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Self Organizing Map (SOM) is a neural network that is effective in classifying patterns that form the feature map by extracting
characteristics of the input data. In this study, we propose an algorithm to determine the cell formation and the machine layout
within the cell for the cell formation problem with operation sequence using the SOM. In the proposed algorithm, the output
layer of the SOM is a one-dimensional structure, and the SOM is applied to the parts and the machine in two steps. The initial
cell is formed when the formed clusters is grouped largely by the utilization of the machine within the cell. At this stage, machine
cell are formed. The next step is to create a flow matrix of the all machine that calculates the frequency of consecutive forward

movement for the machine. The machine layout order in each machine cell is determined based on this flow matrix so that

the machine operation sequence is most reflected. The final step is to optimize the overall machine and parts to increase machine
layout efficiency. As a result, the final cell is formed and the machine layout within the cell is determined. The proposed algorithm
was tested on well-known cell formation problems with operation sequence shown in previous papers. The proposed algorithm

has better performance than the other algorithms.
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<Figure 2>9} & F39] SOMS 1A 3t} ©]

739 <Figure 2> m, n& 247+ 8, 16|t}

Machine Part
112|3|4|5[6[7[8[9|10(11(12|13|14|15[16(17|18|19|20
1 12 11 3 1)1 113 1
2 11 1|4 2 2 2
3 2 213 2 213 211 2
4 512 212 2 1 1
5 2 215 3 1 1 2
6 1 1 211 3 2 3
7 3 313 112 4 4
8 414 411 5

SOMel #-§-A17]17] 9]eA <Table 2>} 2ol 7|7 =}
TAE AT wAE WSk

<Table 2> Machine-Part Matrix without Operation Sequence

A 4: 71A9 ko] SOMS A2l AP} <Table
4>9} e},
<Table 3> Output of SOM Learning for Part
Machine Part
11[14] 2 [8 [13[16[19] 9 [17] 1 [ 5 [15]10[12] 6 [20[ 4 [ 7 18] 3
1 T (1 (1|1 |1 {11 1]1 1
2 1 1T{1 (1 ]1]1]1
3 T (|t |1 {11 |1]1
4 1 1T{1 (1 |L]1]|1
5 (1|11 ]1]1]|1
6 1 1 (1 (111 1
7 1 {111 ]1]1]1
8 1{1 (1 ]1]1]1
<Table 4> Output of SOM Learning for Machine
Machine Part
11[14] 2] 8 [13[16[19] 9 [17] 1 [ 5 [15]10[12] 6 [20] 4 | 7 [18] 3
5 (1|11 ]1]1]1
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1 11 1|1 1 1|1 1|1 1 5 N INENENENEN B
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8 11 1 1 1 8 i1 |1 ]1]1
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UERAW <Table 6>3} 2t} P49
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S| 6 : <Table 1>l|A] 71AE A%H 91 =3k o]F W% 4)S A FS 4, 2), (8, H7F AFA Y
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3 |203[2(2]2]2(2]3]|!L <Table 8> Flow <Table 9> Flow Matrix for Machine
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7 1 21341313143
4 2| |2l ]2]2]1]s Group(5, 6) 5 7 7 8
8 4]slal13]4 - 5 5 |
5 1 4 2 3
7 4
{Table 7> Flow Matrix for 8 X20 Problem 6 2 3 P 1
1 2 3 7 5 6 7 8
! 1 5 1 1 BE Aol 7|Ale] wjx =AM 7 AR E AT FA
S — : f A%E 2504 TF22 Y <Table 10>
4 2 1 3 3} 2
5 1 1
6 1 1 2 1 . ) .
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8 2 1 1
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o Hg-olt}, & wHo = JY Z|AIeA(, 3)2

