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Fig. 1-1 Chapters of the thesis.
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Fig. 2-1 Logical and layout structure of documents.
ODA (Open Document Architecture )21
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Fig. 2-2 Example of logical structure.
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Fig. 2-3 Example of layout structure.
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Fig. 2-4 Structure of typical document.
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Fig. 2-5 Document recognition processing flow.
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2-1
Table 2-1 Features for character - graphic segmentation.
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Table 2-2 Character - graphic segmentation techniques.

RLSAZ12)
2-13)

2-14)
2-15)

2-16)

2-17)

2-18)

2-19)

2-20)

2-21)

2-22)

2-23)

13



(1)

( ) (
)
RLSA (Run-Length Smoothing Algorithm)2-12)
3x<3
2-14) 2-15)
(2)
( )
17)
3)
2
2-18)
(4)
2-20)
(5)

14



(6)

2.2.6

2.2.7

2.2.8

2.2.9

2-22)

MMR

ODA

15

SGML

2-23)



2.3

16



3.1

3.2

3.5

3.2
3.2.1

3.2.2

3.4

3.6

3-2)

17

3-3)

3.3

3-1)



3.3
3.3.1

3-4)
1
3-1
(X+, X-, Y+,Y-) 4
3-2
3 3-3
r=512
3-3

18

3-1)

8 dots/mm



P:
Q Q: ( )
L 1,:P Q Q,
3-1
Fig. 3-1 Scanning directions.
(Neighborhood Line Density:
NLD) 3-1
C,. =0 (1)
1
C =1s @)
1
1
Cy+ =I_a (3)
2
C,. =i+i 4)
o
1 :
C=ZI7 (i=1,---,4) (5)
c..Cc cC..cC

19



3-3
o=1 3-3

r Wil F~2)
- . rlERs~7)
(AEBDUF 2] (DU o)

v F
s34 (

rLCICAN)

r (WA F~ 7]
(RHOUT 1)
t (T -2]

(MPDUF )

o (GGRY -9
(KH|OUL 12

2 (WM r-2)
(MDU*s 1)

»(CICAN,

35 0. LR
(MRDUF . 1¥)
s {GRT~7)
(BUDUF 24 >)

@ Mirmm (R4R)

3-2
Fig. 3-2 Example of inputted document.
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Fig. 3-4 3-dimensional presentation of NLD (ax=1).
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Fig. 3-5 Histogram of NLD.
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Fig. 3-6 NLD high peaks.
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Fig. 3-8 Relation between character size and NLD’s value.
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Fig. 3-9 Result of character/graphic segmentation.
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3-10
Fig. 3-10 Result of line extraction.
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Fig. 3-11 Result of character recognition.
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Fig. 4-1 Regions of typical document.
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4-1
Table 4-1 Features of documents.
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4-2
Fig. 4-2 Flow diagram of document recognition.
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Fig. 4-3 Example of inputted document image.
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Fig. 4-4 Examples of projection profiles.
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Fig. 4-6 Experimental result of segmentation using projection profile.
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Fig. 4-7 Experimental result of segmentation using connected components.
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Fig. 4-9 Experimental results of line extraction and resulting table structure.
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Fig. 4-10 Example of NLD profile.
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Fig. 4-11 Experimental document recognition system.
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Fig. 5-1 Concept of document recognition.
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Table 5-1 Domains included in document.
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Fig. 5-2 Example of recognition experiment.
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Fig. 5-3 Model for document recognition process.
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Fig. 5-4 Document model.
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5-2

Table 5-2 Data compression effect by document recognition.

300 dots/inch

1/ 46

1/ 61

1/15

1/44

400 dots/inch

1/103

1/137

1/20

1/76

5.3.3
53.1
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dots/inch

53.1
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A4
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5-3
Table 5-3 Estimation on processing speed of inner modules.

msec/raster
1 sec/Ad
20 msec/character

20 msec/character
10 pasec/pixel

400 nsec/pixel

200 nsec/pixel
10 pasec/interrupt

3)

5.3.3.2
(1)

30 /A4
5-6
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Fig. 5-5 Expected speed of document recognition.
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Fig. 5-6 Working ratio of inner modules.
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5-4

Table 5-4 Processing speed for equalization of module load.

