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Organizing Knowledge-Base for Structure Analysis of
Document Images

Koicu1 Kise,! Masakr Yamaoka,!™ Nosoru Basacucui! and Yosuikazu Trzuka'f

Systems for structure analysis of document images are often implemented as knowledge
based systems. Applicability of such systems, therefore, largely depends on the expres-
siveness, describability and readability of the knowledge. Focusing on these three points,
we propose the knowledge-base called document model. The characteristics of document
model are summarized as follows: 1. Document model is composed of the knowledge
about layout structure, logical structure and correspondence rules between each other.
2. Frame representation is employed to describe the knowledge hierarchically and de-
claratively. 3. Layout predicates such as centering and alignment allow us to represent
the knowledge symbolically. 4. IS_A relation between frames enables us to specify vari-
ation of layout structure in a simple and clear way. Document model is illustrated with
examples of knowledge description for two different kinds of documents: visiting cards
and titlepages of papers. From the discussion about analysis results and comparison with
other methods, we verified the advantages of document model.
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Fig. 1 Logical structure of papers.
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Fig. 2 Layout objects.
( a)Character region, (b), (c)Textline region,
(d), (e)Block region.
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Fig. 4 Representation of layout structure.
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Table 2 Characteristic features for a rectangular

region.
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n_is (Gsr—isp)/ W
n_ie (fer —isp) W
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n_je (Jer—7sa) Hp
flatness 1—Hy /W, : if We>H,, Wy/H,—1: otherwise
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Table 3 Characteristic features for geometric rela-
tionship between rectangular regions.
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c_width (Wri—Wre)/max(Wey, Wy2)
c_height (Hry— Hy2)fmax(Hy, Hys)
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v_distance (max(fs1, 7sa) —min(fer, fe2)—1)/ Hp
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£6 LATU AT Vs 7L —4 (LAOF)
Table 6 Layout object frame (LAOF).

PRI VA T M BREE A\ oy b oI sHER AR
LAOF h_centering, v_centering, name VAT NET O M A ik
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r_alignment(n, 7;) {c_ie [—5/27,5/27]}
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#7R3. T TT, Hush, centering, alignment, in-
dent i3, #hZh, FE, €2y v, Hz, 41V
FvbERT. ki, B, b, 1, r, h, vid,
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TYMATY 27 P SEORE TR ICE SR
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x£T7T HlzR7 V-4 (SIMF)
Table 7 Similarity frame (SIMF).
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Fig. 5 Layout structure of paper titlepages.

(a)Transactions, (b)Transactions of the Institute
of Electronics, Information and Communication
Engineers, (c)Transactions of Information Pro-
cessing Society of Japan.
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Fig. 6 Correspondence rules to generate logical
objects.
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Fig. 7 Layout objects in address parts of visiting
cards.
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type, number_of, orientation, order, subpart D{#lZ
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layout_descriptor R o v b IERKEDO X1 v b
ThHdlD, £rv4 7Y PEBRFROOTHEERRET
5. P2, Al OB/ DOTHEAEZTD &,

({n_height [0, 2/97}, r_flush)
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LAOF
name:A
type:block
number_of: [1, 1]
order:3

layout_descriptor:
({n_height [0,2/91})

part_of:P

subpart: (ST, IT, ET)

orientation:vertical

similarity: (4, Te)

class:iRSCER

name:Al

layout_descriptor: (r_flush)
part_of:P1

similarity:(T1, H1, Tel)

is_a:A
class: WV HBIEF M GE

name:A2

layout_descriptor:
(h_centering)

part_of:P2

similarity: (H2, T2, Te2)

is_a:A

class: il MR &30 CEE

SIMF

name: (Te, A)
layout_descriptor: (1_indent)

name: (Tel, A1)
layout_descriptor:
({v_distance [2/50,4/50]},
r_alignment)
is_a:(Te, A)

name: (Te2, A2)

layout_descriptor:
({v_distance [1/50,4/501},
r_indent)

is_a:(Te, A)

8 WX7avb—Iridd ik
Fig. 8 Knowledge description for paper titlepages.
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LOOF p##| & LTRROZ EMNWD R . ISR

XEEGRBERTOLDDHHF N — X D—REKE 33

9 ZRloEmESicKd 2 LAOF okt
Fig. 9 Structure of LAOFs for address
parts of visiting cards.

LAQOF

name:B4
number_of:[1,1]
part_of:B2
is_a:HB

name:B6
number_of: {0, 1]
part_of:B3
is_a:HB

name:HB

type:block

order:1

layout_descriptor:
(t_flush, r_flush)

subpart: (HT)

orientation:horizontal

ISR A
B2=>{(EFT HE B

B3=>{E 7T H H #F

HI=>EH L, BEES

BT=>{FT, BEES, ...

LOOF

name : {£ 77 15 B B

number_of:[1,2]

subpart:
(RIL. BEES,..)

name: B {E {5
number_of:[1, 1]

B 10 Zilicxd 2 sl bl
Fig. 10 Knowledge description for visiting cards.
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AndE, o5 BAHERRTES. CORD
BAR, “BERES” wxd s LOOF O number_of
Zmy b [1,1] 23R 3 5 &, “BERES” OEK
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orientation:
vertical
B3
number_of: number._of:
o1 L1
L BAmICIR
O
O

E:] B6, B7ICBE ¥ 2 EEECE, & LU
1 LAOF, SMF®D L 4 7 ¥ gk T
& FRTEET LS IKHES

) [ MD

B7

B7
B7

B 11 EEmire
Fig. 11 The method of structure analysis.
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Table 8 Processing results.
M1 M2
SESAEIRE 1.02 1.09
B | B 100% 100%
ksl 1 2.20
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