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Abstract In this paper we propose a method for correcting character recognition errors at the higher level recog-
nition step of the mathematical formulae recognition and understanding system. The system consists of two-level
recognition steps: the low level recognition including character recognition, and the higher level recognition includ-
ing layout recognition. We apply the layout information recognized in the latter step, and character recognition
errors are corrected by using two sources of information. One is by some keywords such as mathematical function
names, and the other is based on a cost tree and co-occurrence probabilities between symbols. Availability of the
proposed method is indicated by some experimental results, and the character recognition rate raised from 79.8%
to 90.2% and the formula recognition rate raised from 5.8% to 41.1% -are confirmed.

Key words mathematical formulae recognition, higher level information, character recognition error correction,
cost tree, co-occurrence probability
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Figure 1 Outline of the system.
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Table 1 Recognized characters in our system.

MRETBF - BOELT | TR | FRDOFER
TPy b Roman 4 52 52
Italic & 52 86
BeEils 53 53
¥ e XT 41 42
By 10 10
il 208 243
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Figure 2 A cost tree for ‘z2 4 y'.
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Table 2 List of the mathematical keywords

considered in our system.

acos | arccos | arcsin | arctan arg | asin

atan | constant cos cosec cosh. | cot
coth csc curl deg det div

lim exp ged | grad hom | .inf

ker Ig lim | liminf | limsup | In
log max min rot "sec sin
sinh sup ' tan | tanh

&3 BEESIANOWLBN (7 &)

Table 3  Total numbers in the
directions from [7].

£ : A symbol of
attention

&Y | Hewia | LB

1 K 101,133

2 4 b 14, 446

3 fil 8,440

4 T 4,084

5 k- 1,390

3 XFoHH AN 6 Kl 10
Figure 3 Directions of 7 KF 2
adjacent symbols. total 129, 505
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Table 4 Character recognition rate.
AT, 1 2 3 4 5 6
M5 ikt (%) | 79.6 | 10.2 | 56| 1.3| 08| 0.3
RRIHRE (%] | 79.6 | 89.8 | 95.4 | 96.8 | 97.6 | 97.9

logn = %, log m, + % log 7,

(a) AJJihifg (1,124 x 195 [pixel))

1 \textrm{0g} \eta = x_{1} 1 \textrm{Og}
\eta_{1} + x_{2} 1 \textrm{Og} \eta_{2}

10gn = x110gn, + 1:310g1,

lelzllele

(b) FMAEU (D T IEMEL)

\log \eta = x_{1} \log \eta_{1} +
x_{2} \log \eta_{2}

-/

logn = aylogn + xalogns

Ll

(c) il (MY ITIEH )
B4 KEESH A (K5))

Figure 4 Experimental result A (successful).
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(a) AJJitif (711 x 233 [pixel])

(a) AFIMifR (1,721 x 204 [pixel])
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- ; re S X S0 8 )
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a 8 33 5'! 73
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(c) BAEH (Y iTE4D) (c) RRUAEH (MDITIEAED)

M5 FERFER B ()

Figure 5 Experimental result B (successful).
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-1

6 FBHRER C (IR))

Figure 6 Experimental result C (successful).
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(a) AJJulif (749 x 201 [pixel])

s = \frac{1}{1+\pi}
\leftarrow”{1}_{\textrm{c0S}"{2}\theta}

3
1 ] 4

ST 1xx " cOS%

(b) kAR D ETIEMEL)

R
s = \frac{1}{1+\pi}
+7{1}_{\cos~{2}\theta}
S——
1 0
1 O
s= o [
cos? 6
| 147 B

(c) ABIRASR (MYETEERD)

M7 KERR D (—HKK)
Figure 7 Experimental result D (partially failure).
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L ERRP, 10g, ‘Sin’, ‘cOS’, ‘COnStant’ & V1> - R
F—7—FhiCEN-EBBREICH L TELSETETELZ L
ZHERLE. LpLids, REHERORY PEBXFHICE
FEXFENEEL TRV LICERT 2RTELE O MR
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HBEIIN L TREEICET 2 - LA E AR L THIEHSE
ZEETAZLTNIETS. &k, REDVATLICKIIBX
FRBMBETIITRRNR 1 FEHD LS TVELLEHL
Twnlko, 2HY L IAEEZEMIE2 2 LT, FREE
DRENRAEND. FEREFEREIBEROEEBBISEL
FHBINTVEZLICEIOTRI IR TV B0, XFRM
ORBRICKE L 5O ERE S ETMFEE R T 5 46EH
3, INoDHENSKRDBEETHS.
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(a) AJuHifR (720 x 270 [pixel])

\Sigma~{n}_{h=1} P_{k} \varrho =
\textrm{COnS} \tan \textrm{t}

-

R

Yh—1Pro=COnStant

110

(b) HRAIHE (B EITFAEL)

\sum~{n}_{k=1} P_{k}! =

\textrm{constant}

n
Z P! = constant
k=1

101 L 1r

(c) PR (WY ETIEATD)
M8 KKK E (—-HRIK)

Figure 8 Experimental result E (partially failure).

X B
A ESr, dZ: <USoLA 7Y MciEA L7 Bl
%, {844 D-II, Vol. J78-D-II, No. 3, pp. 474-482 (1995)
H. J. Lee and J. S. Wang: “Design of a Mathematical Ex-
pression Understanding System”, Pattern Recognition Let-
ters, Vol. 18, No. 3, pp. 289-298 (1997)
Y. Eto and M. Suzuki: “Mathematical Formula Recogni-
tion using Virtual Link Network”, Proc. of ICDAR 2001 -
6th Int’l Conf. on Document Analysis and Recognition, pp.
762-767 (2001)
Y. Chen and M. Okada: “Structural Analysis and Semantic
Understanding for Offline Mathematical Expressions”, Int’l
J. of Pattern Recognition and Artificial Intelligence, Vol.
15, No. 6, pp. 967-987 (2001)
Y. Takiguchi, M. Okada and Y. Miyake: “A Fundamental
Study of Output Translation from Layout Recognition and
Semantic Understanding System for Mathematical Formu-
lae”, Proc. of ICDAR 2005 - 8th Int'l Conf. on Document
Analysis and Recognition, pp. 745-749 (2005)
W, RS, SRR, KNXHE, CmHE TS
FEBE A b 77 DikIc & 2 T EIT - O 6%l 7
# D, Vol. 70-D, No. 7, pp. 1390-1397 (1987).
M. Suzuki, S. Uchida and A. Nomura: “A Ground-truthed
Mathematical Character and Symbol Image Database”,
Proc. of ICDAR 2005 - 8th Int’l Conf. on Document Anal-
ysis and Recognition, pp. 675-679 (2005)
D. H. Menzel: “Fundamental Formulas of Physics”,
Prentice-Hall, Inc., (1955)


五味
テキストボックス

五味
テキストボックス




