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2 Fuzzy Sets
3 Modeling
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9 Genetic Algorithm (GA)
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17 Quasi-Newton
18 Smooth Function
19 Noise variance
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10 Standard error

1 Gammavalues

2y-ratio

B Train

% Train

15 BFGS Broyden-Fletcher-Gol dfrab-Shanno
16 M SE = Mmean Squred Eerror
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2 Low, Medium and High

2 Membership Function

BTRIMF = Triangular membership function, TRAPMF =
Trapezoidal membership function, GBELLMF = Generalized
bell curve membership function, GAUSSMF = Gaussian curve
membership function, GAUSS2MF = Two-sided Gaussian
membership function, SIGMF = Sigmoid curve membership
function, DSIGMF = Membership function composed of the
difference between two sigmoidal membership functions,
PSIGMF = Product of two sigmoid membership functions, PIMF
= Pi-shaped curve membership function, SMF = S-shaped
curve membership function, and ZMF = Z-shaped curve
membership function.

% Rule Base

YV Defuzzifier

2 Mean absolute percent errors (Mape)
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Moistuerforming, uf, time, temperature and swelling
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L.if (moistuerforming is high) and(uf is high) and(time is high) and(temperature is high) then(swelling is low)

2.if (moistuerforming is low) and(uf is low) and(time is low) and(temperature is low) then(swelling is high)

3.if (moistuerforming is low) and(uf is high) and(time is high) and(temperature is high) then(swelling is low)

4.if (moistuerforming is high) and(uf is low) and(time is high) and(temperature is high) then(swelling is low)

5.if (moistuerforming is high) and(uf is high) and(time is low) and(temperature is high) then(swelling is low)

6.if (moistuerforming is high) and(uf is high) and(timeis high) and(temperature is low) then(swelling is low)

7.if (moistuerforming is high) and(uf is high) and(timeis low) and(temperature is low) then(swelling is medium)
8.if (moistuerforming is low) and(uf is low) and(timeis high) and(temperature is high) then(swelling is medium)
9.if (moistuerforming is high) and(uf islow) and(timeislow) and(temperature is high) then(swelling is medium)
10.if (moistuerforming is low) and(uf is high) and(timeis high) and(temperature is low) then(swelling is medium)
11.if (moistuerforming is low) and(uf islow) and(time is low) and(temperature is high) then(swelling is high)
12.if (moistuerforming is low) and(uf islow) and(timeis high) and(temperature is low) then(swelling is high)
13.if (moistuerforming is low) and(uf is high) and(timeis low) and(temperature is low) then(swelling is high)
14.if (moistuerforming is high) and(uf islow) and(timeis low) and(temperature is low) then(swelling is high)
15.if (moistuerforming is high) and(uf islow) and(timeis high) and(temperature is low) then(swelling is medium)
16.if (moistuerforming is low) and(uf is high) and(timeislow) and(temperature is high) then(swelling is medium)

ek

__-q' -l\;..'p_:_: [[2f

T LS (=

[1Y] (g3 csigoSiom 7 s otta o slaligs ~ill ey pie ails? lgil 1 o5 ) S

.\;‘o..\...:)fa
-0.719E -0.484J -0.207B +0.574L +0.530F
152M +0.104C

L b oppiie diz g 5 pB el Joo mlis
NI CENWON - STRW- S KV-PIPER VR VAR CUPN = BV



AR

WA Ll 5l o) oyled vetnd Jlo ool 305 5 sz sl alns

p9o 9 Jol anY lao, 5L (¥ Jgaz Jol o)) S5
la Joo G858 o g 0l bl y9e3] sloesls g gliza
¥ dgsz 09done osnlin ¥ Jgaz ;0 45 od dulone
oz o0 (Sl Ol o (2 Slie oz sl
5 =y slsosls oy (Kirod ;b 9 3o
Ol |y (egan (oas aS0h ladas ook S

