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ABSTRACT

This system development project proposes Fuzzy Neural Network is the network that
imitates the ability of human brain in thinking,analyzing things in order to solve the problems.
The proposed system consist of 4 layers : the input layer, the fuzzification layer, the inference
layer and the output layer. The propose system is a fuzzy — based system which implemented in
the structure of the neural network and Genetic Algorithm are employed to generate membership
function and optimize fuzzy rule — based respectively. Fuzzy Neural Network will create the
mechanism that use the general principle which had already learnt to predict the sale of Thai
glass. The objective is to study the Fuzzy Neural Network and the feasibility to use Fuzzy Neural
Network in prediction Thai glass sale. The expected result is the quanlity sale of Thai glass that

gets from prediction to make the production decistion.
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a03n3 2 A1 (bivalent) Aa0INUNA10AT (multivalent)
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AegIn 2.12

Knowledge

Rule base | Database

[

Crisp :> Fuzzification :{) Inference :() Defuzzification > Crisp

Fuzzy Fuzzy

' v
1 2.12 uaasTassadreiuguvesmsyszaonauuuilesd
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duuasmssuyndadiluduauuuilad (Fuzzification) v lugluuuiladise
A A ' o . . =
w33 on i ud1ls0 141 (Linguistic Variable)
Y g 1 Aw g v
®  31UAN3 (Knowledge Base) tiluduniamnusivsndoyalumsniuguilssnou 2
Aune 31UNS (Rule Base) uazmu%y’a (Database)
[l o ad 2 9 9 ~
® 31uAg (Rule Base) AIMv8INIAMUAITNMIAIUAN ¥ Tdnnfieimelugluuy

YDIYATOYALVUNYVDINYT (Linguistic Rule)
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o giudoyn (Database) HumssamioudiufisuiluienozlFlumsdmuangms
AUAN LAZMITANI ToyaveIATINAAAS o
® 1730901 UNTONITANIN  (Inference — Engine) 1iludauiiimihifinsiedeu
v < a 4 Y = A o [ 9
FomaTauazag e l¥lumsinnunumawamilouna lndimivatugunis 14
v ]
anuilumsud vl sauiamsiinuaimsvesmsaaunemdney

~ o 1 1 { . [ o
o duiasmadnalieglusrfiiunzay (Defuzzfication) 1Wumsiinsuiag

v

Hoyaieglugvoelladineglugiling

U

2.5.2 Yumeumsiszanawanuuladaedn
3 a aff e 1 o o 1
Junoumslszuranauuudadasininmsuisgluuumeiauiu 4 auszuans

Ae31i 2.13

Input Output
Membershlp
Eiiriction Inference Fuzzification Defusz cation

< z _
3" 2.13 uaastuneumstszuianauuuilsyasin

v '
Tunoud 1 ifumsulasmssunanvudaddiudunanuuiled Tasezarailandunnuily

o [ ' a

a o L @ 3
qauIYN TﬂU"lmnfluﬁ'mﬁanym%ﬁmm‘uunUﬂmaﬂymzﬂmumazauwm (Input) oY

=)

J Jd v
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Input Membership

Crisp Input Variable :> Membership Function :> Fuzzy Input

H v '
517 2.14 uaastuaeun 1 veamsyszutanauuuiladasin

::I ~ v o ' a 3 [ d @
Juaoun 2 umsadennuduiusszniedunananuaiineidesivieiananedy
@ o o v a 4
ﬂﬂﬂﬂ']i"llf)ﬂﬂ'lﬁﬂ'IMGJLm%Nﬁ’E]'I‘i]ﬂgﬁ%}Nﬂ'ﬁtﬂU‘i’J}@Mﬁﬂﬁﬂ'lﬂﬂ'lim‘ﬂ"Iﬂﬂ'li(‘lﬂﬁucl%ﬂl@\illuﬂﬂ

A a £ S o ' v
viemmnminaass Taodowilungaivguszoy Faeslidnuaseylugluuy & ap uaz
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(And) W39 (Or) udnhagievuanlszudanasauiu emmsaadulemmeen degun

