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Collaborative Optimization Method of Buffer
and Facility Layout in Production Lines Based
on NSGA-T Algorithm

LI Aiping, YU Haibin, FU Xiang, FAN Guoliang
(School of Mechanical Engineering, Tongji University, Shanghai
201804, China)

Abstract: To reduce the congestion or wasted space caused
by neglected space of buffer, the collaborative optimization of
buffer allocation problem and facility layout problem was
presented. Based on continuous-time Markov stochastic
process theory, a queuing network node state model was
established to solve utilization rate of facilities. A
collaborative optimization model was built considering the
utilization rate of facilities, material handling distance and
floor area. The collaborative optimization model was
calculated using improved NSGA- [I . A case study of diesel
engine cylinder block processing line was provided to prove

the effectiveness of the proposed method.
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Fig.1 Buffer allocation model in production line
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Fig.2 Facility layout considering buffer space

zi=ze+UAL) /24 .+ L =ho..+
L.++21)/24+h,.+L;, i=1,2,-,K
Xi=z.+UAL)/2Fhe=ho. T €%))
L.+, +21)/2+h,., g=1,2,-,C
Y=y, =(g—1)s+s,1+0. 5max{ew)
BER—-FRARBHEA R CEH i £ ¢ 17 LW
2ig=1, HMEL T 2.,,=0), B

C
Zzi‘yq:]., i:1,2’°°'ac (10)

V) I 5 15 T8 FO) AL B B 15048 1O T 22 e X9 A A
¥ e s .
=20,y >20,X,>20,Y, >0,i =1,2,,K
an
2.2.5 JETIRE
e PRI A R — s = A 2 AR .
WAEFLLANREES X RAFERST AR
G LATHRARTE v 7w b i A 7= 4R 0 e K ) 9 2
W B L. P 3RR v Jr 1) H AR 7= 2R 9N ) B K 08 )2
W B ARSI, X (A2 Fis, U 6= (C— D s+
5010, bmax(e; ) — (s — 0. Smax (wy)). X T 5 Y
ek, ZEF A NSGA- 11 #4794 X B HEF B, B 45 1
BRLL P, Hw 2 M B 3 BE S35 LL P, AT A F)

IR AR ek r H K.
P= f gzvvg (12)

XA T A—MEEPAE BT IR T 1 B

3 LBUFESH

AV AR R S & ShHLET A T2k P-4k, &%
PR KR 38 m, FE K 30 m, ARIEAE PR R K TE
BOR AR BT AL S B R i T 0%
it 12 A&, SRR AL T &M



1906 Rl ¥ k2 2 WE KRB 2B

Bus

2 Fon.

x£2 gERTRHER
Tab.2 Size and type of facilities
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Fig.3 Topological graph of facilities
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Tab.3 Material handing times between facilities

WEHESE 1 2 3 4 5 6 7 8 9 10 11 12
1 0 1.0 O 0 0 0 0 0 0 0 0 0
2 0 0505 0 0 0 0 0 0 0 0
3 0 0050 0 0 0 0 0
4 0 0.5 0 0 0 0 0 0 0
5 0 0.50.5 0 0 0 0 0
6 0 0 050 0 0 0
7 0 050 0 0 0
8 0 1.0 O 0 0
9 0 1.0 O 0
10 0 1.0 0
11 0 1.0
12 0
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Tab.4 Comparison between models and algorithms
R NSGA-TI Fimean/ % Fipest/ % Fomean/ % Fapest/ % Fimen/ % Fapest/ %
CER[15] F5: 79. 61 79, 61 105. 76 77.65 807.4 760
3L t55; 79. 84 81. 92 102. 29 76. 35 801. 3 760
AL AL 80. 16 81.92 92. 63 74,15 776. 2 760
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Tab.5 Optional solutions
S P RN F/% F E3
a [{1,12,11,10,2,658+9,4,5,753} {6,6,6,6+4,6,6,6,6,6,4,3} ] 81. 63 74.15 1020
b [{1,5,11,10,2,7,8,9,6,5,12,4} {6,6,6,6,6,6,6,6,6:6,6,6}] 81.92 106. 60 790
c [{1,3,951052,6,12,11,4,5,8,7} {6,6,6,6,5,5,2,4,6,4,2,2} ] 78. 23 84. 45 760
d [{1,12,11,10,2,3,6+9,4,5,7,8} {6,6,6,6,4,5,5,5,4,4,5,6} ] 80. 92 75. 30 780
e [{1,6,11,10,2,3,12,9,4,5,7,8} {6,6,6,6,4,6,3,4,3,4,5,4} ] 80. 25 77. 20 770
£6 £k AHEEELRE 0
Tab.6 Coordinates of facilities 3t EI ! | EI 12 |E] 1 |
55 Mt 55 7 b 2 |0 3|0 6 | 0
1 (7.30,4) 7 (25.50,16)
2 (7.30,10) 8 (33.85,16) s 4|E15|H 7|..
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