EX P

celw VY L;.x,_,..Sls NP PR Sy Sur 1 B
s—as 4ol BFGSED) Jow (e b wgzros pass
Q%.‘ e S8 Dgd oo odalin ¥ JSM 30 EHman
a8 Sl (Fhge g (7 Jooz ) c9)) YU Jlews Joe
U e g ho e a3 o ol llas e
SoSE g 0l Kosen b JolS slkail o (a8ls 5
(7 JK8) Cowl Cuw boglas ol

polbo g aBly glmools oy L3IV JS
C9200,> 45 Cwbs (SaniSly do o o S i
BFGS (5-5) Joe ilp (foras orae sloaSlis lawg
LW P PR - SON-STRW- Ry~ I P L S C X i

oo Hlaie gl o sl g e B0
- slalbs aops sl g (0] < Ve il Sieen
Lot 50 o [F] ol Jgu3 b 0oy Yo od9a5me b i
Slel Gl eyiman mac aS oulolu! sl Jus
odaline i ;500 Oldllae ;o Uas ax> ()l g ol p3Y
5 o903 slmesls slaas Ly sogasa , 51 1] S5 o0
5 Pl Bolai & jpon egian (oeas ad (35l
Bl oo Gl cn i lh sy (Wad oo e
G99y Lt koS ol 5o Ghjsel 5 Ogesl slaosls sl
Ghalidl iy B0 1 i Ll o9 Sy
53 5N 35 5l eoliial Ly g, ol
el sade s

sooliiwl L g (rast Lo piite (0 5 35 (IS by
55 Sy 1 4l S ol s anlp lgise o]
L olssioe |y ozos,saiss (SariSly so)s lade
s30me ke 5,5 e b5 oI5 4l b e (sle e
Lo, 586 oS (ol g els 5osd Wl 1) Lo yesS ol
le i 0 le G zes Baisg CoaS S LU
6oy Flszes B anils 5 iy sles wiile
Sla e Jlacie 05y Gy o S a4 ol ceaS

65 St § 0 bl Ut LS yolie ) Jgar
Syt onl Cuglsl rizmen 5 LIS (gajl 4 bogsye
Lgye 09703,5 4055 Culis (SariSly 0oyd 69959
Bio o i 51 SG 2 STass oo plas ) ol (ygejl @
Ao, i 50 (6oL Sl ealBds ke (pl g 05
e il a3l Gyzes S aiss culis SapssTy
35 ioran 0 dole> b sie Koo 5l iy o) LS
LBl Dgz0s F A pleS (nl (o5 Sl e
2,5 dlet 18 s b aiS el s LS lade il
Lal8 Jlato aslen (g5 Cud g o luilbin] glas s
o

o Sl yeiie o5 aed e i LIS (9031 gl
Ay 31 A 8l s Sy aop )
30 Ay lags 00,5 Cagb do 0 g el b e
"o o) 2 o5 b (4155 xba slaaY (sl sl
it o5 alepiie ol sail @l Gulul 0,38
AL Cozes,F A (SoiSly weys 59 2 1) 56
3 Gl yrie g Wil 518 Joazr YL slacs, jo ol
T Semals 9y R S Sl Foml slacks,
g alosg 5550 b yrie plo & s M it 5108
WS Celt (ml 59, 2 (5 STE 9 F sla s
=5 0 o et rizmen 5 lasog5 (e
@S ) w)ls Cozes FaisS (SaniSly wo)s 59; 2
il e alie ol 5 LS (505

s e plad |y Lo e on e wi o8l G253
bl S5 w8l ol e sladoe ¥ (Jgor
A o L |y (69 s g 0 laslinl gllas (LI lade
Tl ogb o odaliine oo Vo, )0 Joe o e
1y (el g WS 505D) (b ol oSGy o651 5l Jol
A0 pfeo e dle i 1 (golasd 0S8 e 05U
Lo pite ol g 0mid )5 )18 Jow 0 M) (o )l >
ely o=l e ol slal ga il J, s ¢l
Aile Lo jusin v caig i o ooliw] gzos 5 aiss
s 50 Dz 033 Cugh, do s CuesleS sla s
S cgzeszass (F) Gle Y 9 (B) b Y slp
S9iSTly woys Gl S5 sl g Wlewd B Jus
bl 4S5 ol g oo ezos P aB Culius

