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ABSTRACT

This project presents a study about Image Processing and Pattern Recognition used for
recognizing pictures captured from web camera. The algorithms are derived by means of
Artificial Neural Networks with Bidirectional Associative Memory. Captured picturesv on Yugi’s
card are stored in the database. The program compares Yugi’s life points between two cards from
the database to seek for who is the winner similar to the real Yugi’s card game. This game can
play on two computers linking by Socket Server and can display output on the monitors by using
Macromedia Flash MX. '
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SiannsefiadniinisFuimaduuds
2.2.1.2 gﬂmwamu& (Color Images)

o aa 1 = 4 o 1

miumwwsmuumﬂ’hqﬂauwamm%ztﬂ%’aumﬁaumsmmm%’wq

= 4 A o 2 A ,3‘ LY =3 -~ 9

aouianes 3 gUlunanfssdu FewazBerinagiussuuyiavesd Tussuy RGB vl
kY a A s :‘ o v ' o a o v LY

ﬂ’J']ﬂJL"UlIL{Iu UAY U LD AU Gluﬂ’ﬁi’Nﬂ']Elg‘lj%31’1']ﬂ'liuﬂﬂ!,m'uﬁﬂﬂﬂﬁ'l’mﬂﬂ%Tﬂﬂu

a

¥
a1 14510 3 1) Wueesduas Sifled sazfhihisy addy
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7111 2.5 uaR93zUDH RGB 3 %04

2.2.1.3 M3DUNIN (Capture)

v A a 1 @ 2 o
wadnsnldvinndasddledumnvzitludyanalusyuy RGB Fedni

o 1 T W = d o 9 J ¢ A a o U 9
gunssifsnduseduneuiunes sulludesldginsolifumaulunsulasnwdsndrudhg
a J A ¥ o Y Ao ) ' o
Aouiumes  lasngUnsairdussimthnsumwidumsy 9 Tasennzlduiisanusives

a J A A @ aa = P T o
Aol une T Rzulasdaanaeineniluainea nIeo1vuntsausuiuoaus

FINUWANUIIAING1U58N0 Prame Buffer [17]

2.2.2 msudasmnlvitlunws Ganea

MmASAeat Uit Hertdu 2 I nie fixy) vosmanuduveuaslaefi x uay y fie
Aftvendedumialussuuiisanin uazawesileday o sumiala 9 wiudadaudiy
ANMUA VDI B HUTY nszuaumsutasamlddunimlusidsnoasuSona
Image Digitization UN5LUIUMS 3 Fuaoy fo mathufinam (Image Acquisition), N3 guIADN

@KUY (Image Sampling) taz M3UszaaMANUTUUDUES (Image Quantization)
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2.2.2.1. M3GUIAONYAG NN (Image Sampling)

a

Wunswlasam 2 dan1d1Midunmedsaea Tasnisguidenniega
AUN19 1139 Spatially Sampling Taoguidenmmizuisdunislunin FIgus1guIdonan

a Ay Yd A a ' v oA gdaA & . o
axt@ﬂﬂﬂ'lW'VIvlﬂﬂﬂziJﬂTlﬂazl'E]fJﬂi:lN ﬁuﬂﬂﬂlﬂﬂﬂ’]iq&lmﬂﬂﬂﬂﬂ 97 1139 Pixel HULB4 [6]

5 ’:} . i O"
':ﬂ:"\,2 — —-’ 7‘- ) .
, ; -8 ~
&4-: S / '\\4
TR e, e P
5 { D RETAT T

1 4z !
—Fl :‘ et
o i M v SN
N)L g, A &) !
(52

U0 2.6 taPHaTINMTGURMUIYRIAN (MNIA[6])

v
@ =5 = 9 s

wizRsy - Jeiudufizdedlinmsguidonandiumniis n3en1sM Image

13

9 1

. Ay y a A ° P A ' T
Sampling i]’]ﬂﬂ‘lﬂﬂa']'nﬂu ﬂ']l,i'lf!ulﬁﬂﬂi]‘ﬂﬂ']uﬂuﬁﬂu'lﬂl‘ﬂ'ﬂﬂ ﬂmﬂTWﬂJ@QﬂTWﬂ]lﬂﬂﬁlgﬂﬂlu

] Y
diovenei q fuaagilae'laldl

128128 6dx64 3D

31U 2.7 uaaswanmidiums gudwmeaedu (mmeinie])

U

:fl < Y a @ T A o 1A ]
nngaiia 3 g1l szifu 19 o« Beadu wadieiimsguidenmagainl

TN YERNN AUAMNVRINHT 1A 19y 0Tl 1 quidenin 128x128 9A
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¥
iuﬂwsﬁmﬁenmaﬁumuau f’ﬁ‘luswmmmﬂgmmzmmmGU?Nmw qun
ﬁw!@ﬂﬂﬂﬂﬂ 9 U ﬁﬂJﬁJ'l 128 34 ﬂmmwmmmmmﬂw Lmﬂmaﬂmu@Vﬂumﬁmmammw

3J']ﬂ‘U‘L! Llﬁ‘”‘llu']ﬂ‘ll@\‘iﬂ'IWﬂ‘t]‘”ll’lﬂ"Uuﬂ’JfJ

223 MWPIAIN0A ( Digital Image ) Ao

o o an 1 o 1 ° t
Hafdu 2 98 f(x,y) vessanuduvesuas Tash x uay y Aeatuaasdiunuely
52 ﬂUWﬂﬂﬂ'lﬂﬂﬁJ‘E]\‘i‘W\?ﬂ‘lm f o dunde xy) wlludadauduanuadisveuas o

muwmuu [25]

0///V 23 n
4 } > ¥
B eV e & o= °
2 . ® (] ® *09 see ®
3 @ @ @ ess ees °

e0e  oeee

s0e  ses
eee  soe

n+ [} ° e vor ose L4 f(xay)

U 2.8 werasgUATaen Tuileddu 2 I3 fxy) (amwann (250)

2.3 ﬂi:‘uaumiﬂizumwamw
nIzvuMslszutananiv i 2 35 Tngiq fe
23.1  n3zUIUMelulAmuAIUD ( frequency domain )
¢!’I I~ o =y 3 Y] dy
nsgaumstagiiunisthimsudosSes ndszyndld 3 dunoudsi
o T a L'd
. dhawndumsulasSios
o a J ° Y
v thwamsutlasysios winsgiinigleq ewdesms
wasySiwsndy
d'dy o 9 Y Y [l P [
Aszuums lulawuanudd ausaiinlddse lead ldvateedis du5n91 1y
A £ v v A .. .
Tamuseuy Feamsadan lannniede Digita] Image Processing
23.2  pszuaumslulamusziny ( spatial domain )

[~ o 1 = o o ' 1
Wumsnsgivioganmlagass lugduvuvesadiarmans nssyidunindieniuuy

Tawuaua
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F12 nszuaums § aunseldlgludhvnodesy @y msnsesnw aunsai 18
74 2 N3EUMS °1uTﬂiqamf’?‘l%’ﬂ5:mumﬂuiﬂmuszmmﬁw&u
2.3.3 dszanmsnseiamm
msnszInwasauyseen lditlu 3 Ussian fie (8]
2.3.3.1 M3NsTMMUVYANBYA ( point operator ) mﬂmm’fmmwmm}'az
ROBAYBINNHAANT ﬂdi’uegjﬁu@hmwm’fmmwmﬁﬂma“lumwﬁwfh a fumdefiauiiody
Snmaemsnssiuuud 14un nsUuanuatie anuaFa MIuIn AU gu M3 AIN H199

('spatial domain )

g(xi,yi) > ’L'[f(xi,yi)] e T dlumsnszinsamla g

S(xy) g(x,3)
,
input image Qutput Image

517 2.9 1aAIMINITLLUIAADIA (AWIIN [8])

2.33.2° D13NITNIMSIAIWIZYSINY (Local Operations) §WIUMINTINING
mJiu5&61'1?1amLi’l'uufrﬂwmﬁmcvamiazigﬂ”lum‘wwaﬁ’wfﬂzﬁuﬁuﬁmmm%’mamﬂumﬂfcju
finwafiogluuSnauReIfu (Neighborhood  Pixels) - Tuamiudh dnymznisnszviins
mmlszneuilsziand 1un M3 IveY (Edge Detection) asnsoedaanalulamuszazme

(Special Filtering) Hudu

v ° 9 o o @ 1 a
a1 flx,y) Uog gx,y) Fupmsinduasradwimudidy mussiinms g(x,y)

g(xi )Y, ) = T[neighborhood of f (x; , y,)]
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S) g(x,y)

Input Image Output image

U7 2.10 uAAIMINTZTIIMTRWIZLNY (AINIIN[8])

13 3
2.3.3.3. MINILINITNIHUA (Global Operations) NITNTTNINITUVVY A1
t =Y v d 4 [ '
anuungaslundazRnrauoInIMHAGHS (Output Tmage) LAUAUAIMNUILVLT VD
. b 8
wmcnannm“lumwﬁn%’w A93UN 3 Sanaizmsnseinsawilszianil laus mamsaleans
(Thresholding) M35vhaa lasunsy (Histogram) Hidu
3/ [ o 9 w d o o & =y
21 f(x,y) 182 gx,y) WUNWHUTIAZ NINHAANTAINAIAY FINNVBINNLED
9
1 w A

g(x,y) v AUMAL
g(xi,yi) = T[fx, ,y,) forall i]

f&x0 g(x,y)

Input Image Output Image

4 o o
519 2.11 uamamsnseimInanue (1MWIN[8))
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2.3.4 maganlszaunsamsnenlagi (Convolution)
o a aa o ° '
nsaeuTgduluFinsiszutananinatnea 9z1lun13nsziinigssn 9w
° Aa 4 o I o 4 & o
g flx,y) NUYUIA NxN We N dumusnwayla q AUUIEA (Mask) m(x,y) Feaz1ilu
Aa A ° I a d o ~ ¥ '
MRt vwe MxM e M Wumuiwawanlae q @afzidueud) uazivinanessnin N 1n
' A ) @ 9 1Ay ¥ ° @
7 194 3x3 5%5 7x7 9x9 1130 11x11 Wudu madnianuduuaslninldnnmihaeulgdu

2 o 4 2 o o g
gy 13 lummwadng gixy) FedunounsiaeuTagiuszdlu ldaueaunis 8]

N—1 N—1 M—1 M—

glx,y) = Zzzzf(i,j)m(x —i,y—j)

x=0 y=0 =0 j=0

< v o Y Aaa [ 3 @ dy
nnaumsmnhmshaeulagrueziismatusunouasi
o . g v o T a A ¥ g A o3|

1. A& (Flip) Mdaisuiuduniagansinarvesndn deldindalivwaiuay
° d a2 a P 9 an ~A o ) 3
Suwdud FalasdnAundaildlunisdszuananmwdlasassiidnumgauiioislunul x

o Q¥ ¢ Auy Ao A s oo S Ae o Y o
oy y i ldudai 8w disnynzmileway duiuduneniitainesgnas Tinagmsdimua

d Ay ° o = 4 ar o kY
wdaf Idvzimualudpasidundandsnmanduuda
q 4 ° o v a

2. deumdalf lmunmiwii lasldgansenarsveundans sduinia f(x,y)

3. famsgamnnuduuassznhsfinavesndauazfineavoananiing i o
fumiapgfuuungenea

{ 3 { 3 ° o el (=] 3 v
4. vanwagaiidluSunoud 3 fdaue wazshwadwsd I8 I lddumanuduadng
v o o T, o o o @
Yo mHaans a dumlufufuinmareanimidud Huae gky)
A o 1 - a @ o kY o 3‘ 3 vz A =2

5. eudmnus ldARaada llvesniniie uaziddsuadunoun 2 034

wnsznsnsuinanadalunmiud

o 1 [ Y A 4
AIDYNIUYU DIUNITA

Q o »
m w
o 0O

as

< ¢
3U% 2.12 NdAvIIA 3x3
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A o 4 L!y o o T o ¥ 3
wethandadl lUmunnera p o SN Goy) VBIMWULYT flx,y) HAYDININIADY
@ 3§ a o 1A [ v a0 @ dy
Tagfu 2 ldnanudunasvesiinua g o MUMUUALINUYBINTHAAANT glxy) UAIAIY
q = g(x,y) = Af(x-1y-D+Bf(x-1y+Clx-Ly+ 1 )+Df(x,y- I ER(x,y)+Fi(x,y+1),
Gf(x+1,y-D+HAx+1,y)+If(x+1,y+1)
E4 ¥ H ' »
smiudaszden I fisunisda lunsunie ude fix,y+1) TavaziiliiFes 9
wasuynRnealunmiiud
s 2 o o S yyr v y < v
MinutuneumsineuTigduszmuldd dusdesms undannaimuauy
o 9 LY ~ 9 g 1 o @ a A 9
amindldwed 1s1ezdeedhy lihimsneuTagduiinealuuaiusn q niounimie q uas
17 @ 2 o P 4 LY 4 Y v 1 a
WanuIn 9 Hienanine q Fasraunnie lleginufvvnavennda faed1usu wdavuia
3x3  mishneulagduee lihduinmasausnuazuasgaie uaslundnusnuaznan
k4
gahe maneuTagduduiugimvesmsnszimanismsdsznianadsaeanawyseinn

TuTawuan

(74
2.4 M315u1)339W ( Image Enhancement )
msUudganmdemsiidamn ldunluaamilid wu  fla  wio ahaiull
a = ] 3 @
TaoRa1s e nsa Inunsu( Histogram )U09aIn ¥4 Histogram 32 UAMAAINITNILLUDY
b4 ]
IANIN 31mwﬁmiﬂ§'uﬂ§ﬂama"ls UYIRI9IT 1¥U Linear min/max scaling uazﬁuq QAR
AATANYS 235019 lulnssnufio Histogram Equalization Ll0g Linear min/max scaling
2.4.1 Histogram Equalization
o A @ o q P = 4 o q ¥
WunsdsdzsamidanvaudasesnminidnmiisweziBoainniulasily
. - o o @ . 9 2 o q ¥ P d
histogram Ninszynegilasulliaznsznedivauni intensity F99z3i11ia milsoazioen
-
YU
b4
Histogram Equalization Y Algorithm fail

E4 v
1. dudmauganmiianuede 1 szauady wuganwgah 1,5, 200, 279 HszAy

ANy 7
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SRR -
» B s

" o e i
dnianeayana Inszoandiaianse i

9ANTNYAT 3, 4, 6, 21, 300 H3zauaNUY 4
MBANUN sERUANUITN 7 HgAnneY 4 99
szAUANUIY 4 Uganney 599

Y
HuruiaunsunnszauaNuduUININ

Y
o v o v @ o < =
. LgU\‘]a'lﬂ‘i_lﬁZﬂ'ﬂﬂ'J'llll‘ﬁ"ll%'lf“:l)@Uq@]llll’lﬂq@ﬂﬂuu%’lu?ui}ﬂﬂ’]“ﬂﬂﬂgaﬂﬁU\W?]J'JU
] v
. fmsuaniaugann lUisssauasuiuIugamwisiue

o { ' 9y o z
: u']ﬂqﬂﬂ?WﬁU?ﬂqﬁiullﬂﬁzuﬂ')NWﬂ'lﬁﬁ'lﬂi)'lujuﬂﬂﬂ”l‘w%’mﬂuﬂ

ThnansudazdangudessaundugIge

v v
1A floor LAY ceiling VBIWAMITIHH 9 NN Taodgansiizudind 5 THilaasds

vy ¥
ust 5 1u'l 1T dudntsdamiaudaniiuliihimiuganmnuanindudiney

L

11191090 6 11a314 Histogram 1)

A15199 1 Leaas Histogram Equalization

Gray level F pixe 5 i p\k (_f;) Floor & ceiling
intensity N N

0 8 8 0.16 1.12 1

1 7 15 0.3 i 2

2 6 21 0.42 2.94 3

3 4 - 25 0.5 345 4

4 10 35 0.7 4.9 5

5 2 37 0.74 AR 5

6 8 45 0.9 6.3 6

7 5 50 1 7 7

61399



Taun
F pixel i $1473UAAMN

£ fiB NATWUBITIWIUYANMNUATZYA
HRTINVBIIIUIUPANNLABLYA

f/n A® ¥
IUIUIANNTINHUA

At . . Ha
D_fio A1 gray level intensity (lua1374iife 7)

No. of pixels

°
5_
2 3 3 2
4..
4 |2 14 |3 34
312 |3 |5 2]
2 14 |2-14 %] |
0 1 T T t 1 L1 i L] 1
y> o \ 272/ A B 8
4x4 image Gray level
histogram

Gray scale = [0,9]

ot o % Ao t o
517 2.13 weras DGR Histogram ypanniida ludlsulse

No. of pixels

o3
3 1O\ P 57
4..
8 |3 .8 6 4]
6 |3 |6 |9 2 4
3 {8 |3 |8 17
0 L4 L L L L L L] L 1
Outputimage 0 1 2 3 4 5 6 7 8 9

Gray level
Gray scale = [0,9]

Histoeram Eaualization

P o . oS jo Y
311 2.14 uane BUSEIAS Histogram vosnmiulivlganad
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NNABUIN Histogram Equalization NINNTI Histogram Equalization
’gﬂﬁ 2.15 uerag Eﬂ Gray Scale AOUUATHAIHIUNTS Histogram Equalization

