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Double row layout design with unidirectional material

handling path

Junjae Chae’

School of Air Transport, Transportation and Logistics, Korea Aerospace University

Abstract: A spine layout is a type of layout in which a main aisle is used for the material movement between
the work cells located on either side. This type of layout could be categorized in double row layout because
the work cells located in double row. In this study, the mathematical model for double row layout with
unidirectional material flow is presented. The main objective of the model is to find the location of each cells

along the central material handling system to minimize the material handling cost.
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Hj =) of w9 FAFSEIL 53] Wo|(Bay) FEE ZtE 29l wiX= HZo WEA Az FANA AHEH
aR= J'U]-.(Cardarelh and Pelagagge, 1995; Peters and Yang, 1997; Montoya-Torres, 2006; Kim et al,,
2009) Figure 1914 29 3la & A(Cell)2) t‘ﬂﬁﬂb ojm] AbZ+ o] Fefrt HaA QojA] TR H AR
Aolg & e Aol T I ERolEL T AAHA Ae EFOISALE S o] &5 HER
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Figure 2. Double Row Layout
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Figure 3. Unidirectional Central Material Handling System
olH 3 FEE AR H o NEA Ax TANAE TY EFeE Al2ES A A
Yo AZE we 2R =5F sta 7k Ao EFHY L 257 (Stocker) & ©]&3= s T2
(Ben-Salem, et al., 2017; Kim et al., 2016) ©] AT-olA o] Rd=g o] & 7IAsA Aot & 72+ Ao ER/HA
o 257 AN 2 ol 2 A Eo| FAl vk sHY Ak

2. T& A4 29 (Mixed Integer Programming Model)

o] xHlo] HAgrE 74 A o]Fds EFolISAEF HAad HA she Aot wekA vg3 ol

min szm ij° Vi, .7

(1)
i=1j=1
ol fy A ish o) oEEE GEAT dyi A ish jo) ARE GERI debd 475 e ol
ERA2NE & o]5AE YL Atk A 9 FHL 22 W A 4, ol 2o
di; = x;— (2)
oA ok 7t A FYEFAZELY SO AXT A A is A o X 9AEH EFEES
Figure 3 o4} o] AAGEFY ¢ FE3rh 0 A & 7t A SYEFA=RY Sl A8t
A7 A o LER AAY B dy= obHet 2o
d.=2w+h)—(x,—x.) (3)
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Figure 4. Relative position of cells
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Figure 4°] (a)°] A% dy;=x;— =z, 0) B d;=2w+h)—(z;,— ;)2 £ & F vk 283 Yo
A (),(d),(e), 2L (HY AT 2+t d--=2w+h—(zi+z]-), dj=x;+x;+h, d; =2(w+h)— (arj—xi),
993 dy=a -, 2 0 A ] AYE ZHT F Aok

dq‘,jzxj*x,:*M(lf%)*M(Q*%;*’Yj), YV i,j (4)
d; =z, —2;+2w+h)=M1—a;) = M2—v,—~,), Vij (5)
di; =— (v, +2;)+20+h— ML= B;) — M0 —~,+7;), Vij (6)
diy = (@ +x)+h—M1=3;) = M(L+~,— ), V i,j (7)
dij = x;—x; +2(w+h) — M(l*a,vj)*M(’V,;‘F’Yj)yVivj (8)
di; = x; *x]*M(I*aﬁ)*M(%—F’yj)y vV 1,J 9)
ata;+ B+ B;=1,Vij (10)
l; l; o 1
acﬂrgé xj—EJrM(l—ozij),Vz,] (11)

l; l;
he (13)

oS T V1

l;

W——=>=uz, Vi (14)

olw, ;= A 9 < orsiH e A Az 7HE ZolE ¢fngt.
Aol el Zp Ado] gatxte-of iz fAE HEtW = ol@HsE EUS A dER = s
AAE AT EN o] Rdlo] dAAR] FolE 3t=F st Zlo] FosH. w
kA AR E YEd = ol et Aloke o 23T davt vk dA Zh o] Hojol A2
FHAA, FSH stSHE TESE 9 9 ;8 BAIE Chae and Regan(2020)°14 B3} o] A 9]

Proposition 1. 7;, ;3 (ay; + ;) ¢l &L <Table 1>l 4 A 2ld 23} Z] NXOR (Not-Exclusive OR)]
=84 #AE FAFH(Chae and Regan, 2020).
Table 1. NXOR relationship

i 7 (aij + aji)
0 0 1

0 1 0

1 0 0

1 1 1
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ajtoay =1=y+y Vi<j (15)

ajjta; =l—vy+y, Vi<j (16)
i ta; = l+y—7y Vi<j an
ajta; =—1+y+y, Vi<j (18)
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A& WEEa o= BE 4,5 o

AES 98 & &% DRLP #A4E Hungerldnder and Anjos(2012) 258 714 oA A @3ttt 5709
AR RE 15719 A& 23ete BF 1109 2AE 5 7EHo® dHA dve FEF ER/olso] 7t
ST Ao HAAs e Bl stk ol Y o]FAF LR Solves ERCISAN B = FAA Y
S7F Aol " &4 fgelth 4 ?ﬁ.% A& A& E-2136 CPUS} 32MB2] RAM2] ¢ =% Workstation
o4 IBM CPLEX 12.10% ARg3lA A3t

F7HH o2 @ olFS SIS Adxd s 2FAE ol FAFY ATERoISHAY 2
o]E L A A7l BA Aslof AAS] HAA olF AgE 7L F UY] WEolnh. =3 AP Aok
2150l AFolsHA S HoldgY olF, 5 HAZE °olF 3
Ao At AHAQ HaE fs FHolFe SIS T

n}l‘; —
@ 0

Table 2. Result comparison

Instances
Name N Bidirectional Unidirectional
HA5 5 52.5 732.0
HAG6 6 190.5 1764.0
HA7 7 159.0 2093.0
HAS 8 189.5 2604.0
HA9 9 486.5 4655.0
HA10 10 821.0 7518.0
HA11 11 773.5 8301.5
HA12 12 1021.0 10807.5
HA13 13 1520.5 14526.0
HA14 14 1833.5 19354.0
HA15 15 2624.5 27588.0

<Table 2>= A3 E3] A& 23} oA F& o] Fo] 7} Z 7} (Amaral, 2013;
Secchin and Amaral, 2019, Chae and Regan, 2020)%} Bl & sttt FH A o2+ w9 A S7lste= A
o2 Ho|A gk ehggolr] o] A j oA A j= o5 At vtz A j oA A = o]F’ ALt o
A AxEZ] W Zel ol FHE olsAAAE FHCR o]t AT Atste oz HA
g Atol HA ok BE Aol el ol AYE BT et whekA FA= oF 10019 Ag A
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ol#lgk atol= wFstAl B F o)7] WZel A= Ael= AN ZA0] 543% A el o
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o WX FHE WE A= /B FE ATHA B ] MRl AVE PO B £ o
<Figure 5> A= 2 5 Qo] WAFHLA s Ae FAR TS HoluhA ¢x FEB Fgkol WX
7 HEE AFS Ttk ot o] Bkl HEH O WA WY WIFoE FHH FY AF BRAL
92§ BROIT Azt o] o] F7h2 A FkhE AL o) AshA Au ol H T Aol 7
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Figure 5 HA8 Result (OFV = 2604)
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