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Abstract Mathematical documents are analyzed from several viewpoints to develop practical OCR for mathematical and
other scientific documents. Specifically, the following four viewpoints are qualified using a large-scale database of mathe-
matical documents, which contains manually ground-truthed 670,000 characters: (i) the number of character categories, (ii)
abnormal characters (e.g., touching characters), (iii) character size variation, and (iv) the complexity of math expressions. The
result of those analyses clarifies the difficulties on recognizing math documents and then suggests the promising directions to

overcome them.
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Table 1 Contents of database.

type category #predefined text region math region total

examples categories | #cat. #char ( %) | #cat. #char ( %) | #cat. #char ( %)
accent | "7 T T _ 13 1 2(<0.01) 7 2,611( 1.73) 7 2,613 ( 0.39)
arrow —eoe N 16 2 6 (<0.01), 5 1,083 ( 0.72) 5 1,089 ( 0.16)
big symbol > f 11 16 0 0( 0.00) 9| 1243( 082)| 9| 1,243( 0.19)
blackboard bold [ ABCDEF 26 0 0( 0.00) 9 425( 0.28) 9 425 ( 0.06)
calligraphic ABCDEF 26 0 0( 0.00) 19 591( 0.39)| 19 591 ( 0.09)
German ABCabec 52 0 0( 0.00) 24 1,022 ( 0.68)| 24 1,022 ( 0.15)
Greek FAGafy 39 4 24( 0.00)] 36 | 12,508( 8.27)| 36 | 12,532( 1.87)
Italic ABCabc 61| 56| 62594( 12.07)] 52 | 49,938 ( 33.01)| 57 (112,532 ( 16.79)
extended Latin AEeAmE 106 | 31 409 ( 0.08) 3 13( 0.01)| 32 422 ( 0.06)
numeric 012012 20 [ 20 | 12,332( 2.38)| 14 | 15,152 ( 10.01)| 20 | 27,484( 4.10)
operator +-X%x/<& 90 5 72( 0.01)| 47| 19,944 ( 13.18)| 48 | 20,016 ( 2.99)
others # %ooVIT 50 13 3449 ( 0.67)| 20 | 4,893( 3.23)| 25 8,342 ( 1.24)
parenthesis OA4} 18 7 7,923 ( 153)| 11 | 29,722 ( 19.65)| 11 | 37,645( 5.62)
point Lt 13 7| 20,631( 3.98) 8 6,566 ( 4.34)| 11 | 27,197( 4.06)
Roman ABCabc 61| 56 |411,311( 79.29)| 54 5,567 ( 3.68)| 56 |416,878( 62.22)
script ABCDETF 26 0 0( 0.00) 2 7(<0.01) 2 7(<0.01)
total 633 | 202 | 518,753 (100.00)| 320 |151,285 (100.00) | 371 |670,038 (100.00)
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Fig.2 The top 50 categories with high frequencies in math region.
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Fig.3 (a) Touching characters, (b) self-touching characters, (c) broken

characters, and (d) touching and broken characters. Broken points
are indicated by arrows.
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Table 2 The number of abnormal characters.

normal | touched | self- broken |touch& total
touched broken
text 510,930 6,083 327 | 1,401 12 (518,753
98.49 1.17 0.06 0.27 | <0.01 | 100.00
math | base- | 112,379 1,212 66 754 9 114,420
line 98.22 1.06 0.06 0.66 0.01 | 100.00
script | 35,595 291 254 725 0 | 36,865
96.55 0.79 0.69 1.97 0.00 | 100.00
sub- | 147,974 1,503 320 | 1,479 9 |151,285
total 97.81 0.99 0.21 0.98 0.01 | 100.00
total 658,904 7,586 647 | 2,880 21 (670,038
(text+math) 98.34 113 0.10 0.43 | <0.01 | 100.00
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Table 3 Distribution of abnormal character rates of all 29 documents.

abn. rate(%) | <0.2 | 0.2~0.5 | 0.5~1 | 1~2 | 2~3 [ 3~4 [4~5 | >5

#documents 3 4 5 6 3 5 1 2

OooO0O0OO0DoDOO0OC0DODODODO 4220000000000
O000oO0o0o000O0O00000o0O000o0O0O 130000
oobooooooooboooooooboobooboooooDooo
ooo0o

33 0000000

Oo0o0o00oo0O0o0o0oooooo s0000000 200
oboobOooooOooobOooooooobOOoOobo0oooDoo
ooooooobooooooooon

obOo0oooooOoboOoobOoooboOobobOoboDo
oooooooOo “vroY’d*y’0*"Yy”0000000000D0
ooboooooooobooooooobObooooooooDooo
oobooooooooboooooooOoboOoboooooDooo
oobooooooooboooooooOoboOoboooooDooo
oo0oooooooooooooooo %o % 00000
obooboooboobooboobOoobOoobOoonon
oo01000000O0O0000DODOO00ODDODOOODOO
o*“Y’0*%00000000o0000000000O0O0DOO
oobooooooooboooooobOoOobobooooDboo
oobooooooooboooooobOobooboooooDooo
oobooooooooboooooobOobooboooooDooo
gooooooooooooo0ooOoo %Y oooooooon
ooboooooooobooooooobbo0obooobooooDooo
“o00000000000000000000D00D0DOD00
o0 “ 000000000000 000 YOO O0Oo0o
oooooobooooooo

4. 0000

41 0DODODOOOOODOO
ooboooooooobooooooobobo0oooooon
gooooOoooooo 3poooooOoOOoDODOOO0ODO
gooooO0OOooOoOoOoOOoODOOOOOOoODOoOOoODbD 40

—3—



04 00000000000O000000O0000 15000000
0000 (fcha 00000000000 (#doc) 0000000
000000D00000000000 110000000000

14000000
Table 4 The top 15 categories with high abnormal character rates (math

region only).

Touching:

cat. | (| p|) |O|r|2|v]|p|r|V| |M|i|—-]|w
#char | 251 (157 {143 62 |61 |45 |43 |41 (33 [32 B0 29 P6 P5 P5
#doc | 8 | 9 |10 (1|3 |62 |3 (2|3 |51 |2 |4 |3
Broken:
cat. | s | p |[KIMY|[]|d|k]|n](
#char|143 (129 |78 |68 |61 |56 |54 |49 |48 37 (34 P8 P8 p7 p3
#doc | 3 |4 |1 (1|2 |1 (2|6 |7 |14]12|6 |2 |7 |8
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Fig.4 Frequency of size variation from the average of each category.
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Fig.6 The distribution of the number of characters per math expression.
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Table 5 Contents of links.
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scripts and that of baseline characters.
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