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Abstract

This paper presents an efficient block segmentation and classification using the edge information
of the document image. We extract four prominent features from the edge gradient and orientation,
all of which, and thereby the block classifications, are insensitive to the background noise and the
brightness variation of the image. Using these four features, we can efficiently classify a document
image into the seven categories of blocks of small-size letters, large-size letters, tables, equations,
flow-charts, graphs, and photographs, the first five of which are text blocks which are
character-recognizable, and the last two are non-character blocks. By introducing the column interval
and text line intervals of the document in the determination of the run length of CRLA(constrained
run length algorithm), we can obtain an efficient block segmentation with reduced memory size. The
simulation results show that the proposed algorithm can rigidly segment and classify the blocks of the
documents into the above mentioned seven categories and classification performance is high enough
for all the categories except for the graphs with too much variations.
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Table 1. The distribution of F1 and F2 for

each block.

Categories of Blocks F F
Large Letters 115 - 1% 021 - 027
Small Letters 115 - 135 025 - 029
Tables 115 - 135 018 - 026
Flow Charts 115 - 136 0.10 - 0.15
FEquations 116 - 135 011 - 0.15
Graphs 110 - 13 001 - 0.09
Photographs 65 - & 001 - 0.10

A Froll 98] ARxlEEe], 54 Feoll o3 o=
B2o] th2 BEEZVE FREE BE F8 o4
ek 12y, BA For 9] A7 A2 w3t A
F9) o2 AEE 7Pl AR 4L 2 2L 2EE
& 7t EE 5 glon, eAEe pAEERE AR
TR 5 glck webd, 54 Faell s /‘1i o]
H7] ok o9} 22 BEES THY F UEFE 3]
s Al WA B4 Fael TR -2 Wk o3
4~ 3H8-8(axial dominant edge pixel contents)&
N.-3 N,—
by

= _2 . [(E;— Ow=0]
F3 - R 3

e

o} o] stk AellA Ey= #1A Gj)AAe <
AR olgel AZ|E 7He E-H W oA Fa
2 orlshs, 0,2 994 (kl)°ﬂ/‘1—°4 YA o)l A
718 7He AR Wk olAskaE 2Rl 4 (3)9]
RS B39 $3-54 HW«I ol x| star-E



124 2o ol ARE o)4T AHH L2RY 2 FYLF

ehfin], Bxale p-x] el ol F AR wb
gfo] oA 3kkel AT FE-E AAF F2 FE-
A g oA AagE UrEMB} %HWJ -
S I A S B s B e e B i oy
Azlell EAs = AR ASelle Aol A9 0
ol 77 @& 7HA Hok wdh B553 2o 5
= g 5 2Ale] weo] EAfshe Aol EAEe
grol ¥mgka vt ghg JRAA At welx, §4
Fae 88 WelA Exjet ¢ 2@ 2 Hade] 740
2 JelliA Aok 54 Feell o Ao 749
zhe PRl 5 W AAde] ol EAlshs &
22 agx 7 A4 Aie] 23 &tk & Ak
EEo] M2 7iE & olon, Axde] 23 EAdke
PAEE 2l4e] o] Edhe ARESRE AR
T glek olEldl Al WA 5A Fad] & A
& 1 3ol yehiAdck

*mmwumw L :
U RS M eint A BE B8 T
(c)

a8 3. @ 44 (b) & (¢)
S Fa

Fig. 3. F3 for each block of (a) the equation, (b)
the table, and (c) the text.

