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Experimentation on The Recognition of Arithmetic Expressions

Lee, Young Kyo « Kim, Young Po

{Abstract)

The formula contains up between the text and the structural information, as well as their
mathematical symbols. Research on-line or off-line recognition formula is underway actively
used in various fields, and various forms of the equation are implemented recognition
system. Although many documents are included in the various formulas, it is not easy to
enter a formula into the computer. Recognition of the expression is divided into two
processes of symbol recognition and structural analysis. After analyzing the location
information of each character is specified to recognize the effective area after each symbol,
and to the structure analysis based on the proximity between the characters is recognized as
an independent single formula. Furthermore, analyzing the relationship between the front
and back each time a combination of the position relationship between each symbol, and
then to add the symbol which was able to easily update the structure of the entire formula.
In this paper, by using a scanner to scan the book formula was used to interpret the
meaning of the recognized symbol has a relative size and location information of the
expression symbol. An algorithm to remove the formulas for calculation of the number of
formula is present at the same time is proposed. Using the proposed algorithms to scan the
books in the formula in order to evaluate the performance verification as 100% separation
and showed the recognition rate equation.

Key Words :Image Processing, Patterns Matting, Mathematical Expression Recognition, Visual
Inspection, Location Information

I A= T gk A el W 5 Qe ke 24 9
AR5 A dske] Aol 47 EolH o
2AR14 )43 o] AUE EES ofe] A A R g QEEHe ofEeeHe
N0 Ty HFHEA U o £94 ¥ ORS 2 5% An otk BAINS 4§84
W, e, $4914, S e AR

