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Enhanced ART1 Algorithm for the Recognition of Student
Identification Cards of the Educational Matters
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Abstract

This paper proposes a method, which recognizes student’s identification card by using
image processing and recogrnition technology and can manage student information on  the
web. The presented scheme sets up an average brightness as a threshold, based on the
brightest pixel and the least bright one for the source image of the ID card. It is converting
to binary image, applies a horizontal histogram, and extracts student number through its
location. And, it removes the noise of the student number region by the mode smoothing
with 3 >3 mask. After removing noise from the student number region, each number is extracted using
vertical histogram and normalized. Using the enhanced ARTI algorithm recognized the extracted student
number region. In this study, we propose the enhanced ART1 algorithm different from the conventional
ARTI algorithm by the dynamical establishment of the vigilance parameter, which shows a tolerance
limit of unbalance between voluntary and stored patterns for clustering. The Experiment results showed
that the recognition rate of the proposed ARTI algorithm was improved nmuch more than that of the
conventional ARTI algorithm. So, we develop an educational matters administration system by using the
proposed recogrition method of the student’s identification card.

» Keyword @ Student's Identification Card, Mode Smoothing, ARTT, Vigilance Parameter

2005-10-5-4-3

AR

pa ]
s X200

A4 1 2005.08.30, AlAIE

2=
« gt gtn ASER Zus

2 1 2005.11.23

el ot 7

pvy
T

5

.
Z 3}

y,]_

Pus



332 ®E AFHERES RGEQ0005. 1L)

.M E
Hoo] o Pobl AgHT g A Ak
AZAQ BAG el BAE e Qddit £8
9 gk ARl DEnitel Adel glo) Fad o
g S e AFEE olgslel Adsks Hoplr)
ke FNEAR ALA FRolth Al el R

o,
f
ol
S
X
=
ox
e
A
2,
1o
:
e
vl
o
ox
R
i)
=
p

o
_)‘J_r‘
o
Ho

&3 g et 291 55 ek AR
o= A & o 7pA A wet AFEG o A
< Agste] Azlele otk

AT 78S ol&dte] BAFe] s
< FEsa EA™e] ART1 ZzelZs sl &
Wg QlAela dlojEMlo]Ad] AFste] 1 FglA A
ARE AT 4 Jde Az"s Akt B4 oFlg)
(image binarization) AdT G HokdlA &4 <l
A 94 BN S3 22 teksk $8elA wHE EAE
TEEE 9 E(segmentation) S H3 durFQd G4
o HA2Z AREERIC olxl PAE Al FAAE
S-3olM YA (threshold) 282 Az Aes Z2A3E

=z

Ab

93 Aotk tiFEe] o] WHe AR
71 ke FAETRS AMgetal B REE
A EAe] B zolrt & Ade HHe
271 93 slAETRAN ZAI (valley) S MH =
Fad dAIAE s 4 A AT B WY
7b AA AV B Bl oy 548 HolA| ¢
SlaETHE FATto e
[12] ¥ =Fode #He 9] g2 24sie] 4
- =

>
rob
o

o -

S
©,

o
ox EQ B 3w N
o O of o

H

By

o

)
Ko ol

s

op
= oo oh u
te @ w

e FAS FESkE Wt e saED
olg% M BA FF W e BAs FEsked i
olx] AR Aol FQ3 e4vl Ak WA Fdzt B4

o
2
o,
of
Lot
o
b
et
>
jaa
s
A
L
R
N
e,
o
i
ju:2
o
;

afdA A BAE Age]) 32 4 vl & =%
s olzlste

(<]
0] M) &wst el T APY Fe Bason 2
Sok @ F4 Flz & & nk AzAAgE o F A
Aol Qo BeAQ SR AT FoH5l AT

