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Abstract

Abstract: Aiming at the problem of increasing travel time due to turning and obstacle avoidance in robotic
mobile fulfillment systems(RMFS) with large-scale multi-AGV path planning, a path planning model with
the shortest task completion time is established. A path planning model considering no-load AGV that
can pass through the shelf is proposed, and the model is solved by an improving A* algorithm. The AGV
operation stage is divided, an turning penalty value is introduced into the A* algorithm to reduce the
turning times, and the obstacle avoidance priority with the obstacle avoidance waiting time is set. The
simulation results show that the new path planning method considering turning and obstacle avoidance
can reduce task completion time and travel path length, and improve order picking efficiency of the
warehouse of a distribution center.
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Abstract: Aiming at the problem of increasing travel time due to turning and obstacle avoidance in
robotic mobile fulfillment systems(RMFS) with large-scale multi-AGV path planning, a path planning
model with the shortest task completion time is established. A path planning model considering no-load
AGV that can pass through the shelf is proposed, and the model is solved by an improving A* algorithm.
The AGV operation stage is divided, an turning penalty value is introduced into the A* algorithm to
reduce the turning times, and the obstacle avoidance priority with the obstacle avoidance waiting time is
set. The simulation results show that the new path planning method considering turning and obstacle
avoidance can reduce task completion time and travel path length, and improve order picking efficiency
of the warehouse of a distribution center.

Keywords: RMFS (robotic mobile fulfillment systems); multi-AGVs path planning; walk under shelves;

turning time; obstacle avoidance strategy; A* algorithm

5= 07 A RO A HERR sz B T BRI B 3
5 5] 12 % 4 (automated guided vehicle, AGV)5 A
LB BB B I B AT RIS ATRCE g g g% ) A #% % J7 R (robotic mobile

oK S I B A 14 RCH It A2 WD AT b K FE IR b SR 3 fulfillment systems, RMFS[”) W KM A
BEE T AR R, RAEASEMANTHE  AGV il DR ik SR MER 22, & BRI 1 B2 AN

WA H . 2021-10-19 EEH: 2022-01-07

BETH: ERBHECHETRI(2018YFB1402500) ; HORITA H AR 564 (LH2021G014); #HTHTRHE 1R (2021B01045)
BEHE: F(1982-), %, L, EIEE, SRR EWR, SRSV E. E-mail: liteng_ha@126.com
BWEE: TIIR(1997-), %, BiLAE, Fa7mE B, AGV K. E-mail: dingpeipei 2020@163.com

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 7, Art. 13

H345E T
2022 %7 H

BRI S 2 AGV BRI I RTIR .

R S E RN 2 AGY BRI RIBEAT T 9T
Vivaldini 2557 FH| Dijkstras 53R ) B 77724 6
PRI Ma 25 R T4 R ST AGV TRl i
FHikl; Kamoshida 5 “$2 HH—FiR FEHRIGAE ST 71
1R RMFS R4 AGV BRARHIRI R, X ] o 2
PR 51 S WO S SEI LA AN BRI .
RIS RS WO SRS
BT B AR BB R A ISR R I FE L
18, TMIHLES S A AGV UL I R Sl
SEREPRABINKIAFAE — B IR ME . A*SRVEREIE SIS
AT RE S PR TE A R BRI, 75 AGV %45
R R BCAT 2. Lee 57 HE AGV 4 HTIRES
SR et A* RIS AR, I ) S A AR )
Hb%. GuoZs #1144 Dijkstras BiEF A*EVEL: 4
AU ER AR R I . 2o VR T I P ) A
AT IR S, TERRIY Bk G i 452 20 4 DAL 4
%%, Merschformann 2" FH B ] 7 25 & A* 52355230
% AGV BRI . TKPTEESE RO A g A
L RFIA BN LI T R 2 AGV B4 K o

b AGV B 30, R G 5 B AR R K
fift 1t RMFS 245 AGV B 4% 40K e 850 F) - 58 6 2%
PR RORBRAG, DRI 20 35 W 78 5k fR . Roy
M STEIE YL, 4H AGY £ iZ i N e
AGV R AVFHEN o Hofth 25" 5 B B A 5 2k
AR, Dou 25" FH R AT 55 KB ¥ B AGV AR
S, Yuan 25" RI ) R EN K 1A B B ARG .