2.4.2  Linear min/max scaling

@

{] o 2 & o Y, A :;'
L uﬂ’]ﬁﬂiﬂﬂ%@ﬂ‘lwuﬂﬁﬂuﬂ F9i1 14 Histogram NNIZINAINU NISIYDDN Tagau

3

3

e 1 $ - I< 3 @ dy
usndean gaifianuaiadeeiigeuazuiniige s min 4og max TgasfuIuAal

U

I'(x,y)=U(xy)+a)*b

a=-min

A 255
(max — min)

I'(x, ) HusmiignlSurlgeuds
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2.5 mamlasdeyamnluaesliei ( Two Dimensional Geometric Transformation )

g & ' o aa 1 &
Transformation umsutlasdeyanmdsluuniaznandedmivluasaifimniu
msudasmwiudeduduuindmsy Digital n31szuIananI ( Image Processing )

A < P o 1 a o .. .
iosanidlunszuaumsiiezih lugnsims e w (Digital Tmage Analysis)

2.5.1 mmﬂmi’fegammmnﬁugm
mmﬂm%’ay‘amwﬁugm (Basic Transformation) NATWNY 2 FTIAAD
- MIYBLATVIIVNTN(Scaling)
- MINYUNIN(Rotation)
2.5.1.1 MstoNazYENUNIN(Scaling)
2.5.1.1.1 Enlargement by spatial filtering

E4
o

Juasuusn la 0 aslluan

sUAuRITY
16 2 3 ldo 16 0 2 0 3
5 11 10 ':> 0 0 0 0 0
8 7 6 5 0 11 0 10
0 0 0 0 0
9 0 7 0 6

UM 2.16 uananmdunty wog msld 0 aslylunw

¥ '
i winle 0482 1 Convolution -

1 2 1
1
—12 4 2
4

1 2 1

=1 1 1 | - 3 ° ] Y 3
%zmmmmﬁmumﬁlu 2m is])']él_,i’)ﬁﬂ'ﬁ‘llﬂ'lﬂﬂTW 4tMm muu@’fm mwuﬁ 2 A9

2.5.1.1.2 Scaling Smaller

3 1 o w = v
Wumsdeninlasldnisovganmaduiuly Sond subsampling
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2.5.1.2 MINYUMN(Rotation)

[=f o ! . .
UM Inyua LN WlNIE I xy 59U9A Pivot Point(3ANU) [17]

(x,y)

(x,%)

¢ x

»
L

Pivot Point

gﬂ‘ﬁ 2.17 LEAIRAN NS I VYU ITOUVLNY xy
9ngUft 2.17 2218
x=rcos(¢) (1)
y=rsin(¢) (2)
uag
x =rcos(d+0)=r(cosdcosd—singsin ) 3)
y = rsin(g + ) = r(sin g cos 8 — cos¢sin 4) (€]

b4 ]
MsERgduINaunIs G) uaz 4) 92 1AauNI5Y89NI1SNYUTBUYA Pivot  Point
gl
3iife
x = xcos(d)— ysiné
y = xsin(@) — ycos@

£
Y 2w ar &

& S L) a ~ * 4
cmmmsmsuUusl.ﬁ'ag"lugﬂuumamumiﬂ'lﬂ lanvazaaiiiie P’ = R.P iiie

Colx x cos@ —sind
P =, P= uay R=| .
y y sind cosd



4 yoad
MInUMNINRYA Pivot 13fldagNiga Origin
Fonsauiienn Pivot lildeglugumiis 0,00 Greldegndumia(x,, y,))

Y
A

P

7
(xr’yr)

Y

(x1, 1)

U

b4

aa A WY A s MR
'Qﬁﬂ'lfl'sluﬂ']iﬂl‘!uﬂ1Wluﬂ?ﬂﬂﬂgu‘1u1ﬂ6gﬂﬂﬂ Origin ﬁ’\ﬂ'ﬁﬂ‘ﬂ'lulﬂﬁquﬂﬂ

9

1. $nsuldenge Pivot 11/dega Origin
xl=x-x,
yl ==y,
MIMINYUIOULA Origin

9 @ ar ~ 9
2. Swndulidsgady Teamsuandoe x, uag y,

=n
=
[e5]

3. gumMIMsviyuseuqa Pivot 1a q 1hildya Origin NdnymsA

x =(x—x,)cosd=(y-y,)sinf+x,

¥ =(x-x)sinf +(y—y,)cos0+y,

319 2.19 uaaswan1suyw In

51091 2.18 UAAIRNYAILAITUYUTOLUNU xy 1IBYa Pivot T TAae Tudwimniie (0,0)

22
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2.6 Muentoyamwoonduaiu g (Image Segmentation )

MSNINSLUNAIU (Segmentation) ﬂzﬁﬂﬁ'mmsmwﬂeﬁ'm@mwmmdauﬁé\'mmﬁ
ponin'ld @oyafidnunsimilousudoyadod) Fmsfugudniums Segmentation
AomsAnsauoulldgaueinIn( image ampliude )(IAuAMsRaITBNANUTIIIVOIAMN
FNSUNMWUVY Gray scale HAZANNUANAIIUBITTMTUAINT) 713 Segmentation UHAWIT
(U Amplitude segmentation methods , Region segmentation methods Lii¥Boundary detection

[17} gzyenaa 1 350190 Av Amplitude segmentation methods

2.6.1 Amplitude Segmentation Methods
4
o o ar =1 3| ) v
#1M5UMT Segmentation ez umsivisannuduveganis q aoly
. 2 g 1o o ) a
AN (pixel) FINAVDINIT segment %:"ﬁuagﬂunmi Threshold ¥@4au1/sznouiitluniy
¥ A A 4 d vl ady o ' " aadqy A
WunSedueenIn 495 Thersholding  HognatwiTAleiu szaena1dud 1 357 1¥nu Ao
Bilevel Luminance Thresholding
2.6.1.1 Bilevel Luminance Thresholding
o g a a o v 4:‘ é IS d' n:' 4 = o
dmfusmansrilassiidnsay fngisiauleddinnuduiasidladiondy
Ay v T Y v o &% v & ’ dy = 9 L =
Wundeied1e1aun MmueIRIonys (Tex) AU Senmmanilsedanuuvesingis
4 ewmy o = Y v v WY y o
asausneeniiuvds ldesraFany @arududuassszavlaunanuduyesinguay
b dy o
ANV YDINUNAY)
o \ .o Wy ° ' L o
013911175 Segmentation 1113991 1A TaoN15H1MUAM Threshold Fuilusn
] v
anudulfiafgunsausnanuuanasvesiaguasiundelddredsediaugu amves
@ o o 9 v @ ﬂ a0 a0 9 dy o 1:-:] =
drdnushiinnuanuduvesaonysiiiu o (@) wazlianuduvesiiundutlu 255 (Fv17)
¥ " ] ¥
Fariuem Threshold 3an239efisuiifu 128 Refivz I amisouenSngoenniniiundeld Tay

b4 »
UnAudin151aona1 Threshold 93 IUBYAY Histogram YBININ AU 2.16 LTAINITHIA

1 ] [
o

“Threshold 1AuA1 Threshold A571921AONAT Histogram N0gNyad1gaNegssr199Agaga

(peaks)



) 1l_ifxn>T
X,y)=
BV 0 _otherwise

A 3 ¥ o oA
18 g(x,y) Lﬂumayamw U AN HIN X,y

T Jus Threshold

Y

3 1/% 2.20 Image Histogram

3 1J%1 2.21 weraINan1s Bilevel Luminance Thresholding In
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w 1
2.7 Msuananbuziai ( Feature Extraction )
) v = 9 ar s ] . . .
ATUSNANEUSIAU UAWAUN AT 19U Contour Following , Fourier Descriptor
A q Y & .
wazduq N9 1u Insea Uil A Moment Invariant
2.7.1 Moment Invariant
4
TuUATE LN (Spatial Moments)
=Y ' <! L o ] 1 [~ v
INNHYA1INUI921T] Y Moment VIR FUANMUN U WU UYDIAIINUIIZIT UT N

(Joint Probability Density Function) P(x,y) ey lddail [31114]

m, = | Ixiyj p(x,y)dxdy

=Y 9 as dy
Central Moment utﬂll"lﬂﬂ\‘lu

o0 O / 4
My o= J Jxx) -y) pexydaxdy
-00-00

x uagy’ AeAundovssx iay y mwany

v o g ° LY a 's ' 2
nnnnuFuRus uwuddson gt ldtumsinsizngyss Tas Hu - Alt &
= { ey Qs 4 d' 3 T Y é 1
Husiussoeguaniavesiaglumenvesiiud , duniie, anuiuim drsudiee
P s 5’ 7o 1 [} o 1 I o
feense doiuansounuedduanumumivvesanmieziilusn Py) A Asidu

YoINH flx,y) ensolion1d indfe

my = >y xy! fx,y) Tagi,jfin1,2,3,...
Xy '

Order U84 moment A9 i + i
xagy Ao pixel coordinators

fx,y) Ao image function
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= " YA
Central Moment e1unsaenlni ldde

ri nj
by - 22eex) 00y )
Xy
m m
s = —% ey -
m g0 00

! r 2 ! . o _ o o 1Y £ o Ao
x ,y 13907313@ Centroid Lﬂu parameter mﬂaﬂumsuaﬂmzmmmq Fuiugani
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Xy
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Xy
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Xy
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Xy
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Xy
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X'y
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Xy =
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Derived Moment Invariant L@ A9 lasail
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O, = - 1) +471 5,

by = (M-37 + G115~ 7’

Oy =1 +My=T14)

Os = (My-37) Mo+ MM+ 1, =375+ M)} +
B M) (M= Mo B30+ 11"+ 1)} |

O = Mo~ M) {30+ 1"~ + 1)} +
41, (Mo + M) My + 1)

¢7 = (37721'” 7703) (7730+ 7712) {(7730+ 7712)2'3(7721 + 7703)2} + )

(37721_ 7703)(7721_ 7703) {3(7730+ 7712)2'(7721 + 7703)2}
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711150111 @ uRAzAIN take log 1AL take absolute #%04 take log o0 range 7'l
‘fixi 1aY take absolute Lﬁ@ﬁﬁﬂlﬁﬂﬁmﬁaﬂﬁﬂmm complex number [14]

Moment Invariant S5z Tosfusadunsdmiumsndiing Fmudensuylsiu
Yoed LNt vua wazanuium (Mwmlunszan) laglddnmesegdumislnu vua
W1l #1909 Moment Invariant  5a11nAlAsaduaI150Us2ynA 15 1uA1U Character

Recognition , Aircraft Identification 1i8% Scene - Matching

=) 1 =

2.8 ngulassnelszanniney

2.8.1 Machine Learning nools

o o 4 [ a o

TaeWa11 Machine Leaming fonisfiildinsesdnsannsaSougnindssaumsel,
L) Y @ t £ a 9 I a A b v
Goudrindredte FansBendizansodiulgalse@nsnmues Intelligent  system

8 H 3 H

Machine Leaming @219fiugrudinsvszuunlsudald Fefiden¥lun1sad19 Machine

Learning Ao Insevedszamiey ( Artificial Neural Networks ) t68% Genetic Algorithm [18]

2.82 Tassedszenniennoosls
[} =1 A o a I dy
Tassteszamifion Ao n1531999 Model - Adlumadlunauuiugiuvosanes
J . 9 A 1 e o [ = 1
uynd auesdszaeudiemisifendefuninsveusantlisdm Tagarnlszuranalsond
2= 1 ] 1 Y
“Neural” Tua/0931yni8 Neural 1szuns 10" vy 1ag 60° 500A0 (Synapse) 5EMINAMIY
a aa o v o ] 4
(Shepherd and Koch, 1990) aupsdsannsadfianmsfsidusian Tisaniuases
a s4ad 4 o 4
aouimesnisangaluilegiiud (18]
Taai21usay Newron 3 Iasaariisdionnng udileduismanuinmourimaia
WiUszansnm Iasetedssamilsznoudae soma, dendrite , Uag axon 1AgH dendrite 1

Y a

y A d @ 9 1 @ o Y A1 a @
niiludsudyansudilngaied @ axon MMUMNTIWIUTYYINUIIN soma 1183 soma

1]

A o Y = @ v o
19U §2 soma Mnihfludilszinana Taosudya1uu191A1a189 axon [18]

Qs ]

= é e { Qs Q
Fayanaugauns Taonszuaums IWAuall & synapse sziiluduaoudnd lnih luda
i o o 1 vt & Qs U o w LY 3
cell iitodndlnihfiannnndidinils (nszdu) fuazgndede i axon Susdely) dariu
g o A o o o o & ' a
Synapse azifudraansamudng i (nszdunsedudy) dniuTassien szauisadivlis
a & a -4
wasuulasldnaen Fuilusssumdvesaueauyyd [18]
o Aoy 1 {I a 9 o 9 1
auesiuduszvuidudouinn , hidwFaduuasiauuuuvuiu Joyane 9z

< g o : 2
gritunuudunnuilunsiinald limges nsdilansdinfianSemzeniennn
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1 J v v a -3 { = :é d? 1o o = 9
598a87¥ 1IN Neuron Lﬂuﬂ’lﬂﬂﬁuﬁ1ﬂ1ﬂ‘ﬂﬂﬁgﬂﬁ§ﬂwﬂ cnwu@gﬂvwﬂmmmaug

4 3 ar 3 [~ LY o @ °
uazszaumsaiuesnuiing §31iu Synapse wndudusdaglumsmney

Excitatory Inhikxitory
qUfi 222 ool 2 ao s ves Synapse (3110 [20)

- ' O = g 9 2 =2 A j ay Y
Msilnduduauas Wy dunans 1zdeelin1sinn1521948 279117, Synchronous N
1 = 9) A [ 1 9 Y A = v A o g =
senaneite 2 319 Suusnegliansoenidae drilmsiaduegasiiiesitlnavaiing
o = ay 9 .§' o ﬂ U 1 ° LY
SGsaulszam de | ia, ndwilonsudulumsiduiiess unq waies soU¥I 1N Synapse
Yy ¢ ¥ ¥ [ '
Smsdadaaa ihuesaiiy fildseudelngtudelutih1ddTuunzidotiegag Wile 151
d U [} 1 U v @ t 1 Ao <=
Sozaansoduidoundeanas ndusn dusuauauldudalilddndudniufewiivil
14

aei 1 lifimsdaInfhain. Synapse 111y 1H Synapse anas da i 1@ liansevaly

d' . d' o 1 H 1 T 9 1 U A S v a
Nga (Network Pruning) 1] maﬂaummuiﬂmsmz"lnmmimau"lﬂﬂamuﬂmmaﬂmmm

s

c{n:s:‘ [ 4 X - v a
goAf Al (AL Hodkin) 1A% §n41ad (A.F.Huxley) 1HinsosiloniSondrlulasdian-
2 o 1 =
Insagoadaldludaredramiisveuenseulumaddseamilamiindedunndr ins
Yy v
nszduuasiudausgfudygmunnimiedesndn f Threshold w3e'lal [9] [10] Wl
o 3 o
gnsasmosmsihnuvesaglssanla
o 9 ] = sla' a a 9 aw :/l 12
aransnadiulasetisdszamifion 135 ulinsAnduuasIssundudll a.e. 1940
o a o 1 i 2 1 =t a
Tagvzveddumgmsni luganafreldifararilnonssuveslnselssaminouriia
1 = o [~ g A 4
o199 113l a6, 1943 205151 UwAfANOA (Warren McCulloch) Log10a1A03 WA (Walter Pitts)

9 a AAd & Y e A dsil ' = o '
1BosnuuuiiseufigedindusuiatosiugiuvesInssidszamiisnluiligiuins e
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3 = d oS.: 1 o 3 3 a 3 14
VDAULUARABAUASHNN ﬂszﬂaué”m%ummiﬂiwwmmu 2 %uﬁa%uauwmmz%ummwm
' ~ A 3 a o 3 d 1 gl &Y 4 oy @
Tasetroazdinmsdeu leanndudunn ludasuemnn lasiusimun (weight) 53A1HUN

° ’ k4 s o dy kY ' A o Yo J @ a
azgnimuam Bateds msihauiesduvesTassiisdelylginedlngunasin

g o o o J o o
Mugrufefleidu AND Haddu OR Fafdu NOT wasilan®u XOR Tagnmisiuduenis

b4 .
o

o 1 @ A Y ' o Y o o S w '
ﬂTﬁ‘L!ﬂﬂTLlTﬂuﬂLWﬂiﬁiﬂﬁﬂ‘iﬂﬂ‘ﬂ'\ﬂuqﬂﬂﬂﬂﬁ"l]'m'?N‘W\‘iﬂ‘IﬂJﬂ\‘lﬂa’n