A& sy WHe ARTI(Adaptive Resonance Theory)-2

718l A4 el oate] AgAC R HElS BRSE VE
A=A Fze0]H

ART1 €uelse qlelo] 98 Frlel] g oln) g54
AHE A g A= AEs A8
(stability)®} 234 (plasticity) & 2He A9
F gaglgolrt. B AL H uk o] sled A
A P, A HLBHocal minima) EAI7F HEEHA]
etk ART1 guElse] A% 54 99 A e
glell HlmA Aaly] wlzol g8F Aaldl gapAolrhs).
Ju ARTI1S EAIES 98 dRa A% dEte] 3%
W AN S e AA W] Aol wEh Qg
o] ZeHET ARTI ZudZelx ZHA
paameten)© HEES F2HY sk
AqHz AgE AETte] Fers 2%

g} o] A Wk =9 A= sEs A )

Bl Aole] ofzke] Hjolrt glelm Al=E- il e (category)
2 FReich AE A wert Ao fE ey A
A Apldl @2 zfol7t et ¥E AHES AdE
HHe] FHAHE BERele] dAES A
b2 A7 9 94 ge Boko] ARTI dudss 3
ga7] Aelide A WeE ARHeR ARk Ik
Jda AR g fA8E EFS
de A WrE Addske 4lo] olgrh

B =FdAE ART1 duzlEe] 24l ¥M4E TAo=
ZAsRs AXE ARTI 2xelZg Akslo] ke 7
B2 4l Agdct adm QdAdE A EAES Hol
B #lo]xef] AFsla ) #AdA FAPRE B g
AZ AL o83 1 A AL FE] Al2EE

Ll

{

W (vigilance

o1 9lelel

o2



o\
O
>,

o

o
ol

=
X,

4 34 arae Aade A AE ARTI €182 33

= SILLA
y ; 3 A =

20 AREHBANE

2401 0H
199895137
589829 40132599 19
1. sl ool ol S st BX 55 (1 TR—
() ploiat
B ERAAE WE W] @ A8de] 4 94 o
sich. olflakel il el S slaEaHn shile)
7 ARE olgdle] sl Yelg FEITh FEW s g Al 2?-
golol dal A4 HLSE Yol Feg AAG Y W) SIS
7o B2 el 9olg BEs) pRE aelw 44 9 201 08 E
aﬂ% A8 F] 7 B g% =z= 4 A3 5 199895137 2
Badg Aga] Y AR FEen A du . ==

A ol 28 TfY

b

ok

O 1, S Y == oy

Fig. 1 Extraction process of student
A1) number region

i o s gersl A% yroz Pelsha ) U
=]

QA7 345] SIke ARLe) 40E oldale) ol
E 9y WS dew SAERe FUs) g0 Edeactelc
s gelol EE 9P 99 Yrug o ojdst v
8 SHE 990 Q% el AR 4 Bgos 9 g sl 5
~ETHE ASUT Y EeR AR 499 7

o) 54 Qe (13 D9 B 2ol 5 Fejow 7

A4 Auz olgslel sl go} F%

& sl golon FEHT 222 8 9 5 B
Fig. 2 Extraction step of student number region

22 Y BX £%

B eRdAE 22E shl gele] 428 AR 9
8] 33 hamE olg s ANs BI%E FARh A
S BP9 549 wadel BAEL 2% W o




334 ®E AFHERES RGEQ0005. 1L)

Bhls iz gAA7E ot mebd Huls s
= A&ste] W d9e] Feg AAstL 4 WE S
Easls A8sto] ﬂ‘ﬂ o 7 BAE FE3
A5 FEste e (0 33 2k

| olzla}% st el |
gasjol o 4oAA |
44 S AEIRE o8
A B4 25
v

29 M A4 st

| 3x3aus

T2 3 4 2X} =& T
Fig. 3 Extraction step of individual character

ro
o
£
ro
2z

Il. 7i4E ART1S 0|8

31 ART1 g12[&
ARTI S5 B2 7|0 S553ld Ho] A= g
of els) AYAA FEE Az AL Aoz A
A4 do] e ABA 9= Wz EIeC Ew ;q
HalA dAHE A2 GEE o]ste] ofn] wie W&
@Xlﬂlﬂ Az 24 7PEH"’ 2l 5—]“\3 Ho}o% *H_E’n

HX]L /ig Hbq?fh:}.
Eliﬁ X%

et il 1l i%& o)
el A2 Hz

O

=0

i = =
digee AB A~ M A~
Control - e
. [Dipole Field|
' STM Fz ‘k\
STM Rest
l'—j TLTM \,ﬂw
STM Fi + @A
Gﬂln
Control
+
|
Input Patten

