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- Fuzzy ART Neural Network-based Approach to

Recycling Cell Formation of Disposal Products -

A %o
Seo Kwang Kyu

Abstract

The recycling cell formation problem means that disposal products are classified
into recycling product families using group technology in their end-of-life phase.
Disposal products have the uncertainties of product condition usage influences.
Recycling cells are formed considering design, process and usage attributes. In this
paper, a new approach for the design of cellular recycling system is proposed,
which deals with the recycling cell formation and assignment of identical products
concurrently. Fuzzy ART neural networks are applied to describe the condition of
disposal product with the membership functions and to make recycling cell
formation. The approach leads to cluster materials, components, and subassemblies
for reuse or recycling and can evaluate the value at each cell of disposal products.
Disposal refrigerators are shown as an example.
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Fuzzy ART 217%42 A-&857 HeiQ]] dEdolth Fuzzy ART A4 HA| A o]
2g 2174 o]&9 ART(Adaptive Resonance Theory)ol E§8te] o}foRY [2, 4]. Fuzzy
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UEYLS ¢8FQ F1T 2830 F2 F 22 7459 3, 7sd stelzele & 99
2 A9 5 vy A HA DAl 271 Z sl gle v&EEAvn gtk 3 HA
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W, =( Wy, Wp, ..., Wyt 8 JHe38] ;& BARTL 270 933 =e BE
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A grelzelzt A AALE BE5EE HSFTH AEIt Hol g dAd g
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Uj(new) _ /9(1/\ Uj(ald))'f‘(l—ﬂ)(l/\ Uj(ald))
Fuzzy ART 7%l XE Al /e wizidgrt EAsted, 2 @ 2713t o3 2o
1) A9 o 7} ¥ 5= (choice parameter), a> 0,
2) &% E w7l A4(learning rate parameter), < [0, 1]

3) AA g vl 4 (vigilance parameter), o< [0, 1]
3.3 /A HE Fuzzy ART A% %
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g9A1: k=r2 1432,
G4 2 : A AZ(vigilance value: p ¥ 8% E(learning rate: 8,)& Fuzzy ART
A7 o3 Fed, 2§ A F( )t 25 d&(i-{ e ;)E =
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9 5L BE AFel I, M2e AY AEE (E,I=12,... 22,
S YHIH E;= ;%< 48). 4HgES A+
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T, p< s Q) AARE MY T ©A 22 o
o wAl 22 M, AARE Wy(0)= We(0)=...= W)Wz
& Fuzzy ART A% %S A48t &, N':= 98 2289 Fo|th

Fuzzy ART A7 ZolA, E212H & AMEA7F Adsts o) A5 a, B9 o
gl 4" FFo oA AAFEY. 28I Modified Fuzzy ARTAI A%
ART 273 %E& W&t A&}

4. AHd A+

HYFE oz 3to o2y Ag FA3a, FCM €18 E 7 Fuzzy-ART
A7ZHe] A& vlugt. YFnE 8/19] R E(Cabinet, Base compressor, Motor,
Louver, Box controller, Freeze door, Refresh door, others)® < 10074¢] 2 E 52 +

A= gt

Cabinet Base Motor Louver F Box Freeze door Refresh others
Compressor Controller door
Cab. ‘Washer Cover Insu. Screw Bushing Bushing Bolt
Evapor. Comp. Absor. Louver Control Stopper Stopper Hinge
Fuse Absor. Motor Knob Box Gasket Gasket Cord
Fixture Switch Fan e Thermo Pocket Pocket Grille
Heater Band Cover Case
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R-ZRE 9 Fg AUy 93, A RolE Yol CFCIF FYEh gy F7h)
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Fe FHAsete AFA MR @3S A (Design for Environment) 2 ERo]E8 &
228 AA(Design for Recycling)E 33l 3 gt}
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HAYZ2E olEHste doe dgd 2L il HF=2 ‘4% F Ao AA,
BEE Aol&. HFHM, ETEEY, BY T 2L 1A RFE2 VMY ¥
o] Ao]&3=E It o FHAHANAN AIHPZMTTF, MTTR), %ﬂ](statlstlcs) 2 o7
o] (queuing theory) $& o4& A4 H7l/t Hasit F dA, FEEFoU 7
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42 ZAREY S E