5-7

29T (msec/raster) 1.05
13.1 T (sec/A4) 1.00
11T (msec/character) 0.48
10 T (msec/character) 0.52

8T (psec/pixel) 0.10

8T (psec/pixel) 0.10

5T (pasec/pixel) 0.16
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Fig. 5-7 Working ratio with equalization of module load.
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Fig. 5-8 Document recognition time with equalization of module load.
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Table 5-5 Characteristic of Kana to Kanji translation.
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Fig. 5-9 Reduction effect in operator task by document recognition.
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Fig. 5-10 Document recognition system in LAN.
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Fig. 6-1 Proposed system overview.
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Fig. 6-2 Preprocessing.

[ ]
8
(Ac[pixel])
(1) (Wv[dot])
2) (1)
(Whidot])
3) (2 1)
4) (3) (2) 3)
(4) 2
) 4 (Ab[pixel])
6-3(a) ( 400 dots/inch)
Ac=10[pixel] Wv=1[dot] Wh=100[dot] Ab=40[pixel]
(b) (o)

74



DP ¥—At—50DL BY EE D

E N bR B mal=
A Study of Modliying
at 5 Preset Ilnput PFram|

Masaii KOHDA !, Mamber 0 Oulo o0 OdMom —
m o ed koo
BHEL ZRETODPY-A$- Cloaal® O0000O®, Chedn L ]
AHRRRRE DR S TR i ]
BLEKEDT, DP Pt bt OB
R |

T ORLBL PR R R £000  AoDOo0) Deeyys
SF M SMADE A LORE, -

(a) (b) (©)
This image is from Document Image Database JEIDA’'93 published by Japan Electric
Industry Development Association.

6-3
Fig. 6-3 Connected components and basic rectangles.
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Tablel Basic rectangle features.
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asic Rectangle
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nmb : number of CC
area = (ex - sx)(ey - sy)

nmb
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sqd = g;‘/ :s‘_g;(
6-4
Fig. 6-4 Basic rectangle features.
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1
6.4.2
[ ]
IEICE ) 110
(  IPSJ ) 118
13 IPSJ 14 6-5 IEICE
(Right page number)
number)
400[dots/inch]
2800[dot]
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IEICE
98.5 %

Electric Industry Development Association.

6-5 IEICE

~ Authors in Japanese (jauthor)

- Left body (Ibody)

.. Right body (rbody)

. Separator (line)

| . Organization (org)

Wh

F~ Title in Japanese (jtitle)

™ Title in English (etitle)
Authors in English (eauthor)

1~ Abstract in Japanese (jabst)

, Right Page number (rpgno)

4

y
L - Footer

™ This image is from Document Image Database JEIDA'93 published by Japan

Fig. 6-5 Logical component regions of IEICE title page.
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100%
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6-4 6-4
(jtitle) (jabst eabst) (Ibody)
133
(222 ) 59.9 % IEICE
(rbody) (rpgno) (14
IPSJ (etitle) (eauthor)
(13 )
6-7
Aq ] Al }
— B |
D| |
F El ]
F
G H
G
H
I I
F————— J
Je—1
L° K ) 'K=M
A :Header G : Left body (Ibody)
B :Title in Japanese (jtitle) H : Right body (rbody)
C : Authors in Japanese (jauthor) | : Separator (line)
D :Title in English (etitle) J : Organization (org)
E : Authors in English (eauthor) K . Footer
F  : Abstract in Japanese (jabst) L : Left page number (Ipgno)
M : Right page number (rpgno)

6-6 IEICE

Fig. 6-6 Analysis results of IEICE title pages.
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6-2

Table2 Experimental results.

IEICE IPSJ
(%) (%) (%) (%)
header 100 100 vol 100 99.2
jtitle 89.3 82.7 jname 100 100
jatuthor 98.3 82.7 idate 100 100
etitle 96.3 93.6 jtaitle 89.2 86.4
eauthor 99.3 99.1 jauthor 99.8 87.3
jabst 95.3 92.7 jabst 99.0 86.4
Ibody 99.5 59.1 etitle 93.8 87.3
rbody 99.4 98.2 eauthor 92.5 53.4
line 100 100 eabst 96.9 65.3
org 100 92.7 Ibody 98.7 89.8
Ipgno 100 100 rbody 100 100
rpgno 100 96.2 line 100 100
footer 100 100 org 98.5 82.2
pgno 100 99.2
Total 98.5 91.6 Total 98.4 88.3
6-3
Table 3 Cover rates.
IEICE IPSJ
7089 7671
98.6 % 98.5 %
99.8 % 99.7 %
100 % 99.9 %
100 %
(IEICE 3 IPSJ 4 )
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6-4

Table4 Analysis results of wrong classification.