Warren Sturgis McCulloch Walter Pitts

1898-1969 1923-1969

71l 2.23 #RaduTuan Ins sy samiioususnveslan

(mwarnianlasl [13])

d L4 =y ° o i
143) a.71. 1949 Tauad s9u1] (Donald Hebb) ldvanuuungmsiseuidmivulaseie
a o ydda o o v S e A
Yszamidisntuauusn agmsiSouilindetuaeuveanszuiumsdivunsaniminion
Y a1 Jd Ay & Qs = 9 A
WiRasueniyniidesmsdaiiunuamslumsiennmsSouiziuuudug awn
o o o Ao w
T3 a7 1957 U598 15U UENY (Frank Rosenblatt) Tatiweruegiuuuiddygiuuy
£ ' P o g a a ' s g o
witsveslnssiwlssmnifsniuffesduuuhsondunesisnaseu Wuaarilaenssuon
9 3 a ] ] 3‘ @ [ 3 = d'g o 9 ot %
Usznenldesusunnasinnimin ldsfuiimseunduemnm uazlsngmsisougves
4 [ T :‘ o A a a v =
mosmwaseulumstiuussmmiminifidssAnsnmaningmsiSouivessuy
= g d a J =
1343) a1.91. 1960 103 U15A 30153 (Bernard Widrow) azu1Fen 80wl (Marcian Hoff)
Y o ~ P ya w = Y s ° e Yo A
1@ WansseudgalndifesiumsSouiveunesiynasounasingiil1¥fuszuuvie
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A [ b4 a o
T3 a.¢1. 1972 9 11 TnTasuu (Teuvo Kobonen) IS uianimsEouguuuIadnes
1 dy Y o :1’ 3 =1 3
(Self — Organized) aailaonssuveelaseislalauuiilsznouaiss uIugu 2 51 AoFY

9
4 ] o

a 3 LS 4 { 3 a [ { 3 d 3 Y
sunnuazFueinn msiFoulosisudunn ludeiinseuniduemyminazseniuimiin

a

Fouandrenin Inseisaung Aenszuaunisenificnnsasangudoyadunnddieveuiy
muazmsﬁ’ﬂui"fﬁaﬂiwmsﬁﬂui’wmﬁiﬁu (Competitive Learning)

ndand a.¢1. 1980 1uduinldimsWauglunvveslassiisdsemninoustia
A199) 15U gﬂuuu%'ﬂﬁ';mﬁﬁﬂﬂiw ART Aadulay afwlu nseadsn (Stephen Grossberg)
10z fen A3NUAe3 (Gail Carpenter) 31 lnssiivaelflad Andulay voriu seililad
(John Hopfield) iiloneniianseu Andulay giidlng W¥u1 (Kunihio Fukushima) juuuy
Tuaeuasfiuns¥y (Boltzmann Machine) fndu Taeindsenawau iaggtuuniifonldiy
wnfegliununsfoundu (Back = Propagation) Annulaunda U15mAes (David Parker)

LAZIAIA JUATIIN (David Rumelhard)

Input signals Weights Cutput signals
Xy TN — |
©
e
Y
Wa )
Xr ‘

519 224 uansduuyyTasselszamdiondausnveslan Foduuuiines McCulloch —

Pitts (MWIIN[18])
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g9 tlanuaasnneraalseanueaaliyin
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foudsaglduaisialddad

d' =) [=) 1 ] = o ] I=3
A1519% 2 MsulSeueu serng Tas91elsz@mMNIFINN AU Tnssvedseeniney

Biological Neural Networks Artificial Neural Networks
Soma Neuron

Dendrite Input

Axon Output

Synapse Weight

L

d’ o ar nl Ay d' o 1] [ ] < =
nuszidifgveuratlszannissdaliziamiligmivau lnssnedssaninondo [3]
1) dawalszammsonmisndssinanaaansaiudayana ldnanedyao
2) ANuusIvesdRnieIgnaUu ldNUSan Synapse
3) wuaedszulanamssduanaduynimumsdsuanuus wesdeyans

I @ Vo g o =
4) Twnegerumsal aidszamaedaapaneinneenly duaahen
5) dagannsnlszamendshlfuralszmmdunatma
o o o = 9 o
6) ANUUTIVBITYANUNNIM Synapse dwisodsunfasuldmuilszaunssl
[ ¥
7) YW IUNAINIU Synapse grdluudude (nhibitory) w?aﬂszé’u

(Excitatory)

2.8.3 Artificial Neuron Network (ANN) i3eu3ldeenals
o A T A 1 T V
Artificial Neuron Network 1{Umsi¥ouaeves link 0 link zif1 Weight g A1
3 . - [ g =Y
Weight fudsdigylunsSond mueds long —term memory favu  msiFruives
dad 2 o &
ANN flomsn Weight NANGANA 9 Weight Fevzdeelimatiunaiads [18]
210 McCulloch — Pitts Model zdanadl  wzdAneliua Weight Nunseyiny
. A qyuy Sy
input V81 14 output NABINS
A v aw 1 a 9 v g ¥ a
fieenininifonaerufadu Model ANN wwinwg  Tuflagtiudiiluseoriia

1 é L} Qs A { 1
LAae model dvafingmsiSeuiFelinmouuuiuiu ion1 Weight Waviga unsminzay

1) Model
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Learning Stralegy
\’\
Suparvised Relnforcerant Un suparﬂsed
Della Rule Learning Aulamala Gz)m}petiﬁve
Backpropagation Hebbian
Habbian
Stochastic

' ' o e, %
11 226 FEnsSeuinalddmiunagninmsSouiuuuingiu

Learning Strategy

Supervisad Reinforcement Unstipervised
ADALINE ART
Boltzmann ' Hoplield

Cascade Comelation LvQ
GRNN Maocagnitron

Hopfhiekd SOFM

LWC

MLFF with BP

PNN

REF

HNM

RCE

P t =Y T \4 =4 =4 9
310 227 MmIusrtiaveslaseisdseamifsumunagnsmsaGeus
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E"m:r Correction

ADALINE
CCN
GRMNN
Hopfield
MLFF with BP
Percaptron
RBF
RNN

Learning Type

Hebbian

AM
BSB
BAM

Hopfleld
Neocagnitron

Compslitive

ART

CPN

LvQ
SOFM

35

Stochastic
Bolzmann Machine
Cauchy Machine

317 2.28 mauiswilaveslnssnslssamfisuanisnisiSous

Application Type

Associative Classification Pattern Prediction
Mamory EBecogniiion
ART ADALINE AAT ADALINE
AM ART CCN CCN
BAM CCN CPN GRNN
BSB CPN GRNN MADALINE
Haopfisld GRNN Wwa MLFF with BP
MLFF with BP LvQ WLFF with BP RBF
MLFF with BP Maocognitron RNM
RBF RBF SOFM
RCE RCE
S0OFM SOFM
Opiimization Gonearal Mspplrg
ADALINE CCN
Boltzmann GRNN
Hogfleld
MLFF with BP
RMNH
SOFM

= ] v oA i a 9 ¥
JUM 229 msussiiaveslassvisdszaminenmunisdseygndleay
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Learning Type

Eﬂor Correction

Hebbian

Competitive Stochastic

ADALINE AM ART Boltzmann Machine

CCN BSB CPN Cauchy Machine
GHNN BAM LvQy
Hopfield Hopfleld SOFM
MLFF with BP Neocognitron

Perceptron
RBF
RNN

JUN 2.28 msuﬁwﬁmmTﬂsaﬂhmJszmmﬁﬂumﬁ%mﬂ?aui’

Application Type

Associalive Classification Patlern Prediction
Memory Becognilfon
ART ADALINE ART ADALINE
AM ART CCHN CCN
BAM CCN CPN GRNN
B3B CPN GRNMN MADALINE
Hapfigld GRNN WG MLFF with BP
MLFF with BP YO MLFF with BP RBF
MLFF with BP Neocognitran RNNM
RBF RBF S0OFM
RCE RCE
SOFM SOFM
Optimization General Mapping
ADALINE CCN
Bolzmann GRNN
Hogptleld
MLFF with BP
RNM
S0FM

- ’ ' = ] a ’ Jq 9
31N 2.29 mmmﬂmmmTﬂiamaﬂszmwmUmmumﬁﬂﬁzqﬂﬂhqm
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Architecture Type

Singer Layer Muitilayer Racurrant
Feedforward Feadiorward
ADALINE CCN ART
AM GRNN BAM
Hopfisid MADALINE ' BSB
LG MLFF with BP Baltzmann Maching
Percaptron Naocognitron Cauchy Machine
SOFM HBF Hopfield
RCE RKWN

1 230_msutlsriiaveslasstessaminsumuamilaenssulas g
ADALINE (Adaptive Linear Neural Element)
ART (Adaptive Resonant Theory)
AM (Associative Memories)
BAM (Bidirectional Associative Memory)
Boltzmann Machine
BSB (Brain — State —in —a — Box)
CCN (Cascade Correlation)
Cauchy Machine
C?N (Counter Propagation)
GRNN (Generalized Regression Neural Network)‘
Hamming
Hopfield
LVQ (Learning Vector Quantization)
MADALINE
MLFF with BP (Multilayer Feedforward Backpropagation)
Neocognitron

NLN (Neurologic Networks)
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Perceptron
PNN (Probabilistic Neural Network)
RBF (Radial Basis Function)

RNN (Recurrent Neural Networks)

9 Y =4 3 1 <4 Y =3 9 @
1NFUNIAU 9AUN model @19 9 AmzdungmsFoudanlyl  wazmnziu
Application GI"N"] Al

o

Singlelayer Feedforward ndJuTﬂﬂa%’n%mﬁmﬁﬁmidaﬁtyﬂptu'lﬂ%ﬁwﬁwwh‘tfu

Multilayer Feedforward milou Siglelayer Feedforward Lifi} layer 31N 2 Gf;;u
Bonh “Fugou” nde “hidden layer”

Recurrent i Tnssad el Axon Hmsfleudayanaundusndh newron Hd1n 15y
Houidn hidden layer w30 floun input layer

3 i s ~
Ao luansmnsienatszyndldon Artificial Neuron Network s iunagnsmsisoud



A13197 3 Unsupervised Learning: Feedback Recall Artificial Neural System [19]

Paradigm  Problem On - line Off-ling  Pattern Type Limitations Implementation
Type Solved Learning Learning Matching Learning

AG- Unsupervised data Yes No Yes Hebbian Limited storage Optical and electronic
classification

SG Human information = Yes No Yes Hebbian Limited storage Electronic
processing

ARTI Classify complex Yes No Yes Competitve Restricted to Neural computer
patterns decay binary

DH Speech processing No Yes No Hebbian Optical electronic

CH Combinatorial No Yes Yes Hebbian or Restricted to VLSI
optimization competitive binary Optical electronic

BAM Image recognition No Yes Yes Hebbian Limited storage VLSI

TAM - Store spatial — No Yes No Hebbian Extensive off-line  Optical and neural
temporal patterns learning computer

ABAM Process analog Yes No Yes Hebbian Extensive off-line

patterns in

continuous time

learning

Limited storage

Computer simulation

Neural computer




Paradigm  Problem On — line Off -ling  Pattern Learning
Type Solved Learning Learning Matching
Limitations Implementation
CABAM Combinatorial Yes Yes Yes Hebbian Limited storage Computer simulation
optimization
FCM Combinatorial Yes Yes No Hebbian Extensive off-line  Computer simulation
optimization . learning




@1519M 4 Unsupervised Learning: Feedforward Recall Artificial Neural Systems [19]

Paradigm  Problem On - line Off-ling  Pattern Type Limitations Implementation
Type Solved Learning Learning Matéhing 'Learm'ng
LM Process No Yes Yes Hebbian None reported Mechanical electronic
Monitoring magnetic
DR Prediction No Yes Yes Hebbian Restricted to Robot simulation
discrete time
LAM System control No Yes Yes Hebbian Limited storage Computer simulation
OLAM Signal processing No Yes Yes Hebbian Extensive off-line Optical
learning
FAM Knowledge Yes No Yes Hebbian Limited storage Computer simulation
processiﬁg and silicon chip

A1519% 5 Supervised Learning: Feedforward Recall Astificial Neural Systems [19]

Paradigm  Problem On - line Off —ling ~ Pattern Type Limitations Implementation
Type Solved Learning Learning Mdtching Learning

BSB Real - time No Yes Yes Error Extensive off-line ~ Computer simulation
classification correction learning

)7



A13197 6 Supervised Learning: Feedback Recall Artificial Neural Systems [19]

Paradi gm Problem On - line Off -ling  Pattern Type Limitations Implementation
Type Solved Learning  Learning  Matching  Learning
Perceptron Prediction No Yes Yes Error None reported Mark I Perceptron
correction machine
ADALINE/  Prediction No Yes Yes Error Extensive off-line Magnetic optical
MADALINE noise canceling correction learning
BP Crypting character- No Yes Yes Error Extensive off-line Optical electronic VLSI
recognition correction learning
AVQ Self-organization No Yes Yes Error Extensive off-line Neural-computer VLSI
of data -correction learning
CPN Self-programming =~ No Yes Yes Hebbian Lack of control w/o Neural computer
star mapping
BM Combinatorial No Yes Yes . Hebbian and  Extensive off-line Optical electronic VLSI
optimization simulated learning |
annealing
CM Combinatorial No Yes Yes Hebbian and  Extensive off-line Optical
optimization simulated learning
Problem annealing

|84



Paradigm Type Solved On — line Off —ling  Pattern Type Limitations Implementation
Learning Learning Matching  Learning

AHC Prediction control  Yes No No Error Restricted to bipolar Computer simulation

| correction and inputs
reward/punish

ARP Pattern-matching Yes No Yes Stochastic Extensive off-line Computer simulation
control reinforcement  learning

SNMF Speech-image- No Yes Yes Hebbian Extensive off-line Computer simulation

recognition

learning

(44



Acronym

AG Additive Grossberg

SG Shunting Grossberg

ART1 Binary Adaptive Resonance Theory
DH Discrete Hopfield

CH Continuous Hopfield

BAM Discrete Bidiredtional Associative Memory
TAM Tempotal Associative Memory
ABAM Adaptive Bidirectional Associative Memory
CABAM Competitive ABAM

FCM Fuzzy Cognitive Map

LM Learning Matrix

DR Drive Reinforcement

LAM Linear Associative Memory

OLAM . Optimal Linear Associative Memory
FAM Fuzzy Associative Memory

BSB Brain-State-in-a-Box

PERCEP Perceptron

ADALINE ASAptive LINera Element
MADALINE =~ Muitiple ADAptive LINear Element
BP Back Propagation

AVQ Adaptive Vector Quantizer

CPN Counterpropagation

BM Boltzman Machine

CM Cauchy Machine

ARP Associative Reward-Penalty

SNMF Spatiotemporal Nearest-Matched Filter

Definition

o Y = Y 4 =t 9 = 1 =4 Y
113U Model , NHMISITEUF , NAYNTNITITIUY  T10ATIDIAAN ) #U50ANE RN
@ = =Y o 4 a . . . iq ¥ .
Text book #1211 “luﬂsngtymwu‘ﬁﬂ 1% ANN wiia Associative Memory #14 Hebbian

Learning 11M39A3101% Inigh
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2.8.4 Associative Memories
.. <3 . . = & 4 o o

Associative  Memory 11y Artificial Neural Network ¥HanHsnitunIstansnnui

o [ 3 S 4 s A o . Y = @ °
ﬂlmmgya"luaﬂymzmmmmaq ﬁ\'i]l'J'i’JiJﬂu UDSIUDIY 1nput !."’lJ']?JﬂlJE‘].ILL‘]J‘ULﬂEJ'JﬂMﬂ%NT
) ¥ oy . o o y e o o do .
Input Lﬂl’l‘lﬂfﬁ)ﬂu (retrieval) ﬁlummmmwm LAY output NUANUTUNUTAY  input
BONUT

' kY 9 . { 1 1 [
TuszramsFuduanmanszduate input N1U330 58071 key pattern AnvaLY

MiPUNY search argument

T It
e > v,
» M »
L L
. .
X, i pr—p

x=[x, x, ... ]

v=lvv,.. v

gﬂ‘ﬁ 231 vdonlaozuNINUDe Associative Memory [26]

@ o £
11031 2.31 @l Block diagram 1211493 Associative Memory 12 luFuilunsadhs
9N input vector X Wag output vector V 1juluiearums
Vo= M(X]

Tag M 151 nonlinear matrix — type operator (Neural Memory Model)



45

lumsada M doslds Algorithm 5enM recording N30 storage algorithm vector
< . a
AunuuIzgnnuly memory storage algorithm 121AA1A 1 ¥3D 2 set WDY vector AULLY
& ! e a . )
%9 algorithm ﬁuagﬂuwumm Associative Memories [26]

ﬁillﬁ’.h P A0 stored pair U89 association deul1a

X' 2> v i=1,2,...,P

v
o w A @ W

=S| .. . ' d o ' 4
ISIMUI Associative Memories 1Jszﬂa‘uéfasmmm@mﬂumﬁuwuﬁﬂu LU Zlﬂfﬁlﬂu =
3

v
(% L [l

14 4
X fugdmevesauauiy = v laogdeuiliSendt Examplar [5] @91 input X Nliddney
v ]
o o3 o . LY .
Qﬂmanu key pattern Taoneuiy nput s?fuuuu“lu memory ANUU nput prototype ﬁ%gﬂ
A ~ 9 = a B ~ £ . [« -
envzlaNulndifesiy unknow input vector X Wgalasldszer Hamming uuiluaainag

aums [20]

dX' X" = min, {d(X', X))}

2.8.4.1 Feedforward Associative Network

1 s

I~ > = S/ 3 3 ~ )
11U Associative Network Nalsdauas linsinunnin layer (W83 1 layer

g

3 1J91 2.32 Feedforward Associative Network



46

MU input X UWSHIU Weight W uazld Output Y Saauns
I
Net, = Y WX, = WX
i=1
<
Tag X 1Wlu input vector, W, weight matrix [20]

2.8.4.2 Learning Algorithms g3V Associative Memory

Hebb’s Learning Rule

¥
Y A

. < = c;l 9 d' .
Hebb’s Learning Rule L'ﬂuﬂ;]ﬂTiLSngwuﬁ'lu%']ﬂiligiﬂﬂﬂﬁlfl “€11 neuron 9N 1

a a

i 1 3’ v c?zl [ g
IDNTNAAD neuron j H1°) synapse 1IN neuron NI UUIULIT VY [18] ewIsiUou