Wy AL FFE WE, AFY FHe dddtn, BE EFHHE 2
2 =RdAE, BT gRolE” SHES 1T dE

- F238tth. CFC EAFFol wet A 549 L&

T 5 &2 0ol 1 &
etk E HE RolEY S48 AuEd, 2E2 el ¥HI R Aoz
Feolth ol F7I4 717 AR [0 2 AL WA e AALFR
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A (fuzzy characteristic)&

43 A& AH

~ FCM ¢328F3 Fuzzy-ART A3 %E& o848 2§ HAAE AT 424, do]
EHEL 2849 HE, 438 T AWZ Y 239 ALE A8 FRE 2F 1
2ot FASHUNG. £ =89 48§ ddA= 7Hd 2419 21t H¥ZuE dide=
stqich o) HOHES F9 AA AESZ, AEVY BEE V2= gd 21749 ¥
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Fuzzy ART AZ 94L& 2 7HAle) @38 7R3 gled, AAe sty S4a%
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g 4 At old e S5 98, A€ Fuzzy ART A4 %S &3, £
BART(p) S5E WF(RHE A T3] Adgsfor gt

A 1904, B=0.5, p=055 A3t SFS APAZL A3 7719 go|E7 Ao
AT @A 204 2RelER A9 71 5 A2 Eded, B=0.5, o=01
daAnk. @A e ReEF 49 71 3 A2 2L, f=0.5, p=0R B
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Products buta| (1) () (3 () (5 (B) (7D B (9 A0 (11) (12 (13) (14 (13 (16) (17> 18) (19 (20) 2D
1 0.6 0.7 1 O3 a8 1 1 0.2 08 07 .8 1 1 0.8 07 1 0.7 1 1 o 0.8
2 0.7 0.8 o0 02 03 o 1 0.5 00 0.5 Q.7 1 1 0.0 0.6 1 0.0 1 1 1 0.6
3 0.5 0.6 o 0.6 07 o o 03 05 07 0.6 o o 0.4 OS5 o o.8 o o o 0.2
< 0.8 0.7 o 0.5 06 1 1 0.5 0.8 o8 0.3 1 1 0.7 0.6 o 0.7 o 1 1 0.9
3 0.7 0.5 1 0.4 0.5 (] 1 0.2 00 07 0.5 o o 0.8 07 1 o.8 1 o 1 0.8
6 1.0 0.8 o 05 07 1 1 0.5 08 0.8 0.7 1 1 0.6 0.3 1 Q.7 o 1 1 Q.7
7 0.9 0.7 1 05 08 1 o 04 07 07 0.8 1 1 0.7 03 1 0.7 1 1 1 0.9
8 0.6 0.5 o 0.6 0.7 o 1 0.1 0.8 00 0.5 o o 0.0 02 o 0.0 ] o o 0.3
E4 0.7 0.6 o 03 08 1 1 0.2 07 07 0.7 1 o 0.7 03 3 0.7 1 1 1 1.0
10 0.8 0.5 o 05 06 o 0o 02 08 0.8 0.3 1 e 0.3 0.8 1 a8 o 1 ] 0.8
11 0.7 0.7 0 04 05 1 0 04 09 07 0.5 o o 0.0 02 o 0.0 1 1 1 1.0
12 0.9 0.8 1 0.6 0.7 1 1 0.5 07 07 0.8 1 1 - o8 07 1 o.8 o o <] 0.2
13 0.9 04 0 04 035 o 0o 02 08 D9 0.4 o L] 0.5 0.1 ] 0.5 o 1 1 o.B
14 0.7 0.5 0 0.5 06 1 1 0.3 00 07 0.0 1 o] 0.6 0.5 1 0.6 1 1 o 0.9
15 0.8 0.6 1 0.4 0.5 o 1 0.2 07 0.0 0.5 1 1 0.8 07 1 0.7 1 o 1 0.6
16 0.7 0.7 0 0.5 04 Q 1 00 08 0.6 0.3 2] o 0.0 03 o 0.0 (] o <] 0.1
17 0.8 0.6 o 03 04 1 1 0.1 0.0 0.6 0.5 o 1 0.5 0.4 1 0.7 1 1 1 1.0
18 0.7 0.5 1 0.2 0.3 1 © 00 0.6 00 0.5 1 1 o8 o8 1 o.8 1 1 1 0.9
19 0.6 0.8 0 0.3 04 Q o 0.2 0.5 0.9 0.4 o o 0.0 0.1 o o.o [ o a 0.2
20 1.0 O0.8 o 04 07 1 1 0.1 0.9 07 0.5 1 1 0.9 o8 1 0.7 1 1 1 1.0