jabst | lbody 46 44.7 %
IEICE | jtitle @ jauthor @ 14 13.6 %
rbody = rpgno 14 13.6 %
IEICE 103 100 %
eabst | eauthor ;| 30 25.2%
IPSJ jtitle | jauthor | 15 12.6 %
Ibody | org 15 12.6 %
etitle | eauthor | 13 10.9 %
jabst | eauthor | 13 10.9 %
IPSJ 119 100 %
i T i g i W g T W W
T |
—_—-— e —_—_—_—_—_—_—— )
—_— )
———————
Ibody — = 1
— = L\
S e———— ]
= I yrpgno
: — =
EE—:_.I — =
[ 1 — —1
— — Correct classification

EE — \Wrong classification (labeled as “rpgno”)
EEEl — Wrong classification (labeled as “lbody”)

6-7
Fig. 6-7 Example of labeled rectangles.
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6-8

(@)
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(4)

(Ibody)
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6-5
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: Volume number (vol)

: Journal name (jname)

. Issue date (idate)

: Title in Japanese (jtitle)

: Authors in Japanese (jauthor)
: Abstract in Japanese (jabst)
: Title in English (etitle)

: Authors in English (eauthor)
: Abstract in English (eabst)

: Separator (line)

: Right body (rbody)

: Organization (org)

: Page number (pgno)

Fig. 6-8 Analysis result of IPSJ title page with no left body.

6-5
Table5 Recall and precision rates.
IEICE 696 90.3% 13.4%
IPSJ 635 92.4% 17.3%
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98.5 %
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7.1

JOIS(JICST Online Information System) 7-1)

7-2)

SGML (Standard Generalized Markup
Language) 7-3). 7-4)

67 JOIS
7-5), 7-6)
SGML
7-7), 7-8)
( )
SGML WwWWwW
(World Wide Web)
7.2 SGML

7.3 7.4
1.2

SGML (DTD:
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Document Type Definition) DTD
DTD"9
DTD7-19) DTD SGML

OCR ( ) SGML

7-11)  ODA (Open Document Architecture :

)

7-12)
7-13), 7-14), 7-15)

SGML DTD

SGML
()
14)
(b)

DTD
(c)
DTD
SGML
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7.3
SGML
7-1
7.3.1

(

) DTD
11

DTD

DTD
DTD
DTD

y
(SX,SY) (SX, SY )

89

SGML

SGML

SGML

7-9)

7-2

xy) =



SGML

)

I
= A
Q] N A
« A A A
T(D V_ V. V VvV VvV IV o
) ~ ~
SONE SO N
(e»)
—
_|
= A A
AN
A
T@vv (© tDCva

— K<

—

——

I;_

|

| A

90

l LRILIN

D:

7-1
Fig. 7-1 Process overview.
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7-2 SGML DTD
Fig. 7-2 Structure of SGML DTD.
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7.3.1

7-16) 8
11
1
2 3
7-1
7-3
7-1
Table 7-1 Partial regions extracted from technical journals.
( )
( )
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Fig. 7-3 Examples of partial regions.

7-3
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7.3.2
7-2 DTD

7-2 DTD

7-2

7-2
Table 7-2 Relations between the partial regions and logical elements.

7.3.2.1
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7-5

DTD DTD (1)
SX
> X
I W |
| |
sy — 4
AL _%#E Mt B Bt
h !
\ 4 !
(dent: T acnt: )
Y
7-4

Fig. 7-4 Example of regions in which Japanese authors’ names are printed.

a r > X

— BRERASHL BT

Data Corporation,Kawasaki
?E?“ IES Laboratory, MIT

*

[~

(dent: T acnt: )

7-5
Fig. 7-5 Example of regions in which names of authors’ organizations are printed.
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7.3.2.2

7-3 2 2
7-6 h(
400 dot / inch 50 ) (1) (4)
7-7 (idh)
( X
) X
(cw: ) 0
0 cw
1
(
y )
2
1
0
7-8
2 3
h 2 3

96



(1)

2 1
y
| |
,| h :
1 h
T =
L | | |
(2) 3) (4)
7-6

Fig. 7-6 Basic rectangles labeled in section title.
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e

© 00 e & O
2
P

7-7
Fig. 7-7 Example of the indent levels.

| <
h :@:i """ |
0 | <
]
Ll | |
7-8

Fig. 7-8 Examples of section title and paragraphs in a body region.
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7.3.2.3

7.3.2.4

7-9(a)

7-9(b)

7-9(b)

7.3.3
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7-3

7-2
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SGML

)

(@) (b)

7-9
Fig. 7-9 Example of author’s profile groups.