3 A
Wuaunisae
Aw, = oxy,

Tao Ol fip Normalizing Constant %30 stepsize AN Learning rate Q%

forgetting factor “16%’mmumsﬁaui’ [18]
N5l matrix
W o= oYX

=4 1 H o g v
Iag W 92inUgVee Pattern N mapping 1) (X,Y"), P = pattern #31iie

£y a o
ANUINAD mswamﬂu
P

W= oy &)

E4
IW3IZRLUN Weight 5IUV0NY pattern (X,Y') 0

W= ZP:WP
p=1
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Taea1d) Associative Memories ﬁ@g 3 ¥ia [S]

1. Heteroassociative Memories

Y, - MIX]
3 a  w ' § o v § o @
Tay X, uaz Y, W patem auazaiadu wu FedugUorenSefeduwes InsAn
Tag input X a9 Aflowdlezldan v, Taef x Indifivs X, wnfige

v a

WY X = 9n
m[fing] = y = Fuins

2. Autoassocative Memories

X, = m[X]

1

(]
s

Tav X, 11y pattem wlia@oany 1wy Fevsonthauddnimeweriulny input X 1o

q nflowdnlyl ezldan x, #ladifesdu x wnfiga

@

@Y X = vind
mind] = X = %inFu
3. Interpolative Associative Memories

Y, = m[X]

1

Tav input X lnq Aiflewdhllne X = X +d
m[X] vilou Y, + e vonun 19U

X = %nd

mlind] = Y+e = Fuia

v
1=

Tuis e Associative Memories ui)‘;:ﬁl“]af Vector 13U

X = , Tas X = vector X U@ X, = Component of vector X
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2.8.4.3 Feedforward Heteroassociative Memories Networks
= o kY )= .. . = N
1)U Network 913 1IA598319MU0Y Feedforward Associative Memories 1Wg56)

. s/ 1 a A @ = 9/ P i i
input 18z output Auuuy lalwstiaerulaolinsa3s W' (Correlation Matrix) [20]

wx' = &)Xt =t

P

wdunnd Aendnnsues Matrix zansamiguesdnaaldmus sy
] E4
Weight n@319910 input transpose 118 vector AamInAUgUiuszindIeiy Adwauns
1 i=j

XX =0 = {dFrast = transpose of X
' ! O\ i|#/

Fa1ly 1599111599379 mapping function 14 laede 5]
4 t t.
mlX] = (Y X'+ Y¥,X +A+YX X
M X = X, wldn

m[X] =-miX] = (X' X+ A Y XX,
= YXX, + ,XX+ A+ Y,X'X,
= v0,+ Y,0,+A+v0,
=2\\Y,

Tawnaly input vector nag laiy orthonormal _ vector Ml 1414 ouput

Ay
ATUNADINT
Signum function

L‘):ju function threshold ﬁegjmﬂ‘lu node ¥BY Associative Memories Network

AN

Y, = Sgn[Zn:Winij =

i=1

{+1 if W,X;20

—1 otherwise

2 . e Y b o A o
%J Associative Memory 1nazld vector Nilsznovain Component milu

. 23 Sa .
Bipolar (A58 1,0 NY (Binary))



@ 1A
AIDYNNN1

W+=4+1 upz - = -l,XP = vector input, ¢ 1 vector output
[+ 1] [—1] [—1] [~1]
B B o | B PR B
-1 +1 +1 -1
| — 1] | —1] | +1) | +1]
[+1] [—1] [—1] [+1]
t o= |=1] & = |+1] ¢ =1-1] ¢ = |-1
= 1 | | +1] |+ 1]
+ + o= - -
W o= ) =t S—SE=-q )
- -+ + o+
-] ATl S AN
W=+ [ AL A e
-] + = =+
R SN
W=t - d=2N\H AN e
L+ [ @+
- 2@ -
w'o= s = ] = s
2 -2 -4 0
W=W+W+W+wW={0 4 22
2 -2 0 4
+1
2 -2 -4 0 +8 +8
Wx = 0 4 2 -2 = |{—4| A%u, y' = sgn||—4

-2-2 0 4] ~4 —4
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[+1]
Y =|-1
__1_1
1] -1 +1
y2 = |+1 y3 = |-1 y4 = |=]
| —1] +1 +1

t-ﬁ'tiy T 1 = .. & A 9 —_
1u‘nu%$"hmanm Autoassociative  Memories Li&E]xi%WﬂTﬂ‘NxﬂUi‘li Heteroassociative

4 2
Memories F9a131507nH1 18210 text book 11714

2.8.4.4 Recurrent Associative Memories
s o ! Ao 1o 9 v v '
@i Associative Memories ‘wumimatymuwmﬂﬂuﬂauwmﬂu Network (HU
Hopfield Network, Biditectional Associative Memories, Multidirectional 'Associative Memories,

Brain State ~ In —a—Box 11a¥ Temporal associative memory

2.8.4.4.1 Bidirectional Associative Memory (BAM)
BAM (T Heteroassociative Memories  1/5znoulilde 2 layer a1 lums

9
avinudyana i wesdoundy a$199ulay Bart Kosko (1987)

317 2.33 Prof. Bart Kosko



gﬂﬁ 2.34 A9 Bidirectional Associative Memory: (a) general diagram and

(b) simplified diagram
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s
MIMINUA Weight W 11U Liaas B3deaunis

Tay

WP _ YP(XP)I
R P P o . a g vy @ 1w @ 3 9
¥ X uaz Y 1y Input Li0g output vector ﬂxﬂu@auwuﬁmaﬂu ANUHUDT

G?fmm‘sm output vector Iﬂﬂﬂ’t’)u input vector X 1a 9
Y = Sgn(WX)

14
aumsitoiiursdyanalint (feedforward part) #ie lagiinmism input

v o

vector X NANWUSAY input vector Y 91AaUMINUD

X = Sgn(W)-Y)

b4
L]

< 1 @
qumstitugisduaiandy feedback Part) 1@ Signum function Ao

(]

+110Y. >0
Sgn(Yl) = Xi Yi :0
-1 Y, <0

¥ v -
. . =t =t < G - o © 3
Signum function Henanlaswilu activation function BAM AELNINITAIUIU
@ 3 v = ~ '
Nﬁ'ﬁ‘Wﬁiu feedforward Part Ua% feed back Part 1 - AUNTISINATDTIUSLTDYT ﬂﬁ'l’)ﬁ’f)

I 4 ]
Vector X 118910 feed back part s luseuiinds

+1 if WX, >0
Y, = Y, if [WX||<@
-1 if WX, <@

3 1
Tas O # 0 lud threshold
& .. 4 ) . . . .
#0121 activation nuvduld ey Sigmoid function ASBLLY  discrete
o ) o . = a s ' .
activation function 151 1¥uU Bipolar (+1, -1) zlszansnmn binary (1, 0) (Kosko,

é - 1
1987) [20] ¥9UUITHFIBAA Noise N30 crosstalk term 19
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£ o Y @ dy
vemwrsaagUmsianees BAM 1adsi [5)
1. AMMUAAUSUAUYDY unknow iuput vector X(t) L8 output vector Y(t)
2. Feedforward Part 1/ou vector X ) CRLEN input layer AUINLD
1 d’ =} o -3
update M1 Y(t+ 1) unuft YO (¢ Aenwsnuiiuiausenlunismuin)
3. Feedback part 19U Y(t+ 1) 91A98 2 91919 output layer AU
g update A1 X(t+ 1) unuf X()
v
4. s lude 2-3 aund X +n) Tuseumgaasiinuminy
S o A 2L da o ° YL
x(t+n-1) Tuseuiiudr #ie t>t_ FNAo BAM 8MINSAUIUHAANT 1Y feedforward
¥ 3
Part 1oy feed back Part 1) IUNNISNAADIUSIADYT A81ND Vector X 9119910 feed
v .
back part i1 luseynuas
' v v
nstivhde 23 linga loop lHaedmausounga’ld  Asus Yt + 1)
1 4 o <3 Q" I~ 1 Aa v o dw P 3 ~
agaldensihauadsduziilunnlinnuduiusoy input X wnfiga  Fnsdl Unknow
input vector X nlndiAveny input vector X s?fusmuumﬁfm (3%8¢ Hamming) ﬁﬂﬂﬁﬁ[ﬂ%ﬁ?
v [ E4
Timon v, x/'X luaunisfismnniigamsiz Vecor X Nlnddu X, Auunvazifiouaminiy
o AT 2 (R P [ 3 [} < =)
Mmidimlndvilarsomnnida YXX wadou q daiussdswalduua 1y ouput v v, ©
a A A o & 1o m ¥ a3 v 1
wniga  Worouny part term o4 (UaRIABUBI I TN Y, 1N312 crosstalk 013 11aindn)
Taed1 Unknow input vector X Nl Emor vz ldszes Hamming TN N
] 8
vector X AUUUBAINABIMST %11 Unknow vector #afili1ndnu input vector AULLVVDI

f1ouM 1A 18 output Y fikaoenin



b4
=

¥
NTUADUAITIINUYBY BAM aninsoihui@euTdsunsyldaail

x = reshape(x,109*113,1); % 11 unknow input vector (bipolar) L‘ld_lu Matrix Han
xold = x; % NHUA x old

yold = ones(size(yl),1); % f‘imuﬂﬁhﬁ'uﬁ'u y old

counter = 0;

terminate = 0;

while terminate ~= 1
nety = (w')*xold; % feedforword part , w fioan weight
check size y = size(nety);
for i=1:1:check_size_y(1,1) % signum function
if nety(1,1)>0
nety(i,1)=1;
end :
if nety(i,1) <0
nety(i,1) = -1;
end
end

ynew = nety;

netx = w*ynew; %backword part ,feed ARV x
check size x = size(netx);
for i = 1:1:check_size x(1,1) % signum function
if netx(i,1) >0
netx(1,1) = 1;

end
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if netx(1,1) <0
netx(i,1) =-1;
end
end

Xnew = netx;

if xnew == xold % asd9eu lumsithganzades

terminate = 1;

else
xold = xnew; % update X, y Lﬁﬂ PududulSouien
yold = ynew, % lusounsly ‘

end

counter = counter + 1;

end

as lazuaasdognlunisAuuves BAM



56

’
=

@1981990 1

(5]

@

] ’} Examplar No. 1

xl=[1-1-1 1-1 1 1-1-1 1];

yl=[1-1-1-1-1 1];

] ,} Examplar No. 2

x2=[111-1-1-111-1-1];

y2=[1 11 1-1-1];

Weight matrix

W = yl*1" + y2*x2’

2

0N —2+=12

Iteration 1 :

—_— T g ey o e
R ! N
I
z
2
(o
<+ & oo oo <+ o o < oo
o | (|
Il
o
(3
=
I 1
— e ¢ —

D[] 2
1 ]
I
z
&
>
_222 2_
4111 —
| I
| |
I
>,
P
[
<

:chw=XI

Final state
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o ' ~ @ " dy 1 9 q 9 . [~ = o
FIDUNN 2 (GI’JE]EJNu"lﬂJanIfmﬁ transpose W WA lEn1s transpose input vector X Wuasnd

UOAUNU) [20]

x)"

93

I -11-11 1] @Y = 11 -1 =1]
11 -1 -1 -1] o = [1-11 1]

[+ + - =] [+ — + =]
- - 4+ + + - + -
Wl —xl( I)T= Tt S W2=x7(y)T= t -+ -
- -+ + -+ - +
+ N =% — +
—— Ty |- NN\
(2.0 0 -2]
0 -2"2,°0
i & + 4 =R IC Y N
— A\ P AR
9 W\ H 2/4%9
2y VI 555
2 0 0 2]
0/-2° 2.0 8 1
(X,),=[+_+_+_]200—2= 4:> 1
33 PR\ (£ -4 -1
I 2542250 -8 -1
-2 0 0 2
s . o [ 1]
2w, 0==2 4 1
0 -2 2 0 1 -4 :
(yl)TwT=Wyl _ 2 0 0-2 1 = 4 = |-1| = %'
-2 0 0 2]|-1 -4 {
0 2 -2 0}|-1 4 1
-2 0 0 2 | -4 )

' = 111 -1 -1 ~1]



2 0 0 -2]
0 -2 2 0
x*W=[—++———]2OO_2=
-2 0 0 2
0 2-2 0
-2 0 0 2]
[ 2 0 0 -2] [ 4
0 -2 2 0f[+ 4
W = Wyt = 2 0.0 =2{-| | 4
-2 0 0 2|+ -4
¥ 2 -2 0 4
-2 0 0 2] -4

o 1A = I~
ar0619n 3 197 a 1ilu input vector 1482 b 114 output vector [26]

m
a

m
b

@
a
@

)
a

3)

@
a

@)

1l

It

Il

il

i P A RS L A Ay
[Pt -1 =F-101 140

i\ L M Y2 AT,
I=1=1111-1]

L111-1=11t=1-11-1-11111],

f-111-11-1]

~

2979 |

F1-1-1-1-1-1-111111-1-1-11],
[F111-11-11]
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4. -4 2. 2. -2, 4 -2
2.-2. 0. 0. -4 2. 0
2. -2, 0. 0.-4 2. 0
2. -2, 0. 4 0. 2. -4
2. -2 -4 0. 0. 2. 0
0. 0.-2. 2. 2. 0. -2
0. 0. 2. 2. -2 0. -2
~2. 2. 0. 0. 4 -2 0.
0. 0. -2.-22-0. 2
~2. 2.4 0. 0. -2 0.
A 2. N\ #4720
LI NN Z%
- $342. . TR P
g VO SN W ¢ 3
@ L Fiagz Y} NayaN{:
N 5 0 o AVSCR AP YA )

af B Pi1aALRORTI SN 1N 1 FE A0t

il

P = 'Sga[-16 16 0 0 32-16 O]

o
Il

o
II

A2 =1 Q00 A= 1)0]
a’= Sgn[-14 -10 =10 =6 =6 2 =210 2 6 10 10 =14 —10 =10 2]

g = W TR UM T ¥ B4 2D 1

Il

b’ = Sgn[-28 28 8 -8 40 -28 8f

e 111111 1

o
Il

2® =Sgn[~20 —10 =10 —14 =10 =4 =410 4 10 10 10 =20 —10 —10 0]

@ = [-1-1-1-1-1-1-111111-1-1-11f
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(4)

HD (' a") = 4
HD (a' ,a“’) = 12
HD (@' 27) = 4

HD (a

’a(s)) - 10

BTy T 1y [TTTTT71] [

Pair (1) Pair (3) 1 3
AERE
EE R .
[ [ 3]
v £ : o "\
Pair (2) Pair (4) 2 4
@) (b)

‘]J‘I?] 2.35 AI981MUUMINAINSY Bidirectional Associative Memory: (a) association stored and

(b) four steps of retrieval of pair 4.