E T 1 2 809 A 785075 18 AGV AN [FIE AT
B B I8 AT 20 RIS AT IR A RHAE 5 BURIIE AT I 1]
B HH, AGV AREISATH BOrT G #3847 7 1 2%
XA IR, —IK AGV 25 5k o F2 1
S E AR IR IR A 0
SYHIE AT e, R AGV fEFE S | kit
R 2 SBUSITIREARESLE, R KA 25
B Wa, AGVTESEfRRIEFE Vi RE I (R B AN = A=
FLF% o AR SCER R RMFS A5 b A X0 [v) 3 3 2% 45 5 )
W) R, N7 DT 55 58 i (8] e HAR I 2 AGV

P, 55 REANFERFLZH BT Z AGV B2 ML

Vol. 34 No. 7
Jul. 2022

TR EEAT I RIBETY , AR IR AGV L
TEBY BUEEAT R 73, AR B B 47 DR 48,
[F I 25 18 AGV 755655 1 7% LSkt Fe 55 R f b )
I [A] Y 6, 380 o) b 55 455 I [R] 50 138 B A1 26 2 4
HA*RE, DR —FhE RMFS Rk 2 AGV
TR = BT, AL RS

| O ETPE 557

RRIAHFIETT AR TESTHRE, REKE
FAT AR R B — 5 B E S A B AGY T R IEAT
%, AGV 1% J8 R Go R 1 B8 425 T 4R i is 2 4 e
ML &, ik A R TR 4E R IR YAt i ok 5
AGV TR B B8 [ J5 R A7 &

AT R AR AGV I LIFE TR AL N 5
17, [RIRT I T ROBE R SRS DL T AGV AT 55 58 U
) 1 B SRS, RGUARAT 55 A1 AGV I Bk
VAP BT S5 i S IR ALER N, RIS A 2 ik
an, ZHESEE TE, RERIEEE) I HIL
G ASHAM LR AL RS AGV /ELRAR W 1
Fiizm, AT55 56 B Tl R4 s 1) 2 frs

M AGY MRk & BCE R G, AGV 58
HAT 55 I R RN 9y R AN B, S A BATEN
P B D RBE R, Rk B R — I B i
FORTE BR SR AT IR . 3 1 B BONRTARAT 55
BB, MEBY B LA AGV i BRI 2, AT 5P
EALE N E AR, I EIEEY B AGV 4 F = #0k
A, WLMETT R EAT: B2 M BONRIAE ik
abrB, ULP B LME S BT e B O IA S, HRik
TXNFCNHARR, B AGY N EBARE:
3 BONREN B, Nl AGV IEHIE TER
BT P gE, K HRiE TAE G R — e i E
NPRIE TAEX, AGV FE PRIk TAE XAT B 1) B 2k 1
ITIR T 1A [ 58,y G i A] R 2 SR 0 AE ok i
2R AGY ALK TR s 28 4 By BUONIR [y
B, BB B DAHRIE TAE X H DO AR T, DT
45 FITE DR 280 By H A

http: // www.china-simulation.com

* 1513

https://dc-china-simulation.researchcommons.org/journal/vol34/iss7/13
DOI: 10.16182/j.issn1004731x.joss.21-1060



Li et al.: Multi-Stage Multi-AGV Path Planning with Walk under Shelves for R

534 B 7 ) ARG 1R Vol. 34 No. 7
2022 47 H Journal of System Simulation Jul. 2022

B 6 ) 55 K T AG 2 12 75 4 L B

b G I T BT A AGY 4 B 47 38 B 5 1

i PR B LI K, ORUEAT 55 7 S I 18] P4 58 1, ok e 5
by IV () AGV 21, BB 1 0 AGY 6 638
1T+ AGV AT E ik 72 A8 21 1) il 4 28 AU A e B Al e
VR R, BRI 460247 7 98 7

WIS

A
(=)

BrBel: i B EhFES

FAE 1R 4R B AGV 7ERE X B[Rl — 07 5 Ak ARG, X b 28 Al
| [ g T e et | i 1 7 2 4 R S MG 1) AGY 7 5 A4
! (M o0 L 2, A R 1 AGY B AT S T
| BBo: HETEXABIMRSAHE | . .
I BAT o A R A2 FR AN B AT 7 A U AGV
| SR\ 5 i | T [ — 30 38 P9 AT 7 10 3038 10 B — R A B
| ' ‘ S50l o B 0 A 7 2% 2 18 025 2 16 0 AGV

FrBed: PRt TAE G IR EMES ST E

TERENE S BELE ) BT — A AT S5 R, iRk
= AGV EAT 5 HIEAT . S — A AGV MR G
filt fE g 42, MEEFRZBHMEE N AGV K

TR, PRIEAE S SR, AT RE WA Y AL Ik
K1 BREARIE RS AGV MR ALIFE 2% 52 U NHA]
Fig. 1 Flow chart of AGV operation in RMFS system