7.3.4 SGML
SGML
SGML
SGML -3 DTD SGML
7.4
74.1
7.3
7-10
UNIX 7-11
MMR
SGML 7-12
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7.3

SGML
N ~N
PC
v
v
DB
J y,
- ~N
~
v
N
v
| -
» _
SGML
\ J =

7-10
Fig. 7-10 System architecture and process flow.
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7-11
Fig. 7-11 Developed system.

AFEETA L T b M R | HTALAE,
ME#E | MESE |

7-12
Fig. 7-12 Example of operation windows.
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7.4.2

7.4.2.1
7-2 DTD SGML
7-3 338
400[dots/inch]
X=2800[dot] Y=3800[dot]
SX=200 SY=150
cw=22[dot]
h=50[dot]
7-2
7-10
7-3
Table 7-3 Number of pages used in experiment.
110 110 118 338
7.4.2.2
7-4
7-6
80.2%
274 97.5%
1 19
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7-4

Table 7-4 Extraction rates of logical components.

302 298 98.7%

174 174 100%

117 116 99.2%

502 464 92.4%

65 60 92.3%

1166 1081 92.7%

33 20 90.9%

272 264 97.1%

270 262 97.0%

398 370 93.0%

270 267 98.9%

1021 1010 98.9%

7-5
Table 7-5 Linking rates.

298

- 98.7 %
215

- 100 %
262

- 100 %
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7.4.2.3
7.2

(@)

(b)

(©)

7-6
Table 7-6 Page passing rates.

110 100 90.9%
110 82 74.5%
118 89 75.4%
338 271 80.2%
3
90%
DTD
SGML
7-6
80%
SGML
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15 7-17)
7.5
SGML
80.2%
16)
SGML
DTD

DTD
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43

DTD
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SGML



8.1
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98. 5
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SGML (Standard
Generalized Markup Language)
SGML

8.2
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SGML
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( 55

60 3 )
( 62 9 ) NTT (
NTT )
NTT
( NTT
) NTT
( )
)
NTT
NTT
NTT
SGML

NTT
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SGML-DTD

<IDOCTYPE article [
<l-- GENERAL ENTITIES -->

<IENTITY gt "> -- Greater than -->
<IENTITY It <t -- Less than -->
<IENTITY amp "&" -- Ampersand -->

<I-- PARAMETER ENTITIES -->

<IENTITY %data"(#PCDATA|sup)*" -- >
<IELEMENT article - - (fm,bdy,bm) +(pgno)  -- >
<IATTLIST article

vol NMTOKEN #IMPLIED -- Vol --

num NUTOKEN #IMPLIED -- Number -- >
<l-- -->
<IELEMENT fm - O (tg,aug,abs) -- -->
<IELEMENT tg - O (jtet) - >
<IELEMENT jt - O (%data;) -- >
<IELEMENT et - O (%data;) -- >
<IELEMENT aug - O (jaug,eaug) -- >
<IELEMENT jaug - O (jauaff+) - >
<IELEMENT jauaff - O (jau,aff,paff?) -- >
<IELEMENT jau - O (%data;) -- >
<IELEMENT aff - O (%data;) - -> @
<I[ELEMENT paff - O (%data;) -- >
<I[ELEMENT eaug - O (%data;) -- >
<IELEMENT abs - O (%data;) -- >
<l-- -->
<IELEMENT bdy - O (sec+) +(floats) -- >
<IELEMENT sec - O (st,p+) - >
<IELEMENT st - O (%data;) -- -->
<IELEMENT p - O (%data;) - -->
<IELEMENT floats - O EMPTY -- -->

<IATTLIST floats
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file CDATA
<l-- ->
<IELEMENT bm
<IELEMENT bibg
<IELEMENT bib
<IELEMENT jaupg
<IELEMENT jaup
<IELEMENT name
<IELEMENT prf
<IELEMENT photo
<IATTLIST photo

file CDATA
<l-- -—>
<IELEMENT pgno
<IATTLIST pgno

file CDATA
<l-- -->
<IELEMENT sup

1>

#REQUIRED

- O (bibg,jaupg)

- O (bib+)

- O (%data;)

- O (jaup+)

- O (name,prf,photo)
- O (%data;)

- O (%data;)

- O EMPTY

#REQUIRED

- - (%data;)

#REQUIRED

- - (%data;)
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