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Abstract Although evaluation of writing disabilities identification and timely intervention are required,
clinicians adopt a manual scoring method and there is a possibility of error due to subjective evaluation.
In this study, the size ratio and position of letters are digitized and quantified through image processing
of offline handwritten characters. We tried to evaluate objectively and accurately the performance of
writing through comparison with existing methods. From November 12th to 16th, 2018, 20 adults without
neurological injury were selected. They used a pencil to follow the 10 words, 2 sentence stimuli after
keeping the usual habit, and we collected the writing test data. The results showed that the height of
the word was 1.2 times larger than the width and it tilted to the lower left. The spacing interval was 9mm
on average. In the Paired T test, a high correlation was showed between our system and existing methods
in the word and sentence 2. This demonstrated the possibility as a testing tool. This study evaluated
objectively and precisely writing performance of offline handwritten characters through image
processing and provided preliminary data for performance standards. In the future, it can be suggested
as a basic data on writing diagnosis of various ages.

Keywords : Digital Image Processing, Offline Handwriting, Hangeul Writing Evaluation System,
Handwriting Analysis, Handwriting Evaluation Criteria

2 =22 201749 TS o] 3 AILE ISR =RAAR ALA Q] shEATHet RIS SRS Ao R S ATAt
o] AgE ol P A7Y.(No.2017R1C1B15018118).

*Corresponding Author : OnSeok Lee(Soonchunhyang Univ).

email: leeos@sch.ac.kr

Received April 23, 2019 Revised May 30, 2019

Accepted July 5, 2019 Published July 31, 2019

158



SA27] BRE Hre] A A 24

1. M2
32 e} Bl o] 83 NAFOR Sow
2 ARG Ao A% 3L AT h8L o

o

ofsirL 227]9] 7H5/gd0] EojAl= EAI7E AR AR
A P2 34 gtk 2271 AT BE aHe
2 g=g SR s 20l Jr=E EYsH s
sfErh. 24 271e SHE 7S she Zler A
2], A, FEddol Zd HFolIt1]. SH 2704
24 FHIE A o AlAE ez A EY & sl
(o=} 227)), Ager Weer|= sha=3l7]), 344
o2 Y= Adri(Torr7)). Ao weh SAF B
o] AT WA tE & A SHRY] A= A
A £44L e 2RIt ARV A 22 2
A2 et Al #gol7] 2ol A7 A 5ol
7]2o] drt. FERt AL AT 4 ol sheEhe

o1 a

2xg i gAdo] BAP} drkd 22 W &
& gick. Weh 2H27)E 17 A2 AR AEel &

5 A% 9 Ugo] BYHOR o]Folx|k FHOE of
2450 Y BHolol £ FH27] 590] 7
ot webl 27k B o] el waly, £,

21710l vlsh vlad 2jA sttt X277t 7Rsst

=0 2=

S -

e FeE Ao A2 mshe Agsdol B
a3l FARIE 349 A2 4 e F

7] o] SRS B1 wet 2= g4l FH 27 g
9 27] GA el Az
oFE7] FHR7I= S AAFieh WISt o] o]

Atk 2A27] ZAE 2 tEAR Aoz 271307}
A=, 227] ol obg 1A @2 okt HlsH
= 1 24 271, 71871, Bl LAl s 24
Zt, &of 3 Aol FoAAY A= EAIE HEHd
TH3). ol Qudge] £55 & & AL 7H54go] Eo

N

= 235 24 =t 2718000 gt /iho] A4
o] o]FofX|A] Kol= B-F ohg EARET ozt AL
A A7 4 7HsAdol =rHAL

ofEo] INA7| g Fetetal AL AL BE
AAlof AT == 7] AsliAe B7PF asitt
»719] ¥ Wyl TR KISE-BAAT(Korea
Institute for Special Education-Basic Academic
Achievement Test, =HETTSY 7|2SHHAGAD) A
71 AA7E et KISE-BAATE 5ol 98 obs
9] &7] EAIE &3 shy A fdotes dTbIE
HjZsto] thEst 7Hy ofeS 913t 27| ShmE I

159

BIMFE HF5he AH6l SolA ARS=IITE KISE-BAAT
27] AMH7IE 18 @43 AFolA f-85H S8
QAR = AAL] Hrrt AldskA] ¢b7] wie] =5
o] NFA EXE BAs17|ole Agta ol
AR obs7] TERAOA F2 FRE= A
o|Z|qk 4Rl A5 B 58 Eoks IAlol7 |