- _
e e olmahs 4] Az} e w23 U] Slste] B3t

N =R 29

3



o o
o]
Nro@,ll.%ﬂ oqﬁo
‘mﬁo;oxa waro UI,I
o ® NI s
o = é@xé
ar N =K = W e A m
o ey m JuU.A_I @E
oToa o,ﬂl7ﬂﬂ M.;ﬂﬂ&l
3R T %@gmg
JIIJ' T
HE% ix%ﬂ mo_%%uazﬂ
zwu ﬂ%%ﬁ% %ﬂx%%ﬂﬁ }
oy E ﬂ,11ur§f .E%Tlaaﬂouoﬂm X
meﬂx ﬂ#iﬂ.ﬂaﬂrﬁ?i%ﬂtﬁﬂ orﬂoﬂz
g mﬂnic %mr_uvr,i]ﬂ@r} e s
e 5 m L%ALQO%X&VXP w ﬂeﬂrﬂ G
o) o ég}ﬂ ﬁﬂoio%mmq 5 08 o R %
oo X W&_Wofmhwﬁ@@;oﬂgﬂﬂowl mﬂm@fo_aﬁwwﬂ%@
AR o ﬂﬁoéwﬂ%.mﬂlﬂlM 2 éu;ukog e
EAUrm @ﬂu 1&6@ mmloo»ﬁuoyu @oTﬂplou_lN,awwrﬂ%A
Q#L:or ]LUﬂ_do RO IOamoﬂ T E @J@@Wﬂm _dn__oﬂrﬁu
d 75 » ul%ﬂnur 7wmz§§ ) ﬁg_v -
[ :l‘Ulllq HOMOﬁ\_LIl 1r~.uﬂ1&| ,U,I.mﬂ ‘dﬂ,mujl‘__/nﬂl
njofaﬁyaﬂwr.a 2 pﬂiéjgi 1?ﬂo11wx
5 ;&zﬁ@ﬂlﬂ E_.w%lmﬂ doﬂl&rme_r/onunovqaimLév
ﬂk?}?p&ﬂt@ﬁcahto HfﬁszTLdonmﬂ
- ) ;o‘_Ao,Ll,m eof‘UFC]yl A DAO O,U.l_lel
nli~a L o ~ 50 o TE s my i i o Np DS
E.x 50 W ° aloEmeaH%eaeﬁ?xﬁ%ﬂo%ﬂ]mﬁ
ur_f B ao_lgagaﬁro‘&ul?ucUrme,o mﬂﬂdl ﬁoﬂl77nf
ia " = ﬁo(ﬂuéqi o 1F1ro§1rug B
ob _Uﬁ]ma] o @7 caVMﬂi]ﬁJoofALedul
Lf.m A_IH,AIMUQAI A‘Dlobﬁrﬂonﬂoﬁﬁatmﬂyﬂﬂlqta]@v
i.m 037&1@ G CQ@M&%ﬂﬂafﬂolrﬂﬂmﬂ%ufaev
SRS it T N w® p %o ke o = = =3 B &3 m- o
SR u_ﬁ_a,o:l i 7 oﬂﬂ%mﬂmﬂ7omné 7 o
< boo T N { =T ﬂl@L ro N X0 o) ® m M
@@drg T B ] T?ELu 7womo1ﬂr@o§%%ﬂl
ﬂL&1mLmﬂ F me?ﬁr.og g 5° < ﬂoéfrﬂ
OMLuLuE] <R Ll%M?E] Bo :TOfL] B
L o ,AOJI Mﬂ;o‘_ T o R < e o xe 5 ¥ ﬂ.
w]mﬂ n X 1dgwowrﬂLﬂ ) ;3@11“%5%
Aﬁmog]ﬂ os;o AR h]]mMPJhL W auooéié
il Lquf)m_. o TA%WPZA,& inwzo ﬂﬁﬂoa
H.J;lzl_,_ﬁﬂ%ﬂu o AT_xﬂh_wﬂiﬂﬁ 57_] oH ®
Nd s ) = ol 1ro€ R = Bl 4 Al W o
Voo il ey X w o = Mo wow R o o = 8
T1|E1r_£ Aﬂouoo_A 1_;11 =0
o 9 oo B ujlogé ﬂmumi -
d%wéem? M7ﬁmquﬁofﬁﬁ = = & %
ATET_HIE z 3 %laf ATLEH @4? £2
i S < | E__nn,}élE Exﬁﬂ
f,iqzﬁiq1m§w:aﬂ1 o = 2
¥ 5 DT%VTawM%u%mu4oaq oztﬂo
%iélﬂﬂmm%ﬂlﬂﬂ mJoT n;_?un. -
dogu._71_,_Al1_ol1m7Lﬂo EO]O#EA_lPﬁo T _ o
E.Lvﬁmm&&zo}%ﬁ on:@auA éﬂq
1(Aqoﬂloﬂ|£iﬂmnh Mqﬂﬂru.. i
) -l o}twffmfga@m;]. TR =
SRR %%Emu@w@¢1w =
H q,_LmL.mAaTﬂmquo]Lux]E o
=T o e T q N BT N o
ﬁx%o_vﬁfaﬂ o ) H E
L]ﬁﬁﬁAme KA v —_ =,
ol MT_n nk <R = X 2 KN ) %__M oy oy
fi - - %0 L W X =T el
L}Mﬂi 3.A —
= A ﬂﬂﬂodﬂﬂ: o
Tﬁazhyt o o
%%w %o » T
E X
MR go ﬂqw
5 ) ﬂoﬂ_tu
= o
XO
Cs

Ho] €7} w7l

-

e

3

9

A} %
2] AlZge A
2 A

of

2
1 ool
30 M102 M43



4 FH9) o] H AT
A3 = Rx) + 15 342 LeﬂAﬂgé_--:
He = & Bt 303 e o=t Bat (449
o, . i Hary) < gy 3 -
<3 1> A9 o)A <% 2> oJm4 BA

ojfo] WASt 4= glrt. el sf=to] AlS|AH & o EARIA WA F9 sl el
A Qlae] E7Fssly] wliel 71&ofd dAel WA (Off-Line) Q14 W& ARgake]l Dol tfdh 9l4o]
o] daslty. 449 7|gofl AEE (19 219 & FIS o|Fd YsAE A depew, 1 7k
o] 9% (Top Angle)?} 9% (Left Angle)?] 71&715  aHF, & & H& Fdo] & % gQlrk o2 o=
Akste] ZAwg it ZhQl Aol E B3 20y 52 BA AdSs 9
T e FHEt Fol o] &Hrhe]. 2l 4% o

2.2 Ak Q14 2]l Q1Ae) I T Aol HE By) Hojg 55
el vk 22kl W el A= Hr]e AR $3E

AR WA e A 2Rl AT el A9l 54 ARE A% 5 ded 5, e 74 8
Q14 whajo] glr}, &2}91(On-Line) 214 a2 AR o e 27| Wty 7F 3 o A9 2] {5 Fol
A7F 7R Etell AFETF A71E 1Ashs A oH g AR oeltt. o2l AHES 22 edl 4
S onleher “AARY EE rFA7olgE o7t AdA= 3] JAEAY ofd S & e o5 T
Sl Al ARG ETI R gtk o 7] “AAIRolet gk Asolth ey 2y el 55 E3te]
T AL ARAE w)7le] A S olghs o] Aol ol dolEe &FAE FEIAY 2
A 2kl T7] 92 Azl L= Algate] I A 32 s e Ak dew ala B
7] ok HA A Fow Hrt AAEE dlof k= kel Aol vk Hgh 2l o

