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ABSTRACT

Handwriting Hangul Recognition for Improvement of

Evaluation System on NEIS

Kim, Yong—Hun
Advisor : Prof. Cho, Beom—-Joon Ph.D.
Department of Computer Engineering,

Graduate School of Chosun University

Two types of tests are widely used for multilateral assessment. One is the
regular test, which is usually held twice a semester; a midterm and a final. The
other is the occasional one, called Performance Test, which is meant to
complement the former one. Still, the regular one, which is usually multiple
choice type is the major criterion for the assessment of students' growth.
Evaluation process equipments such as OMR cards and OMR card readers have
made the evaluation process simple and speedy, and that is the reason why the

multiple choice type test is much preferred.

The objective test has brought about quite a few side—effects so far. The cell
phone cheating on CSAT(College Scholastic Aptitude Test) last year revealed the
vulnerability of the multiple choice type test. That scandal was the biggest social

event in 2004, and still remains to be a national headache. With the objective
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test items, students are asked to choose the one right answer, slowly and
unconsciously becoming narrow—minded. Choosing the most probable one out of
five sometimes means that they can be lucky to win the odds for the bet,
exhilarated by the accidental profit. The result itself has been laid before the
process. It is very hard to cover all the contents taught with the limited choice
items. Furthermore, asking only discrete knowledge, the objective test may be

blocking students' thinking process or paralyzing problem solving ability.

To solve the problems mentioned above, Neural Network, which was modeled
after the human brain, is now being used. Neural Network was believed to be a
promising substitute for Von Neumann's computing model. When it comes to the
Korean handwriting recognition, a neural network trained by Backpropagation

method is being used in many researches.

This research aims to develop the Korean handwriting recognition method with
the help of Backpropagation Neural Network Learning Method, apply the method
to the evaluation system, and improve the problems derived from the multiple

choice type test.

With the present OMR cards and OMR card readers, only multiple choice items
can be processed technically. Thus, a new type of OMR card that can process
the short answer test as well as the multiple choice test is suggested here. This
card can be used widely regardless of the personal information and the subject.
Also, it enables students to write both the subjective items and the objective
items on the same side so that the scoring process can be easily mechanized. On
the A4-sized answer card, objective answer part becomes more spacious, allowing
students to mark the answers with more ease. As for the short answers, up to
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26 syllables can be written into the answer cell.

With the new answer card, objective answers were scored by scanning the
written images, instead of using the OMR card readers. Objective answer part
was regularly divided into smaller parts according to the number of choices, the
number of the black pixels within each part was counted, and the part with the

most pixels was recognized as the student's answer.

When the short written answers were scored, every syllable was divided into
graphemes and strokes were extracted. Extracted strokes were presented
according to the probability of their appearance, and then trained with six Type
Recognition Neural Network. They were trained and recognized again with the
specific neural network. After trained by PE92, the certified DB, and recognized
by using the result of the subjective answers, the recognition ratio was 79.2%.

This ratio is higher than the ratio in previous research.

Most part of NEIS(National Education Information System) is adopting the
objective evaluation method. To apply the subjective evaluation method suggested
above, the evaluation process part of NEIS has been reconstructed here. With
the reconstructed system, teachers can search and correct the grades without
any help from the teacher in charge of evaluation process part. Subjective
answer part, which used to be marked only with the whole grades, was revised

so that teachers can input the marks into each item.

Experiments with the method suggested in this paper showed that the degree
of discrimination between students' achievement was improved and
learning—teaching method was also promoted. Above all, mechanization of the

scoring the subjective answers has brought much convenience to teachers.
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Figure 2-4. Structure of feedforward multi-layer neural

network

_14_



=

]

_z_o
T
Ny

ol
Nm

ol

H

_/
) _o
T

R

o

H
=

X

B
k)
_z_o
ol
il
of

o)
_z_o
T
Ny

—_
o

Njo

o}
X
N

—_
o

H

_z_o

o] 7]¥H o] FH&

SR

1. 28 a4

(Delta Rule)ol&t 274

=

e

ZAqYrte

o]-&3te] A=

=
=

=aL o] ¥

=t

ﬂ

o

=
=

o] Aol 7} ol ¢

1
X

2ot

] 9 d, 9B2F=

ERX

=9 Wy y,

oA AHHH x,

a4

"X al

[x x5

x:

[ylyZ'"yn]

y:

d,l

[dle"

a=

_15_



f(NET) f(NET)
i 1
12 Y NE,T
0
_/ NET
0 R
(a) B34 (b) &=24

a8 2-5, ARl 5

Figure 2-5. Sigmoid function

_16_



Wy Wy " Wiy
w=|Wa Wy '+ Wy (2-1)

wn’& wWZ-.-w

24 7d9 944 715 NETS 248 y= &7 2t}
NET=xw', y=ANET) (2-2)
o 71A, fINET)= 438} shgoln, dE st AMSE = 843 g4e =
Al 23 22 2A[3]S wHEs) ok 3o

1. gx 371 &=

2. A% A4
3. W% b5 W5

wepd Ge SgelE T2 AaR S $47F ALgH,

WA ALRCE F4E AAE A=1eW 4 (2-3)%

_ 1 _
SNED =T ol VTS (2-3)
olm =, f(NET)Y w2 4 (2-4)3} 2t}

' ___ exp(=NET) _

_ 1 . 1+exp(—NET)—1

1 +exp(—NET) 1+exp(—NET)
=ANED[1-ANED)]
=y1-)

_17_



a¥ 2-6. 05 =9 &

ofNe

A7

Figure 2—-6. Multiple output of single—layer neural network

_18_



ANET) =L—en(=NED) (2-5)