J2 4. ARTI ok 7=
Fig. 4 ART1 leamning structure

Bx

flo —1> By oh goh

(a" 4)elre} 7ol o5 Aol(gain contro)E =7
o=x Flo] 3 JeEsigly a1k Zdsiels +
o] WEES A (matching) M7= 2S 38
FEE 3Th & OE oS Ao} M RE ST
siele] BA8E EoF Floz REjQ] Az 2 4kedt
g== gtk He AMBAIAH(orienting  subsystem)
Yy Zjdisige] BdAyr FEs F o F29 A
B3 E F2o oE Aws)
AgA oz oAgtt. &, ARTI
A= Alhypothesis  testing

m&

o

(reset) ATE Hujo] #Hdj
A w74 e Aol
9] Azl FRE 714

cycle)E  F9|(attentional) A EA 283 A-8-(orienting)
MBA2E 2] JaaE-S o] AEsisi
ART1 <£3eZdld A1 W<(vigilance parameter)

°l°l sHels} A9 sjRlte] 2R (mismatch) 318
o ZAl w7t An |lE SEst A e
ARl 1 Qrﬂ l Zout lolwe AfZs 7hel el (category) =
R ok W= A wg Aow e st A
}ofEl Alololl @& Aol7t siHet: slgslne g o
dEFses FRI JHER AA 9F QA

2 okl Agaly) Helixe ARHeE A wsE A
Aallok AeHTL 2l Mz BE HARE 548 2 A
5ol @ Btde A ues dgsks slo] ofgt
mbA ARTIS] EAIEE 919 €
TR fAM AT s A

S8



4 87 $aue

AESER Y

o\
o,
>
o
o
ek
=y
2
e
>
=
;%
=
ne
k1
)
[N

32 Jj4E ARTI %T2lBof
£ ERINE A § B AR ol8del 44
=z

o W2 A WeE FAom 2gskt M ARTIZ
Aalel #23 shs) £4 e At
WA s AAE AuAel 912 3 gel by 2
AU QN Eh A4 e HRE 2E QWARA, 9
i [ max (0, umx 219 B9S2, 2
F A S99 4BL JehiE QAL A
1

7 it

AQ “max” AR Y HL ANA Foll kg HEAY A
aAtola, 3 ARl Fol= conorme Felet BAsH]
ol 2 S (generating function)o] Wt T3] 2
3 akAe] Aelr) shselth B3 o5 F A4 ddbAlel
= era}u]E1~ 7}74 7] wel Y] Huixek 1 Ale
ZA% £ J5 d(family)e] A4t

1}7} 7239]51 ]E LDP ﬁ"]"] ?& 4 e A8

_|_4_.

£

)
o
A

far L
o
>
By
E%
=
o%

[o}

F A% At
4 @29 2 peE (0, 0) gl Wb gz 2439101

1

y=Mnll, ( X°+..+ X)) ?]

B =RAE YagerE] ¥ A 3} @i— A= o]_g_a_

o ART1e] ZA W p)= 4 (3} o] =4I

p(t+D)=AC 1LV p(0)%+ p(t—=1)7 )@

NE2 2
Hef KA

v
24z} A
N-1
= W (0x,

v

&R L= ZY
W, = max ;[u;]

A

v Yes
- No T
BT T st
=7k ?
Yes NES S
¢ Ay
No
o Iz =8
t. *(t)x
Wy (t+1) = :
0.5+ Z tw(t)x

v

2 i

nh§_

p(t+1D)=Mn(1V p (D *+p (-1 9

#

l Yes
ST
No
‘ =g ‘

v
v
2

3
i

T8 5 JhMEl ARTY HIESIRS] S 3 oY eRiE
Fig. 5 Learning and recognition anor ithm of the
enhanced ART1 network



336 ®E AFHERES RGEQ0005. 1L)