2.15

Rules

Fuzzy Input E_—'_1> Inference ::> Fuzzy Input

[ v v
317 215 uamsduaeun 2 veamsilszuranauuyladaoin

& A & ¢ 5 o 4 v & H A
YUADUN 3 Lﬂumimmmwmmnﬁmm Tﬂﬂmni,]muﬂnwaﬂwu luduaoun 2

@ a At a X ax { a ” 5
Uszananaduiledduna Tasldismsnendiasans Fa35mshilon1dlu (Fuzzification) Tu
M3ARMUNIMgHAReN 14 Max - Min method 18 Max - Dot method 1iN@111A17 TA1)szuaa

Wa fag17 2.16

Rules

Fuzzy Input 1:> Fuzzification :l> Fuzzy Output

v Y v
5UM 2.16 nansduaoun 3 vesmsiszuananuuisiasin
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o & g A s AR ¢ ad aa o 1 o
Funoud 4 Judussumsnlfowerdnanuuiladdiduewnauuudnd da35ms el
Tilum11nA (Defuzzification) Avasmsfidlumaiinnsidonmigaganinnais q wanuio
Auden Tavldmgagavesmszaumaiiuaundnnnmsnszimais 9 uuy uazidennszin

eegluuu@ed Aegui 2.17

Mathematic Process

Fuzzy \:{> Defuzzification ::> Crisp

a A o A a
510 217 ueasiunoun 4 vesmsdszuranauvuilsiaoin

2.6 WFsn (Fuzzy Set)

a ) cg I~ :/‘ a o 1
HaFaagminauoduilunsausnlay Zadah, L. A. lagliansuziana 199 1nmanUY
a v @ a o “ 4
Und Ao Hadian (Fuzzy Set) 1Wumssaunsituaun®n (Degree of membership function) 9

' 1 =

A 1 a 1 a A @
92 8f19gIEnI19 0 09 1 @auaunUUn@ (Crisp Set) Fumsauuulndaziisszaunisdy
AUTNAEIADIAINDITIN IO
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»
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weight

- . . . weight
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v
a o v @ o
sramnsonuufadivaldast 8117 U dusaonnwduins (Universal Set) (@292

181 A dhuiladealu U fdeidle
A= {(x, 7y (x)Xx eU } (2.25)

do p, Aovlansumsiiuamndn uazmsedunsidluaundaves x Tu A sxiiseglugnila o

fatfio u, :U—[0,1]

2.7 msnszivealaBivn (Operation of fuzzy set)

a {3 d o a 1w
auyAld A uog B Juiledanlu U ildWandumativandamify g, uaz g,

td
]

aud1ay Tasnisnseivesdadiun Waail

K
N
1+
| | x
0 5 8
510 2.19 uamailaFiam A
Hp
A
| /\
| > x
o 4

31N 220 uaasilodin B
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a 4 o .
DUIABSIBATY (Intersection) Y38 AND

Hunp = min[,uA (%), 4p (x)]

/u AnB

1 4+
n“
AN &=>x
0 45 8

3UM 2.21 waasflasdian A AND B
B. gzﬁuu (Unification) N30 OR

Haop = max[/"A (%), g (x)]

#AUB
! ,"“I o" ..... -...
A
A [}
1 b x
0 45

31U 2.22 uansiladiam A OR B

(2.27)

(2.26)
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C. Negation 130 Complementation %39 NOT

My(x)=1—p,(x) (2.28)

314 2.23 uaas NOT Hadian A

2.8 Wansumaduainia (Membership Function)

1 < o L3 - é o { J s
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' [~ o ] Py o o a 4 [} I [~
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A VY W []

a ' a Lo o a  dq A  a
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G

o o a i
A Wendunsiduaan@nuuuaavies (Trangular membership function) 15y
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HanFumsdluaindaniioyld

>
»

3 7 o a {
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o o ) Py d' o . . .
B. Handumatiuaundnuuudimasun1any (Trapezoidal membership function)