1+exp(—NET)
= 2 -1
1 +exp(—NET)
olmz, f(NET)e] W]Ee 4 (2-6)7 2},
_ 2exp(—NET)
f(NED= [14exp(=NED]* (2-6)
_ 1 [+exp(—NED]*~[1—exp(—NED)]”
2 [1+exp(=NED]*
1R menviil
2 1 +exp(=NET)
= ) 1-UA NEDY
N R
—_2(1 v9)
AW, 54 o5 Aed 3t 293 Fde AFLAE 4 (2-7)7 o] P
.
1 &,y .
E= 3(di~y) (2-7)

W7 stedof s,

il

o3 ES A28} e WPoR AAYE

M, = —AVE (2-8)

A7IAM, o= Fgoltt. EZ, 7 idA AT dEEe AT 5§ 4

(2-9)s} Zo] Ao},

_19_



(2-9)

o(NET )

oE

oE

Ut

0

(2-10)

7

oE

[x Wy +xwp++x,w,]

(2-11)

:aﬁy,x/

Y

A

s

Y,

(2-12)

°|H,

(2-13)

oF

= —(dz‘_y)

i

=3 2

=g

2 (2-12)

o] EE‘,

_20_



(d;—y)f(NET)

63/[

X
o

(di=y)y{1—y,)

6, =

,Z_O
T

o

(2-15)

Al
2

&t

S

st7] ¢

S

23

=

=

Aolmnz, o

[e)

=

B

S

ol

1

2ol
2. 4yt dE FEFHY

el

Ajm
or

17l A 71=7t DE

gswe o

Aut et

x,]
.z,

[ylyz“'ym]
— 21 —

[xlxz"
[ZIZZ”

X
<
y

A,

3} o]

kil

-
It

o

=

o}

=

7 ol

[e)

ER =

FH=Z o

Ea



[vy vy = vy,

U U cee U
= :21 2 ) (0-18)
UM Un,z cee Um
Wy Wy = Wy

w w cee w
w= ‘21 2 2p

wn/ﬂ wnlz cee wn/p_

Y% wde) /1E% NELS 29 2= g 2o

flo

NET ,=xv 7’ (2-19)
2= fINET.)

o 4y 71EH NETS A% 29 yvE thedt 2ok

H
o
e
)
ofNe

NET ,=xw " (2-20)
TS wd o 29T wd | e ABAE 0 WS oy = dE S

E9 2% WY A AR QRUE 5= Deb AEHeIMsh bR

6, =(di—y)f(NET)) (2-22)
(d;i—y)y{l—y,) ; T8 Aol =3

N _%(di_yi)(l_yzz‘) ; G ARl = g



oy
k1
g
NV
o
>
S
to,
to
_>"1_'4
>
fofs
@Oﬁ
rr
v}
alfe
i)
N
flo
i
o
filo
N
2
o
-
i
&
30
Y
flo

9% QAT 0 SAE Ao} AES wAs oo} gt
Ay =—a-0E (2-23)
(23

oF oE  ONET,)
du, ONET.) _ ou, (2-24)

= oF . J [x,0;+x50 - Fx,0,]

= _62;xk

VY7 eusne) dagwel MaF 4y, = 4 (2-20), (2-24)2 RE o

Aw]‘k:aﬁz;xk (2_25)

A7IM, 5= SHTE 2AlzelH, A (2-12)¢ mRVHA FHE Rdd

ATH.
s __OE 0%
Z dz; ONET,) (2-26)
_GE AANET )]
Ly ANET )
o
=— ‘f(Z\ETZ)

4 (2-7)2%H,

_23_



—
N~
<
o
—_—— —_——
2] ?A)
N\ ~
N =
_y N
d m
= =
S\ _
— 3 _ S
—_— =
s T
N RIAT
—
[ —_
~ N/‘Nj
e
IR

m

\)V.” \)VM \Mt
=~ >
5 54| g
=R 2
g~} &; S \zW
= B
| = )
= ~ /NI
s 3 W
AL _
| M@z [
l 2 NI
_

1

z

5 2y,

o
1=

(2-27)°l (2-26)5 W}t o

(2-28)

(2-29)

Zf

0z;

m

y Wi

) 2,6

=1

F(NET;

B
,_O

(2-30)

ijkz(]ﬁ z;xk

m

63}[_?/01‘]‘

l

k

)x

7

af (NET,

,Z_O

,Z_O
T

R

s



N
B

2

3. BP &

,Z_O

]

,Z_O

=
) _O
o]

o

oo

(2-31)
(2-32)

7 2ol ¥

o

=

o}
=

=

=

3t

Ul
Wiy

-x%]
-Zp]
Vol
Eil
Ulni
Uy
Wy,
Wy

-
It

HE y

[ g
(2,24
[ylyz“
3} 7ol

Un Uy
Vg Ugp ***
Vg Uy
wy Wy
Wy Wop =
Wy Wy

I

<
o

X
y
=

0= o

¢}

wimxp)= EZH

s

or

AN
=

b

]

I #o] ABAE

o
1=

Zafo o

o]
H

=

I

A}

SRS

3

_25_



NET .= xv 7" (2-33)

z2=fINET))

1 LA AT Ro|E S

B 1‘|‘€Xp(—Z\ETZ) ;O ] ] = A

| A= NET) gy 4 :

= AR = e

1+exp(—NET,) ° © lmel=gr
NET ,= 2w T (2-34)

z=fNET,)

1 A A LR = Bk

1+exp(—NET,) * * 1rEel=ET

1_eXp(_NETy) OFLA] Al T o] & Sk=

1‘|‘€Xp(—Z\ETy) , o1 ] ]—- =

2312 dot HE =9 yE Hluste (2-7)2d o) AFea EE FET

E=—%(d—y) ’ (2-35)

)

_26_



(2-37)
(2-38)

e

Il
=]

M

6yw
Il
k=]

1

m
=
=

l

/g AlALEL0]

L

&

=

6 ,=f(NET)
B A1)

)

[e]

16y%
(1—22)1221%@0;

m

l

2(1—2)
1

)

Ak,

VRS

1

<)

puy

7.