=0|(CharHeight)

TP »

Sol(Charwidth)
BR7He| ZEA(CharSpacing)

AERZE 2
(WmTop, WinLeft, WinBottom, WinRight)

2% g9

<I1¥ 3>

et

2

O] Al
vl

3

12

N E2A) 31



Phan g4 g

0|

7}

=
T

wj}r} 7}
A o2

1

=
>~
s

Q!
Al

Fol A
7}
2

A3 gkeh10].

°

booz
Ho
=22

=

=

A

o)k
=
A 2

)=
;T

2ol YA
o], Hel

RS
==
oA

=]

ARl
9 944,

LI

=

=

ERERE
3

2 vhA] Hlolg

)=
RN

hyA

o] 9] of

L
R

1814 OCR A

i3 2g o

9|

4]

[

= ke, 9
g o tH7].

_(H

N

ol

o7

o] Intensity 7}
g AA]ellA ¢

[

I

Lo]_/q

~

A

Labelings 83l Ga-s w4

Maximum¢! Pixel S

ol
=
B

=r

o
%o

0

o
ToH
7

B
B

od
1Ho
of
=

B

3k

3l

9
)

3} 54 Aol
2 o)Al
vl

=

1

312l Root =9}

[}

712 2ol

=

7, ohe A A7
2

9l

al

A

3}
=

bbol 202 5o} gt ole] A9

tH11].

]

S

[e}

9

2 i)
al

ol Parameters PMe] A

A

A)

22l 9

]

A

AL, A
o] A EThs].

t

o gzd A

ghre 5
=

s anound

%

[

=

o3
=

P

(St

1

=7 EAR
> &

a8 4

stof [18 4lelM [ 5]ef ol Al

<

9

=)
RLN

o)

=

i

o1

52 5
Hrh9].

i

i s Akt

4] 93

A
pul

Vi vt i

32 103 M42



e A8 549 wEE List] A48 F £4599 o
Inm = lim>_ .a" 242 Gk 27k A BaE 8 A
S Moo X=1 2Eg o2 dAikztel] 9l A A H ATH13-14].
. nEm Eg 22 AZE $4& BHud ==F Listol
Sing = lim>_a AR F 0% ol g3l £A R0 it BHE A
=0 =1 A5}, o714 7} kA RS e
® Qo i AEHS BAs 7t npags Ak
SNy = m?> ez Aol e AN FuEEe FRIEE A
Mm=cd x=1 )
BT BA) WA F2 2ol vlage] FHL
<a¥ 6> §4 #8214 E}%l} ZE]_]jr 74]/1\‘0] E%% 73_0’_ _j_Oﬂ P R U]'i?j _%_
de skl ARt
V. 2973
Ak W %o}oa 2 Q) ”4 AAE sioks}
<

71 913 —«&%

o
2,
o,
N
0
_E‘
sz
_EL
W P
UL—’
i
3
A:&
im
of [
Z‘}Tmzi
2
1©
>«_‘}4

<ad 7> 12 ¢4 EY

left — ]
I 4 42 LA
5+3+2 30m/s
@ :n2+2><% 50m/s
456 ?_] 137]_
|<L>m<L> H <M= <M > H <R>% <R> 789
123
<ad 8> 21 54 Eg 456 110 m/s
789
(224242 +6)* 58 m/s
ShLlo] Z2=Al oJAlo] - k- Lo 2 .
SRS T ) B WA i ./ 3%+ 4o + 1da 110 m/s
of thA] Q1418 5= 9lA] B17] Ysk] AJAH 0T T =
233 12]. Dsat s 2rt 1 150m/s
Rl £Ae XML o7 128 8] o] tf im - e
Al g | 22 FE] A AR A ErlarER A

CREMATRYY =2A 33

3



H2Edl AHEE 815 vlojEl= ¥ 1508 0.2 ot
Lol A Hat 59 79 AE HE & dolHE
7R Qlek. et o]k S o A]
23} EApmtete] ol & Qlate] AE thEi; Yo
o =AM Azt A @A HA 30m/s olshs