»
»

4 o o a { {
71l 2.25 uansilsddumsiiiuaundauuudmasuniany

C. HardumsuaunFnuuuind (Gaussian membership function)

»
>

511 2.26 uaasilesFumsiluamBnuuuind

o o P~ a a a o
D. AnFumsugu¥nuuuasunasnu (Singleton membership function)

% d o a a a W
5t 227 uaasilesFumsfumnauuudaiadu
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1. ¥udUNA (Input Layer)
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2. FudyFAAYY (Fuzzification Layer)
¥
3. ¥uUNf (Rule Layer)
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4. FU01ANA (Output Layer)
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(Fuzzy Neural Network)ilzl‘ﬂuﬂﬁllizQﬂﬁ'ﬂ‘lilaﬂglm‘ﬂ (Simulate) mmf’{ﬂtqujm
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aszuIumMsaNssuysduasmivayumsdaduleneldaommsalnduden

o d
3.1.1 mIaduudiaesladiiseaniniiin (Fuzzy Neural Network)
) =) * o A
Tﬂsm%ﬁwmﬂm%msamﬁmﬁn (Fuzzy Neural Network) logdiofiu4 @z
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4 4 a o Y Ao o
Anils Buna Minhinsvdunaveedaus
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3 { ° 3 I a { o 3 a 1 &
2. duiires Hedve X, dmhiudasmdunaidluswoudad ilusuoofled ey

él Y < o a { 1A [ a
susgruiladfunisifiuamdnnld laoyndrdunn X, § mifluszdunmisiduaunda

delda

p,(X) (G=12,.,m) fuaasdnazmmzveunmesitiensna
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iile p,, Wuszdumzihimndnves X, Tu Afdanlaldlsdsunsduandn By
aszaumsiiumndnues X lu eefidregludanila 0 fa1, f£(a/,5/) duilanduns
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(Gaussian) §1HSUNIS1UNBT 2 A2

xl-aY
M,y =e€xp| = 5 (3.2)
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o’: { o { o 1 { v o do
3. guiteu agimihin duamd g, Taeandewasduiutiunalamseyuuvssnguuy
a A Aq K J o A ! - a 4: ’ a
A dsnalafilFlumseyuumsuednaidusuunfadandunafidunuuuiledey

Tgunguuniedidnungslumseyuu

Hy =1y (X (Xy)pt g (X,) (3.3)

b

vy v
Fe91um Inuauusuiisziisaumduswauiedsuaindnludauees THEN fe n Tnua

E4
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r=M" 34
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dio » fio Sraungnanua
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Fa0819v0991UNY T 2 ﬁuvgmmmﬁai’;

[1]IF X, IS Negative AND x, IS Negative THEN
¥ IS Negative

[2]IF X, IS Negative AND x, IS Zero THEN

y IS Negative

[9]1 IF X IS Positive AND x, IS Positive THEN

¥ 1S Positive

& L ]
gansudasgung eglugdarsemsdaduluwuiledie

Xy
) N Z P
N N N | Z
Z N Z P
Plz|p|P

3UN 3.1 ugassemsdadulouuiled
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Layer 1 Layer 2 Layer 3 Layer4

i 3 o = d ad
31 3.2 usasInseadeRuguvesuuusiaelediiasealinfisn (Fuzzy Neural Network)

s L]
4. Fuind Advhoednagaie M vesszuvisoaladivaumsHadilinfuvegamu

¢
NnIioun

M
Z#,-Wj
Sy

M= AT
2.H,
Jj=1

(3.5)
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e w; iluAnimin 71 j* vesng
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FawrsilimeFiuiinisuldsundauiy u, (X)) yoaduyavesfladFuniniy
1

a a a -3 . v o d fl d o
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E=%(M—M")’ (3.6)
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1
a o 7 ~