(2-39)

BP dxdEs ¢7] €A &5 tolojadiez yehd Aot

o]
N

H

_27_



28 X eus o g8 ke
X I 3 2 y 'y
f(NET,)
f'(NET
fNET) W (NET)
X
347

a¥ 2-7. BPEHFe E5Holojad

Figure 2-7. Block—diagram of back propagation algorithm

_28_



¢

e
T

7] 4EAR=

=

7}.

b= ZAolth. 1

o

w

)

A

]

4

minima)ol WA o o)A

w0
oj

ol
0

W

& Alzto]l 27

3
5)

sheFol v AHA =Hof

il

—_
o

WY o=

-0.5~+0.5

e 5

J]

o iAW Fo

Ajm
o

=

Ajm
o

2718} 3ol AHg

Moo goz

+0.5

shel A}

3 zo] WY

Al
2

171 el ok

B

3} A

%7138}

Al o] Ho“ﬁf_’.i

o

oo

(2-40)

0.7\/_n0fp

@B

old

” Uold ” s

I
pud

Ho}

HHe o=

_B~+B

L
L

_29_



{Local minima)

M (Global minima)
9

a9 2-8. 2219 I H HAA

Figure 2-8. Local minima of error

_30_



or

s+ & (learning rate) a

1o}

9
pal

2 & o o}

448 at ArtelA

)
pul

ww

-

&
&S

ANk dRkd o2 0.001 ~ 10 Ale]9] Fh& AME-

2

i

o

W
RK

el

q
,__A,ﬂ

o
ol
Xm

B!
To
Fu
o

3t

2 Hage 1

o

a-

Al of] A

™

Ajm
or

7}

13_]__

]

A

5

A Hazel e

Hoz &

=
<)

CEERG LS

L
L

W
—_
o
Gl

o
o
To
<A

T
oy

Fo}h. E. Baum¥} D. Hausslere] o] &oj ¢

p

°

5o of

©

8+<: 9 € (training pattern)& 4]

A

o
o
3

=)<
Biasy

L
L

S5t agtd 875

vl

A

(2-41)

19 ©lo]E]

_N_
1—a

P

seleke ol
g Ahol7k glvk

S

7 2o,

[e)

3, 593 s ol

o}

L

L

P

A

=
=

4 Holg

—_L
=

~o

o

o=

X
)

g
ol W27 o] Fo] T,

o

)A,O
i

Wl weEl S5l

B
22|

1

°
o

owt}l B
- 31 -

5

e 7

J]



T

A

A 37 FrrA 2" £

A 143 3719 A

o ooy

=

SHA
of

gro] 5He A

=
=

AA3, FR3 A

Aol A

s

g8

7}7}F

3

D

[e]
=

Bl

F71

J]

o Bge FL AN

2=
=]

o

A

AN

—_
o

i

Jo

)
—_
o
i
Gl
7A

oj

AN

ﬂmwo

Do

e
o

—_
o

171 <

A) 3

=2
=

o

B

SFA
of

Bt )5S

of

o

7

B

une)

&)

]

)

o

o

—_
o

oF

AAA FA vz 2 A’ B 2= Q)

L
T

5

o
@GS

Y

FHo 2 7tx #

.mo

1. Y nS

2 QF%a

A= W3}

Z

=°l= Aol

AN WA, FEHOE o}

ol
Ajm
o

ox

_32_



P
T

<}
=

A 71H

vl

s

kil

N
;o_l

AN

e
o

1

XE

SERREY

S

SHA

S

2

S

of oju] A

BN
—_

o
fveel

N
X

oj

ol whe 478

™

e
o

—

s

(ERREET R

[e]

]

AL

1 WETe] BHAN AAH BHo=
s

N

Ae ww, 3

-

s

SEDIEEE NI
_g]

%

1=
<l

Y

N

ald
Zhze] W3 uA OF &

[e]

]

L
R
AL

9719 43

B

re 747} o

H
=

+ ool

9
pal

4 i

]

)
JO

g%

ol

It

ﬂmwo

o A7

il

°

Aol 747

SEE

o A R
o3
=

J

<
=4

o A3
o] <olo}

=

=

=
=

o4l
3
E

&

S A
5]

A A

=
R

o

=
o=

of uwa} 7|71
7]

EERREPY

S

7hs)7) el Tt
o)

[e]

]

AL

3

D

o0

]

T
AR

o &3] =

A7) w2

2l

Jo =
o1-=

&

Ego] st

g]

22

Ajm
or

<H
il

_33_



4 7b=

=

43, §% o Folol e}
3}

o 9lelA ol

BIEES

A}
2l

ZAAA

L

7=

3

=

3ol Aol 1 Fee] Ao uel

SFA

shek A7)

il

0
pal

[e]

]

AL

L

g

7}

)
JO

To®woR oW T W o T T A H T AR oo %
y 3 )|
T % [T oo oy K M =
TR - B WO T - T w
%o ™ ) (L — T o Hr N o q_ﬂo W