P RS 58

SRR S5 1% S 3 B i 2 ki G %] i 5% R %1 S R [
MBI : B ; W3 : B4 .
M 1] ; : R
N ] :
r Y B - N
! AIET ER mwe WIS
- i Sy S S R TR
P ~ 3 |
N § LVJ LYJ N
ekt : mTﬁ ﬁiﬁ s
St ] | Bt 1] | S
— U ES A) ' ' !
RSR[5 B [+ o1k B 1) ;
— YRR 1)  arm
: IR 15 B 1 | v ;
L J L J
: NG ; : e ;
4 ST A N -5 O - SRR I -2 S 2 ) |
Y
1F4 52 1Al

2 AGVAE55 58 U (A R 1

Fig.2 Composition of completion time for a AGV

ASCH R R B NS5k RGO A TiEE, B BRI — N AGV. B3 M AL AL BE (1) 6 A
AGV [ DATETR 48 2 (Rl H BiEE o473, Wil K, HPaRERAEFaEIX . Y5RE X ATAGY 78

http: // www.china-simulation.com

* 1514

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 7, Art. 13

B34 G5 T W Vol. 34 No. 7
202247 A i, & B ANFIERE LI BT F1TE AGV ERIE MK Jul. 2022

BRI . 7 TR MIFRIRC N L, A 2 R ST 53R B
FEFNA R B AR /N BRI AT AR
4 G — MRS 2 500, A FARREE 2.1 BES/FS U

RE7R T M 0 Bk 5 07 5
FERB TR 3T i T (R BE:

Skl G (1) 35 A 53 3 52 P A 26 O T
L
T O I | 8, HIBHE5E eSS B
EEEanes|Eanaaes panaeees e ey e
T | | e ey (2) ZEHEAIEC N BRI A 1) Ay g 4E «

%
%
%
%
%

Q) B A, AT ik
| EEFEEEED [EEEEEEEE| FEEE | FEE R R %

%
%
%
%
%

B e e e (4) Bt B AGV #UK A [F), 5 34T B 1 &

3

A & | | HHHH | FEHHHH| B s
o | EEE [ | EEEEEEE FER s
15| HHHHHH | HHHHHH R | HHHHH | | HHEH N = e
L N R (5) I%%AGVW%%%TQ%’
107 HEFRSH 99 EHER | EE FEEER| EEEEEEED)| FEEEEEED (6) AGV it 1a 11 B Z¢ i 5 4 7 H 3
m”%*“@”%”%%%%ggﬁﬂg&gﬂ
AR, Eea=am=s||==a====s ZWs
> (1) 4E55 N R AGV 20l 8 1#
LRI RS Ui H LR
B3 e e L B L R e R RF5 Ui B 3R 1 BT
Fig. 3 Warehouse layout and road network
F1EBESHH
Table 1 Symbol explanation in model
e 9 5 X
T, AGV 5ERAT 5 KA d  AGV —UIIEAT & B B
i HiNMES.ie[lLM] 9z;  HjNAGV T i MESS S I
J  HiNAGV,je[1,N] qry BN AGV TERUR i ME S5 R S S
o S AGV FERE S AR S EA I RIRETA R G B B BN 2 I RN R B 2R B
v AGV SHIEAT#E u RGP KRELU [1,6,]
o PRk SRR A (ypX)) TS5 NS B AL B S SO L
t, AGV A5 B BT S I I ] Hyyy  H5J N AGVIAT R i M55 2 2 BAT AL 1 84 B
ty  AGVJBUF TR 4E16 9% 11T [a] Hyy 071 AGY IATH i MESSIT, SR BATE 1% B
57 AGY BT 5 i AME S5 1 R A 5 ke VR
r S R R O U TRt 5, RS Tt B e B

W e T AN 1] 5

FjA AGY BT E i AT 55 I T o 2 ke YRR
S S e L RN ] 15
A AGV PUATE i ME S5 2 8 kiR

U,  BREEIEG IS ARSI b b il i) 5 B &

G, BN AGVIITH i MEF AT HE K B EL

Vg e ]

b AGY RN Fag BN AGVIETE MR AT B, KR
f, AGV H SRR FEIN ] Ry —UBE, FRRELUMBH,, | FR 5,0 4R R i
ho BB E Hy, 535750 ab MU 0 H AR B, FLBi 0.0 4147

http: // www.china-simulation.com

* 1515 -

https://dc-china-simulation.researchcommons.org/journal/vol34/iss7/13
DOI: 10.16182/j.issn1004731x.joss.21-1060



