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Abstract

Handling robots have been widely used in the picking system of “part-to-picker” in un-manned
warehouse. However, there are still problems such as unreasonable path seeking planning and
path conflict in the collaborative operation of multi-handling robot. Considering the load balance
of the path and the turning time of the handling robot, the path planning model of the mul-
ti-handling robot with time window is established. Combined with the obstacle avoidance strategy
of adjusting the priority, an improved “offline-online” two-stage dynamic path planning algorithm
was proposed to realize the combination of global off-line path planning and online conflict
avoidance, thus improving the operation efficiency of the un-manned warehouse system. Finally,
three sets of simulation experiments are designed to verify the effectiveness of the improved algo-
rithm by comparing the total running time of the handling robots.
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Figure 1. Environment map of warehouse operation
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Figure 2. Flowchart of multi-handling robot path planning algorithm
E 2. ZEiEAREAREERIZEE

3.1. BEME - FRBEREN Dijkstra BIERBRMBE

NT R AE NG R, EAES Dijkstra FIEMIESARCE I TR, SHESEHT T S0k,
BLE AERS A A A, S BARIAEEN b= { /by, fbyse-, b, |+ IBATERET AR SR B AR B HEEHL AR A
ISER BN b, = by, by, b, | » ENBBAEHE, AAFSEREMNT:

1) FIFALSEH) Dijkstra Fi NS AT LA N MAT S5 UG i 228 05 AR AT W0 BRI 5

2) X D ERAREAT 0, Goit i TR & SN B BRI FATTX Ay s

3) AfiEhlas Nl M aT AR, b, BN 1;

4) K3 AR AT FE R X Dijkstra 57535 R B AR (1 RS MR R KR 5L

FU@4%Hﬁk22@@ (13)

WU IR B 42 A P I 0 B AR A LA -

DOI: 10.12677/airr.2019.82009 73 PNER ST IR YN


https://doi.org/10.12677/airr.2019.82009

B 303

w, =1+ F(/b) (14)
5) FUJF Dijkstra $, IRAFHIBLR (0155 66 K IERHILEHL R A BRI, B S8BT 104 5.
3.2. EEME - BT ETHR R ELS BT

s B U T

Vi v RERHBENUIEA b S AN

v @ R v 5 ) HEE LA

A={V, L ey} RTHEB AT A, B = (B 02V}, BRI A A
LS8 NZEHE, MU A B I S EMEE N5 NS S SR

1) R B, AT v, R v RN b, OB AN, B, ST S S S

2) By RBHAOIENLI A G, h, R SEET AR AL A, I SR
B, B, BREAT, SEIE A v

3) 2 v KRB ICOME NI S, B, ARG ASE % SRR, IR R
LM, T HIMHRENLI A | FPCHOR B AT b, 255 5 v [ F TR B . 55,
WTHBO: 575, BITHED:

O v 5k, RS, SO ERIE I

OISR, WS KT, , BET, AR A B v, W, SRR R R AT
I ve E T, VR A, AR v, W RS b, E LR, SR, WA E
A B, (AT BB, A AAPTE, T2k 2 b

4) F v BRGNS, WS, WS K T, « BN KRI T, , T
v RS T PR, T 78 R B 2, 2R AP E AR AT B, A v R MZ L 28 N B4 5
FOLE i, WIRTE, RA 7 ok s

& WBENLS AL TR LI 3.

3.3. TEERZEHEE

HY I8 R SR XA BAT 08, AESEPRAT BRI R T, PSR HLE A AE A — 2% B B BRI AR
TrEATRE, A5 HMBLE ASERL. A AR ILR, KM B IRIGH RS A, ASCER T EZEA
[F] R PR R SRS o PR R SRS R 17 T ML A\ IE S 0 ) 25 A SR B — O Rl B A SRS, AE R T b
ARTTE T WASHLES N R T AN E DR B 8] o FARAR R SR -

OF PIFA FAT B WS AL ae NIH% SRR BR A2 ST AT BN, FEAEE R PR e, A AW A iIZ AL
WAL . RAEHm ARSI N LR EL, 57— NBEATAELMST, IR, R
JIT A BRI TRL, 32 AR B0 [ SR

@F WA E AT B RO HL 28 N P AEAE R — RE VLS NAE IR G550, AAEB MR, B2k
PI LS AL e . 5B E IO MLEs AL e, B AZREESERs, T — sl ds Nt T 7R Lk
T, AIRrAERE . ORRIBRAR TR R IA), S PERRI B A SRS s AT e L as AR e
WHE L N IEF @I, E R WO LES NTBEE T — R m T SR 2o

% PR [F AT B OE HL & N AF A — s pLas AAE BT ThikiR M, FAEEMmmR, B4
WIS HLa NIRSPATIRIE TAE, 75— oS HLEs Nb B AT L T SRE . (R P MR URSRIE h, AT ik
TAR S HLAs NS Zd i o

HR R T R SRS A ] 4 BT

it

DOI: 10.12677/airr.2019.82009 74 PNER ST IR YN


https://doi.org/10.12677/airr.2019.82009

FEE#H

Tr ik

hﬁﬁF‘ﬁé@%%lﬂw‘

h 4

Eﬁﬁha\ ha*le%‘
RVAL ARG H

HP
RR)?

A
A A

N

BT

peid
o
i
Z

=
i

AN

4

Figure 3. The flow chart of online adjust the priority strategy
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Figure 5. Traditional Dijkstra algorithm for path planning
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Table 2. Task parameter settings of the handling robot system
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M. BT ATACT, EILAMIESET, FRATK HER IR — B S5 7 S mS A3 T 78 28 1 775 3R ms B
TR R IZATIITE], W% 6 Fim.
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Figure 10. Simulation path diagram of handling robots
10. IEHFANEBEZE

Table 6. Simulation results of handling robot under different strategies

6. NEIREE T HRENJZANGRBHER

. . BIBT BB
e %% 4238 R o BEE
S EIEPLEN (13,15)—(13,13)—(14,13)—(14,5)—(10,5)—(10,3)—(8,3)—(8,1) 132.39 126.39
iﬁ;@ (13,15)—(13,13)—(14,13)—(14,5)—(10,5)—(10,3)—(8,3)—(8,1) 162.86 126.39
g%ﬁz (13,15)—(13,13)—(14,13)—(14,8)—(15,8)—(15,6)—(14,6)—(14,5)—(10,5)—(10,3)—(8,3)—(8,1)  146.25 142.55
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IINTRIAR, KB 2 T SR i B LRI B AR (R 7 VERE TR Ay A by Z [ AE IR AR [ 3o 5% B 45 38 1)
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TE 55— 4 L B8 sp B AT 43 SR P AR G S A G 1) Dijkstra SV0NRE 4 MGE LS N T B2k 26
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GERRE, BRI AR T A — B R RN, TR SRR, AT RE A ORI R AR 1 R
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Figure 11. Path diagram for online adjustment strategy
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