Error function 494 BAM ginsoussludnuaizyes Energy 18 Iaeh network

o

1 yé oA 9 = 40 =t K] =
WINYIUISAARNT _energy 11’7%1@?}!1’111’]%&’111@1 NITNGIUN BAM MIE)ﬂ']’CTLﬂJTLIﬁﬂTJ%LﬁﬂUi

Aoationy Energy function 489 BAM NTﬁQ%ﬁ’ [s]

Energy Function

Energy .Function U993 BAM Blugﬂsum input — output vector mmim%uiugﬂ
E(xy) = -ywx

Tae x uae y T input, output vector vzl 9
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Energy function clugﬂsum function components fMuraldan

e RO

=l j=I

The BAM : Energy Function : Lyapunov Function
‘Vli]‘Hfj]SU@\‘i Lyapunov Aa12 1335191115911 bounded function VB4 Dynamics system
4 g P . a ¥ 1 Y o L4 . dyd '
Vlﬂ IﬂEJ“IQﬂ €] AN state variables um‘iﬂmmuamﬂw function WUAIDARIAABALIAT

3 1
LA '5zuuﬁmmmuﬁmaumaaaﬂﬁ

t4
1

b
S i by 2 I @
13U38N function U1 Lyapunov function n3o Energy function WQHQﬂﬂﬁ%Qﬂ@i%ﬂU
BAM network 119¢ BAM energy function ald
P v 1 ¥
1. mshoundasla 9 ves x uaz y sewnemsUseutaves Network vwdawald
Energy function Tanag

2. Energy 909 Network 93Nfninanimseminy E  wwe  lag
Emin T _Z|VVU|
i

3. e E imsfeuniasen szlfsundasdiuaiiside (foite value)

The BAM : Energy Function : Lyapunov Function (cont.)
ﬂqyﬁﬂlﬂd Lyapunov ﬁmamm'h
U 0 E, = E(xy,)
ULy, = Oy x = Oy B = By
U2y, = (l)(xl,yl)' X, = d)'l(x,,yz) E, = E(x,y,)

79U n yn = ¢(Xn-l’yn-l) xn = d).](xn-l’yn) En = E(xn’yn)

) Aﬁy Ao ~ = ° t:y to o 9 9
M E, > E>E, >N\ >E szuniiismouiiates @movdl lusuiludegndes
Y1 o Y A 3
HUNNINBUIS converge L‘U']gﬂ']“ﬂllﬂﬂ@ﬂﬂﬂm)
I
Tag d)(x,y) 11 function UMM output (feedforward part)

d)'l(x,y) Wy function Tunsm input (feedback part)



62

The BAM : Prove of the BAM Energy Theorem
1. msasundasle 9 voe x uaz y seuhemsdseuianavos Network edang

% Energy function HAanng

a ¢ a {
Wga: #9191 N component y,

m

n n
- —Zykwijj —ZZ%WU%
=

i=t j=l
ik

new

Tunsalf component y, Lﬂﬁﬂmflu Vs

n m n
CW _ new
by = _Zyk ijxj—ZnyWa-xj
7=l

=1 =l
izk

v lamsilasuntlasues energy 1y
n
W new.
AE = E™-E = 0= )Zwijj
j=1

I

= -y ) net
! 3 . .
Tag net,’ Ao output vector NBULU signum function
INTUNITYDI output node

+1  net] >0
Y, = sgn(et) = 3 y, net] =
-1 net] <0

new

P a . 33
n3alusn y, wasuan -1 du 3 =1

AE = o — yk"w) ’netk‘v

-2 - net,



=1 1dlunsaifedfe

v a <
Wy, wWasuan -1 du y,

netk’r >0
v 2
AT
AE <0
dd‘ d‘ d new
nsaN 2 y, wheuan 13y = -1

AE = (y - yknew) - netA:,\..

e y, wlaeunn 1y ™ = a1 18 lunsdifesns

net, <0
s 3
Aary

AE <0
nsdin 3 y, lulimsuldeuudas

AE = 0

2. Energy 409 Network ziiaamnnnimsewny E, taue lay

Ewm = _ZIVV:J’
RN

- ¢
NgIU

v

=l j=1

m n
yilIW,-ijjl = _ZZIWU|
i=1 j=l
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fa0819 Energy Function

#91501@106190 1 91A1 W @IM13917 Minimum Energy (E,.) 1A910¢UN15
Emin = —-‘Z'VVU’ = _64
57

RYSIREATE Energy SEUIN unknow input vector x LY output vector y IGEENT

unknow input vector x (feedforward part) 3INAUAIT
E(xy) = -y ' w<'x = 40

9 y
91NUUNT E(x,y) 5¥H29 input vector X @1 11uNNAIN feedback part 1Ag output

vector y AUANNTS

E(xy) = -ywx = -64

4
@ @

falu E@xy) hamoaldiisawminu E udife -64 1aaedl Network ogludoiuy

Y o

d 9 @ <3| o sy 9
ifesudam1n output vector y daagailufinoui Ia

Iteration 0O: A Tteration 1:

L 71

-1 4
-1 N\ -1 [ 1]
1 1 1 <1
_ -1 7 N 1 L ¥ -1 7 -1
. Ponew 1 new 1 new 1 new -1
1 -1 1 -1
-1 | —1] -1 1]

-1 -1

- l_ L. 1._

E = 40 E = -64
E. = -64

min

(=] v 1 4 [ Y °
AU Network 321871gdn1121e805 1{Jo Energy 19111 Energy A1¢A
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A < . vd Yy A 3 1w
i BAM @134 Pattern pair an@osiveumalumsfhumuiu
g 1 a8 o w { < =
Kosko (1988) wasslimiuidadniagegavos BAM Ag11soify pattern WINATA
b4 A g b4 v v = . Y o ) 1
uda Huau'lagn (19 output vector gnABY) AB min(m,n) 1AEE131UIY pattern TNIANTT 0 92
¥ »
° . 1 v . @ @ a3 o
M1# noise HAwnnniuney signal AsiUTIEWNTOYTTIMANNYMNUI WY pattern MU

£
neNUFUsE 1Y heuristic AD
p < min (m,n)

o A — . . .
Tae p 791U pattern; m,n 1Y dimension Y99 matrix weight [26]

A ~ W Y
woanudunuyustansadou v lamu

p = +min(m,n)

b4 4 [
Aedn - UszAninimues BAM duagiiugmauiaves patem Auuuuimlaouuilas
VINARUULVUIALA 11U [26]
R aad A LY | py 9 =} b4 kY At
WUITMINLYsAUN output vector N vecall 3J’l"lﬂ WWHANNGNABIY AT
Dummy Augmentation Tieruslay Wang (1990) [26] UUIAAYBY Wang 91H0HANNITUDS
Energy Minima (xi ,yi) Tag i =1,2,...P TRen15e31387 input - output vector dutuu Taeil

Fou'lui

HD (x', )

=
2

m
HD (v, y) -
Y.y 5

Tag 1 = ,2,...,P,j = 1,2,...,P Uns x Ao input vector y Ao output vector

o~ L ' Y . Y @ n
‘wmsmﬂﬂ:n input vector Q& output vector Lma:ms?fmﬁsxﬂs Hamming YNAWNINY E

m o w . . . .
ias 5 MUY 1ag m 1ag n ﬁ’e’) Dimension U4 matrix weight

' 3 i . o i P a2 v
8g1915AA A wABININIZa319 augmenting MIGUDY vector U ABUNNTOYD
y & A avw A
Tundu elfidricou lvves Dummy Augmentation (Wang (1990)) 310RONITNADDIVDI
43 o 4 ' g . ! A ¥
Wang fnlefidudnnugndennniu  uadeidonnoazdesddne Weight Mlngvuilesnindes

Lﬁn%’agaiu@: input — output vector Idhieeu Ty [26]
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k4
r=}

.. . o, Yy aAd Y A . A qouny & X
Associative Memories HHUYDA 9 11d993iNs train naegeuUN I auIFe weight
T 14 b
fmnzan  1aw Associative Memories 9% train Misaud 1 Asuwiniu  uevedvAo 0199z
g ¥ vy 9 Y Y Ay g Y o P
LﬂU‘U'ﬂlluallﬂuﬂﬂﬂTﬁ'ﬁ)QﬂWﬁﬂT\UQﬂﬁ'ﬂﬂqq NIDOUNY pattern vl'lll1ﬂ1@ﬂ1ﬁ7] input vector U
) Yo o, Y o A &y 1w a 2
398¢ Hamming Tnafy input vector ﬂmmumau‘n"lmaamsumﬂsuu
Associative Memories §430nHa18%¥HA 193 Associative Memories (FAM), Adaptive
BAM (ABAM), Competitive ABAM (CABAM), Radom ABAM (RABAM), Multidirectional
Associative Memories (MAM), Temporal Associative Memories (TAM) Hazdu ) MUIZOU

AUAUMIRBULUUANUNT I Associate AUvBIYBE

= d' [V
2.9 NYBAHNLINY Network
A Y o & a S A ¢
anunuiwedldslnneade Yeimmualunisfoaisvesnouinunesrieglnsal
A A ) a Y A ' v 2 e 9 P
- wsevie luszuunsetiwvuialnaeniidunmenisyen Tessznitdutiusuaunn Yoyahn
b
deoon luo19 1118 )Hdunisderfunane aeriudslidenvuaveslyds Inaoa Transmission
Control Protocol / internet Protocol (TCP/IP) [2]
2.9.1 ldslanea TCPIP
N -3 o Q =y =1 2y = @
Fulils Taaeafwauidusnd niulduusueesta Iasnlilslanea TCP/IP Insda
o 3 r= ° P=3 Y o s é
nalnamsiamdudunse Layer uag azihouiovlany OSI wato 9 Layer Yunudalu

naag layer 152noUAIY  Process Layer, Host-to-Host Layer, Internetwork  Layer , Network

lé \ a 4
Interface Layer Faluudazna lnussldslanoa Tceap szfilslaneadu « lugaves TCPIP

s upgAIY
Layer
P e PRI EIANY L .
el sestestn bayes Froseriiain 5
Tuslonge Howtotowt | £ ommion .
TCR, UDP Layer

------------- Trarepan 4

Tdhlnnin Intemotwork
P Layer Netwon 5
\winaT Ehemer, | MSIOM Inkertace Dt Link 2
Token-Ring Layes Physicsd 1
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Scene 1
Layer : actionDeck
Frame : 53

loadVariablesNum("buffercard.txt", 0);

Framé 1 60
scored.text = amountscorel ;
if (cardl_1==0){
CardNo 1 = cardl;
telse {CardNo 1=cardl 1;}
if (card2_1==0){
CardNo_2 = card2;
}else {CardNo 2=card2 1;}
Atkl = statusi;
Atk2 = status2;
loadMovie(CardNo_1+".jpg", " root.cardl™);
loadMovie(CardNo_2+".jpg", " root.card2");
cardScore = new Array(["3000", "2500"], ["1800", *2000"], ["2800", *2600"], [*4000", "4000"],
{"1300", "1400"1, [*3500", "3850"], ["2000", "1700"], ["2800", "2600"], {"2300", "2100"],
["2200", "1900"], ["3200", "1800"], ["4500", "3800"], {*3000", *2500"], ["4000", "4000"],
["2300", "2000"], ["2600", "2300"], [*2500", "2100"], ["4500", "3800"], [*3000", "2500"],
["3500", "3850"], ["3200", "2500"], ["1600", "1000"], ["5000", "5000"], [*5000", "5000"],
["2600", "2500"], ["2900", "2400"], ["5000", "5000"], [*2650", "2250"], ["3000", "2500"],
["2800", "2600"]);
if (Atkl =1) {
powerl.text = (cardScore[CardNo_1-1][0]);
actionl.text = "ATK";

} else {



powerl.text = (cardScore[CardNo_1-1][1]);
actionl.text = "DEF";

}
stop();

ﬂu Reload
on (release) {

playl =1;

_root.sendMessage(CardNo 1, Atkl, CardNo 2, Atk2, CardNo_3, Atk3, CardNo 4,
Atk4, CardNo_5, AtkS, "move");

gotoAndPlay(65);

1Ju OK
on (release) {

play1.= 1;

_root.sendMessage(CardNo_1, Atkl, CardNo 2, Atk2, CardNo_3, Atk3, CardNo 4,
Atk4, CardNo_S5, AtkS, "move");

gotoAndPlay(65);

Frame : 65
// waiting for another card//

stop();

11 GO
on (release) {

gotoAndPlay(69);



Frame : 69
' c=1;
if (card!l_1==0){
CardNo_1 = cardl;
telse {CardNo 1=cardl 1;}
if (card2_1==0){
CardNo_2 = card2;
telse {CardNo_2=card2_1;}
loadMovie(CardNo_1+".jpg", " root.card1");
loadMovie(p2CardNo_ 1+".jpg", " root.p2cardl™);
if (Atkl == 1) {
_powerl.text = (cardScore[CardNo_1-1]{0]);
" actionl.text = "ATK";
myscore = Number(powerl.text);
} else {
powerl.text = (cardScore[CardNo_1-1]{1]);
actionl.text = "DEF";
myscore = Number(powerl.text);
}
if (p2Atkl = 1) {
p2powerl.text = (cardScore[p2CardNo_1-1]{0]);
p2actionl.text = "ATK";
p2score = Number(p2powerl.text);
} else {
p2powerl.text = (cardScore[p2CardNo_1-1][1]);
p2actionl.text = "DEF";

p2score = Number(p2powerl.text);

stop();



‘l:!il back
on(release){

gotoAndPlay(65);

1w fight
on (reiease) {

gotoAndPlay(70);

Frame : 70

ymsdindiautlnyug

if(player==1){
ysdiidhy ATk 'ﬁgafj
iflAtk1==1&p2Atkl==1){
gotoAndPlay("Scene 2",1);
}
/s BMTIATK UASNHDEF
else if{Atkl=1&p2Atk1=0){
gotoAndPlay("Scene 3",1);
}
iastisuiufhoper udathuas s ATK
else if(Atk1==0&p2Atk1==1){
gotoAndPlay("Scene 4",1);
}
/s EifuDEF g
else {
gotoAndPlay("Scene 5",1);
}

} ynsdifigiauiiuKaiva



else {
/ns@iidiu ATK 'ﬁqs«j
if(Atkl=1&p2Atk1=—1){
gotoAndPlay("Scene 6",1);
}
/InsEREIATK uABnHDEF//
else if(Atk1==1&p2Atk1==0){
gotoAndPlay(""Scene 7",1);
}
/msinisudurtheDEF udathoas i ATK//
else if(Atk1==0&p2 Atkl1==1){
gotoAndPlay("Scene 8",1);
}
//ﬂiﬂﬁtﬂuDEFﬁ,ﬁd//
else {
gotoAndPlay("Scene 5",1);
}

Frame : 75
msdifiii ATk ‘ﬁa@://

iflAtkl1=1&p2Atk1==1){
amountscore | =amountscore 1 -p2score;
scorel.text=amountscorel;
amountscore2=amountscore2-myscore;
score2.text=amountscore2;

}

/s ERSIATK uABNKSDEE/

else if{Atk1=—1&p2Atk1==0){



scorel.text=amountscorel;

if (myscore>=p2score){
amountscore2=amountscore2-(myscore-p2score);
score2.text=amountsco¥e2;

}else {

score2.text=amountscore2;

}

imsdifisudiuiheDEE 1dafhonsedin ATRY

else if(Atk1==0&p2 Atk1==1){
score2.text=amountscore2;
iflmyscore<=p2score){
amountscore I=amountscore 1-{pZscore-myscore);
scorel.text=amountscorel;
telse{

scorel.text=amountscorel;

}
ad 2 4
insdiniiuDEFiagy
else {
scorel.text=amountscorel;

score2.text=amountscore2;



Imsdiiidiu ATK g
if(At2=—1&p2Atk2==1){
gotoAndPlay("Scene 6",1);

}

/InsBRISIATK uABNEDEF/
else if(Atk2==1&p2Atk2==0){
gotoAndPlay("Scene 7",1);

}

/ns@isuiuiheDEF wdatheassdhw ATK//
else if(Atk2=0&p2 Atk2==1){
gotoAndPlay("Scene 8",1);

}

//ﬂsfﬁﬁﬁluDEFﬁya@://

else {

gotoAndPlay("Scene 5",1);

}

Frame : 105

Isdifidiu ATK W

if(Atk2==1&p2Atk2=1){
amountscorel=amountscore1-p2score;
scorel.text=amountscorel;
amountscore2=amountscore2-myscore;
score2.text=amountscore2;

}

/nsERAISATK UABNHADEE//

else if(Atk2==1&p2 Atk2==0){

scorel.text=amountscorel;



if (myscore>=p2score){
amountscore2=amountscore2-(myscore-p2score);
score2.text=amountscore2;

Yelse {

score2.text=amountscore2;

}

nnsdinisiiusheDEF udthoasediu ATRY

else if(Atk2==0&p2Atk2==1){
score2.text=amountscore2;
if{myscore<=p2score){
amountscore l=amountscore 1-(p2score-myscore);

scorel.text=amountscorel;

}else{
scorel.text=amountscorel;
}
}
//ﬂsﬁﬁtﬂuDEFﬁyq@://
else {-
scorel.text=amountscorel;
score2.text=amountscore2;
}
Frame : 124

if (amountscorel == 0 | amountscore1<0) {
gotoAndPlay(125);

} else if (amountscore2<=0) {
gotoAndPlay(126);

}else gotoAndPlay(57);



Layer : Layer 14

Frame : 75

picPlayerl = new Array(["Yugi", "yugil.jpg"], ["Kaiba", "kaibal.jpg"]);

if(player==1){ '
loadMovie(picPlayerl[player-1]{1], "_root.loadPlayerl");
loadMovie(picPlayerl[player][1], "_root.loadPlayer2");

else {
loadMovie(picPlayerl[player-1][1], "_root.loadPlayer1");

loadMovie(picPlayerl[player-2][1], "_root.loadPlayer2");

Frame : 105

picPlayerrl = new Array(["Yugi", "yugil.jpg"], ["Kaiba", "kaibal jpg"]);
if(player==1){
loadMo_vie(picPlayeﬂ [player-1]{1], "_root.loadPlayer1");
105&Movie(picP1ayer1[player][l], " root.loadPlayer2");
Yelse {
loadMovie(picPlayerl[player-1]{1], "_root.loadPlayerl");

loadMovie(picPlayeri[player-21{1], "_root.loadPlayer2");

Frame : 125

stopQ);

Frame : 126

stopQ);



Frame: 127

stopQ); - v

Layer : loadPlayer

Frame : 40

amquntscorel = 10000;

amountscore2 = 10000;

var validate = false;

var host = "192.168.0.2";

var port = 8000;

var numClients;

function connect() {
mySocket = new XMLSocket();
mySocket.onConnect = handleConnect;
mySocket.onClose = handleClose;
mySocket.onXML = handleIncoming;
if (!ImySocket.connect(host, port)) {

errorMsg.text = "Connection Failed.\nPlease contact administrator.";

3
function handleConnect(succeess) {
if (succeess) {
mySocket.connected = true;
mySocket.send(userID);
} else {

_root.errorMsg.text = "Connection Failed.";

}

function handleIncoming(incomingObj) {



trace("-=------ start data received--~-------- ");
trace(incomingObj.toString());
trace("'-----——-- end data received------------ ");
if (incomingObj.firstChild.nodeName = "VALIDATE") {
if (int(incomingObj.firstChild.firstChild.nodeValue) == 1) {
validate = true;
}else {
errorMsg.text = "Your player is duplicate, please seléct a new one.";
quit();
}
} else if (incomingObj.firstChild.nodeName == "NUMCLIENTS") {
if (validate) {
numClients = incomingObj.firstChild.firstChild.nodeValue;
if (mumClients = 1) {
gotoAndStop(55);
} else if (numClients == 2 && !played) {
gotoAndPlay(56);
} else if (numClients>2 && !played) {
errorMsg.text = "Players exceeded now.\nPlease wait for

anyone left.";

quit();