0,95l e o e oeleol pp (egian (cmas AL



s ols pad lgi e |y (amiien Jow woaloly S5e

ods dlpiioy (Las ao)yo +/0) ol jlews cdo L ol

5 hawgin oS odgaze dw jo Hlais g0 (SaiSTy as)o

.Q)‘o) 9929 (59959 lelb).‘.’.m 9 el YY §M|5

S L T . W T QTR

4

A

141

W

L}

¥

L14

LA

Aty

aala 3

Dz 005 A el TP Culns ( SuiSlg o )o glp (Louan omac 4l BFGS (5-5) 3 Juols gulis Y Lo

FA99h

RZ=

= *- 4

n._n.n_&-_m._ T..lm..._.r..rw.-_

VT

I.S'Liﬂﬂ L;!.i! oals

e S Jow byl g 00,5 A Cawld (SuiSTly do o ool (S Gy ol g (28lg sleoold rm (Sowod - ¥ IS

BFGS (55) (o gucto



£ WA Ll 5l o) oyled vetnd Jlo ool 305 5 sz sl alns

Sl 6999 S e Corod Cuglsl rizrad 3 (53 Comu 3 0l slas LlS oo slol polin Jold LS (9051 s -V Jour
[ P u:.a).u 7 ov9) 9.>|9.o ) Lb).a.w.a.o ,al.i) ,a‘ ‘)9&)7 wl.w‘l.g celuw YY )’| Gy g 00,5 AU Colns ‘;Mij RW- %)

Someal i 5 Ll o,L] i oo,
el 03031 b Lo it 59 e sl L sla e
3, lastiwl 99,9
M N F1A oo YA e FY Gl g0 N
o yile don < \YA? ofe VY ofee¥q B v
N TS AR AT c v
G SAYYS oYY e o¥A D .
H R Y AR ey E N
B <[+ QA- oYY oY F s
L <NY-f ofe oY N N G y
D SAYVE Jeova v H A
' VYV R vy | ]
J ARRPA ofeeYE R N J -
c )90 AR epy K 0\
K VY4 R e YA L 'y
F VY ARV ™ M -
E o[+ VY NERAA R N VE

(Vo lucod o 55500 3) el TP 5l oy g 00,5 disd Cawolbud (SaniaSlg oo (gl St s v 5! 51 ol gl - Jgus

oLl a0k o)ly slopate s,
89 S sl L& Joe Jose
3, laski!

Sefe e VIOWVE e AVAIVAY e rrvsar  GHJIKLMN \
o \FAOFY e[+ YYAYVA  o/-...fvooAf  DELIKLMN i
e s YAYAY e[ oS eSNYY) mefe e AYYAVY B.D,GJIKM,N v
[+ AVEAYE /o eYYSYFE ./eecooivAVE B.GIKLMN ¥
Sefe e SYVAYYD  o[o - ¥PYAVD  —+f-+--VoAAFY  BHILIKN )
[++YeY+q0 [+ -YYOYAY  «fe-.-pavavA DHJIKLN 2
S YOEYYY o/« -SAVATY /... VEOA-4 BDHILIKLMN y
S YASYEY o« VEPATD  +/----AYHIYS  BCGHIJLMN A
[+ YYEYAA [ -YVEYYE  +fe...pavvay  GHIJLMN q

S YESEYA [eeYYEESY ofe...vAyAY DHLIKMN

—
.