V. 7H 9 An 2

41 ¢ EAo|Ae] ASPS DB H&

ASP(Active Server Page)T 9 AH uelMnt 23
i DBst A A% & sl ARE ML e

W CGI, Active X, Control, ISAPI 72 =271
ol 43kA g ASPIEe.E DB 9% @ 4 o1l

B ERAME f MHE PWS(Personal Web Server)
Zeads XS AcessE ol43sle] DBE 753 §
ODBC(Open Database Comnectivity)E  AA3dle] 344y
9] ARZ A

B ERdx 9 e ASPY DB d%o® (0¥ 6)3)
o] wHHC

o

i

Client Client

T2 6 @ gZolMe| ASPel DB ois
Fig. 6 ASP and DB lirk on the Web

411 Co[EolA MA

HlolEfHo] A= Microsoft AccessE o]-&-ale] A
olE-g AT dHlolEHlo] Al AF|Hl TrE <L 1>F
21 IDYEE Primary keyE Aolste] 9 3bgel 74
I 4 uE itk S Gl Qe e HolE

E 1. HioEH[o|A A7|o} 2=
Table. 1 Schema structure of datebase

g= Et & 7| % o 9
I D X & Primary Key &
Narre BAE - o &
Hakga EIAE - s 3}
Gioup BAE - b Ely
Check HAE - EMAR
Data S - EaR

412 F oMol S He 22|

4 #70M e HRE Bty Hal A, 49,
74 2 2 Iles FRIT 94 FAoAe] S AR
Y HEs (0" 73 2k B =RdMe ASPE o]
§5to] ODBCe dZA=o] 3= dHoleHlo]l~ AHE ¢
A @ BAM FAE] EA oRE Blstn SS9
RS Ak $AdMe] FAT A =S (2
2 87 #t.

T2 7. 4 sZoiMe St FE 22| P
Fig. 7 Administration diagram ¢f student informetion
on the Web



4 87 $aue

AESER Y

o\
o,
>
o
o
=
=
2

A¥ ARTI €x8s& 7

Defautt.asp
sl= =
MekEEt
Listasp write himl Search.himl
S==l sty 2 £
ﬁi_”Ejl c—’.”é”% “%—.H._‘l”,“mgﬂ ?:_IULH
Send | t No Yes
v
Search ok.asp
7 Za}
3 &2
T2 8 M7 22| Tex
Fig. 8 Administration diagram of attendance a rall
42 EME £& 9 oA
Are F QA Azgle] £F 2 A4 4 B
a17] flatel BM 8 7159 HEY el A Gt
Builder 5002 Td3lem, 60<40 A =7]e] &
AZ G 0As gz Asign Tgu 7)Ee
ARTI13 7j4=l AR 2 o EAld 7}

7 Agste] ZA W
sk 94 Tl

50742] A AlA

ﬂ*é H Fel2Ee

- Kl
M
1%
QL
hata
vl

199885137
200027002

02l 9 F&EE s ol Znt
Fig. 9 Result of extracted student number region

1.9 & 8 9 65 1 3 7 ‘

2 0 002 7 00 2 ‘

M=

J21 10 O =A== 2t
Fig. 10 Extraction result of individual character

507H«l wg% Pyl T S Gt A8 B FE
24 90, <L D] & 4 el A9
4+ B07he) g A} mE FESS 1ot

1

AU BBAE A B A5
50719 71 FA FolA %

438747} FEET

¥ 2 S gont i BA & e
Table. 2 Number of extracted for student number
regions and individual characters

= THH 2Rt

Sli{odo EE=oN

e ERr Z2sh L
==l 50/50 45450 438/450)

5 BBe 4G A BAT 22 H009) %
W EAES Aie sl S A4l Agag. F5

Bl B EAE AE
o] Agsto] A
9} 914 7]

9] ART13} 7j4® ART1 ¢
4o A4 e} A4E FH~H
FE <F Doz Jegdth

E 3 2 sie0 mz S2ias ¥ oM £
Table. 3 Cluster and recognition number according to
viglance parameter

ARTT TR TSl ART LTRIE
MuE oW | e oI T
Sepaell & | ) | SeiEld ¢ | el
05 2 318 47 449
06 &2 402 72 450
a7 104 414 &% 450
08 116 431 ¢S] 450
09 127 440 B 450