(1) length of life cycle(expacted duration. year),
(2) take back(total cost and distance),

(3) type,

¢4) sizeCvolume).

(5) total weight,

(S)Ycompany.

C7) the existence of CFC,

(8) tho degree of rust or cleanncss of outer.

(9) the condition of motor(cover. tapping. screw).

C10) the
(11) the
C12) the
€14) the
(16> the
<18) the
(19) the
(20) the

condition
condition
condition
condition
condition
condition
condition
condition

of compressor(cover, tapping)

of box controlles(the condition of seal, housing joining. rubber cap),

of gaskeot and rubber of freezing door. (13) the condition of gasket and rubber of refreshing door
of therm ostat, (15) the condition of screw tapping of each joining parts

of heater defrost, (17) the condition of evaporator

of seal of heater defrost part(glass tube and silicon rubber)

of fixture fuse part(leak test)

of cabinet(ieakmge of rubber silicon, catalyst, refrigerant, water)

(21)the condition of walding between parts
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Tohl Caftget”

| Weight

ey ]
‘ot Efrges

Mpp Vigilance ;v ] Wﬁ' i B ; Tonat Nu Bng % TotalNo hs
Pattorn Set.. F
M
Total Patterng. i IU e ﬁtg 8

tnput 07 ¢ binary € analog ¢
Ou‘mﬂ ]Ti " £ binary f‘:analos {
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The First Step( 8=0.5, p=0.5

Recycling Cells

Products

Recycling Cells #1
Recycling Cells #2
Recycling Cells #3
Recycling Cells #4
Recycling Cells #
Recycling Cells #6
Recycling Cells #7
Recycling Cells #8

1,4

14, 16, 19
3,10

5, 9, 18
8, 15, 7
12, 13, 20
6,7, 14
2, 11

<E3I>FHA EA F ILL ARIEF 4

The Second Step( 8=0.5, po=0.3

Recycling Cells

Products

Recycling Cells #1
Recycling Cells #2
Recycling Cells #3
Recycling Cells #4

Recycling Cells #5

1,49 12, 20
6, 7, 14, 18
2, 5, 15, 17
3,19, 11, 13

8, 16, 19

< E4>vAT 94 & F4E ARelEy A

The Third(Final) Step( 8=0.5, o=D0.2

Recycling Cells

Products

Recycling Cells #1
Recycling Cells #2

Recycling Cells #3

1,4,6,7, 9, 12, 20
2, 5, 11, 14, 15, 17, 18
3, 8, 10, 13, 16, 19

AFES BN 29, AR/ HE3
a

N* 7he] 2382HE Astd dndgF
T weF &A 3o dnFel FEE HFATHY,
A=Y @ 23 FoM HH9 g AHT $x Qi

AR
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Fuzzy ART A73%E Z—‘l%é}f&l gHo)Fa &40 2L AFEE TA4HY YR F
H AL F PP F& A8 Al?\i‘l} E3 fuzzy ART AAFE 3 ol
Z} oA F82HdY @J«L FoAA A AE NEY £ Utk 2 AHE EA3

BE AY gMo|Z Al2"E dd &I g 2 EIEA V1A A HE JJIUE‘
& PFAsted K&, 4 AW HAFEY 7HXE F71E F dd AAEFS HF
7tete B3 L gRolEH S Tl FAFH oS Adstn, FHIEFS élis‘z}sm
A Aoltt. o33 HEHES UEZATF|V] A3, B dFdA= F 79 RolEH
A F7HE & At

