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Scheduling of Multi-Load Rail Guided Vehicles in AS/RS with
Collision Avoidance Constrains
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2. School of Management, Guilin University of Aerospace Technology, Guilin 541004, Guangxi, China)

Abstract: To deal with the problems of cargo loading/unloading sequence constraint and impending
collision between rail guided vehicles (RGVs) in automated storage and retrieval system (AS/RS), the
concepts of the conflicts of cargo loading/unloading sequence and collision are introduced. And a
mathematical programming model considering the characteristics of eliminating the conflicts is established
to minimize the total complete time. CPLEX is employed to optimally solve the small-scale problems, and
a modified harmony search (MHS) algorithm is constructed for medium to large scale problems. In the
algorithm design, the harmony memory is repeatedly divided and regrouped to accelerate the searching
process, and four variable neighborhood search strategies and a mutation operation are integrated to
overcome the deficiencies of the basic harmony search algorithm, such as limited search depth and
tendencies to trap into local optimum. Simulation experiments of the MHS algorithm are compared with
other evolution algorithms, and the simulation results show that the algorithm has high solution quality
and good convergence performance, and can improve the running speed and the practicality of the AS/RS.
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Tab.1 Results of small scale instances
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Fig. 7 Convergence performance for algorithms

4.3 REMIEHUESHT

R VA A SCE BE 7 15 X 2R B8 303 1) 5% i A 0
I AHT F1 ART W4~ S 804E i & 2 . AHT
FRAT 55 WV Y i i ) HE BN ROR R is
IR s ART Rox 8 7% 1T B0 %8, RGV
a1 TR i S S 7/ € R DO i T P R [
JIN s T I 9 R B A

A W 435k 6,8,10,12,14,16,18,20. /1%
n=>50,{f B 25 e n /| 8 frow , Horp . WAL 55
- 4 st [a].

8 Al (W[ M 6 8 ns] 16 if, AHT
ST R B R T AR A R B L AR 5
HREE AR D G HE b WA RGV A B 4, KA
SRR 4G 28 AR S AF Ls il [W | >16 B, AHT JF
T W 1S 0 S T ) A 20 A5 3 22 i A RGV Ak
AR DL R I T 4R B i 1T R0z 5 ART 2 &
W RE S (W M6 BB 16 B T BE Y

400
<w
300+
§ 200+ -+ ART

4 --AHT
O 1 1 1 L 3

K8 AHTfI ART 5 |W| %%
Fig. 8 Relationship among AHT, ART and |W |

(W[ >16 B}, HAH TR EI W W AHT 284k 5
H—2RGV Z [0 0y T LR B8 W i s B8 1)
s WA 7 o N OO S s = M D L1 D W O
(32 B ). N R S5 ROk AL P RGV [R] B 1R
L RBEECR (W >16 A A IS SRR
B OBT 16 B A KRIE AR Z RGV [RIBAEL.

5 HiE

AICHEFE T A SRS 2 #E RGV bk ilf 4
JEE 1) L, A0 [ 80 3 1) By b A ST TR S R O
AT A SRR o3 3 R R R R R L A
TR R TR BN T A AR A R AL L LA e A
AP 8 2R B T S0 A WA R M e Y S . (R 5
A AHT #1 ART WIS 80AE 0 & G iis 50 1937
Wrisbr . YR B KT 16 B F 344z i ] 2 2818
EBIE L BT A RGV N Y- 2 i B i a] &2 R 2k
R UL T B A A .

S 3k

[1] ROODBERGEN K J, VISTF A. A survey of litera-
ture on automated storage and retrieval systems[]].
European Journal of Operational Research, 2009, 194
(2). 343-362.

(2] MmA, # € SRR RE DB R A 335 4
WA gE T, MR AR, 2011, 30(7): 187-189.
ZHENG Xiangdong, XIE Fei. Application of circular
co-rail guided vehicle in load-sharing systems[J]. Lo-
gistics Technology, 2011, 30(7). 187-189.

[3] LEE S G, DE SOUZA R, ONG E K. Simulation
modelling of a narrow aisle automated storage and
retrieval system ( AS/RS) serviced by rail-guided
vehicles[ J ]. Computers in Industry, 1996, 30(3):
241-253.

[ 4] LEE]J. Dispatching rail-guided vehicles and schedu-
ling jobs in a flexible manufacturing system [ J ].
International Journal of Production Research, 1999,
37(1): 111-123.



134 r B X B K F F ik 8 54 %

[5] CHENFF, HUANG J, CENTENO M A. Intelli- guided vehicle routing for two-sided loading/unloa-
gent scheduling and control of rail-guided vehicles and ding automated freight handling system[]]. European
load/unload operations in a flexible manufacturing Journal of Operational Research, 2017, 258(3): 943-
system [ J ]. Journal of Intelligent Manufacturing, 957.

1999, 10(5) . 405-421. [11] GEEM Z W, KIM J H, LOGANATHAN G V. A

[6] DOTOLI M, FANTI M P. A coloured Petri net new heuristic optimization algorithm: Harmony
model for automated storage and retrieval systems search[ J]. Simulation, 2001, 76(2): 60-68.
serviced by rail-guided vehicles: A control perspective [12] JAWevE, thiEs, 2. 3T 8 < i 45 plE i n9 A
[J]. International Journal of Computer Integrated WY R B XM FSHRKXEZ2HR(TFERR.,
Manufacturing, 2005, 18(2/3) . 122-136. 2018, 48(2): 588-595.

[7] LIUY K, LI S S, LI J. et al. Operation policy ZHOU Binghai, XU Jiahui, PENG Tao. Optimiza-
research of double rail-guided vehicle based on simu- tion of cyclic part feeding with novel line-integrated
lation[ C]// 2010 International Conference on E-Prod- supermarket[ J ]. Journal of Jilin University (Engi-
uct E-Service and E-Entertainment. Henan, China: neering and Technology Edition), 2018, 48(2). 588-
IEEE, 2010. 595.

[8] KUNG Y, KOBAYASHI Y, HIGASHI T, et al. [13] KARAOGLAN I, ALTIPARMAK F. A hybrid
Order scheduling of multiple stacker cranes on com- genetic algorithm for the location-routing problem
mon rails in an automated storage/retrieval system with simultaneous pickup and delivery[J]. Industrial
[J]. International Journal of Production Research, Engineering and Management Systems, 2011, 10(1).
2014, 52(4). 1171-1187. 24-33.

[9] GAO Q. LU X W. The complexity and on-line [14] AI T J., KACHITVICHYANUKUL V. A particle
algorithm for automated storage and retrieval system swarm optimization for the vehicle routing problem
with stacker cranes on one rail[J]. Journal of Systems with simultaneous pickup and delivery[J]. Computers
Science and Complexity, 2016, 29(5). 1302-1319. & Operations Research, 2009, 36(5); 1693-1702.

[10] HU W H. MAO ] F, WEIK J. Energy-efficient rail G E N D