~ T o] ;O Fe) Mﬂ, Jv_l
! ,UF X o i nh il AT —_ n X
WO o = mﬁ = G+ o 4 ° oW %
W% X %0 g & — <F W N TR
CRESICI M NE X wo= ) T T
o B = WW — ,UF o5 o ZT == o R rou ‘“IWI
=T fiTfaazt Ii: gy
BroHoo N = om oo B N W i HL <0 T o o
I N T N N r 0o
e E M_lﬂ 1__/| N_.o o M_m :.L 3 e ﬂ_ywu W MO N ﬂﬂ
5 X z0 | o} X o @ T N o) ) n
N — wmoe oo OB Mg T Y HoE
N o o Wy o w R N > = 3
2= X EZ M NG w2 ! 3 iy
X o T K o W< b = oy W =
o W T o= o g B T w N W go  OF
o~ ‘q —~ B 1_ ~~ ;lbr — faze) ~ I o]
G T A O T 5
o o = = No 2 y R
crpgetre T TEdET oL SR
2 adrer o3l T & owE oy
w0 i = = r
do o O M._m = er L = H o iy T m_t el M.uu - iy
PRI : S/ S TN S -
trrr o tiiiiczEifs Tzl
= ° % < B X BT — o
frii*lIEEEzETe: R Toc
v p_ma oy ) BORO T e A ) B ) B JoH
T g H v s e
L2 U 2R ca bt T enr g Zgo
2w 2 < = o W = 2 o Z T g ® %
<0 <) T =) 1:._ K3 —_ ) N —_— = <X Eo ﬂ
o) T o= - [ S A U do T N = o
FOE oo XY e 2 HP LR Lo % o ,
B mo A R o = W N o E] o
< ﬁ__ M o < B < X o RN n or MW %
W B ~ % U N w3 T O W T oy o o ™ ®
CEECH - ook GO 5 T

_34_



)

-

ﬂnﬂo

pa—

)
X

Ton
g
o]

HH
ojp

™, A71aAb= St

©

RL

=]

l= A g
A% T

°

&

R

A7) mAbe e mAE P

& Al

S

L

L

171
Aol A REAL

©

==
=

o A aLA}

e
Al €]

A5 2
=)
= AL

s
S

8%

2

aid

To-

0
NI
]
2=

i)

G

°
22|

of

—

)
NF

—~
o

AA 7+

=
=

SR BE

Ela

3 of

S

9

o

I

o

[}

Aol =

1

°
o

[e)

0

AN

A

Jo

s

T
puy

—_
o
X

aid

T
o)

ﬂo
)

or
JJ

of
ﬁo

0
puy
™

—~
o

i
B
gl

Bl
o]

bl

Al gAY

gH, =

=1
=

Fat, 71EF aAL

J]

of

=

d39 HE
dHHE

2

2
=]

T

9

=

(E\:_‘

SFA
of

o AZem, JHAwe 9
o) oz

g

o

o A7t

App

o)

—_—

0

.8
AN

~
o

_35_



s

©

el el
44

A=

N 8le 34714

=1

S

©

1,

©

o
=

A4

3L

[¢}

=

L

OJJ_E]L

=<

]

o

o}
=1

N & AL}

kil

S

ol

I % XA ,_lﬂ.ﬁ ,_lﬂ.ﬁ =
‘WM._ ,_wmAE ‘UF ‘N_| flﬂ ﬁ ﬁ O_E
oy o ™ ) o 9%
®»r Sy o, ® W ED
:ﬁ — U;A = ﬂAlL ) .Xw
—~ — —
IO I T
T Mu " X of
=0 —
CEIE TR - N B S
ﬂ_l ,_I/H ,Mv_ﬂ ﬂ.wo X \Dro ol ;lbr
ReowoZo oW o BT
==
D A N
]—’ . . I~ C ]—’
oo ¢ T B
T o® K o B oo
© g o T — %
B mo 25 e G S T
H_ﬂ_ X_l —_— 0 S < o
X 7T " i
oW e @B R om o |
< s I
S NN o X ule
B~ N = o <
= K B o a TN

ﬁ_l —_ 1_|1_ n =
T LI :

0 jo Et L._l 1rL
B X o pppes = N T MME
o W o® = T o iR
Fom s 4+ LR R

Iy o 0 ) - — "
ﬂwH 0 _ 0 Y lw X 1_,_.A = a

o] i) N Xl = Y
H o= 8 I o Rt w
o T I owoE % A
N B w - T R m_m

= X N 0 =

A o N B
o " N M T W
O ﬂu._l Ny ﬁl oo Ee =

_36_



Al 2 A Yo]A(NEIS)A &4

1. U}o] 2(NEIS)A) 28 8] 27}

E 3

A AulESH

g2d

5

2

= =
=

YAdst- 4 x5t

=R
A=

A%

oj

T34t NEIS(National Education Information System)+=

e

]

%

I NEIS=}

J]

(°]

ZFQ1'NEIS'

o

oHA47].

[CAR=S
=TT =

o] 'z

AN

)
W
ofF
Bl

‘.n_ﬁmo

PeAA AR

gadel

KR
L

&% 2

oz o

A ~E

fuy

o] &

7R A pelEr] W wAE

ol

WHE 35S

. @%gely g

17to2 Alegt

i

_37_



WEY AEYYYRAILE

(PASREE | [DoEA=S )

EIEESENEEED

‘ =g i&ﬂmlﬂmﬂ ‘K.ERB L R

Copyright{c) Ministry of Education & Human Resources Developrment &l rights Reserved,
* 2 HOIFIE Internet Explorer 5,501 & [P 1024-768 1A% DA M 253 S0 ISLIC

@ vmaanwn |00 awz " &pupnEngs

egov.go.kr

a9 3-1. NEIS A= %=7]|3}H

Figure 3—1. Initial screen of NEIS system

_38_




Bgto] FolFu,

Ho

i

2]
= A

bl
NEIS
3 Al

S

o

A 2§

L

L

Mol gHow A
3

e BAE

o 71 aALe] A7) 95 7ol o=

==
‘:li‘

L

o}
A=

[

Foll M 34 9= w2

9 HA]

3P A %
Al =gl [9]0] 7= ATt

N

2. NEIS A3 A3 A

7} A

]

o
BE

g

e

or

K

o

o
i
==

or

AN

o
oo

el

=

)