TRl wi uleh o] Sale] A9 R 7]Eel
sk 1 A4 FRET ol glam, B9 A% ¥
Ak AAE D E) W) FEe] BT FA B2

A9 T} R AAEE 2 S slek & 54
Fy 2% Foli 22 el #4 2o] AR o}

depile
57}, BEES

2h, B5 oAl Exlet Ao HAdnE
B4 Fy & olggtewn), 22 il &

Fhaetk o+

Mz R ¢ gled w3 £ SARESS A
2 FEE gl wald, de3 B3 F, Fr 2 Fs
2 3 o)gstm AR, AR FAL 2 Al A, &
SR Y aHEgEs M2 PR S glck ey
aefze] 79 2 ey} il ksl 2 B2
Huek & ox|3hie) A 5o W) zefze] F
Fub B3 bl wet A X}"V]' onz £
F, 2 Fs& ol4sl 12888 o8 5552 F
TR e A9t ook 53], 5HEE H5e
gz & mirge| aHEel ze] AAE Wi
s aHze) AS Aed EAES olfdhd xE
QBRI 4 Qok uwled, B Ageldiz ol #eol
st H570 1= BRE Hﬁﬂ 5 AR ke ol
234 FH-&(diagonal dominant edge pixel con-
tents)& Vbl ol WA 54 F. &

N3 N, -3 ;42 +
Z Z 2 [(OtfﬁEk/)tOJ
F4 - _ =2 g=2 k’fvl'.'le —- - (4)
55 o
o} o] Aelslolrt AleA] BmEe BRye nE

*Hi e} o) s vhehlsy, Bapghe AN whEk
F - B olX kel AR oA

5 AL e AN W oA BT E o)
gl & 54 Fe 85 Wl 5, 99248 A
o)k e AR W S TSk oXIEAeS v
&8 viepiiA ok

it

I
v
y !

10 (a) :LEH
=z EBE (b) ?5%‘7431 ko] oA AE (o)
ApA wbake) o2l AR (d) 2R EA
Fig. 4. Extraction of Fs4 for a graph block (a)
the graph, (b) it's axial edge components,
(c) it’s diagonal edge components, and
(d) the extracted Fa.

(1610



19964 10 BTI2EHTH

weld, EA F8 ol8std By v el 2
593 S/ 2z R glek 2 2B
N B4 FoF 27 4o epislel 23 Selle #
2L ®, $AEE W3 54 Fy 5 AAE 248
rt.

32 5. {a) A (b) & (c)
F4

Fig. 5. F4 for each block of (a) the text, (b) the
table, and (c¢) the equation.

EEREEDIE L

A A A o2 SS90 35 2

Rzl B Fel 2, 4Rl A 4 A
sjgh AR e AAe FAske o|XshaSel 35
& 0% 4% B 9 ek Telm BE A W

X2 art 5 -A] Wk ol x|3hael] AT Aol

A AR gle AL E RS 54 Fas A9
Ocll 747k 2h& vehdiAl dg ¥ 55 F8 o &
ek webd, 54 Fig olged 5A Fy, Fr 3 Fs
& olg3ll= TR HE aHE 58 PEY
Ak

Aed 471 FAEE A 7ol H4d sz '

A, e 53 o] AT ¥pe| dAfnEYE FF
e wAeel Baelch wa, olskh W
% Z BAL A, S92 A 9 A4 0eR
SE) SAo] A, el v skl FUE A4
A8 FHAA ek oleld 471x BAel iR B2 ¥
£52 129 6ol ehhich

2% 6ol BRo] 5A Fisk B4 Faoll sf o3

i

r-{n:

(1611}

e

$334% B F 10 K¢ 125

2ol A7k ok ARSI AR e Al
Qe ERge] the BEEENE TREY, 51 R

| me

A Fyoll o8l ohe orkxle] B8] Mg i
 35E o 4 ek
0.20 T
G Graph
@ Large Text
616 & Small Text
- X Table
“‘1 X Flow-chart
< 012} a © Eguation
E » Photograph
E 0.08 o o
o
0.04 [ - 4
LI onoxm
0.00 - ZoXoX
60 30 120 150
Feature 1, Fi
(a)
0.6 T 7 Y
. x x X O Graph
05t XX B Large Text
" ] A Small Text
K o4k B g ¥ X Table
~ N X Flow-chart
T, < Equation
% 0.3 ™ W Photograph |
It .
o2} oo 1
" 0o
- o -
0.1 o, o [= o & ab
0.0 . ) s
0.0 0.1 0.2 0.3 04
Feature 2, F2
(b)
08 6. A ¥ () Fr ¥ Feo 37 2
b)) F2 2 Fo 37 2%
Fig. 6. Feature space for (a) the F) and F4 and
{b) the F2 and Fa.
4. Az} Al73s zabg o] 8% IR
1‘?: =il 3d BAlS 7]“&:’& 7 B8-S
FEf3l7] A8 vlAdd EF UlsE 2 AR T
Zof ot a4z e Ageg 29 7
sl =(input layer)®} 23(hidden layer) @ &%

Z(output layer)?| A& F3%
o] A13F Ze]ct.