{ [ A { 1 3 d
Tawh E idlumdanainsauneg1ugiiuy Mean Square Error 5$HIDIAYAISINUIDIANAT
d 4 a ¢ i 4 '
doams, M duerdnasiaas M¢ dhuodyaiideants FengnisiSeuiveslasiiy
= ] o . =3 4 ad
Uszamifionuununsdounduez14lunszuruns Training veeladfissealinisn (Fuzzy

< J LY a 5 a
Neural Network) Tasmssudmsiiimesvssdanesiuiiosduvengiladaeinldun

QE __p#(X) (M_M,,)(w,-M) Op 4 (X)) (3.7
M
7=
OB __HX) ey @m0 Uy (K (3.8)
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EWNC Hy ()
j=1
oK X 3.9
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J=t
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i
xj —a /
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b L‘ﬂ‘uW'li'lllLﬂfJi‘Uﬂﬂﬂ'J'lllﬂ%’l\i'llﬂ\‘lﬂ\iﬂ‘lfuﬂ'lilﬁuﬂﬂﬁfﬂ
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Und @ fnumi g,
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s Ay ° 1 o
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@
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o
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5 1
_ M) O (X,
a_EI_ Mﬂj(X) (M—M")(WJ M) #A,(j ) (3.16)
Oa; Z (X) By (X)) Oa,
J=1
ouy(X) _ {55 .[2); - 2a] (3.17)
oal b

’(t+1) a’(t) ne 'u/( ) (M_Md)(wf_—M)e(x-a) [M] (3.18)
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: ; OF
b/t+D)=b/(t) —n— (3.19)
{ @ +1)=b/(1) ﬂab,.’
M) ou (X, _
g%= M,uj(X) (M_Md)(wj ;4) ugb(j ) (3.20)
i Zﬂj(x) /UA'/( 2 ]
J=
X _ (5 =af (3.21)
ob/ [
X8 ’ PAY)
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>, (X) /
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o o o ¢ A o'
Neural Network) tagyimswanszuuadduldsunsuneniiunes iolszgnaldluns
o ° ] P a g ad o ar
frasamsihnulassisdssamnoudadiaseamiaisn (Fuzzy Neural Network) @1M3u

U4 = a
msnensaimsuisgaamnisuud TaoldlisunsuIsanwdn (Microsoft Visual Basic) Tay

¥ t 4
A o

uaou lunIsAaluIY At



1.

33

E4
U

[ =1 9 Y] 9 9 A' [ a3
Tunsumstanssudeya Tagdsullgedoyamisviegaamnssuuii tledamson
3 a o Us o ] s o v d A
Wusunannmesuazioianannmes lagdeyaminnldilumsideneuanis

a n:i J [ d‘ Vo 1 d' 9 d#
sunavesvianuneluudazSu iwedlouldsulaseireisnzadeiu

H ¢ o L & o ¥ Ay v H o
Junoun1suosyen larwdu (Normalization) iflun1sihdeyai ldvindunsui 1 1
Psunldoulddeyaiisreglugieszniie o fa 1 e lddoyamunsor Iy daudy
.

o = o ¢ o 4 o
danasnu'ld uazldasandossuessuniinld Tasnisussuealamwduse

° 9
fvualv

2

AWINGA A max

ﬂ'lu@UfIﬂ 9 min

==

o]
ayahnil
Ay
oyanil

R

1Woyafideen1s Normalized Ao data

.

data — min
Normalize data= ———— (3.25)
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| 1500 2] 0.538461538 0.503520 0.000610
HsiCyole l 0615384615 0.493937 0.007375
B R e 2 T e R A | 0.676923077 0.533232 0.010324
e o S IR e I, 0.6 0.702692 0.005273
[ | 0.553846154 0.571115 0.000149
| MSE (Mean Square Error)  |0-009%1 { 0.569230769 0.535544 0.000567
| ) ; 0.492307692 0.537264 0.001011
0.569230769 0.535036 0.000585
0.415384615 0.536721 0.007361
Save Pattern I Test Network l Clear Data All I g'%msasag g'ms 18071 3%335
0.523076923 0.541251 0.000165 o
| File Name |...| Exportto Excel | I!
Train Network | Graph Train |
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| Test Network
; ~ FNN Parameter z - Display Data
| dvavdiayafild Test (30%) :