< 3olAg go] AE
we} ZelE g3 7
Gl 425E AABe] AsEE AL HAT S 9k 1
et 7idE ARTIOA= ZA wsee] 4l 2
Ee] AAd ¥

2] ARTIS 73741 W]

Al msA o

3Pl WgaA S



338 ®E AFHERES RGEQ0005. 1L)

ARTL Hut 7Idd se & & Sith 7iade ART1 €
Zx AANSE 052 Agsle] ZEAEe 7NE 3
TE A9 A weel wg Ade (ad 103 23 8
v =] i}*ﬂ% QA gwe (2 12)3} 2ok

— — | 2HE ART1Z] A
—i— 7| = ARTIZ| Z2H B+

-~

A
2 1. SHRl 2 g st oy
Fig. 11 Dynamical change o viglance parameter in the
learning process

R

CEEEEL]

B HAQ D) A

%43

v NEoe BRH2AZ

R =

Agme B

00027020
589820 40132625 14 B E
-' sergera 5Mz»oooz)ro;*c» FI-:

4 aolel 38 | Jiids EENEAE
B L
2000027020 4 3|4 A

T2 12, SIS ol Bt
Fig. 12 Quiput screen o recognition of student
identification card

43 3 &ZolMel elefuofA T3
B EAelMe Y Arel 27 Ao e (2E 13)
3 ol o] FEem A HlolEuloladl AgH

0 AuE 9 BN 49 2 % ges slgeh

(2% 1= R B39 g AR Pis P8e] Hadt
o lolElol o] AGE S, o)F, S} 2 Aol U
ANE 299 BYUL noEth (1Y BT HelEuolx

[o

HolBo] god FA(ID)S Primary KeyZhoz 474
B HlOlEilﬂ o]~ Hm=E ol Wg-S ¢ A
3 gEe vehidth (3F 162 S FE U8y &2
of5-g Q%E}t 3FE-E VeI

1 mﬁm

E 21 Al 288 - Micro: o
| IE 8530 =2V #AR0A £330 =E8WH

- - B : g ¥ - »
SR o S B g a% ARk % ﬁ

[FE@ &) htoi//172.2312.237 =l cos
|92 ey QIPEA AR 193 AN ES £138 A0E £122N2 LI00RSAE e1Z0E3 »

|

SHES Y4 el AlAY

OassSs e
(=R -
LELWE
T

HAlAt A2l 2t2E 21

s

@] Wi/ /1712, 2312237 waite il M esaR

213 g gEolA =7 (51
Fig. 13 First screen on the Web

nternet Explorer

Jiﬂl(B BIE 2AY #FANNQ@ =MD =2"H ‘ v

3 A 3|8 b it
HE HEE =l BRI =REJ
| F20) @1 hnp//172,2512.237/student_list, asp =] Fois
|22 e1emE EIPESAR EISIANSHE EF6AOE E)122M2 FIONREAE §1Z083 7
B
189726034 el
199819096 ez
189819105 sHae
199695129 bbb
199835137 Eulll)
<CHEHOIA > 1 page / 3pages
<EOPHA >
|
& [ eaa= 7

T2 14, 8 EROIMS B B 2phe
Fig. 14 List o student infarmation on the Web

2AE =D SREH ‘ 'S

- , § L= >
sz g uﬁs @ | g a5 igyl |
| F20) @) hop /172,23, 12237/ s arch sesult asp =] coE
/92 s1pHY SPEANT S1BIANSNES £13H NOE £1$2N2 E00REAE €Z0E3 »
|
Search List
id 04 199819096 (2)8 2T 2 142 CHOJE & HUSLCL
m——
193813038 adz Tt =R 02-04-10
CZmiom S0HID
< S0B7HI1 >
El
& R Z
2215 2 sHEoljAle] M Aot