7Y

S5 i 3o Y ojlods Juo b cel Y Soislg sy gl p BFGSSCMM Al b Jowo cdo b jlzo -V Jgua

Ol goz gl ((Sen wpe sl wo)s Sl Joe &9
Slow yo s
o[ FAYROY +/444 10 O-0
LR AR #A </24Y VIYAYYYSYA O-¥
R (AR ¢ </24Y VYAYEYYYVA O-Y
o[ EYOOA +/24Y V/OFYAYALF)Y O-Y
o[+ OFVFOY <[990 Y/#-¥V-VOFF o=
o/« FOAPYY </q4Y VIYAQYEN - 2Y -0
o/« OYOVFY <[990 YIOAAAYFZA0OA Y-0
ofe e e DANY N ARA YIVIYZAQVAY Y-0
o[+ \VYYY-Y </AV) YYIYYYVYEY DA V-0

o) g lawgio (pS 009uze duw 3O g 08y AR Cwoldud (FuadiSTy duo y il (gl o (S yurito (GOt Hludio —F Jou

(BFGS5-5) ous sl o€ giuan mas 45 Joko bl

sl esls ool e lhs woys andl gl Slad ol e Gy awye aoys
SR sl N N e T EEWAL
&3l 08> 03>
o o
oY oY
e
AR ZERRIN VE e VYEALD) /A NY YA~ £5-. VAl Ay \RIA!
AINARRTA \FAEERYERA ¢ AV YRR I \YV- YA- F5-. YN RIA ARVA oS
VF/aa4f8 A AEERYERE FAV. SR A A </OY AYY AV FY VAl AIO ARVAN
Y¥/aa44 YO  efee e OVFYY < 1OY VO Vo AR FATA AD R34
Y§/e. ¥ YE oo ATERY 109 YO \f- fy- \f a/f Mg Lo
Yo/aa44 Y& elee o YOPPYY <JYY Y- ‘4. YA VO Al Ve /f
YAa44f YA /- AYPYYOA <JYY Y- V4. YA VO AD Vo/f
INTARYS OA /- -YYATANY JEY YA YA Yoo VYO AY Ye/A ol
OB+ B </AVOFALVYY -I7f YA YA Yoo VF/VO AIY ARIZN

RO ES U WU P JUEL VR W E SO
[f] Sl 0 solazuwl gj%oo)}d:'aﬁ
Ll g3l Loy LielS ANN 5l soliiwl Baa
L5 ooy 4 5l wgzes Faiss plss (5031 slabs,
Gios (] 5 eled 5l (S 4T Wyl et
adei ol 3 sl anss aS S8 pol> > j0 0l oolazwl
Pls ol e ooy GlalesT 5l g w0sdio0 )1
Ao odolCawddy Oledbl >l o 098 0 astine

Sl Olgmeany oo e 1) Sy w051 39

L8 S5 W e sle pate Gl gl anke g el
L (GA s ANN) (B9, 9 5l (S 55 OlsS s eizro
=9 e S, 6l (seliise &0
S @ 50 00 ol Kieghy Jawss g, ol 0,5 eolaiul
s g ANN o, Shae N4 OA OY] cadlonss a3 8
oy Wiz (g )5 pE AR Juo & Cond GA Jilos
sobkaeas ANN oo i 51 55 303 0] el g



7Y

WA Ll 5l o) oyled vetnd Jlo ool 305 5 sz sl alns

B yo lojise (F Jgaz) wylge cuss 4 sl 5 50
slapialeil b awlio o (So5d lailel ¢l oad
(oo o=l 5l ookl b Ll sosiins Do Yol S
g9 =S plosl g anl B Jsb o wldes o
slaaim s slagnlesl 5l 36 gloanje (rizen
e Gl Oluls 4 by e