{"Open File [D:\PRIJJECT\hut\IBMZ_loa.M

Look jn: | 3 Pattern Train ~ e®mckE-

. 2 |[F) patternt.txt %) pattern_snewpresent. txt
: [£] Patternt_4.txt [£) pattern_6present.txt

|5 MyRecent | ] pattern2.txt [%] pattern_7.txt

Documents ) Pattern_7input.txt

@ ] [£] Pattern_8.txt
[%] Pattern4_0.01.txt [Z) pattern_ginput.txt

- - Network Architecture

| d1w9% Input Node

About Error
Deskiop | [7] patternt_0.005.txt [£) Pattern_newpresent.txt

|[£) Patternd_0.05.txt (%) Pattern_present.txt
MSE (Mean Square Error) J g?atemwlec.txt
=) PatternS_0.01.txt
T [£] Pattern_4.txt
_ | ﬁj Pattern_Snewpresent.txt
Load Pattern ] Back To TlanJ | ) Pattemn_Spresent,txt

File name: [Pattema.tt ~] Gpen |
Files of type: - |Text Files(tut) =l Cancel
™ Open as jead-only
|

Test Notwork | Graph Test |

-
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“Test Network 4 Er 1 i SR FPa i T e iy T

‘*FNN Parameter &% o . A Display Data e }
1 dvandiayafild Test (30%, | & |
B | [o-PROJECT\GayatiBM2 u:u ' L Cstndpessars e | G Tes |
[ pen Fil H aya & X 1™t {
| Jeaf [
[Eea Eloma e A gl | Weight A| | Parameter a | | Parameter b |
: 0.848590 0.000001 0.100000 \
jistwaik Archithctine B, =g 0.641576 * 1] 0.500000 0.100000
: F QN | 0.967212 1000000 0.100000 ’
| swaw Input Node fiey 0.328552 0.000001 0.100000 \
ey i o | 0.453529 0.500000 0.100000
! 0.043625 1.000000 0.100000 |
~About Error 1 0.747564 0.000001 0.100000 {1
{ | 0.663564 0.500000 0.100000 [ |
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MSE (Mean Square Error) 0021254 L 0.901712 0.000001 0.100000 |
| 0.022104 0.500000 0.100000 g
SRR R =g i 0.506161 1.000000 0.100000 :
i 0.560044 0.000001 0.100000 ; {l
Load Pattern | Back To Train | | Joa2es0 0.500000 0.100000 ;
0.866043 1000000 0.100000
! 0.115092
0.775049 ‘
0.448864 |
0.297049 I
N 107N ¥ |
3 Mk i |
1
|
Test Network | Graph Test | I
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|l OpenfFite I[D:\Pno.lscr\im\lam_mm

412w Input Node

| (About Error

MSE (Mean Square Error) 0.021254

Load Pattern I Back To Train

| - Network Archi ——

|
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Weight and Parameter a. b Resut | Graph Test|

T Valug Forec. Value Error
0.923076923

0.738461538

0.461538462

0.2

0.646153846

0.6 0.401532 0.019695
0.661538462 0.824093 0.013212
0.646153846 0.974719 0.053978
0.353846154 0.285658 0.002325
0.215384615 0.513227 0.044355
0.4 0.849552 0.101049
0.323076923 0.479867 0.012292
1 0.839592 0.012865
0.538461538 0.526759 0.000068
0.676923077 0.622365 0.001488
0.461538462 0.500325 0.000752
0.4 0.546469 0.010727
0,646153846 0.575464 0.002499

v

0.1

0.0

0.1

0.0
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|
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" Mean Square Error (MSE)
Yoya
Train Network Test Network
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%A1 2 ELECNEW 0.009999 0.038142
%A 3 HSALES 0.014499 0.013155
%A 4 IBM2 0.009961 0.021254
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