Fig. 15 Search resutt on the Web



A 33 LAY AadY gAE AL d4% AlHE ARTI ¢xels 3
oRE ‘!E[EJ!?IL) FAEA (D ERRH - 1@3]E /g%]va“l—o% 5?{:' % ]}\“I Q‘}Kg%ﬁ_v—— 71511 }\Lxﬂ T%
o7 8 A 9 A &b m & i 2oy 3 5 Qs THIY T FAE ¢lAle] 28 Hof
;:‘ﬂé‘gn:ﬂ: .J;;i;;:;‘smzﬂmsn§ﬂ )28 NOE 2]2BNE 2)00IHEAR 2]Z0H3 ﬂhmmalJ PmE E %‘}‘\—1}5"_‘ 1E|o1] a%g}%\q—
=
¥ @7 HHEE g9t IWE e A8l 8
NS S ST
S AF QNG ol8F 2AR B 3 54 BY A2 )
oggRg EEL ]
- o o Aot}
o
L] 02-04-10
X (&8l @-04-10
B =) ooicio
Aol b @oori0
AtEHE! u 02-04-10
’SCI.‘}.N‘ H
aiga CREE Ii:ll-_Tl__E_ ;I_
T2 16 EEullMe] St &M Eol
Fig. 16 Student attendance confirmation on the Web
(] 2848, 3%, 244, 254, “HlEdd A ol
& A9 olzlgt W, g OA=ZA A6¥, 53,
pp.1-5, 2001
[ AR, R9E, BA 2% WS ol8F AND o
V.22 9 &5 o7 3| Azt 9 SEAREgRse =R 4104, 13,
pR.67-72, 2005.
[3] Jain, AKX Fundamentals of Digital Image
B =RoME 9 2 o4 758 g 9 9l Processing, Englewood Cliffs, New Jersey
Aol Agslel E 94 Adskm 9 BANA Prentice-Hell, 1989.
PRg BT S Qe P Adelsich. 94 sy 9 4 927F, 49, “Thresholding 018 AEA W

Btz 2

(=]

F2H W 999 AL
34%4 HEgs sdse] g2 AL
olgete] g EAE FEEIh
7L°l ARTIZ 2SS jidete] 285

PRSI N

)% ) AJNE ARTI Smelso] 27 asel 474
o weh ZelsEe) S WgsHl WesA @ )

e AL

e s Seskdn me e =
ogdte] S Q4 AxE Jhelsnh Teln Ak
Z A A2EE olgstel QA8 S By Holua

Fiey i

39 ol wlolzel] Agsla SHA(D) H=E Primary

(5]

(6]

(8]

]

IW F2d BF A7 ISP RAM N FA = d
A5H, 2%, ppl1345-1348, 1998.

A James
Algorithm,  Application
techniques, Addison-Wesley, 1991.
M Georipoulos,
Properties of Learning Related to
Diversity in  ART1” Neural Networks,
pp.751-757, 1991.

U2, AN IAE HA ART ZaElss o8%
ztgF WES Aol # AT SrdEn|v oty
=5A A3A, 5F, pp.d33-443, 2002.

K B Kim and K C. Kim “A Study on Face
Recognition usng New  Fuzzy ART,” Proceedings
of ITC-CSCC, Vol.2, pp.1057-1060, 1998.

M Miamoto, “Pictorial Representations of TFuzzy
Comnective, Part 1
and Averaging Operators,”
Systems, Vol.31, pp.217-242, 19%9.

and Freeman, Neuwral Networks

and  Programming

G L. Heleman and ] Huang,
Pattern
Val4,

Cases of trnomrs, t-conomns,

Fuzzy Sets and



340 ®E AFHERES RGEQ0005. 1L)

[10] R P Yager, “On a General Class of Fuzzy
Connectives,”  Fuzzy  Sets  Systems,  Vol4,
pp.235-242, 19%0.

[11] A&, AR, “ASPE o838 =A@ 744 Al~d
o A 2 ) Aduigin dREAATA, A2
A, pp. 121-131, 2000

20019 Rkl ddskl A

Zur

<FAEOR> Fuzzy Neural
Networks, Image
Processing

22

19999 Bkl HrAA
(o]31HAL)

196 ~197d FelEgdos
A AES AL

197A~EA] 2lefdetm
AR Fag

200513 ~3A] S E] w03
ZAo|A}

0068 ~A] gra| SR g4l8s
N3AE B AFHRAZH
B9 B\

<FAEOR> Fuzzy Neural
Networks, Image
Processing, Support
Vector Machines,
Computer Education