¥
Riu

o

i

o] 29 3-29 W&} 22 ]
o]

=
()
&+l

o,

o1}

I

A A

=

o, ©A W& 3
=

T

o 2

J]

sHA =

[¢)
o

AN G

I

A} A]

=A
-

=
=

=
=

-
It

A A=
1E_[’_

. £

al

&
&S

o

o]
00
aig

o

’

ANA FAA 7] 5L

A E

Fed ARl

J]

7ke] AApg el o

3

Y2

P

Ajm
or

o
el
T

=
=

b

b

JlFo g, 9]

=

=

15% o]

_39_

THG 70~75%, o

]

8

)

-

B

.



. 19 3-33% 2

s

WA

g Hj

ﬂv.o

aig

Njo
o)
00
g
—

o

K

e
o

)A
22|

To-

%

Y

- AEE = FaA Aok dA] o

Al ZAke] LA AR

A
b

)

X

or

AN

oo s

&

ted 30+

F71 13|

J]

ol &

=
=

o)1 94

g
U

ol

ar

s AA &

A

=]
R

I
pud

1ggog 43,

X
pas

N
A8

]
2=

AN

o] WA=

=
[}

A A}

=
=

22

T}

e
o

_40_



o 3 A" v & OMR 7t=

Sfatol X AHEshE 19 3-49) e U] OMR 7H=7F A4 5083 oly)
= Ael@ 4 ot ASE ASRT FRAN Neq FAS FAY A4S BE
e AHe] 22 du ok FuA AR AWAA ARAL AFE FE
3 A5l lQach 53 Ade BAIH A5E A= Fde] $71E

oA Be oAt AA RE SaolA Fuae 798

r
i

el H7 = 7

_41_



o B
El
KH
e =
™ m
S
ok
* il
L 0
ﬂ =r i}
Al
ke
| X
=)
= (u
ﬂu. o |t
Tl
wE - 0
..L._
ﬂT N m
= ar [®
ol p =
3.; = <0|Ho |5
1] R
o =
* T
LF Al
. i = |«
=
_F|E]
A -
r o | B =
ol =
o
™ W=
o =
W )
g
=} [} - =t -
[ N = Al LN R N o Dl e Lo Bl R g ) Bl e ) e g [ [l 5

T

22

i)

a9 3-2. oY £F

Figure 3—-2. Two contents table
—_ 42 —_



2005s8hA= 57| A
st ( Jabs A eH1)
=3 eHS
SAleId : o S A -
AR 2005 & g Al EXmAl : el
Al k] Sz} ful H MO

ODOOO EFaL

a9 3-3. A4 o

ot

N

Figure 3-3. Original test paper

_43_




Collection @ chosun

W™ W H A D W
,ggsgsa

E

D & GO D O G B T @ @
,ﬂv@eﬂvﬂueaaee
| @ @ @D @A I W W WD)
O W O D D! D O D O
ggggg.eggeg
‘egﬁueﬂugaeﬁv

,@8@@@@@@6@

_egﬁvggﬁvgagﬁu
@ W D ® DD D W D D
Qvgggggggggﬁv
| @ @ @ @i @ @ @ |
oo ®®® o

eegegegeeg

lab @ > @ @@ @ @ @ @
¥gﬂuﬁuﬁuﬁugggﬁvﬂv

3

eeeggggeee

OO EEEE®®® @

B Y B )

E;ggeggggggg
_ageegeegae
ap @ @D D @D A aD aAD WD,

j._eagaaaaeeg
_eeeegmv@@@@

'

jap ap > @G> GD!GD GD GD &> D)
|0 0 @ ®© D@ W ® W @
|ap ap ap ap aviep ap @> @ av|
|G a0 a0 GO aD!ED D AD AO D)
oo oo ® ® o
- & o = v .o ~ © o 2

& o a ¢ a

O S GO G G0 G> &

D & ad @D b ad G & aD )

oD S aO

G aD @D (=

GO G Gd D G0 GO GO ¢ GO G|

WS AT O=awul

=

a9 3-4. OMR 7}

Figure 3—-4. OMR card

- 44 -



2. A% A - =y

O.M.R(Optical Mark Reader)= <7t ¥t#ol= 7= £Xo] AR AFHE &
AACIA Y] QIR E HAEde ARZ FEEY A3 Aoy vtz = Fol ALE

ot} Wt AFHE FAAINE npge g stdels, v} ZEe
FAHZY FHLHAE vt Q-2 oA HY, WS Al F5E F
7b 171 el OMRAA o] FAdaxte vhgo] gle Aoz Q148 Hn.