AT 2~
?_]_}'\"]l—il_‘—"\— T

=
=4

Blur ¥ %74 Labelings 3ol QlojA sht
o] A9 S A8 gA ] ET £Ak vl
Alele] ZAAIE w21, Focusing

Tt 457l

= IR=S
= i=]
TIeo R o= Ak AT F YA ofn] Y H o

G

=]
—
of

ol
o

Hr 1> =

1o Mo
=il
ol
ol
rir
O

k1
)
[N
rlo
=L ok
12 o

A gAs SPHAE A8 0 R Aol TheE Q14
E£58 Uo]Fo], I} B F2]d QoM ® 14
& kst g oz BRI HA Bato] B |
B2g sk A9E Y8 off w5 vt
g QA& ETE 1pex] ¢irle daE|gel A shet
29 Q1 9 FEjuk 7bEd Aeo|n R oA 3k
ojuf J= Foll AXH A& AxHEA Kotk
g5 23 Y=o F4 F2E Fofst] AEoR
e YEo] QAE = A T Aol I HE
23 HA239 2 JEAEY A3 Aol ¢
et FAo] JEFA AN AR YA 7 E
e o} FAE Q1A = QA Bto] AFEALESA
sk o] tibE = Q71E ]digth

3155

S. H Park, A Study on the Development
Direction of the Digital Textbook for Disabled,
KERIS, 2007.

S. L Lee, The National Disabled Library Support
Center: The Report on Digital Information
Service for Disabled, The National Library of
Korea, 2007.

H. G Lee, S. A. Kim, J. H. Kim, “Methods to
Improve the
Disabled,” Journal of Special Education, vol. 8,
no. 4, 2007, pp. 699- 720.

R. Zanibbi & D. Blostein, “Recognition and

Reading  Environment for

retrieval of mathematical expressions,” IJDAR,
Oct. 2011.

R. C. Gonzalez & R. E. Woods, “Digital Image
Processing,” 3rd Edition, Pearson Education,
2010.

34 103 H42



[10]

(1]

[13]

W3C’s Document Object Model, http://www.
w3. org/DOM

amaya - W3C’s Editor/Browser, http://www.
w3org/Amaya/

83, 439, 7S, A
3 A7 4 14 A=A R aeg o
=4, vol. 34, no. 2(A), 2007, pp. 207-208.
R. T. Chin, and C. A. Harlow, “Automated
Visual Inspection: A Survey,” IEEE Transaction
on Pattern Analysis and Machine Intelligence,
Vol. PAMI4, No. 6, 1982, pp. 557-573.

K W. Tobin, “Inspection in Semiconductor
Manufacturing,” Webster’s

o 05

=

ko
i
)y o
°

o
i

|

Encyclopedia of
Electrical and Electronic Engineering, Vol. 10,
1999, pp. 242-263.

R. Anderson, “Two-dimensional mathematical
notation,” in Syntactic Pattern Recognition and
Applications, 1977, pp. 147-177.

oldT, HET,
Extended  Center-Symmetric
2D-PCA,” vol 9, no 2, 2013. 6.
S. Chang, “A method for the structural analysis

of two-dimensional mathematical expressions,”

71

(& “Face  Recognition using

Pattern and

Information Sciences, vol. 2, no. 3, 1970, pp.
253-272.

=R=IRe)
A, T,

A5, 25, “Design and
Implementation  of

N-Screen Service System,” vol. 10, no. 1, 2014. 3.

User  Location-based

n A2 A7) .

2001 98~&7)
FAYGE AuFA Fag
20024 2¢ =3y gy
SAARFEI (FEu)
19954 89 d=g3dd gl
. E04u R (FH)
» 19924 24 g=y3ofsta SUART AL

o] 9 1 (F8AH)
Lee, Young Kyo
SRR ¥ T S N EINEER R E)
Edg A9
E-mail : yklee@bc.ackr
20114 24 @73 ggg
AT (H4R)
E S 20059 24 g=g3usta g
i 4 FFAATYT} (T
g TR AR ENTST

oH
ot

=
=

. Mobile IP, Self-organizing
wireless networks, Image
Processing

© zero—po@hanmail net

19E

Kim, Young Po

11¢ 209
124 54
124 104

220144
120144
20144

RN E2A 35