E
=

5 9
St} HEAde R ) A|2/Q1A] &4 B w2 Y0l Al

hE 2= A SHAT] oEEE AeTsl e
A= AT £4o] gle AFREY SXE A 210
X F70o e £E 2A-o| ofgwol 111[9,10], 4l
BRI T 2HE 2L B THEYE YeRdc
T BRI,

9] A ERelA HR19 SHAXA7|E B7Fek= o
HAQl =4 E= A& HAR &7 AAH121Y 2R
7] otg1 AAPE Atk s HdE 715 HARE 4734
£ Y £715 2 4 IJES U] YA W
Al AEEATH13], & 79 &, &5 840 23S F
of I 3 AR SA517| wio] SIAA7| AR
A B AEE AFoted AES 2t

SAA7|E £ ofet 37, Wi, 744, JH
Y TSt 94F EFolal k. old AR 84
EAste 27| HErelo] 71E Aol AAI=A
1[14-16], FZ2ole AR 245 xS B7t 4ol 7
LR QATH16,171, 471 AHeE Igt oF 7Hs/go]
1ol Bl g Alzko] e ZAe)7] wiie] B7t 3
E-8s17| olEl Aot} TSt AWE & A
A gRlsta SAsto] Hglstr|oe AMeShe =
T2t B7IRo] whE S @ol who} &gt £40] of
Hrt

;:O
l_‘

(o]

i

T
N

o]
kel
[}

g
E

NErstazt sk SHEAr] ¥
AdF oz 270 digt GAA et =4 glolE &2 A3t
St ATl SHEAy] PR &4 Wyt 419 gt
227 ¥R 82 AR7E AR 24 T7], YA, X
Ato] ZHAE EAsto 2N FAF A1 S ATE S
‘O

it 30 f1E2 A% AH| A=E AAE Aol



AR &85 =5 4] 41208 A7E, 2019

2. A1UY

ZHojst A= 20t(23.45+1.50)

2.2 A

Aol AREE A= 10 Polet 2 EFo|R 25
Sl =o] WA AFefA A= et T dolR=2
3 718 A 140, B2 1070, = AR 229 6
7HA Z5-3[18] Fig. 12 Z3HATh A= 24 27)
B2 Z 10.12mm, ¥°] 1047mmE Z7[H&2
1.03mme|3Y, F3° W& &, &°] A7l K3 1
9.39mm, 10.99mm, +%& 2 10.71mm, 8.54mm, 73
3 10.92mm, 11.25mm, +3 4 9.82mm, 10.65mm,
9 5 9.6mm, 9.21mm, 36 9.9mm, 10.58mm %
o}, 32 TS 3 AT 229 671 2R3
< B5F ZFeinh. E3AFA dof 1 HojAr=
B 6.98mmeolaL, 7t o] 7k 7HAC] QlojA A HA
9] Het2 7.75mm °|YaL, F A FFo] Bt
6.2mm ©°]3itt.

AAE AE A AR IRECIA A 27 S8 F
Aetal, ABZ ARESH] A= mEt A& ZAI5HS
o} At REONA AANE AMESl= AL 7HsSHA
9t 7hseh A Agstoitt. HAF AZRE AT
A7y 2715 ANASE YRE A5 7RG o B 5
£ ot 1" HARE A7(Samsung M(2070)
< 5519 W= 300dpi, AR tif ZLE A
A=o] MATLAB(Matrix laboratory, MathWorks)el|
A et £ JEE ofct B4 T2 73S g8}
o] FAIA g2 23§30 "t 2R 271, 27
HlE, 9AE 35U, 27 AHAA Tof 2 Eoj2

7

Conso Consonant ant|
Vowel - Vowel 2
nant Vowel Vowel 1
Typel Type2 Type3
Consonant1 | Konsonan!
1
[ronsonand . vord
1 1 Vowel Vowel 1 \'Olwd 2
Consonant 2 Vowel 2 Consonant2
Typed Type 3 Typed
- |
2|} t
T L
Tope 1 Type2 Type3
| 1 |_
-t T +
=
] =
Type 4 Type Type§

Fig. 1. 6 different types of Han-gul combination
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Fig. 7. Start position expressed by angle of direction
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