BT BAFHE AN ST T SA4E 7HA 317] W2l OMR 7h=<]
FAE AT V=Tl HFEE ARl dd 22 I
7} A sttt

Eto]® v (Timing Mark)®t 7= stebi-ol gl HA wE ovlsiy ol& w}

goz Sl A 3 At aYBR o] FES tHIAY GAsE I
3 gho] Sol2th &utgwt & 7l=E5 OMR CARD#}F tal tif- F-aroA] Al
&3t g3t FeA P AHEstE AdRhe 3718 SHEETAE sttt 7t=E Tt 7] &
Z]d ZEQ COM1, COM2 & 171E AM&-3th,

_45_



(]

= L=

a9 3-5. OMR7I=E 89 7]

Figure 3-5. OMR card reader

_46_




— © ®& &

HEEH

I o co— ———
o i el I

OMR7 = s ==

%ﬁ#r"

#&2|

2%

9 3-6. OMREH 7] A=

Figure 3-6. Principle of OMR card reader

_47_




ot 23 A g

AAAZE A 4FELE U] AYE dH. HeVtEE ¢l7] A Jt= @

A AR Sx, AREA AY BAe A9e FeFE A A=e) Gasts
g gtk oA ML P, rhATIOE YHAYREL ol gate] A

A} AREAES} 2 2HEAYS It

_48_



NEIS AAA 7 A
Sequence of assesment

Table 3-1.

fuzel
ol
ﬁo
o
i

. OMR7}

)

=

=

(g &/ A7}
R s

Sk
P

fvzel
wl
ﬁo
o
b

@ OMR7Z}

&) e

1

°
o

7}
7F A/ A (

]

pyZ

7F A

A7HE 8171

Sk
.=

L AE/MAE 7= el

CAFTIE Y7
® A&

A

A2

)
N

0

o

)
)

422

2
AN QA4A B ¥

al

A

X

0
gl

Hr
_lln.ﬂ

_49_




A 3 A vFF3 Fr 4y

FUEe] SMSE olgshel AR HoR 2 o7} HUW FA 7S ol @ A
g 2, WA SFE FA GG A4 FalA ol WE HF
= SHEY WAL F28 Polsh A Al 7=y
AMFs BT, FEAR 30 4AF5FO5 )] olFA5S A 158 o

2 5o QAT Axe] 2w 2w 1SFE 4%747 AFHG. oW FEel o

uc)
lo
fu)
ox
o
A,
¥
iJ

FA7F 1009 oletal 78 B9 49 AR o' 4%l 1598 TS F e
seolth, @ 9] 49 A JheHE @ AL 1008E W UeA A4 3
< THoE AYHe EEo] 2

ER 1009 7hEl 15 SHAE 7ol FHA(AT)E 4%E BT 15FE
A Sy SR 89l 4 AH4.5F)7F 4%E HAl ol BF 25 H] Fo
Ae BFYF 2347 e

ole] e meslax 57 Aokd AwAe A5 IR SIS AU

749 OMRA=EA® 04 A& AFaua 7129 Ana A9

3-
B3 A& FHS Afe PRL AdsuA A Az @

=
Y
[
Ll

o
filo
i3

o
s

olg3te] FHY REL vhAstm o] FE RES BA A4 =
4=
]

_50_



f: atid w8 | we an DA | EHas | (@)
[ 2, e S OATOIERE Bl No jox S N G e
| M1 2345 i R e
1 5) @
E 2@D}o|ﬂ?211-16«l[\‘1
3 K
E-_ 3[931&2 2ol |@
5 K
6(() AR E N N EN Y
&
K
6 (03t ol [ma|m > 2
&
210 % | (48
&
A A g (92 Al
PRl 8
= 2 njpla 9@7,’%% = || 2
as=ulgl | s §
wen) ol 10@% M2 %2 ol | 4
pESERTIg lo0|(1) L)
fEnnnnn i |

g 3-7. = #2 HE OMRII=

Figure 3-7. Combination OMR card of objective & subjective

_51_




A 4 4 OMR 7l& A

71l At

i)

)
To
N
P
o
it
o)

s
'
oo
=
Hr
_1/-4

—

<

mr

X 712 71538t=

9]

0 Heg T

(I =N
AA

ohe 5 o]

Holl 7]

K

o
1l

lo] =%

il

wol AelA she

4 Al7ko]

Z
=8 g2 APl wwol o/FuA 9FE Wl

o
3%

o3
=

PEe 2

Qo] 7%= 3o,

B
=

L
L

3l , 7t=

i
N

3} A]

=
=

=

Lk 7}

=

foF ®ct. 7}

AFE-3

=
=

stot.

2

71 =7}

i
=

e g

e

]

I 213 3-8% #& ©¢

Ik

J]

A2

[e)
e

Fo He

A A

]
o

o PEo) wet

o A717F AAA

o=z 9t 7=

g4

AFEE o Z ) =X H LT WA

%
Aol AL&

884

3}
=

L.

RR= T P

el

1ke] A717b

i
o

mr

54y

L
L

11.6mmx11.6mme] AArAF oz Hu 262 714 7153 e 5 . 27]

1= 22 Z717F Y 8mmx8mmul &) gk=

J

Zlol] ARE

g

LEZ%

9

i

_52_



1L
=
0

i
ne
&

o
il

= H

!
i

o
[z
0x
2
[im
in
kJ
=
E
=

u

Joi g

o
R

e

No [0X]

H
i
>
0

ComR=MR o

=)
=2

=
&

=)

[Sloo[~N[oJals[w[nw] =

o | &0

o
S|

=3l

T

40 3 (4 )6 | (4 &)

¥ 3-8. Aol AHEE H@etA

Figure 3—-8. Answer sheet is used in research

_53_




A5 A AR AT A" AT

54y

ol

AR, HAE &

g

A NEIS Al=Fel M dAxeAH e WA

de A gt wi A

SHA
of

A e

AR g3

I
T

= (upload)?gt}.