1 else {
var user = unescape(incomingObj.firstChild.firstChild.nodeValue);
if (incomingObj.childNodes[1].nodeName = "X1") {
mode = "move";
var x1 = unescape(incomingObj.childNodes[1].firstChild.nodeValue);
var shootl =

unescape(incomingObj.childNodes[2].ﬁrstChild.nodeValue);



var x2 = unescape(incomingObj.childNodes[3].firstChild.nodeValue);
var shoot2 =
unescape(incomingObj.childNodes[4].firstChild.node Value);
} else if (incomingObj.childNodes[1].nodeName == "MESSAGE") {

mode = "chat";

var msg = unescape(incomingObj.childNodes[1].firstChild.nodeValue);

}

if (mode == "chat") {
_root.text2 = msg;

} else if (mode == "move" & user!= userID ) {
_root.p2CardNo_1 =x1;
_root.p2Atkl = shootl;
_root.p2CardNo_2 = x2;

_root.p2Atk2 = shoot2;

}
function sendMessage(x 1, shoot1, x2, shoot2, x3, shoot3, x4, shoot4, x5, shoot5, mode) {
if (mode == "move") {
var message =
"<USER>"+escape(userID)+"</USER><X1>"+escape(x1)+"</X1><SHOOT1>"+escape(shoot1)
—+"</SHOOT1><X2>"+escape(x2)+"</X2><SHOOT2>"+escape(shoot2)+"</SHOOT2><X3>"+
escape(x3)+"</X3><SHOOT3>"+escape(shoot3)+"</SHOOT3><X4>"+escape(x4)+"</X4><SH
OOT4>"+escape(shoot4)+"</SHOOT4><X5>"+escape(x5)+"</X5><SHOOT5>"+escape(shoot5
H"</SHOOTS5>";

} else if (mode = "chat") {
var message = :
"<USER>"+escape(userID)+"</USER><MESSAGE>"+escape(x1)+"</MESSAGE>";
}
outgoingObj = new XML();



outgoingObj.parseXML(message);

trace("Sending: "+outgoingObj);

if (mySocket && mySocket.connected) {
mySocket.send(outgoingObj);

} else {

quit();

}
function handleClose() {

mySocket.connected = false;
numClients = 0;
}
function quit() {
if (mySocket.connected) {
mySocket.close();

mySocket.connected = false;

gotoAndStop(40);
}
}
Frame : 55
/I waiting frame//

amountscorel = 10000;

amountscore2 = 10000;



Frame: 57

// playinggame//

stopAliSounds();

picPlayer = new Array(["Yugi", "yugijpg"], ["Kaiba", "kaiba.jpg"]);
loadMovie(picPlayer[player-11[1], " root.loadPlayer");

loadMovie(picPlayer[playerl]{1], " root.loadPlayer2");

Layer : selectplayer
Frame : 40-54
1 2 a
aaengn
on (press) {
userID = "Yugi";

player=1;
connect();
3
Judeniaue

on (press) {

userID = "Kaiba";

player = 2;
connect();
}
Frame : 50

gotoAndPlay(40);



Layer : start
Frame : 34

stop();

LY
on (release) {

gotoAndPlay(40);

Scene 2
Layer : y4
Frame : 122
if (c==1){
gotoAndPlay("Scene 1",75);
Yelse {

gotoAndPlay("Scene 1",105);

Scene 3
Layer : y1
Frame : 60
if (c=1){
gotoAndPlay("Scene 1",75);
}else {

gotoAndPlay("Scene 1",105);



Scene 4
Layer : y4
Frame : 65
if (c==1){
gotoAndPlay("Scene 1",75);
telse {

gotoAndPlay("Scene 1",105);

Scene 5
Layer : Layerl
Frame : 23
if (c==1){
gotoAndPlay("Scene 1",75);
Yelse {

gotoAndPlay("Scene 1",105);

2

_Scene 6
Laye;‘ : Layerl
Frame : 120
if (c=1){
gotoAndPlay("Scene 1",75);
Yelse {

gotoAndPlay("Scene 1",105);



Scene 7
Layer : Layer4
Frame: 61
if (c==1){
gotoAndPlay("Scene 1",75);
telse {

gotoAndPlay("Scene 1",105);

Scene 8
Layer : Layerl
Frame : 60
if (c==1){
gotoAndPlay("Scene 1",75);
}else {

gotoAndPlay(*Scene 1",105);
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Server.java

import java.awt.event.*;
import java.util.*;
import java.awt.*;
import java.io.*;

import java.net.*;

public class Server {
private Vector players = new Vector();
// Vector is a list of all connected clients

ServerSocket server; // the server

// constructor
public Server(int port) {

startServer(port);

public static void main(String[] args) {
if(args.length == 1) {
Server mySvr = new Server(Integer.parselnt(args[0]));

} else {

// otherwise give correct usage

System.out.println("Usage: Server [port]");

private void startServer(int port) {

showStatus(" Attempting to Start Server");

try {



// create a new server
server = new ServerSocket(port);
showStatus("Server Started on Port: " + port);
// while the server is active...
while(true) {

// ..listen for new client connections

Socket socket = server.accept();

Client player = new Client(this, socket);

showStatus(player.getIP() + " connected.");

// get user name

player.initName();

if (isNameDuplicate(player.getMyName()) 1=0){
player.send("<VALIDATE>0</VALIDATE>\0" );

}

else {

player.send("<VALIDATE>1</VALIDATE>\0");

// add the new client to our client list

players.addElement(player);

// start the client thread

player.start();

// broadcast the new number of clients
broadcastMessage("<NUMCLIENTS>" + players.size()
+ "</NUMCLIENTS>");

}
} //end of while



} catch(IOException €) {
showStatus("Server Error... Stopping Server");
/ kill this server
killServer();

public synchronized void broadcastMessage(String message) {
// add the null character to the message

message +="\0";

// send message to each client

Enumeration enum = players.elements();

-while (enum.hasMoreElements()) {
Clientgplayer = (Client)enum.nextElement();

player.send(message);

}

private int isNameDuplicate(String newNafne) {
/l Check for the duplicate of the users' name
/f return 0 --> name not duplicate
// return -1 --> name is duplicate
Enumeration enum = players.elements();
while (énum.hasMoreElementsO) {
Client player = (C1ient)enum.nextElement();v

if (newName.compareTo(player.getMyName()) =0 ) {

return -1;



return 0;

public void removeClient(Client player) {

showStatus(player.getIP() + " has left the server.");

/f remove the client from the list

players.removeElement(player);

// broadcast the new number of clients

broadcastMessage("<NUMCLIENTS>" + players.size() + "</NUMCLIENTS>");

public void showStatus(String str){

/I get the current date and time

Calendar cal = Calendar.getInstance();

str="[" + cal.get(Calendar. MONTH) + "/
+ cal.get(Calendar. DAY OF MONTH)
+"/" + cal.get(Calendar. YEAR)
+" " + cal get(Calendar. HOUR OF DAY)
+":" + cal.get(Calendar MINUTE)
+":" + cal.get(Calendar.SECOND)
+"]" +str + "\n";

// display the activity

System.out.print(str);

private void killServer() {

try {

// stop the server



server.close();
showStatus("Server Stopped");
} catch (IOException €) {

showStatus("Error!");

}

} //end of server class

Client.java
import java.net.*;
import java.util.*;

import java.io.*;

public class Client extends Thread {
private Thread myThread; // thread

private Socket socket;



private Server server;

private String ip;

private String myName; // Player's name
protected BufferedReader inMsg; // in messages

protected PrintWriter outMsg;  // out messages

public Client(Server server, Socket socket) {
this.server = server;
this.socket = socket;

this.ip = socket.getInetAddress().getHostAddress();

// initial incoming and outgoing message
try {
inMsg = new BufferedReader(new InputStreamReader (socket.getInputStream()));
outMsg = new PrintWriter(socket.getOutputStream(), true);
// enable autoflush
} catch(IOException €) {
server.showStatus("Error! ");

killClient();

// Thread run method
public void run() {

try {
char charBuffer{] = new char[1];

// declare char array buffer size=1

while(inMsg.read(charBuffer,0,1) !=-1) {

// read by setting offset=0 and max char read=1



// create a string buffer to hold the incoming stream

étﬁngBuffer stringBuffer = new StringBuifer(1024);

// while not end of string

while(charBuffer[0] !="0") {

// append the char read to charBuffer
stringBuffer.append(charBuffer[0]);
inMsg.read(charBuffer, 0 ,1);

}

// broadcast the message

server.broadcastMessage(stringBuffer.toString());

}
} catch(IOException €) {
server.showStatus("Error! ");
} finally {
kiliClient();

public String getIP() {
return ip;

}

public String getMyName() {

retumm myName;

// send message to this client by calling server's broadcast method
public void send(String message) {

// put the message in the buffer



outMsg.print(message);
if{foutMsg.checkError()) {
server.showStatus("Error! ");

killClient();

private void killClient() {

server.removeClient(this);

try {
socket.close();
inMsg.close();
outiMsg.ciose(J;
myThread = null;

} catch (IOException e) {

server.showStatus("Error !");

// initName has the same method of operation as run thread ,
// but it just once call at the first time user logging in

public void initName() {
try {
char charBuffer{] = new char[1];

// declare char array buffer size=1

if(inMsg.read(charBuffer,0,1) !=-1) {
// read by setting offset=0 and max char read=1
// create a string buffer to hold the incoming stream

StringBuffer stringBuffer = new StringBuffer(1024);



// while not end of strilig

while(charBuffer[0] '="0") {
/1 append the char read to charBuffer
stringBuffer.append(charBuffer[0]);
inMsg.read(charBuffer, 0 ,1);

}

myName = stringBuffer.toString();

}
} catch(IOException €) {

server.showStatus("Error! ");

}
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function varargout = yugi(varargin)

% YUGI M-file for yugi.fig

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

YUGI, by itself, creates a new YUGI or raises the existing

singleton*.

H = YUGI returns the handle to a new YUGI or the handle to

the existing singleton*.

YUGI("CALLBACK',hObject,eventData,handles,...) calls the local

function named CALLBACK in YUGLM with the given input arguments.

YUGI("Property','Value',...) creates a new YUGI or raises the

existing singleton*. Starting from the left, property value pairs are
applied to the GUI before yugi_OpeningFunction gets called. An
unrecognized property name or invalid value makes property application

stop. All inputs are passed to yugi_OpeningFen via varargin.

*See GUI Options on GUIDE's Tools menu. Choose '"GUI allows only one

instance to run (singleton)".

% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help yugi

% Last Modified by GUIDE v2.5 11-Mar-2005 15:58:30

% Begin initialization code - DO NOT EDIT



gui_Singleton =1;

gui_State =struct('gui_Name', mfilename, ...
'‘gui_Singleton', gui_Singleton, ...
'gui_OpeningFen', @yugi_OpeningFen, ...
'gui_OutputFen', @yugi OutputFen, ...
'‘gui_LayoutFcn', [], ...
'‘gui_Callback’, []);

if nargin & isstr(varargin{1})

gui_State.gui_Callback = éterunc(varargin{l});

end

if nargout

{varargout{l:nargout}] = gui_mainfcn(gui_State, varargin{:});
else

gui_mainfen(gui_State, varargin{:});
end

% End initialization code - DO NOT EDIT

% - Executes just before yugi is made visible.

function yugi_OpeningFcen(hObject, eventdata, handles, varargin)

% This function has no output args, see QutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% varargin command line arguments to yugi (see VARARGIN)

% Choose default command line output for yugi

handles.output = hObject;



% Update handles structure

guidata(hObject, handles);

% UIWAIT makes yugi wait for user response (see UIRESUME)

% uiwait(handles.figurel);

% — Outputs from this function are returned to the command line.
function varargout = yugi_Outputhn(hObjeét, eventdata, handles)

% varargout cell array for returning output args (see VARARGOUT);
% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure

varargout{1l} = handles.output;

% — YUGI

% — Executes on button press in Cancel.

function Cancel_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton3 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)



% -— Executes on button press in Hide.
function Hide_Callback(hObject, eventdata, handles)
VFM('show', 0);

% — Executes on button press in Exit.

function Exit_Callback(hObject, eventdata, handles)

% hObject handle to Exit (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

quit force;

% -— Executes on button press in Preview.

function Preview_Callback(hOBject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
VFM('show', 1);

vim('preview',1);

% — Executes on button press in Go.

function Go_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton2 (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
%oclear;

%:close all;



%fid = fopen('C:\windows\Desktop\buffercard.txt', 'w');_

fid = fopen('C:\Documents and Settings\ACER\Desktop\yugi\buffercard.txt', 'w');

status = fclose(fid);

load Total w_for BAM_30_Classify E121105;

vfm('grab’,1); % receive image from webcam with "Video for MATLAB"

program

vim('preview',1);

ans_gray = rgh2gray(ans);

ans = rgb2hsv(ans);

ans_HSV =ans;

ans_gray_double = double(ans_gray);
buffer_dimension = size(ans_gray);
dimensionx = buffer_dimension(1,1);
dimensiony = buffer_dimension(1,2);
imshow(hsv2rgb(ans));

% find min max intensity of image

% convert matrix to double for enable calculate

buffer_min =ans_gray_double(1,1);

buffer_max = ans_gray_double(1,1);

% set minimum intensity of matrix

% set maximum intensity of matrix

for i=1:1:dimensionx % fine min/max intensity for create theshold

for j=1:1:dimensiony

if ans_gray(i,j) < buffer_min

buffer_min = ans_gray_double(i,j);

end

if ans_gray(i,j) > buffer_max

buffer_max = ans_gray_double(ij);

end



- end

end

% Enchancement image by Linear min/max scaling
b =-buffer_min;
a =255/(buffer_max - buffer_min);
for i=1:1:dimensionx
for j=1:1:dimensiony
ans_gray_double(i,j) = (ans_gray_double(i,j) + b)*a;
end

end

% Threshold image by mid-range
Threshold = (buffer_min + buffer max)/2; % create mid-range threshold value

ans_binary_double = zeros(dimensionx,dimensiony); % initial binary matrix

for i=1:1:dimensionx % threshold
for j=1:1:dimensiony
if ans_gray_double(i,j) < Threshold
ans_binary_double(i,j) = 0;
end
if ans_gray_double(i,j) >= Threshold
ans_binary_double(i,j) =1;
end
end

end

figure(1);



imshow(logical(uint8(ans_binary_double)));

o/

/70

% Segmentation card

% Counter card in scene

quantity_of_card_LR =0;

while j < dimensiony % if column over dimensiony,it is end of picture

% -fine Left black pixel
while ans_binary_double(i,j) =1 & i ~= dimensionx % lock repeat statement don't

over dimensionx rows

if i ~= dimensionx
i=i+1; % go to next row if found white pixel if a row not end
end
if i = dimensionx & j < dimensiony % if row = dimensionx(end row)
j=jt1; % next to column
i=1; % return to first row
end
end
if i ~= dimensionx & j ~= dimensiony % lock save position of card don't over

dimensionx rows and don't over dimensiony column
switch quantity _of card_LR
case 0
save_positionL0 = zeros(1,2); %initial buffer for keep position of Left cards 1
save_positionL0(1,1) =1; % save first left black pixel in row of card 1

save_positionL.0(1,2) = j; % save first left black pixel in column of card 1



case 1
save_positionL1 = zeros(i,2); %initial buffer for keep position of Left cards 2
save_positionL.1(1,1) = i; % save first left black pixel in row of card 2
save_positionL.1(1,2) = j; % save first left black pixel in column of card 2
otherwise

end

%-fine Right black pixel
i=1; % return to first row
if j < dimensiony
j=jt+t1; % next to column if column don't over dimensiony
7 end

while ans_binary_double(i,j) =1 & i ~= dimensionx % if found white pixel and not

end row do statement

while ans_binary_double(i,j) = 1 & i ~= dimensionx % if found white pixel and

not end row do go to next row

i=i+1;
end
if i ~= dimensionx & j ~= dimensiony % if row is not end, save i,j and
go to first row and go to next column
switch quantity_of card_LR
case 0
save_positionR0 = zeros(1,2);
save_positionR0(1,1) =i;
save_positionR0(1,2) = j;
case 1

save_positionR1 = zeros(1,2);




save_positionR1(1,1) =i;
save_positionR1(1,2) = j;
otherwise

end

end
if j < dimensiony % lock increse quantity of card don't over
dimensiony column
quantity_of_card LR = quantity_of_card LR+ 1; % increse 1 card if found first and
end black pixel
i=1; % go to first row and go to next column
if j < dimensiony
=i+
end
end

end

% Find Bottom black pixel of cards

counter = 0; % counter for count column to compare previous black pixel

quantity_of card_B =0;

while quantity of card B ~= quantity_of_card_LR
switch quantity_of card B
case 0
i = save_positionL.0(1,1); % move to left black pixel of card 1

j = save_positionL0(1,2);



casel

i =save_positionL1(1,1); % move to left black pixel of card 2

j = save_positionL1(1,2);

otherwise

end

while i ~= dimensionx % repeat statement = dimensionx (end row)
i=itl; % increse row for find bottom black pixel

counter = 0;

if ans_binary_double(i,j) == 0 v% save position row and column if found black

pixel

switch quantity_of_card B

case 0

save_positionB0 = zeros(1,2); - % initial buffer for keep Bottom black
pixel

save_positionB0(1,1) =1i;
save_positionB0(1,2) =j;

case 1
save_positionB1 = zeros(1,2);
save_positionB1(1,1) =1i;
save_positionB1(1,2) =j;

otherwise

end
end

if ans_binary_double(i,j) =1
while ans_binary_double(i,j) = 1 & j < dimensiony
white pixel and not end column