Li et al.: Multi-Stage Multi-AGV Path Planning with Walk under Shelves for R

B34 T
2022 %7 H

2.2 HERIE ST
Z AGVIZ T T, FHEE AGV HF: 25

RGN

Journal of System Simulation

Vol. 34 No. 7
Jul. 2022

T o Ok o ) 13 o 55 £ P (1], 72 ST d /M AE
55 58 FN TR) ) 2 B X 22 AGV i 4% FIL A2 - A /)
AT 55 5E N 1] o

2
r z h- Rabij—i_SZ‘l z h - Rab[j'(qu/"" QK{/‘)' d

4 ueU, ueU,

Tp = min{max

/=1 v

axi

+

Qi (ty + 1)+ D (e + L)+ 1+ 1+ 1, (e[ LM ]) (1)
k=1

55 NI FTH AGV ¥4 T2 WIRES, BT f
AGV LRI B, R AT S5 58 B 1] 55 T A
55T RIS 2 B 85 58 FRAT 55 1K AGV R 1] o

AGV AT 7E F % B D 17 B :

~

S.LF gy = (xp =Xy - Y,) (2)
AGV 7EFE B — T AT S i A2 vh &8 i i e
AL
Gif
T2 = 2, Sin<?uij:7(u+ 1)1'j> )

u=1

H A7 78 B A2 rhORH &0 7 % B A 1) IE SR B 5
1330, MW AGV R BEPATBUIE BT x fil 4T
&, DR AR ST 2% % BLAL R R A N 008 90°,
A AT 5 2% 2% B IR A1 D 90° I AGV R AR T #64,
B IRBOIN L, A5 T 2 B BLAL R S £ D O T oR
KRR,

AGV BEFEEEAFIN [A] «

faig = Tenky = Tuy )

RHA

Ry e {01}, (i=12,,M,j=12,-,N) (5)

AGV & &5 23 B B Hy y BUH 10 1 RIRE
BB 0 RNARZ T BB .

HCECE O T AT E I B ER B T

ITHE B BTG
Hy gy € U, (6)
Hy € Uy (7)

AGV £ 2 B E BN S A AT XA, %

HEAGV AL (RPIRZS 73 B BOR R BR AR, 55 5¢ JS
[51) 0y 25 3T R S HAT B ) 2 A . AGV 55
0 PRI [ C A T R I [ ) I T B S I ()

2.3 EERAR

AGV B2 MK /& — /> NP-hard X, HBEM
ECAR B 2 T4 — 2R B A T R B R AT
A*FEAE O R EE RSO, &S &K
PR B AT 126 5 1k MRS 46 Y RO AR 4 R Y
TR PR ATy R, BRI
REERRAT A, BN &EBgkE.

BEXIARSCN 5, 1 ekl A RE T )
fhpRAL, RS D R AE N TS R B ) — &84, A
BT R BIE MR RN T A, BAZT
R RIE AR A T TR AR -

F(n)=Gy(n)+ G(n)+ H(n) (®)
e Gy(n) AR RBE S n AN AT U
BT R SEBRAT BN AR G (n) NAGV £E
Fn N RS ETIE, FAGVITE R —
TIAT A, A RIRR I T T AR n AN
RAL RS A ek, BEETHE G (n) >0,
AT B WS TIME N0 H(n) NN n
AN YT R s Bk B AR S R AR
vy T ARAN s HAB DT s Bk H AR s
I UER 2 T AT Bk AR IS T

FLR e A*BE TP RS, AGV 8 A

http: // www.china-simulation.com

* 1516 ¢

Published by Journal of System Simulation, 2022



Journal of System Simulation, Vol. 34 [2022], Iss. 7, Art. 13

34 BT W
202247 H

ARSI AN BT S 1, 20 4 BUS 200 H A%
SEVETEAT AU o P feT A fidh 2 ) s et A G095
BRI 4R AGV A FPRE T
PIEEAR, BREMT & DICE Fhsid) T