] 4=

d dd 227l 98

SHA
of

b &97] e

A

o4
o

Ngahe

442 YA Al $H0] b

=

5

st

)
[€)

AR LS 871 27171 7t

g @A} of

X}
-1 A

§ olFol A3 oA

o ARl o3

sheb 2

e
o

vl
or
JJ

7] &9 =

3
5}

oAstd, HF JHALFGA}

To-

1elgdart E7=

CEE

A7 2l "3 E=

4

4%

al

e
o

=9

]
E

o
ol

RE A7} B

=
=

T wHFET wARSS FHAE FBAE TR EVIR ol SEE AR

=
o

59 23 3%

Hg Al A

3

A

e AL

o
b

=
o

= 20

A = A

ARA @m 548

=
=

RAFLAALEAN M 4F AA

ErF

_54_



nf
ot
El
>

NEISOI A d&Hxe] HAgdA SAS ks B AHo2 BeE wy

N
El
2
X

o] A soll o] FARAES Ho| gla gAY wAre}t HAAEE L
Zad 7% FA¢ #dd de I
olF g e A% A WAHE mAE HelM F& A AN, A A
E=7F dBAAY Aol e Ant FouA sjAHA = etk wd FFuAt
7t H9AE A2AEE 288 ne 3, FYuArt e A dHREE
d¥E oVt vk meEb AHAYE A BANA FHAR] AR A=
Fgste Zebd Fart o
-9 B AFdA NEIS Al2H"l9] 7% &3S 98 AeAds We

3
S wAF o7 AA"S AFAT Aot

_55_



2IG7I ME
HOIE =&

HOIE T Ma

- RS232C @

: siceinl
g&img\

HEH

s

(b) 7Hd& NEIS A8 Al=H FA4A%

a9 3-9. AHAY A&E AT

Figure 3—-9. Re—composition of evaluation system

_56_



o] 8}y FA,

YHE o %

\

[e;

S|
~

F Jdon o]y

\

O

A172 AR

=R
(histogram)e] t}.

1. 3| 2E1¥Y

N

ﬂmwo

—_
o

o

P
T

d&el B
ALe] = 7]} Bt

3

=L}
o,

=

olty. wetx 3

3L

el

=

T

T

u
R

4]

[

=

o

o =
TAZFO

=

=

%< (frequency)

o

o we} et

HA
i

o}

ol

o

st

©

A

Pz

4 Eo] ot 9

o A
o2

- 57 -

o A5E deiA, 2
ZDH( 1) = rowsx cols= 1A 242 7}

255



2. 3| 2EOH ] Fd3}
75 gato]l o8 71A #Ago = F9d(image noise)d PFo = 3ldo] vpmA
yepdo, olwf, s}AS /M) fE] s|2EaH ddstE AMESt. 94 U=

1
X

Lo

222 e §2Eade] #UsA HES w@se

i)
o
ks

=
go) BEE WPFE AL E@rh o WAL Wo| 2E olfE ZEFLE

f=21 ) (4-2)
ny
714 nis DA E WA Ao, g = WO Hulghol L, Hi)E %

_58_



3. A3}

=

A A AgHE 7EAQ @A welth o] AlMdste] 7R A Aldst
Qe 7|2H s =24 A (sequential processing) W HEZA A
(parallel processing) W oz F+E& 4 o

T2 g e @AY A Adrt AAY Aol dFS wow v
A AR JFS vA= R o] WHeAE o Rk o
7bs 3tk

HEA A e dAAY HE 27 AAY v AE] AR AE T
S WAY PAA] GE A2 FUHHR gt s ATIwE e MHrt dast
ok @Al #A sti(pixelel tigt HE AAE WA gt WAHOR, HA
el ok g Ao AErt BE Ed ghFol HF e A7 H o A= A7

rl

%2
rr

Mgt darg]Eo]= Stefanelli ®4], Rutovitz 4, Yokoi 4], Lu &Wang¥]
HaAdst dagE 5ol ey dwby o F Zhang Suen MAs dueElFS 7}

A

& @o] Ag3lth. Zhang Suen AlA3 dag]E&& 19840 Lo = Wi

rok
o

2 WE3d A (Parallel Processing) R stz 4 23 F<t AAs Aol o
—_ 59 —_

rok



]
o

o

MRARE AEEH0 QT T we

[
A
e
QE
i)

71

ke

(o3
b
flo
i)
(=
kS
=
%
X
v}

[o
i)
N

lo
BN
oY
filo

129 1A= A<l
sk Aok AR, A G, el tHaiA 2 F91¢ HAE9] connectivity7}
ola, =4, A I, ol A = FHo IJAE T A o] Hojx 2749
A 678 Akelell slejok sk, AlA, Holx= FHA (i, j+1), I(-1, j), I(, j-1)F2 st
= v A F 2650]0fok s, HlAl, Holx HA ((i-1, j), I(i+1, )), I(i, j-1)F 2]

v Wl E A F 2550]0fof gtk mix|gtow ZHo| Bt

fl

o
=)
<)
(=2
filo
2
X
ot
i)

2eAl M= Agddd A2 FA G ol HeiN v 22 21 S
oA A, A G ol tisi 2 F9e JAS9] connectivityZ} 10]aL,
=4, JA G, ol el 2 F919 JAES F AL FHAo] Holx 27 A 674
Atolell ofof sk, A, oz FJA |(i-1,j), 1(,j+1), I(i+1.)59 st wia g
A = 25650]0of sk, UlA, Holx A |(i,j+1), I(i+1,), I(i,i-1)F¢Y sth= wiA

