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Slotting Optimization of Double-loading Multi-shuttle Automated Storage and
Retrieval System
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ABSTRACT: The work aims to improve the operation efficiency of the double-loading multi-shuttle automated storage
and retrieval system (DMS/RS) and studies its slotting optimization. With respect to the characteristics of slotting opti-
mization operation of DMS/RS, considering the acceleration (deceleration) characteristics during the motion, the optimi-
zation model of slotting allocation aiming at the shortest warehousing time was constructed. A hybrid plant propagation
algorithm combined with the crossover and mutation operator was designed for the optimization solution of the model,
thus determining the best slotting allocation plan and shortening the slotting allocation time. The instant analysis showed
that, the convergence speed was faster and the optimization efficiency was higher compared with the genetic algorithm
and plant propagation algorithm. The hybrid plant propagation algorithm can effectively shorten the slotting allocation
time of the DMS/RS and improve the operation efficiency of warehouse.

KEY WORDS: double-loading lift; multi-tier shuttle; storage & retrieval system; slotting optimization; hybrid plant
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Fig.1 Double-loading multi-shuttle storage & retrieval system
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kinematic mechanism

HRAE 12 S B8 B2 2%, 32 Sh LA B Yas 17
) ¢ G (1) MOt

1 _
Vinax " @ +s " Vinax
=
2
s<v -a

2s-a! max
K Vinax HIB S IR EE 5 o iz ghpl
FIRIINIEE 5 s s sh LM RE TR . ek, Ehe
BB e TIT 10N x, JEIT BT y, Frdfe (HO)
P IRTEGTOL A (xiy pe), DU THREBILEN IR B Aor i 76 2
A T 6 W (2), FRAIRBNL ALY IS 1T
i) 2 WL (3.
t lvs-asl+(y,.1)-h-vsl 0, —1-h>via

20, = -heal (g, —1)-h<via

-1 -1 2 -1
. [vc-aC +x, -1V, x-1>v -a,
=

24/x, -l-ac’1 x -l < vcz-ac’l )
455 WA 2 2 9008 4 S IR R B A Bl i
i, BT IR £ DAL X, AR5 IR ih
W20 0, 55 kDN APEAES 00l b2y i Fbed j, B
WO R Cx yi) T (xg 3y )e FHREDLSE SR & 4
ANFALFB B ZIN tose, tose S5 TFHFENL - —1E 5558 1L
B2 Ctps ) 0 FHFEMLTE B IR A AT 55 r i
B w ZMERETZRE & DMAJEAESIZ] toe
(Hw=1,2,3..11, 12), tocew ET wEFRE
ST 2] Ctpe (1,0 ) I EIZ)ZE ZER 458 AL
IR JEAT: 55 T ) 6] o 4% FROA B B2 9 H AR B A6 i 7
BRABLER R, ok 2 FiE O T 25 hE
1) AP 2 D52y BAnte e —)2 (yi=y;)s
TERRIR A FERLFE T, Y 2 AN AT 3 H bR 0207 AE A —
R, AR L 40 tosi, toe kv BT LS
(4—5).
Insi = Z'ts(o,i) +4'tsb +2'tsa +tDS(k—I) 4

1 -1

)

2
s>V a

ax

-1

)

tS(O,i) + 2tc(0,i) + 2tcb + 2tca + 3tsb + tsa + tDC(k—l,w)
tDC(k,w) = ts(O,i) +ts(i,j) +2tc(0.j) + 2tcb + 2tca + 4tsb +2tsa +tDC(k71,w)

tDC(k —1,w)

lx(o,[) +21‘C(0'i) +2tc(o,j) —|—4l‘Cb +
tDC(k'w) = 4tCﬂ +4tsb +tsa +tDC(k—l,w) k=i (5)

tDC(k—l,w) k=i

AT S5
Ly SRS
TR
TR

X

10 .

X,
J

K4 AELRHITER)Z I ARV LR &
Fig.4 Schematic diagram of warehousing operations of
warehoused goods at the same floor
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Fig.5 Schematic diagram of warehousing operations of ware-
housed goods at different floors
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Fig.6 Flow chart of hybrid plant propagation algorithm
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Fig.9 Convergence effect of slotting allocation with different warehousing tasks
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