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Line Tracking Algorithm for Table Structure Analysis
in Form Document Image
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Abstract

To derive grid lines for analyzing a table layout, line image enhancement techniques are studying such
as various filtering or morphology methods. In spite of line image enhancement, it is still hard to extract
line components and to express table cell's layout logically in which the cutting points are exist on the
line or the tables are skewing .

In this paper, we proposed a line tracking algorithm to extract line components under the cutting points on
the line or the skewing lines. The table document layout analysis algorithm is prepared by searching grid-lines,
line crossing points and gird—cell using line tracking algorithm. Simulation results show that the proposed
method derive 96.4% table document analysis result with average 0.4lsec processing times.

AN P BA, BE A, BE A4, D9 22, B dolols

keywords : form document, table cell, table analysis, line tracking, table layout

+ AT AEANAT T.ME
T A A2 A A7 (email: kyekyung @etri.re.kr)
Hed Ak 2021.11.30. AAFERE: 2021.12.08.

A A2 2021.12.20. v

— 151 —


http://dx.doi.org/10.29056/jsav.2021.12.16

9} elolo}s:

bel ele A1) 91%

AE

3

=

SRR

ojp
NI~
)A

al7

!

oF
ojp

|

~N
w
=T

3

=2

1)
—_
o
B
22

ofpy

al7

A
=

ag=

my =
R o=
on o
7 M
o
L

ol
<o
Bo

B

—_—
o

xr
g
i

py!

olm

!

STETHL2]

MEHR #ZX M R

=
(L

2. YAl

=)

2159

o] 2A50] 1= e

B

o

g

2!

~

i
;Oﬁ

o)
s

N

)

0

K
]
1%0
=V

b

=]
-

s

o] ¥

L
L

3t & w2 E

4 §AE oA

Atk

Derive table boundary rectangle lines

by Hough transform

Document skew correction by perspective
transform using square vertexes

Derive horizontal and vertical grid-lines by
line tracking algorithm

Derive grid-line crossing points and
connect cut-points on the line

Derive grid cell layout usig grid-lines and
crossing points

v
Table layout analysis results
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Fig. 1. The flow—chart of table structure analysis

algorithm in document image
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(b) Table boundary

(c) Document skew
line extraction

(a) Document image correction

(d) Horizontal grid-

(e) Vertical grid-line  (f) Derive crossing
line extraction

extraction points

(g) Grid-cell layout
analysis line and cell

J 2 £ 7= M 2 oAz ddst 24
=Ry
Fig. 2. Document image samples for each step of
table structure analysis

(h) Reconstruct grid- é) Character
egmentation in cells
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(a) Skewed document (b) Table boundary line detection

(c) Derive correction corner points (d) Document skew correction
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Fig. 3. Example images of document skew
correction steps.
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Fig. 6. Crossing points of horizontal and vertical
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(b) Grid-lines and crossing points
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(a) (b)

1o
X
18
o
>
it
v
[
o
fo

2 4 (R&D, P00152
9_xtel A W 9EE AL AP AE 97 A

y
DE AL D AFED)” A9 A9

(1]

(c) (d)

a3 1. 7|80{A £x 2 ololr &4 AdM
Lot dH4E 27 of [2]
Fig. 11. A cell detection error example od a

skewed document image.

—

52 E
(3]
£ =R 4] B4 23E ERE ¢
Asb] 9l aEs gels FAsE gAoR
73 2 A AH RS Fohlla wAHE 3
Yafe] ael= A9 delots Aug 32w 4 M
SNE LAYFS Adsteh
B3 D AN AEE G BN B8EE
ddew A3 Fds Ay 2ol F4 e
For aelmeRlY 85%% AER F ANS
w wxbda A ARE 42 972% B2 964% F 5]
F% 5 Ao A o ¥A JAE
Aglsted Hit 0412 &7t 2850 vy

|
—_
o1
o
|

X. Liang, A. Cheddad and J. Hall, *
Comparative Study of Layout Analysis of
Tabulated Historical Documents”, Big Data
Research, pp.1-13, Vol. 24, 2021. DOIL
https://doi.org/10.1016/.bdr.2021.100195

Y. Yoon, K. Ban, H. Yoon and J. Kim,
“Automatic Container Code Recognition
from Multiple Views”, ETRI Journall, pp.
767-775, Vol. 38, Issue 4, 2016. https://
www.koreascience.or kr/article/JAKO201671
261180459.page

B. Couasnon and A. Lemaitre,
“Recognition of Tables and Forms”,
pp.646-699, Handbook of Document Image
Processing and Recognition, 2014. https://
hal.inria.fr/hal-01087230

P. Rege, C. Chanchal and A. Chandrakar,
“Text-Image Separation in Document
Images using Boundary/Perimeter
Detection”, J. of Signal Image Processing,
pp.29-35, Vol. 4, 2013. https://1a600609.
us.archive.org/1/items/indexing_theides_104
4/1044.pdf

D. Nazir, K. Hashmi, A. Pagani, M.
Liwicki, D. Striker and M. Afzal,
“HybridTabNet: Towards Better Table



2021 128 ot=AZE

Aoaggotete ==X H17H H2s

[6]

[7]

(8]

(9]

Detection in Scanned Document Images”,
Applied Science, pp.1-22, 2021. DQL
https://doi.org/10.3390/app1 1188396

D. Burdick, M. Danilevsky, A. Evmievski,
Y. Katsis, and N. Wang,“Table Extraction
and Understanding for Scientific and
Enterprise Application”, PVLDB, Vol. 13,
No, 12, pp.3433-3436, 2020.

T. Nguyen, A. Doucet and M. Coustaty,
“Enhancing Table of Contents Extraction
by System Aggregation”, The 14th IAPR
International  Conference on  Document
Analysis and Recognition, pp.242-247, 2017.
D. Tran, T. Tran, A. Oh, S. Kim and I
Na, “Table Detection from Document
Image using Vertical Arrangement of Text
Blocks”, International Journal of Contents,
pp.77-85, Vol. 11, No. 4, 2015.

S.  Perantonis, B. Gatos and N
Papamarkos, “Block decomposition and
segmentation for fast Hough transform
evaluation”, pp.811-824, Vol. 32, 1999.
https://users.iit.demokritos.gr/ bgat/BHT .pdf

[10] L. Tong, H. Zhao, Q. Peng, G. Zhan and

Y. LI, “Document Image Skew Correction
Method based on Characteristic Sample
Point Detection and Hough Transform”,
Journal of  Convergence Information
Technology, pp.576-584, Vol. 7, No. 22,
2012. https://www.semanticscholar.org/
paper/Document-Image-Skew-Correction—-
Method-based-on-and-Tong-Zhao/d8f03ec
797f551660d741bfb479adfchc341dbac

1989.2

735
1992.2 7 E— o
1997.2 7
1998.8—2001.2 CENPARMI - 3} 8} 2}

2001.3-d A :

X A &

H A, J1sAs

— 159 —

st A%}
sta Azt

gt A X}

L

A

DR AR T 2R
<FEA R R4,

7 FFE 1] ;q 23