24 2 p550]0j0k k. ppATe R o] wow WAL AATT

Rl

RS Al&Sto] o o) A2 Aol Fol A &S WA

_60_



- [

(a) dehe] == (b) A3}

a9 4-1. AAds A3

Figure 4-1. Result of thin process

_61_



] g
7_]'} ]‘7' Z\_]
>l —1

Y
T on T
- Ca S
= N
T To ~ ®° o
roE ) P oy
. gl T IS 100 N o i, n_u
N Yo wo ok Y N h K =
NP o~ il ? 0 s o
= @ BN L A W T~
ok o< T - o o x % o =T
o — <A oW B B H_. o T ™ T
o B o T Wog Cl = R g oy B
M 1_/r ‘.m_uL N m \Dro ‘HA_I ‘.muL O_E .A.._ fo \nw_A_,;A_l T Br To .E
X SSE SRS . Sl oz S
= i w W_M % AT o Gl =K ~ = m_w ) “1_”__1% = T
— ~ = N < o
zE 7 % = o T ® i wor w T i °
=l o Y ~ Wﬂ iy N X i I X Wy I
i q = o 95 o ro@ Wy B o ° i
fffaa qq
, o F W oA =B 2T s X i) )
R o 1° To 8O > ™~ < pooor 03 < ° 3 T X Mﬂ T
G o (a3 mW_ e . do o W m = M — do o o X
0w o)) N o= o W N o = <~ X o 3
i J.m 7o B oK oF o wp o X 3 o T % X o w_v N
g o= s m 2 m o B e W x T % g " o
;Aua 7Zioi G
W T T gl o oy L o 5 B i
KA e 5 b F — ¥ of T 5y w°
o L J)] = H @ N ma - E s = ol i} N s
R R ol o ~ n B _ 1dr| 0 b E o W = WH
mm?]mﬂomw imgbamév%ig ol
N o T i R P . B = e T = = O i T
W 180 X ~ O# ] L JﬂDH ﬂwH = NV 3 _.5 ﬂ_Dl 0 Eo O# _ Y
_ ol ™ . B B = X q T o U I s T
< F % iy g Ak o)) ;oM 9 ™ g < S e
) = . . < ~ ol ET T T i o 0
ol s B m W oy o o & iy gy o AF & X
B .o X w B2 e = v ®OR i P
Mﬂ ! N .HL =< o —_— 7_| :.L _,A.._ =< T~ 2 AI ._o‘u Lf
L aa;1401 © LT
% 5 B =~ = ° _— ° 1)) B oW K o . 1Z_|o G
< - 2 R o8 N = T _ = nm S 1@ T 0~
o o W W= ay B = T K A -
oy ~ x = W x W 8 A 2
N 0 K o) —
ik T W T 0 R WoE 2 " T
;OO ‘Ol g Jm_va 1vNO L_L — m 0_
5 B W LT E A
@ W F T B FHoo gy 8°
< T T o) s J]
N _— = o} Y
oj r Y
ZF g
= w0 P
<R ot

S| AE

- 62 -



Tem] axa B "{g‘e:i‘ A e - B =
g o i

aaaplagaAafiaaaniag

)ﬂ

2005940 Hiepsots oY YEEAE

JE TR B et L IR

v

OMR?IE &I 2| FIE 2171

(b) 34 A7 +=A

a9 42, dA A A2 U

Figure 4-2. Objectivity answer process

_63_



S-S NEIS Aol d2estedl B718 st WHolm, F A wEe 4HH
g st AFHANA ARRAT FYFd HA L vwstel AP F 7 P A
SUe 5] NEISHH] Jesstel ol gate Fuolth. AT £F &40l
AH 5 AL R WA PP A

Az Aol B ATAAE R WA YW G4 we IS CsvVIHoR

L

_,4
op
ok
)
<
El
2
2
H
o)
&3
2
of
223
filo

UEL NEISAW dR=ste]  AFeAT. Csvadel F2elgt, Comma
Separative Value®] ¢fAt=Z 7} o] grEo] Fwvlo] o3 EejH <= I of27]
H2E gRIEE AT, dZETY FES "E vk '(new line)o2 FEHT.
CSV 7Y oj" Ho|EZFH HoHE F53 s, #AF HolgHeolx FH
€ de "HolE 979 §& Z2ad HolHE 4A o|&& & Jon, 2zyc=
ANE Z2aA90 dd g zaaae CSV S & ¢lo 5Y 4 Uk

1;/:]1-

E4-19) FRASY B3 PR mSo A AE FH/MA, BE 4

SAHFE Ueldg. Jl=stmz =7 ‘007 AS BE gy Hgdn. &
3 FEA= “"(Comma)zZ ok =9 & ) “"(Comma)’t v A

“7“(Double Quotation)= AF&3sle] FEIT. BEF AP /3 fd2Ee 9dFE

F9l 3£ 0, ANDE 1, ORE 2, AHol 27} o3¢ A€ 3, m%7h Faolet

1>

ofy
11>i
O
i
_Vﬂ
ju)
+
7
$
Og)‘:,"
o,
N
N
Ll
o



M A
<t | s |s | = | =
o s | s &S
Fllou| o | oo w8
P | . | o | —
2N NIE[F
HIENEEEER RS
< | = | x| ¥ |-

| T | | @

O N | e | S| S
Qi—|ov| | =

= |m | = | =

=9

(a) OMR 7}

e |
v S
. T =
A
i ——=u
, . .
ArEN <k

29 Al

Figure 4-3. Proposed objective process

_65_



£ 4-1. 3" Y] CsvE4
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% 4-2. 4 He e CovEA

Table 4-2. CSV format of student answer file

Z= S S = 7]'5?1}}3 3 L= DL?—}
S G R R L e
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® 4-3. A M4 5L CsvE
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T = 8z} shd Hhzs FE | AETE
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Figure 4-5. Type classification of neural network
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E 4-4 249 B4 A4E

Table 4-4. Type recognition rate for character

A2 E(%) | 954 | 94.7 | 93.1 91.9 | 90.7 | 90.2

E 4-5. 229 F44 A4F

Table 4-5. Recognition rate for character type

A2E(%) | 883 | 86.6 | 84.2 | 73.8 | 72.7 | 70.1

£ 4-6. 7|F WUERS A4 F W

Table 4-6. Performance comparison to the previous works

I A's X's Akt WY
A2 E (%) 72.3 75.7 79.2
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