ANA= ABC H7F whgolnt. o] e xjudg el ABCEM T FAMSH %“ﬁolt}.
HIZTEL FCME 18 EH Fuzzy ART A% 93] 3709 gHRo|&=] Az IF
H3ith o] Az RE, A AF 21 £HELY] FAE & F o g, & @ul
AF SH4EY 7IXE 1Este M E8 AL FUME 5 JA 4. ABC H7F e
F8 W8S 4 Fe25yd A4S dFHoz 7xE Hriste Aeolt
e L HAEY dHolE o] Zvke) Hrt Al2dE BEE Ao ERolF
oA 7+ Azte] Bol E3 oHE FAPL ERA HZ2, &Y 2F AR o2
A3te Aol EY BFES ZAAd L, ol& EUYE FF T Aoj&olv AL
48 AAE dolth Hrl A"l ute] HiE dolHHolAE AEY UE B
, BEAY 21 59 HFEY FRE T Utk AlE" A Ho]E o)
7NNe E 4 84 HUHE F A3, AF, o] Al2YE Mo|Zy A SN E
BGrrsted Mol e IS AAAFEL. A, olE T AREL RFHE
A& HA oqrarAYe o) gHT

K
7]
B

4

e

—_Qs il

5. 4 &

2 =RdME HAZ dEd AY gRolEd A2 MAd dd A= WUy
o] *1]"]3}95\‘4 HAAEFY EZALES 183y, HE #dFdrt A, 34 281 A}
£ 454 25 ndste FAHUY HAFEY £4U EFAEE F7] Y8,
[0, 11 Atele oz EFHAS BEY F U+ HA s =Y. 25FF S
Edd O3Fc | #idyd o= AR £3) JeAE FFATFE 25TFE ¥
¥ 4 ¥ Fuzzy-ART 217 %o 93] 3=t 2L At HIFaE gde=
FYPHAN, A¢E Fuzzy-ART AZEHL fHo|EFH &40 2L AFEZ F4€
Mol Ey AL & Ao & U & AU
ol Fy A& Frtetr] A% F 7HA9 Frhdo] AGHNU=H, A B\t
£ $1% ABC #7837 gRolEy Ao A& Hrista fMolE3 9 +4A
< 2R F Y& dojgHolA 7|vke Hit Alx"o] AHF T
B =FdA Agg Ay RolFY ANade HAFTESS fRFPE FulFstz,
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a70 PAE 9B HAZ € 5 U9e B B opid, PHo2AL AV FHY oa)
AL etd E4E Foh B ALY PEE AAFY 2AFAY w84 2 AN
4 BT G F AAE 2AE 98 A5 FAL AANE £ F + ok

6. 23 1 & 3

[1] Alting, Leo and Jens Brobech Legarth, 1995, “Life Cycle and Design”, Annals
of CIRP, vol 44, pp. 1-11.

[2] Carpenter, G.A., Grossberg, S. and Rosen, D.B. 1991, “Fuzzy ART: Fast stable
learning and categorization of analog patterns by an adaptive resonance
system”, Neural Networks 4, pp.759-771.]

[3] Chao-Hsien and Jack C. Hayya, 1991, “A Fuzzy clustering approach to
manufacturing cell formation”, International Journal of Production Research, 29,
pp. 1475-1487.

[4] Huang, J., Georgiopoulos, M. and Heileman, G.L. 1995, "Fuzzy ART properties”,
Neural Networks 8, pp203-213.

[5] Kusiak, A., 1985, “The generalized group technology concept”. International
Journal of Production Research, 25, pp. 561-569.

[6] Xu, H., and Wang, H.-P., 1989, “Part family formation for GT applications
based on fuzzy mathematics”, International Journal of Production Research, 27,
pp. 1637-1651.

[71 Zusman, E. Kriwet, A. Seliger, G., 1994, “Disassembly —Oriented

Assessment Methodology to Support Design for Recycling”, Annals of the
CIRP, vol. 43, No.l.

A A 2

A 2 dgn AGA2d PR F A BALEFHE,
FZ RV EATFYKIST) Al2dATE dFdoz A7,
A dEudn JARBANLEFET AFE A FF
ARk ARA2H, BiA 29, BE R Y], e-business 5 o} t}.