P, 55 REANFERFLZH BT Z AGV B2 ML

Vol. 34 No. 7
Jul. 2022

H¥

f. PRI R RIE TAR G AN BT S, 2
HORZ TR AT B kA . EACIRS Y 5 P1
(RSARIC)ITES, & X EONEIE A Bl
HHRS IR A #40 H B AR IE AT B,

iﬁ%%)ﬁ ﬁag 4k H1
(.45 1540 & R
1
e X T £
i
I@
ALE ﬂ
i iz
=

B4 oo A*EETT SR E
Fig. 4 Node search graph of improved A* algorithm

B AR IR R 2D IR S Fs . AR
15 AR 2R R R AR T SN 2] Open list £ Close
list FIHFME N RATmATE B £ . A4
AT R F ()8, [FIEE S48 R0 s 2
Open list 1, )& Bl 4 A J7 [A) (R AT AT 45 mi 44 2R 56 B2
Jei 4% Open list 1 F (n) {E 85 /N1 S5AE N R —Ik
R AT AN B Close list o, EL 3K H A5 4
IO ZE] Close list 41, 1%} Close list AT /U4
FRNGUFT TV B — 2% I [ i L 1) e B B A2

F ()5 3 H Gy (n)s Go(n) M H (n) 5L,
A Gy (n) A H (n) B SZBRAT B 8% A2 AN S A AT 3
PEARIT R E , Gp(n) HHAGV [PEEAT J5 [ A1 A5
4 R 7 [l g, 384T J7 1) 9 R 49 s A1 A
JALTE AL R E, BT S AGV iz
1777 IR BN, AGV 2IIAZY B Rl EAAE S n
MR AT HE A GENE, Go(n) A1, B
G1(n) N0, THE5ERUGE ¥ Open list F1 T4k of £ {E

BN AR, INE] Close list 11N F—Ik
RIS AL B IEH S R BB H AR AU
AZ|Close list 41, #2450,

B MRABERR SRS . B B DLBE R S5 Ry I JR]
AR 0 2 B0 T B S . AGV SR8 3 ol e 1ok
B 6 R, Al, A2 NMFHMHREN, £id1
AMAZKIE Al A2 73 7 23k C11 AT CO2, L
Al e R, ySEILEERE, Al fER TP AL E T I
SRS 3N RS K B A2 B CO2 17 B S5 4F AL FEES
HAT BEREEI MR, A2 T EEAF (R
H3ANBFAE A S 2 AN I R], R PR AIF 8 F st (7]
BEL, A2MR%GIEAT. A3, A4STEMME C3 kA4
B ITR, P AGV MR R GRS AR R, 4
SN A3 LSBT . A6 R 5 1A [ b AL B A
K, ASEHRILE BB, seil
WERE,  ASAE Bl 6 A7 B S A 1 AN AP K BT 4R
i) A6 7E M6 {7 B 15 1125 15 AS B 2 C6 J5 R i AT,

http: // www.china-simulation.com

* 1517

https://dc-china-simulation.researchcommons.org/journal/vol34/iss7/13

DOI: 10.16182/j.issn1004731x.joss.21-1060



Li et al.: Multi-Stage Multi-AGV Path Planning with Walk under Shelves for R

B34 T
2022 %7 H

A6 ity ZEERF 3NN AP, I A6 fLstidtT.
B RN prs, MM SEA I AR R R e s
LS RARKI AGV ATBETT 1) S BB A%«

T R LA R

I

L LA RUMAFOpenlistFll
CloselistH

I

R ALY 51 B FLACT K AGV AT RE T 1)
(EIR mUONSCT RN I E e AR R T 1))

!

FRRAZAT m U FEPYASJ7 R AT AT R
S\ E|Openlist 1

ar 45 5 B =
AT T

i

| PGt GrtH)

v
H#Openlist P RAMEFI /MY SAE R AL, A
Openlist-H # BRI A FCloselist

LRI AER B ?

M RGBS RS B R B AR

K5 Bodt A*SERR AR SE P IR
Fig. 5 Steps of improved A* path planning algorithm

Pt

K3

| CHlCI2 | B

/N
‘Mp IMS
,,,,,, 4 cs

Bl6  H TS5 A 18] D10 S ¢ bt i S s
Fig. 6 Obstacle avoiding strategy based on priority level in