°1aiﬂ o o] RS RS o e 9
darelEg olgsle] A oF ‘i}é/‘]?—i
& otk F &9 5Ae -] dad 2d9E
A st o] kA e IEZE ey
nety?t 23t 0, , Oy thE3t o] Zzh il

=
1,

g e AR

/\ TJ




126 A o7 ARE o83 EdH BREY Y 4YER

Qutput layer
Wy

Hidden layer
Wit

Input layer

Input

O3 7. 9335 AR R 1=
Fig. 7. Structure of the backpropagation.

Ni~1
net,- = gﬁ VK,' 0,‘ (OS ] SN},_I) (5)
O,’ =f(7let,‘)
(6)
=2/ (1+ exp(—net;))—1

Ny—1
netk = '20 Wk) O]' (OS k S1\/.0_1) (7)
=
0, = g(nety)
8
=nel,

olck. 4 (6)% (8 N, N, E N 7} lyE
242 9 E830 vl 5 Ve, A (D (9)
A A OB B =wold] AHE g4 RA
Z4zb [-1, +119] 3& Z= sigmoid @5} =3k
< a2 F3le AYEYSE eRich 3, &9
Z3 2dF Abele] A W, B &Y gEE
ARl 7EsR Wie theE o] ARl &

6,,3 Tk - Ok (9)

Wk,(t+1)= Wk,(t) + 72 6‘, O]' + IZIA Wk/(t—l) (10)

N,—1

6,‘:07(1_01') ki:

Willt+D) =W () + m 8; O; + e Wy(2t—1)  (12)
ofch. 714 s WHE ShESlpolsy, g g AsE
E % ov B8, AW,s 24933 £45%5 Ao
o] 75A9) AR am dHET 243 Alele]
7REAle) AAAlake 27k vehich,

Fhadfe st

#8l HP Scanjet M-P& ol|-&allx oiabxxlzs}s)
EEAelA Adeig cekdt Hoke £l dis Al
Edjo]Ad sigirt Aok HbelAE wiA siHd Hed
= ool sl Prewitt AAbARE A48t AA)3A
o AZleh Wk &R F AR 7S ALt
oigt Al71e) A EEE AATeEN A HAHoR
eS| iAAES Al sk

£5 g of 5 2o ¥ dwelES A
o oA os A8sle], 7|Ee] uhlelA S A)H
el B2 vEy 87 AAHY, S =t F
7HIRLH, I olew 2 BEEE AW
A= A7t 78] e B8 B3y Awt
o} JhAE whgos BE R An vlwe ¥ 8
ellxje} .

Fig. 8. Block segmentation of a document image
(a) an example of a document image, (b)
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the result of the proposed segmentation.
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Table 2. The value of the Fi~F4.
Block number F1 F2 F3 F4
1 (text-small) 119 0.28 0.06 0.01
2 (text-small) 120 0.26 0.4 0.01
3 (graph) 118 008 0.12 0.19
4 (table) 119 0.23 0.53 001
5 (text-small) 117 0.27 0.05 001
6 (text-small) 119 0.29 004 0.01
7 (table) 120 020 0.59 0.01
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Table 3. The result of the block -classifi-
cation by the proposed method.

Categories of | Number of Blocks | Number of Blocks { Recognition

Blocks (learning) (testing) Ratio
Small Letters 10 10 2/20
Large Letters 10 10 20/20
Equations 10 10 20/20
Flow Charts 10 10 20/20
Tables 10 10 2020
Graphs 10 10 1820
Photographs 10 10 2/20
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