J=ith

% increse column if found



counter = counter+1; % increse counter fo threshold boundary of

card
end
if counter > 30 % 50 is threshold value for segment card , it must
vary when changing resolution
i = dimensionx;
else
switch quantity _of_card B
case 0
save_positionB0(1,1) = i;
save_positionB0(1,2) = j;
case 1
save_positionB1(1,1) =1i;
save_positionB1(1,2) = j;
otherwise
end
end
end
end
quantity_of card_B = quantity_of card_B +1;

end

% Find Tep black pixel of cards

counter = 0; % counter for count column to compare previous black pixel

quantity_of card_T = 0;

while quantity of card_T ~= quantity_of card LR

switch quantity_of card_T



case 0

save_positionT0 = zeros(1,2); % initial buffer for keep Top black pixel
i=save_positionL.0(1,1); % move to left black pixel of card 1
j = save_positionL0(1,2);
casel
save_positionT1 = zeros(1,2);
i =save_positionL.1(1,1); % move to left black pixel of card 2

j = save_pesitionL1(1,2);

otherwise

end

whilei~=1 % repeat statement = 1 (first row)
i=i1; % decrese row for find top black pixel

counter = 0;
if ans_binary_ double(i,j)==0 % save posi}ion row and column if found black
pixel
switch quantity_of card T
case 0
save_positionT0(1,1) =i;
save_positionT0(1,2) = j;
case 1
save_positionT1(1,1) =i;
save_positionT1(1,2) = j;
otherwise
end
end
if ans_binary_double(i,j)==1
while ans_binary_double(i,j) =1 & j < dimensiony % increse column if found

white pixel and not end column



j=j+13

counter = counter+l1; % increse counter to threshold boundary of

card
end
if counter > 30 % 50 is threshold value for segment card , it must

vary when changing resolution
i=1;
else
switch quantity of card_T
case 0
- save_positionT0(1,1) = i;
save_positionT0(1,2) = j;
case 1l
save_positionT1(1,1) =i;
save_positionT1(1,2) = j;
otherwise
end
end
end
end
quantity_of card_T = quantity of card_T +1;

end

% Segmentation card from group of card

quantity_of_card =0;
north0 = zeros(1,2);northl = zeros(1,2);
south0 = zeros(1,2);southl = zeros(1,2);

east0 = zeros(1,2);eastl = zeros(1,2);



west0 = zeros(1,2);westl = zeros(1,2);
northwest0 = zeros(1,2);northwe§t1 = zeros(1,2);
southwestl = zeros(1,2);

northeast0 = zeros(1,2);northeastl = zeros(1,2);
new_row( = 0;new_rowl = Q;new_row2 = 0;

new_column0 = O;new_columnl = 0;

% Add boundary picture

while quantity_of card ~= quantity_of _card_LR
switch quantity_of card
case 0
i =save_positionL.0(1,1); % move to left black pixel of card 1
j =save_positionL.0(1,2);
=L
west0(1,1) =i;

west0(1,2) = j;

i =save_positionR0(1,1); % move to Right black pixel of card 1
j =save_positionR0(1,2);

i=j+1;

east0(1,1) = i;

east0(1,2) = j;

i=save_positionT0(1,1); % move to Top black pixel of card 1
j = save_positionT0(1,2);

i=il1;

north0(1,1) = i;

north0(1,2) = j;

i = save_positionB0(1,1); % move to Bottom black pixel of card 1



j = save_positionB0(1,2);
i=itl;
south0(1,1) =i;
south0(1,2) = j;
case 1
i=save _positionLl(l,l); % move to left black pixel of card 2
j=save _positionLl(l,Z);
| Rl ¥
westl(1,1) =i;

westl1(1,2) = j;

i =save_positionR1(1,1); % move to Right black pixel of card 2
j =save_positionR1(1,2);

=it

eastl(1,1) =i

east1(1,2) = j;

i =save_positionT1(1,1); % move to Top black pixel of card 2
j = save_positionT1(1,2);
i=il;
north1(1,1) =i;
north1(1,2) =j;
i = save_positionB1(1,1); % move to Bottom black pixel of card 2
j = save_positionB1(1,2);
i=it1;
south1(1,1) =1i;
south1(1,2) = j;
otherwise

end



% copy any pixel
switch quantity_of_card
case 0
northwest0(1,1) = west0(1,1);
northwest0(1,2) = west0(1,2);
while northwest0(1,1) > north0(1,1)
northwest0(1,1) = northwest0(1,1) - 1;

end

southwest0(1,1) = west0(1,1);

southwest0(1,2) = west0(1,2);

while southwest0(1,1) < south0(1,1)
southwest0(1,1) = southwest0(1,1) + 1;

end

northeast0(1,1) = east0(1,1);

northeast0(1,2) = east0(1,2);

while northeast0(1,1) > north0(1,1)
northeast0(1,1) = northeast0(1,1) - 13

end

new_row0 = southwest0(1,1) - northwest0(1,1) +1; % create array to keep
segmented picture in binary and gray scale

new_column0 = northeast0(1,2) - northwest0(1,2) + 1;

segmented_card0_binary = zeros(new_row0,new_column0);

segmented_card0_gray = zeros(new_row0,new_column();

segmented_card0_hue = zeros(new_row0,new_column0);

segmented_card0_saturate = zeros(new_row0,new_column0);

segmented_card0_value = zeros(new_row0,new_column0);



for i = northwest0(1,1):1:southwest0(1,1)
i1 =i1+1;
j1=0;
for j = northwest0(1,2):1:northeast0(1,2)
jl=ji1+1;
segmented_card0_binary(il,j1) = ans_binary_double(i,j);
segmented_card( _gi'ay(il,jl) = ans_gray_double(i,j);
segmented _cardQ_hue(il,j1) = ans HSV(i,j,1);
segmented_card0_saturate(il,j1) = ans_ HSV(i,j,2);
segmented_card0_value(il,j1) = ans_HSV(i,j,3);
end
end
%  figure(2);

%  imshow(logical(uint8(segmented_card0_binary)));

case 1
northwest1(1,1) = west1(1,1);
northwest1(1,2) = west1(1,2);
while northwest1(1,1) > north1(1,1)
northwesti(1,1) = northwest1(1,1) - 1;

end

southwest1(1,1) = west1(1,1);
southwest1(1,2) = west1(1,2);
while southwest1(1,1) < south1(1,1)

southwest1(1,1) = southwest1(1,1) + 1;



end

northeast1(1,1) = east1(1,1);

northeast1(1,2) = east1(1,2);

while northeast1(1,1) > north1(1,1)
northeast1(1,1) = northeast1(1,1) - 1;

end

new_rowl = southwest1(1,1) - northwest1(1,1); % create array to keep
segmented picture in binary and gray scale

new_columnl = northeast1(1,2) - northwest1(1,2);

segmented_cardl_binary = zeros(new_rowl,new_columnl);

segmented_cardl_gray = zeros(new_rowl,new_columnl);

segmented_cardl_hue = zeros(new_rowl,new_columnl);

segmented_cardl_saturate = zeros(new_rowl,new_columnl);

segmented_cardl_value = zeros(new_rowl,new_columni);

for i = northwest1(1,1):1:southwest1(1,1)

il =il+1;

j1=0;

for j = northwest1(1,2):1:northeast1(1,2)
jl1=j1+1;
segmented_cardl_binary(il,j1) = ans_binary_double(i,j);
segmented_cardl_gray(il,j1) = ans_gray_double(i,j);
segmented_cardl_hue(il,j1) = ans_HSV(i,j,1);
segmented_cardl_saturate(il,j1) = ans_HSV(i,j,2);

segmented_cardl_value(il,j1) = ans_HSV(i,j,3);



end
end
% figure(3);

% imshow(logical(uint8(segmented_card1_binary)));

otherwise
end
quantity of card = quantity_of_card +1;

end

% Dicision status of card

quantity_of _card = 0;

buffer_status_card1 = 0; % Buffer_status is a buffer for keep status and sent it to Detect
lean part

buffer_status_card2 =0,

buffer_status_card3 =0;

buffer_status_card4 = 0;

buffer_status_cardS = 0;

while quantity of card ~= quantity_of card_LR
switch quantity_of card
case 0

% dicision status of card 1

buffer_status0 = size(segmented_card0_binary);

if buffer_status0(1,1) > buffer_status0(1,2)



fprintf(‘card 1 is attack \n'");

buffer_status_cardl =1;
else

fprintf('card 1 is defend \n");

buffer_status_cardl = 2;

end

o/
/0

case 1

% dicision status of card 2

buffer_statusl = size(segmented_cardl_binary);
if buffer_status1(1,1) > buffer_status1(1,2)
fprintf(‘card 2 is attack \n");
buffer_status_card2 =1;
else
fp;'intf('card 2 is defend \n');
buffer_status card2 = 2;

end

o/

otherwise
end
quantity_of_card = quantity_of card +1;

end

% Color Classification by copy color from HUE

quantity of card =0;



while quantity_of_card ~= quantity_of card_LR
switch quantity_of card

case 0

up1 = zeros(5,6);

downl = zeros(5,6);

| if buffer_status_cardl =1
for j =16:1:21
for i=69:1:73
up1(i-68,j-15) = segmented_card0_hue(i,j);
end

end

for j=16:1:21
for i=183:1:187
down1(i-182,j-15) = segmented_card0_hue(i,j);
end
end

else

up1 = zeros(6,5);

downl = zeros(6,5);

for j = 69:1:63
for i=162:1:167
up1(i-161,j-68) = segmented_card0_hue(i,j);
end

end -



for j =183:1:187
for i=162:1:167

down1(i-161,j-182) = segmented_card0_hue(i,j);

end
end
end
upl = round(sum(sum(up1))); % keep summation of hue top pixel

down1 = round(sum(sum(downl))); % keep summation of hue bettom pixel

if (up1 == 20 | upl == 19 | upl = 18) &( downl =19 | downl = 18) % blue
condition

w_hue_1=w_hue_blue; fprintf(‘blue ");

end

if (upl ==22 | upl == 21) &( downl == 22 | downl ==21) % blue condition
w_hue_1 =w_hue_purple;fprintf('purple ');

end

if (upl =1 | upl ==2) &(downl =1 |downl ==2) % blue condition
w_hue_1 =w_hue_brown; fprintf('brown ");

end

if (upl == 4 | upl1 == 3) &(downl =4 |downl =3) % blue condition
w_hue_1=w_hue_yellow; fprintf('yellow ');

end

case 1
up2 = zeros(5,6);

down2 = zeros(5,6);



if buffer_status_card2==1
for j =16:1:21
for i=69:1:73
up2(i-68,j-15) = segmented_card1_hue(i,);
end

end

for j=16:1:21
for i=183:1:187
down2(i-182,j-15) = segmented_cardl_hue(i,j);
end
end
else
up? = zeros(6,5);

down2 = zeros(6,5);

for j = 69:1:73
for i=162:1:167
up2(i-161,j-68) = segmented_cardl_hue(i,j);
end

end

for j =183:1:187
for i=162:1:167
down2(i-161,j-182) = segmented_cardl_hue(i,});
end
end

end



up2 = round(sum(sum(up2))); % keep summation of hue top pixel

down2 = round(sum(sum(down2))); % keep summation of hue bottom pixel

if (up2 = 26 | up2 ==19 | up2 =18) &( down2 ==20 | down2 == 19 | down2 = 18)
% blue conditién
w_hﬁe_z = w_hue_blue; fprintf('blue ");
end
if (up2 == 22 | up2 == 21) &( down2 == 22 | down2 ==21) % blue condition
w_hue_2 =w_hue_purple;fprintf('purple ");
end
if (up2 ==1 |up2 ==2) &(down2 =1 | down2 =2 | down2 = 3) % blue
condition
w_hue_2 =w_hue_brown; fprintf("brown *);
end
if (up2 ==4 | up2 == 3) &(down2 =4 | down2 ==3) % blue condition
w_hue_2 =w_hue_yellow; fprintf("yellow ");

end

otherwise
end
quantity_of_card = quantity_of_card + 1;

end

%



% Scaling a card to standard size

quantity_of_card =0;

while quantity_of_card ~= quantity of_card LR % lock repeat statement not over
quantity_of card
switch quantity_of_card
case 0
if buffer_status_cardl‘ =1 % 220 165

segmented_card0_hue = imresize(segmented_card0_hue,[220 165],‘bilihear');
% segmented_card0_hue = histeq(uint8segmented_card0_hue);
figure(17);

imshow(double(segmented_card0_hue));

segmented_card0_binary = im2bw(histeq(uint8(segmented_card0_gray)),0.66);
segmented_card0_binary = imresize(segmented _card0_binary,[220 165],'nearest’);
segmented_card0_binary = double(segmented_card0_binary);

figure(18);

imshow(logical(segmented_card0_binary));

else
segmented_card0_hue = imresize(segmented_card0_hue,[165 220],'bilinear");
% segmented_card0_hue = histeq(uint8segmented_card0_hue);
figure(17);

imshow(double(segmented_card0_hue));

segmented_card0_binary = im2bw(histeq(uint8(segmented_card0_gray)),0.66);
segmented_card0_binary = imresize(segmented_card0_binary,[165 220],'nearest');

segmented_card0_binary = double(segmented_card(_binary);



figure(18);

imshow(logical(segmented_card0_binary));
end

case 1l
if buffer_status_card2 —1
segmented_cardl_hue = imresize(segmented_cardl_hue,[220 165],'bilinear");
% ségmented_cardl_hue = histeq(uint8segmented_cardl_hue);
figure(19);

imshow(double(segmented_cardl_hue));

segmented_cardl_binary = im2bw(histeq(uint8(segmented_cardl_gray)),0.66);
segmented_cardl_binary = imresize(segmented_card1_binary,[220 165],'nearest");
segmented_cardl_binary = double(segmented_card1_binary); |

figure(20);

imshow(logical(segmented_cardl_binary));

else
segmented_cardl_hue = imresize(segmented_cardl_hue,[165 220],'bilinear");
% segmented_cardl_hue = histeq(uint8segmented_card1_hue);
figure(19);

imshow(double(segmented_cardl_hue));

segmented_cardl_binary = im2bw(histeq(uint8(segmented_card1_gray)),0.66);
segmented_cardl_binary = imresize(segmented_cardl_binary,[165 220],'nearest");
segmented_cardl_binary = double(segmented_card1_binary);

figure(20);

imshow(logical(segmented_cardl_binary));



end
otherwise
end
quantity_of_card = quantity_of_card +1;

end

% Crop picture and Threshold of each card
quantity_of card = 0;
while quantity_of_card ~= quantity_of_card LR % lock repeat statement not over
quantity_of_card
switch quantity_of_card
Tcase 0
if buffer_status_cardl ==1 % status is attack

segmented_card0_hue = imcrop(segmented_card0_hue,[26 49 112 108]); %Crop
the image for cut edge because the edge is noise for moment invariant

figure(32);

imshow(double(segmented_card0_hue));

segmented_card0_binary = imcrop(segmented_card0_binary,[26 49 112 108]);
figure(33);

imshow(logical(segmented_card0_binary));



% Threshold image by mid-range% find min max intensity of image

segmented_card0_huel = double(segmented_card0_hue);
buffer_min = segmented_card0_hue(1,1); % set minimum intensity of matrix
buffer_max = segmented_card0_huel(1,1); % set maximum intensity of matrix

dimension = size(segmented_card0_hue);

% thershold hue A
- for i=i:1:dimension(1,1) % fine min/max intensity for create theshold
for j=1:1:dimension(1,2)
if segmented_card0_hue(i,j) < buffer_min
buffer_min = segmented_card0_hue(i,j);
end
if segmented_card0_hue(i,j) > buffer_max
buffer_max = segmented_card0_hue(i,j);
end
end
end

%

Threshold = (buffer_min + buffer_max)/2; % create mid-range threshold value
for i=1:1:dimension(1,1) % threshold
for j=1:1:dimension(1,2)
if segmented_card0_hue(i,j) < 0.66
segmented_card0_huel(i,j) =-1;
end
if segmented_card0_hue(i,j) >= 0.66
segmented_card0_huel(i,j) =1;
end

end



end

for i=1:1:dimension(1,1) % translate binary to bipolar
for j=1:1:dimension(1,2)
if segmented_card0_binary(i,j) =—0
segmented_card0_binary(i,j) = -1;
end
end

end

figure(34);

imshow(logical(uint8(segmented_card0_huel)));

else % status is defend
segmented_carﬂO_hue = imcrop(segmented_card0_hue,[49 26 108 112]); %Crop
the image for cut edge because the edge is noise for moment invariant
figure(32);

imshow(double(segmented_card0_hue));

segmented_card0_binary = imcrop(segmented_card(0_binary,[49 26 108 112]);
figure(33);

imshow(logical(segmented_card0_binary));

% Threshold image by mid-range% find min max intensity of image

segmented_card0_huel = double(segmented_card0_hue);
buffer_min = segmented_card0_hue(1,1); % set minimum intensity of matrix

buffer_max = segmented_card0_huel(1,1); % set maximum intensity of matrix



dimension = size(segmented_card0_hue);