mﬁgﬁﬁ
19
o)
0

waiting time

RGN

Journal of System Simulation

Vol. 34 No. 7
Jul. 2022

3 BT ESE R

3.1 LR

DASEAS B T BN HRIE RG], Hdk X I
AR50 mx50 m. GEHH2AMEES, SHlA1
SH25, PFrEALE A% 5 5 A 703 F11953,
AR (15, 3)A1(36, 3). AiiJ& N 16 mx5 mx
Smi2 HETE4E, BIGEA 164k, SHITRAEAH,
— AR 16 M IR S IR K, AN TR
A S )=, BRA3AME, AN R A1 mx
1 mx1.5 m. AGV S #IE /TR FIEE N 1 mis,
IR N+ m/s’, EEESFERN A4 s, HE R
2 s, HUBCER AL TR AN V4 TEO R FE N 3 s. 4
G AGV B WL B G ) P AT IX S, o B A
RN 2 Fon o BEALAE — 4 30 M5, (55T
FEAL B ALK N2 3 o, Ho i 7 5 ORI (e
LB IS g5, MRS b B R A R A 5 — A
FEAEBR (0, 0), FE5HE—ANAAKR Y y T7 1A AL bR
B, 6 ZAAFR A TT I AR E .

F2 AGVYIRIIE
Table 2 Position coordinates of AGV

AGV BRI M= A=
1 1084 (22,34)
2 2413 (49,13)
3 1 845 (37,45)
4 788 (16,38)
5 2129 (43,29)

3.2 fiREERIHT

321 ZYrBICREERR AT IRISEI

14 F Matlab2016(a) i 47 1/ 3, 5 F& 5 25 ) (]
I Jo R RN (], 2 OB AS TR 0T DATE B8 R0 o
17, DM 58 U ] 5 B2 v AR Ak H A5 o6 2 AGV #
K2 BCE R E . B 7 A2 AGV [FRE1T
F—WZRGEMIBITIRA, WEF RIS 2 1) 2%
LRIEH, AR SCBAIT ) AGV 1] LLE TR 4R 5
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Table 3 Position coordinates of tasks
559~ HiHes ¥ (AL 559~ M 55 '

1 866 (18,16) 16 121 (3,21)
2 1315 (27,15) 17 72 (2,22)
3 383 (8,33) 18 1877 (38,27)
4 447 (9,47) 19 1312 (27,12)
5 1860 (38, 10) 20 425 (9,25)
6 821 (17,21) 21 137 (3,37)
7 746 (15,46) 22 1858 (38,8)
8 2 366 (48,16) 23 285 (6,35)
9 1179 (24,29) 24 1618 (33,18)
10 1634 (33,34) 25 1270 (26,20)
11 696 (14,46) 26 1885 (38,35)

1789 (36,39) 27 656 (14,6)

2306 (47,6) 28 1497 (30,47)

2338 (47,38) 29 883 (33,18)

1487 (30,37) 30 268 (6,18)

K7 AGV 5E AT S5 RE P ATHE N 42
Fig. 7 Path of AGVs in completing the task
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FCHRIE TAE 5 MR TAE X H F1 S4 3 (1 8% 4%,
ik TAEX Aol N VR O3 B AR AN R AT AN [F] 51 )

DL/ PRI R A2 S4 31 S2 KR E 4 Br AGV #
R 07 40 e 3 ok A B ) B4R
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Fig. 8 Path of No.5 AGV
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Table 4 Turns and obstacle avoidance waiting time during
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Table 5 Task completion time under different optimization objectives s
B 1% 6 25 Kb 3 Pepbsh 1) Gi it
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1RSS5t e s 7 & 782 3591 322 444 766
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RS 54 A 2 684 3203 262 241 503
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2 3400 = 780
] 1R
& 3200 Eﬁ 760
g 3000 = 740
& 2800 @ 720
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Fig. 9 Total time and total distance and complete time for 10 batches of tasks under constraint walking under shelf
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Fig. 10 Path of No.1 AGV for all tasks under different object
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Fig. 11 Total time for 10 batches of tasks under different Fig. 12 Total distance for 10 batches of tasks under different
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Fig. 13 Complete time for 10 batches of tasks under
different optimization objectives
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WILRAL B 3K 6 FioR .

#6 AGVAIUANAIHE
Table 6 Initial position coordinates of AGV

AGVYS WS B |AGVE HWHEFS ME
1 2474 (5924)| 6 2477 (59.27)
2 2475 (59.25)| 7 2471 (59.21)
3 2473 (59.23)| 8 2478 (59.28)
4 2476 (59.26)| 9 2470 (59.20)
5 2472 (59.22)| 10 2479 (59.29)

13 BIA [ HE AGV 58 A AT 55 [RI8 47 L i
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(1) £ A5 A D0 AL B B B AT e 45 00 i e IS 1) 20 S Bk

3.

Kl 14 AFHCE AGVIZ AT B Ia)/2H 25
Fig. 14 Total operating time/distance of different quantity of
AGVs
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