As aﬂ/ﬂs}\ﬂr
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<Table 11> Cell Formation and Layout Problem (c) 20x20 problem
Machine
(a) 25-40 problem Pat T2 T3 [4 [5 [6 [7 [8 [9 |10]11]12]13]14]15]16]17
Part Machine 1|2 3 1
1[2[ 3] 4] 5] 6] 7[ 8] 9to[11]12[13[14]15[16[17[18]19]20[21]22[23]24]25 2 213 1
1 5 3 1 4 2 6 3 1
2 1213 4 1 4 301 412
3 2 3 1 5 1 314 2
4 1 2 6 5 1 2 314
5 3 2 1 7 1 213
6 3 2 1 8 5 3 4 2 1
7 3 2 5 4| |1 9 |4 2 315
8 1 3 2 10 3
9 3 4 1 P 11 3 1 2
10 211 3 12 |5 3 1 4
i 3 3 1 13 12 3 4
2|1 |4 3 215 1413 |4 ! 2
5 3 2 N 15 1]2 3[4
14 4l 1 2 3 10 312 1
15| |4 3 5 1 2 172 1 3
16 1 3 2] |4 & 1 4
T 1 3 5 19 2|1 4 3
T 312 1 20 |3 2 4
19 1]3]2
o 5 : 1 <Table 12> Result of Proposed Algorithm
2 3 412 1 (a) 25%40 problem
23 2 3 1
24 1 2 Part Machine
2% 1 3 5 22[15[141[13[21[ 6 [23[12]24]18] 7 [16[ 4 [ 5 [19] 9 [ 8 [10]25] 1 | 2
26 2 3 4 1 18 [1]2]3 |4
27 1 302 32 0413[1 ]2
28 201|3 25 3 2]1
29 302 1 35134 112
30 4 2 HIE 4] |3 12
31 2 1| |3 29 12 3
32 2[1]3 4 i 31 2
33 I 3 2 2 2 3 ]
34 2 13 20 1 2
35 2 4 1]3 g 13 2
36 [2]3 4 1 4 21
37 3 2 1 Eal 1123
38 2|3 1 2 12 3
S 2 1 26| |4 13 2
40 2 3 1 & L 2
5 2l 3
17 201 3
(b) 12x19 problem 116 2131415 1
7 1]2]4]3 5
Part Machine 16 413121
1] 23] 456 ] 7]8]9]10]11]12 30 1[2]3]4
1|1 2 3 24 2] |1
2 |1 ]2 4 36 |5 8 3] 112
3 | 1| 2 3 4 5|6 3 31 |2
4 |1 2 3 4 15 1] |3]2 5 4
5 |1 2 | 4 5 |3 31 213
6 1 |34 ]s5 ]2 19 3[1]2
7 2 1 3 | 4 21 312
8 31 s 214 6 | 7 28 1]2]3
9 1| 4] 273 5 |6 38 | 1 3|2
10 1] 3 2 4 10 12| |3
11 1 2 2 2[4 1
12 1| 2 3 2 112]3]4
13 2 1 12 2 sl |3
14 2 1| 3 36 2[3]1 4
15 3 2 [ 1] 4 33 2 3] |1
16 2 3|1 3 1]2]3
17 2 |1 9 2 134
18 1| 2 13 1]3]2
19 2 1|3 14 1 3]4]2
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(b) 12x19 problem (c) 20x20 problem
Part Machine Part Machine
M3 Ts5 1216489 11]10]7]12 a3 Ti1]2 [13[1a[16]17]4 [15]6 |7 |8 |19]20[10] 1 [12]9 [18]5
1 1 2 | 3 2 [371]2
2 1 |23 475 6 4 J1]2]3 4
3 1| 2 3156 4 v |1 [3]2 4
8 1|2 3145167 1|3 2 1
0|1 2 | 3[4 6 1 21314 5
o |12 3 1456 g 213 1
= T2 135 4 15 12374
4 1 2 4 3 2 112314

8 2 511 3 4
2 s R aEEnE
= ; 1 16 132 4
3 1132

il 1 2 10 312
13 1|2 18 112034
16 113 ]2 14 4 1 2[3
7 1 2 20 2314 1
15 1 [ 2 ]3] 4 17 2 [3]1
14 1 2 | 3 9 3 451271
18 1 2 12 5141213
19 1 2 [ 3 1 5 2[1]3]4
8x20 A€} 25x40 Aol digk Altee dagEe]  FEES & 7 Utk
A3HE CASE, CLASS, CCA, RCASH Hlalgh Avb= 7F 47fe] A3 gloJgo] Agtel= daefsat ve g
Z} <Table 13>3} <Table 14> #A|AJ=o] Ut} #etsl= 25 A¥E B]aldt A3 <Table 15> AJAEo] Ut}
daelE2 71E9 oy dag s vt dso] - <Table 15>94] ACMI, OMI® ACUI®| 3744 4537}

{Table 13> Comparison of Proposed Algorithm with Other Algorithms for 8 X20 Problem

Gell No. CASE CLASS, CCA, RCA Proposed Algorithm
Machine Part Machine Part Machine Part