% thershold hue
for i=1:1:dimension(1,1) % fine min/max intensity for create theshold
for j=1:1:dimension(1,2)
if segmented_card0_hue(,j) < buffer_min
buffer_min = segmented_card0_hue(i,j);
end .
if segniented_cardo_hue(i,j) > buffer_max
buffer_max = segmented_card0_hue(i,j);
end
end

end

%

Threshold = (buffer_min + buffer_max)/2;
for i=1:1:dimension(1,1)
for j=1:1:dimension(1,2)
if segmented_card0_hue(i,j) < 0.66
segmented_card0_huel(i,j) =-1;
end
if segmented_card0_hue(i,j) >= 0.66
segmented_card0_huel(i,j) = 1;
end
end

end

for i=1:1:dimension(1,1) % translate binary to bipolar

for j=1:1:dimension(1,2)



if segmented_card0_binary(i,j) == 0
segmented_card0_binary(i,j) = -1;
end
end
end
figure(34);
imshow(logical(uint8(segmented_card0_huel)));

end

casel
if buffer_status_card2 =1 % status is attack
segmented_cardl_hue = imcrop(segmented_cardl_hue,[26 49 112 108]); %Crop
the image for cut edge because the edge is noise for moment invariant
figure(35); :

imshow(double(segmented_cardl_hue));

segmented_cardl_binary = imcrop(segmented_card1_binary,[26 49 112 108]);
figure(36);

imshow(logical(segmented_card1_binary));

% Threshold image by mid-range% find min max intensity of image

segmented_cardl_huel = double(segmented_cardl_hue);
buffer_min = segmented_cardl_hue(1,1); % set minimum intensity of matrix
buffer max = segmented_cardl_huel(1,1); % set maximum intensity of matrix

dimension = size(segmented_cardl_hue);



% thershold hue
for i=1:1:dimension(1,1) % fine min/max intensity for create theshold
for j=1:1:dimension(1,2)
if segmented_cardl_hue(i,j) < buffer_min
buffer_min = segmented_card1_hue(i,j);
end
if segmented_cardl_hue(i,j) > buffer_max
buffer_max = segmented_cardl_hue(i,j);
end
end
end

%

Threshold = (buffer_min + buffer_max)/2; % create mid-range threshold value
for i=1:1:dimension(1,1) % threshold
for j=1:1 :dimension(l,i)
if segmented_cardl_hue(i,j) < 0.66
segmented_cardl_huel(i,j) =-1;
end
if segmented_cardl_hue(i,j) >= 0.66
segmented_cardl_huel(i,j) =1;
end
end

end

for i=1:1:dimension(1,1) % translate binary to bipolar
for j=1:1:dimension(1,2)
if segmented_cardl_binary(i,j)=— 0
segmented_cardl_binary(i,j) =-1;

end



end

end

figure(37);

imshow(logical(uint8(segmented_cardl_huel)));

else % status is defend
segmentéd_cardi_hue = imcrop(segmented_cardl_hue,[49 26 108 112]); %Crop
“the image for cut edge because the edge is noise for moment invariant
‘ figure(35);

imshow(double(segmented_cardl_hue));
segmented_cardl_binary = imcrop(segmented_card1_binary,[49 26 108 112]);

figure(36);

imshow(logical(segmented cardl binary));

% Threshold image by mid-range% find min max intensity of imége—-——--—---—-—

segmented_cardl_huel = double(segmented_cardl_hue);
buffer_min = segmented_cardl_hue(1,1); = % set minimum intensity of matrix
buffer_max = segmented_cardl_huel(1,1); % set maximum intensity of matrix

dimension = size(segmented_cardl_hue);

% thershold hue
for i=1: 1:dimension(1,1) % fine min/max intensity for create theshold
for j=1:1:dimension(1,2)
if segmented_cardl_hue(i,j) < buffer_min

- buffer_min = segmented_card1l_hue(i,j);



end
if segmented_cardl_hue(i,j) > buffer_max
buffer_max = segmented_cardl_hue(i,j);
end
end

end

%
Threshold = (buffer_min + buffer max)/2; % create mid-range threshold value
for i=1:1:dimension(1,1) % threshold
for j=1:1:dimension(1,2)
if segmented_cardl_hue(ij) < 0.66
segmented_cardl_huel(i,j) =-1;
end
if segmented_cardl_hue(i,j) >= 0.66
segmented_cardl_huel(i,j) =1;
end
end

end

for i=1:1:dimension(1,1) % translate binary to bipolar
for j=1:1:dimension(1,2)
if segmented_card1_binary(i,j) = 0
segmented_cardl_binary(i,j) =-1;
end
end

end

figure(37);

imshow(logical(uint8(segmented_cardl_huel)));



end

otherwise
end
quantity of card = quantity of _card +1;

end

% BAM for hue
quantity_of_card = 0;

while quantity_of card ~= quantity_of card_LR % lock repeat statement not over
quantity_of card
switch quantity_of. card
case 0
if buffer_status_cardl ==1 % status is attack
x = segmented_card0_huel;
else % status is defend
x = fliplr(segmented_card0_huel');
end
x=x"; % unknow pattern
x = reshape(x,109*113,1);
xo0ld = x;
yold = ones(size(y1),1);
counter = 0;

terminate = 0;

while terminate ~=

4@



nety = (w_hue_1")*xo0ld;
check_size_y = ssize(nety);

for i=1:1:check_size y(1,1)

if nety(i,1) > 0
nety(i,1) =1;
end
if nety(i,1) <0
nety(i,1) =-1;
end
end

ynew = nety;

netx = w_hue_1*ynew;
check_size x =size(netx);
for i = 1:1:check_size x(1,1)
if netx(i,1) > 0
netx(i,1) =1;
end
if netx(i,1) <0
netx(i,1) =-1;
end
end

xnew = netx;

if xnew = xold
terminate =1;
else

xold = xnew;

% feedforword part

% signum function

%backword part

% signum function



yold = ynew;
end
counter = counter +1;

end

output_huel = 0;
if ynew(1,1) =1
output_huel = 16;
end »
if ynew(2,1)=—=1
output_huel = output_huel + 8;
end
if ynew(3,1) =1
output_huel = output_huel +4;
end
if ynew(4,1) =1
output_huel = output_huel +2;
end
if ynew(5,1) =1
output_huel = output_huel +1;
end
%  if ynew(6,1)=—=1
% output = output + 2;
% end
% ifynew(7,1)=—=1
Y% output = output +1;

% end

case 1



if buffer_status_cardl ==1 % status is attack
x = segmented_cardl_huel;

else % status is defend
x = fliplr(segmented_cardl_huel');

end

x=x"; % unknow pattern

x = reshape(x,109%113,1);

xold =x;

yold = ones(size(yl),l);

counter = 0;

terminate = 0;

while terminate ~=1
nety = (w_hue_2")*x0ld; % feedforword part
check_size y = size(nety);
for i = 1:1:check_size y(1,1) % signum function
if nety(i,1) > 0
nety(i,1) =1;
end
if nety(i,1) <0
nety(i,1) =-1;
end
end

ynew = nety;

netx =w_hue_2*ynew; %backword part
check_size_x = size(netx);

for i =1:1:check_size x(1,1) % signum function



if netx(i,1) >0
netx(i,1) =1;
end
if netx(i,1) <0
netx(i,1) =-1;
end
end

xnew = netx;

if xnew = xold
terminate = 1;

else |
xold = xnew;
yold = ynew;

end

counter = counter +1;

end

output_hue2 =0;
if ynew(1,1) =1
output_hue2 = 16;
end
if ynew(2,1) =1
output_hue2 = output_hue2 + 8;
end
if ynew(3,1) =1
output_hue2 = output_hue2 + 4;
end

if ynew(4,1) =1



output_hue2 = output_hue2 + 2;
end
if ynew(5,1) =1
output_hue2 = output_hue2 +1;
end
% if ynew(6,1)==1
% output = output + 2;
% end
% if ynew(7,1)==1
% output = output + 1;

% end

otherwise
end
quantity_of_card = quantity_of card +1;

end

% mapping when output don't stay in group of output vector—
quantity_of_card = 0;

calcel binary BAMI = 0;

calcel_binary BAM2 = 0;

output_binaryl = 0;

output_binary2 = 0;

while quantity_of card ~= quantity_of card_LR % lock repeat statement not over
quantity of_card
switch quantity_ef _card

case 0



% for purple
if (w_hue_1 = w_hue_purple)
if output_huel == 10
output_binaryl =3;
calcel_binary BAM1 =1,
end
if output_huel == 16
output_binaryl = 18;
calcel_binary BAM1=1;

end

end
% for brown
if (w_hue_1 = w_hue_brown)
if output_huel =9
output_binaryl =1;
¢alcel__binary_BAM1= 1;
end
if output_huel == 13 & output_binaryl =2
output_binaryl = 6;
calcel_binary BAM1 =1;
end
end
% for yellow
if (w_hue_1 =w_hue_yellow)
if output_huel ==6
output_binaryl =2;

calcel_binary BAM1 =1;



end

if output_huel =7
output_binaryl =5;
calcel binary BAM1=1;

end

end

case 1
% for purple
if (w_hue_2 == w_hue_purple)
if output_hue2 =10 |
output_binary2 = 3;
calcel_binary BAM1 =1;
end
if output_hue2 == 16
output_binary2 =18;
calcel_binary_BAM1 =1;

end

end
% for brown
if (w_hue_2 ==w_hue_brown)
if output_hue2 ==9
output_binary2 =1;
calcel_binary_ BAMI1=1;
end
if output_hue2 == 13 & output_binaryl ==2

output_binary2 = 6;



calcel_binary BAM1 =1;
end
end
% for yellow
if (w_hue 2 =—w_hue_yellow)
if output_hue2 == 6
output_binary2 =2;
calcel_binary_—BAMl = i;
end
if outpuf_hueZ ==17
output binary2 =5;
calcel_binary BAMI1 =1;
end

end

otherwise
end
quantity_of_card = quantity_of_card +1;

end

% END BAM

%

% BAM Dicision Tree BAM

% card 1

if ((output_huel == 11 & (w_hue_1 ~=w_hue_blue)) | output_huel == 15 | output_huel =
28 | output_huel =25 |...

(output_huel == 14 & (w_hue_1 ~=w_hue_blue)))& calcel_binary BAM1 ~=1



if w_hue_1==w_hue_purple
w_binary = w_binary_purple; % w consist 3 10 15 26 28
end
if w_hue_1=—=w_hue_yellow
w_binary = w_binary_yellow; % w consist 2 5
end
if w_hue 1 ==w_hue brown
w_binary = w_binary_brown; % w consist 25

end

% BAM for Binary

if buffer_status_cardl =1 % status is attack
x = segmented_card0_binary;

else % status is defend
x = fliplr(segmented_card0_binary');

end

x=x"; % unknow pattern
x = reshape(x,109%113,1);

xold = x;

yold = ones(size(y1),1);

counter = 0;

terminate = 0;

while terminate ~=1
nety = (w_binary")*xold; % feedforword part

check_size y = size(nety);



for i = 1:1:check_size_y(1,1)

if nety(i,1) > 0
nety(i,1) =1;
end
if nety(i,1) <0
nety(i,1) =-1;
end
end

ynew = nety;

netx = w_binary*ynew;
check_size x = size(netx);
for i = 1:1:check_size_x(1,1)
if netx(i,1) >0
netx(i,1) =1;
end
if netx(i,1) <0
netx(i,1) =-1;
end
end

Xnew = netx;

if xnew = xold
terminate = 1;
else
xo0ld = xnew;
yold = ynew;

end

% signum function

%backword part

% signum function



counter = counter + 1;

end

output_binaryl = 0;
if ynew(1,1) =1
output_binaryl = 16;
end
rif ynew(2,1) =1
output_binaryl = output_binaryl + 8;
end :
if ynew(3,1) =1
output_binaryl = output_binaryl + 4;
end
if ynew(4,1) =1
output_binaryl = output_binaryl +2;
end
if ynew(5,1) =1
output_binaryl = output_binaryl +1;
end
%  if ynew(6,1)=—=1
% output = output + 2;
% end
% if ynew(7,1) =1
% output = output + 1;

% end

end

end



% END BAM

% card 2
if ((output_hue2 == 11 & (w_hue_2 ~= w_hue_blue))| output_hue2 == 15 | output_hue2 =
28 | output_hue2 =25{... |

output_hue2 == 14 & (w_hue_2 ~= w_hue_blue)) & calcel_binary BAMI1 ~=1 &

output_huel ~=24

if w_hue_2 = w_hue_ purple
w_binary = w_binary_purple; % w consist 3 10 15 26 28
end
if w_hue 2 = w_hue_yellow
w_binary = w_binary_yellow; % w consist2 §
end
ifw_hue 2 ==w_hue_brown
w_binary = w_binary_brown; % w consist 2 5

end
% BAM for Binary

if buffer_status_cardl ==1 % status is attack
x = segmented_cardl_binary;

else % status is defend
x = fliplr(segmented_card1_binary');

end



x=x"; % unknow pattern
x = reshape(x,109*113,1);

xold = x;

yold = ones(size(y1),1);

counter = 0;

terminate = 0;

while terminate ~=1
nety = (w_binar&')*xold; % feedforword part
check_size_y = size(nety);
for i =1:1:check_size y(1,1) % signum function
if nety(i,1) > 0
nety(i,1) =1;
end
if nety(i,1) <0
nety(i,1) =-1;
end
end

ynew = nety;

netx = w_binary*ynew; %backword part
check_size_x = size(netx);
for i = 1:1:check_size_x(1,1) % signum function
if netx(i,1) > 0
netx(i,1) =1;
end
if netx(i,1) <0

- netx(i,1) =-1;



end
end

xnew = netx;

if xnew == xold
terminate =13

else
xo0ld = xnew;
yold = ynew;

end

counter = counter + 1;

end

if ynew(1,1) =1

output_binary2 = 16;
end
if ynew(2,1) =1

output_binary2 = output_binary2 + 8;
end
if ynew(3,1)==1

output_binary2 = output_binary2 +4;
end
if ynew(4,1)==1

output_binary2 = output_binary2 +2;
end
if ynew(5,1) =1

output_binary2 = output_binary2 + 1;

end -



%  if ynew(6,1) =1
% output = output + 2;
% end
% if ynew(7,1) =1
% output = output + 1;
% end

end

end
% END BAM

% mapping
quantity_of card = 0;
while quantity_of card ~= quantity_éf_card_LR % lock repeat statement not over
quahtity_of_card
switch quantity_of card

case 0

%for purple
if (w_hue_1 == w_hue_purple)
if output_binaryl =11
output_binaryl =3;
calcel_binary BAM1 =1;
end
if output_binaryl =13
output_binaryl = 21;
calcel_binary BAM1 =1;

end



end
%for yellow
if (w_hue_1 =w_hue_yellow)
if output_binaryl =15
output_binaryl =23;
calcel_binary BAM1 =1;
end

end

case 1
%for purple
if (w_hue_1 == w_hue_purple)
if output_binary2 ==11
output_binary2 = 3;
calcel_binary BAMI1 =1;
end
if output_binary2 =13
output_binary2 = 21;
calcel_binary BAMI1 =1;

end

end
%for yellow
if (w_hue_1=w_hue_yellow)
if output_binary2 =15
output_binary2 =23;
calcel_binary BAMI1 =1;

end



end

otherwise
end
quantity_of card = quantity_of card+1;

end

output_huel
output_hue2
output_binaryl

output_binary2

% Send all output to text file

quantity_of_card = 0;

while quantity_of card ~= quantity of card_LR % lock repeat statement not over
quantity_of card -
switch quantity of_card
case 0
fid = fopen('C:\Documents and Settings\A CER\Desktop\yugi\buffercard.txt', 'w');

%fid = fopen('C:\windows\Desktop\buffercard.txt', 'w');

fprintf(fid,' &card1=%d',output_huel);
fprintf(fid,'&card1_1=%d',output_binaryl);

fprintf(fid,' &status1=%d",buffer_status_cardl);



status = fclose(fid);
case 1

%fid = fopen("C:\windows\Desktop\buffercard.txt', 'w");

fid = fopen('C:\Documents and Settings\ACER\Desktop\yugi\buffercard.txt', 'w');
fprintf(fid,'&card1=%d',output_huel);
fprintf(ﬁd,'&cardl;lé%d',oﬁtput_binaryl);

fprintf(fid,'&status1=%d',buffer_status_cardl);

fprintf(fid,'&card2=%d",output_hue2);
fprintf(fid,'&card2_1=%d',output_binary2);

fprintf(fid,'&status2=%d',buffer_status_card2);

status = fclose(fid);
otherwise
end
quantity_of card = quantity_of_card +1;

end

quantity of card =0;

while quantity_of card ~= quantity_of card LR % lock repeat statement not over
quantity_of_card
switch quantity_of_card

case 0



if w_hue_1 = w_hue_blue
fprintf('blue *); »
end
if w_hue_1 =w_hue_purple
fprintf("purple ");
end
ifw_hue_1=—w_hue_brown
fprintf("brown ');
end
if w_hue_1 =w_hue_yellow
fprintf(‘yellow ');
end
output_huel
output_binaryl

case 1

if w_hue 2 ==w_hue_blue
fprintf("blue ");

end

if w_hue_2 = w_hue_purple
fprintf('purple ');

end

if w_hue 2 ==w_hue_brown
fprintf('brown ');

end

if w_hue_2 =— w_hue_yellow
fprintf(‘'yellow ');

end

output_hue2



output_binary2
otherwise
end
quantity_of_card = quantity_of_card + 1;
end

end
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