Bl e Sguzme (318 pamns 50 (6999 (1o akie
Bl 5 (Sy—as sas 8D @b Gelul )0l
Ol s0gz 03,3 SIS Cygb)) i [z ole
(o sbed 5 o Oloy i35 58 6l (Brae conx
SaiSls oy aie 3L a5 wiad Sl
- Joce pl g LalS yg0;] auils Ggzes 3ttt Culbus
e QL (Fgan (oras 4SS 5 S 5Nl o
Y S5 9V g ) Jouz) aiied pge s ol a5 a0
[vo ¥ o0y oyl s ade ol S 05 (Y g
ot (SaiSly ao)pd g lagl o abaly 3925
Sty U it ez onl com Al ol
Lo g, g olge jo oS Cuwl (51 0aclB VF olaws cCwals
095 ol 2 (S s Jelodigts 25 Canl 00l S
S w1y a3 5 639,92 Sl Sloee
a 50 630 LSl 5 abplnl (25,5 (lped Culks
(P80 5 oli—iny) olaj 5 lawglo oS 0dgue
Cogmas &l V) Geizres (oot (ul (634,5 Slo psie
5 dolee ¥ Laad colys o ol LS 55 caelB V7
(2Bt 03gd e g JSB 0 (Jmie Cugac &b L
plo g ol 1) (ao,0 YY) Gllas glas as s o S
S iSly 9yd an by je (550 welgd g Cugae wly
odgaze ,o 3l glas ws 0 gz ed B Culrs
asslas 1y Je8 BB o laikil
e YO XE Y av] ol mlie o Laly; ol cle
o aeld plo 5l 5 gilaie g Sl (st Ll pla |
ey o0 S

Sy anlp lalid 58 6l 1) o Glsises 5 Coms
L el Jpame (SouiSly ao)s jlade g 3gei ooliinl
St St il o sl 995 (s b
o=l O 5 o Uy e Ol a (Sshas (oras
aSd mlas and oolaiwl Cazos F i ples yolie
5 el p3¥ el gl sadaisln egias oac
" g anlE SRS ss cel (B LB by
a5 L 8 o loign oald 1y Sl (5 092
Sl 5l U ols aps s |y oMt (ol Jpame
s9atedsy by ol sl Gali8l 650,40 5 S 8l
48,5 5 4 5 500 Gl bawgs any i 508 o5
i A AT R o IO PR

0390t (bl ;0 a5 boaie «slyd o
(Y Jgozr goleiming (SoumiSly 9moy0) Gldjlis e
Lo Jae cds aiiS oo JyuS 1) (695,9 sl i jlaie
8 Giabesl o )50 o lel slaools Loy anl b 50
ol g Cewd 4y Lo y505] g ol @l g 05 00
hes Ll b 5o cadolml sla Jus ol 4l Jixy
o330 xa (il g a8l aal S 5 I35 3T b alg anl b
ol i 2l S aania solyiing

o (0] s ol jo a8 5b la puiie o]
03,3 Cugby duoys diile old jsie aS 058 e cdmlive
ol Gd o8 g (SowiSly oy widls dacg>
S g V] oo o SIS (S 9,
Lyly) 6l IS s Sy el o s 38,56
(o= Cazos,a sz sladils IS ST )0 342450
S 50 oS i aiilgs oo oy oliws loate
o)las Joiz )0 95750 slayuite polie b ady anl
adg ol s S 50 b e polie des anil atils ¥
J=B s e Lo g > L bl wgzos paiss
L) Cozos,2a5s ol &0 (nl 50 g wias (lass
s=o Ll b e g s &5 Sl g5 o

1. if (moistuerforming is high) and(uf is high) and(time is high) and(temperature is high) then(swelling is low)
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9. if (moistuerforming is high) and(uf is low) and(time is low) and(temperature is high) then(swelling is

medium)
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Comparison of predicted thickness swelling of particleboard with fuzzy systems
and artificial neural networks

Abstract

Swelling percent is a very important physical property of the final
product. Determination of Swelling is a time consuming and high
cost process. Therefore, prediction of swelling during the production
process can ensure a consistent quality of production. In this
research, variables such as moisture content of particle, the amount
of adhesive, press time, press temperature, press pressure and
swelling properties of particleboard were collected from
Debalkhazae mill. The normalized data was analyzed by artificial
neural network and fuzzy systems. Also, swelling percent was
predicted by optimal model. The best model of swelling prediction
is 5-5 basis of artificia neural networks, and the best function of
fuzzy systems is Z-shaped curve membership function. Means
absol ute percent errors of the predictions are equal 5 and 22 percent,
respectively. ANN method has better performance compared with
fuzzy systems.

Keywords: percentage of thickness swelling, fuzzy systems,
artificial neural networks, production process of particleboard.
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