1 @3, {2,89,11,13,14,16,17,19} 13) {2,8,9,11,12,14,16,17,19} 6,5) {1,5,10,12,15}

2 (4,7.8,2) {3,4,6,7,18,20} (2,4,78) {3,4,6,7,18,20} 1,3) {2,89,11,12,14,16,17,19}

3 (5,6) {1,5,10,12,15} (6,5 {1,5,10,12,15} (2418 {3,4,6,7,18,20}
ACMI(%) 21.7% 50.0% 50.0%
OMI(%) 22.0% 39.0% 39.0%
ACUI(%) 100.0% 100.0% 100.0%

<Table 14> Comparison of Proposed Algorithm with Other Algorithms for 25X40 Problem
Cell No. CASE CLASS CCA, RCA Proposed Algorithm
Machine Part Machine Part Machine Part Machine Part

1 14,13,15,22 18,32 9,8,10,18,7,4,16,1,2,17| 1,2,5,7,10,15,16,17,19,21,22,28,30,36,38 | 8,109 10,19,21,22,28,38 8,10,9 10,19,21,22,28,38

2 18,4,7,16 1,5,7,16,17,30 24203,11,25 39,12,13,14,33 18,7,16,4 1,5,7,16,17,30 18,7,16,4 1,7,16,17,30

3 19,5 8,15,23,24,31 21,6,5,19 8,11,23,24,25,29,31,35,40 21,6 11,25,27,29,35,40 21,6 11,25,27,29,35,40

4 203,11,25 | 3,9,13,14,33 23,12,22,15,14,13 4,6,18,20,26,27,32,34,37,39 25,1,2,17 2,12,36 25,12,17 2,12,36

5 21,6 11,25,27,29,35,40 - - 20,3,11 39,13,14,33 20,3,11 3,9,13,14,33

6 23,12 4,6,20,26,34,37,39 - - 5,19 8,15,23,24,31 5,19 8,15,23,24,31

7 1,2,17,24 2,12,36 - - 22,15,14,13 18,32 22,15,14,13 18,32

8 9,8,10 10,19,21,22,28,38 - - 23,12,24 | 4,6,20,26,34,37,39 | 23,1224 |4,5,6,20,26,34,37,39
ACMI(%) 46.5% 48.8% 52.7% 54.0%
OMI(%) 26.3% 30.5% 32.6% 33.3%
ACUI(%) 83.5% 22.4% 83.3% 83.6%

<Table 15> Comparison of Algorithms
Pro- CASE CLASS CCA RCA Proposed Algorithm
No. of No. of No. of No. of No. of

blem cells ACMI | OMI | ACUI cells ACMI | OMI | ACUI cells ACMI | OMI | ACUI cells ACMI | OMI | ACUI cells ACMI | OMI | ACUI
8x20 3 21% | 22% |100.0% 3 [50.0% | 39.0% |100.0% 3 [50.0% | 39.0% [100.0%| 3 |50.0% | 39.0% [100.0%: 3 [50.0% | 39.0% |100.0%
12x19 - - - - 2 65% | 50% - - - - - 2 1652%[52.7% | 57.1% 2 166.7% | 56.4% | 58.5%
20x20 - - - - 4 65% | 41% - - - - - 6 |69.5% | 40.7% | 85.5% 6 |71.4% | 40.7% | 83.0%
25%40 8 [46.5% |26.3% | 83.5% 4 | 48.8% | 30.5% | 22.4% 8 [52.7% | 32.6% | 83.3% 8 [52.7% | 32.6% | 83.3% 8 [54.0% | 33.3% | 83.6%
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HALEE Aoy Ajbehe ¢aE]ES 470 dlojE T
oA ACMI, OMIS} ACUI®] 371 AT H % Ao ZFo|
3 712 dueERt o £ 2 do] o] ¢
T gaggole & 5 3l

B A= Ao A WX EAE AAsHE FA
g Jd¥AT 7IHs A8 dugss Adsih
A3A5ol 71z B S ANAEE g5 58S Foto
AA A @] Aol tiste] skl A8E U=
& AlFth 2712248 AT g ulolE e 54
FEoto] (RS YAsE Y £/l 2940 AAE Y
ojt}y. & AFelx= SOM9| olefgt A4S o]&3te] LCFP
of daf A Fg A i 7A wiAeAE At
dn5S AL

B AF A AtehE daEE 47 dolE BT
sl ACMI, OMISF ACUIS| 37 A5HE A9 EiFo
e 7]&Ee] dagErRYg ¥ £ fE Ao sl
T syt & 4 Uk
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