulics, 2022, 50(3): 1-9.

[17] FOX D, BURGARD W, THRUN S. The dynamic window approach to
collision avoidance[J]. IEEE Robotics & Automation Magazine, 1997,
4(1): 23-33.

[18] FAni5, WHIR. ld 224 A*ENE S A E VERIHLE AR,
TFEHLTAE, 2022, 48(9): 105-112.

ZHAN J W, HUANG Y Q. Path planning of robot combing safety A*
algorithm and dynamic window approach[J]. Computer Engineering,
2022, 48(9): 105-112.

[19] &85, §FA R, MK, 58 . fh G ot A* SR AL 3 A5 & AR B
TERRI[T]. TSN Ui R 4, 2022, E3H
ZOU W, HAN B C, LI P F, et al. Path planning based on the integra-

tion of improved A* algorithm and optimized dynamic window ap-

[16

proach[J]. Computer Integrated Manufacturing Systems, 2022, accepted.
[20] SR, ZE4E, Pedk A JE T ol A* S S A A E ARE FIHLEE A
BEHLI8E R T VR FE[]. AN AR, 2021, 42(3): 132-140.
CHI X, LI H, FEI J Y. Research on robot random obstacle avoidance
method based on fusion of improved A* algorithm and dynamic win-
dow method[J]. Chinese Journal of Scientific Instrument, 2021, 42(3):
132-140.
[21] HENKEL C, BUBECK A, XU W L. Energy efficient dynamic win-

dow approach for local path planning in mobile service robotics[J].

IFAC-PapersOnLine, 2016, 49(15): 32-37.

(fEZE ]

BR (1973- ), 5, ILIRRHER AT
FE2 R B, S EE T 7 ) AL AR
LBEzt. Hlas ANfzl.

EBER (1995- ), 5, VLIHREREN LT
e, T EHE T e R
Hik, MARRZEIT

FNF (1998- ), 55, TLIRRHER AU T
R U S S S L Il P = 22k IR
NERAEHA o

FERME (1996- ), H, TLIFRHR AN
TRt A, J2 BT 5 10 D9 R Re
EE NS

FEES (1999- ), 5, TLIFRHEK AN
TR Bt A, BT [ bLds A
LA



