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(Document Image Binarization Using a Water Flow
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Abstract

This paper proposes a local adaptive thresholding method based on a water flow model, in which
an image surface is considered as a 3-dimensional (3-D) terrain. To extract characters from
backgrounds, we pour water onto the terrain surface. Water flows down to the lower regions of the
terrain and fills valleys. Then, the amount of filled water is thresholded, in which the proposed
thresholding method is applied to gray level document images consisting of characters and
backgrounds. The proposed method based on a water flow model shows the property of locally
adaptive thresholding. Computer simulation with synthetic and real document images shows that the
proposed method vields effective adaptive thresholding results for binarization of document images.
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Fig. 1. Flowchart of the proposed binarization
method.
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for all pixels (x,y)
begin
set the current point (m,n) to (x,y)
until fim,n) is the minimum
begin
set (u,v) to (0,0)
for all neighboring pixels (m+in+j), -s<i j<s
if km+i,n+j) < fm+u,n+v) then set (u,v) to (i)
set the current point (m,n) to (m+u,n+v)
end
increase f{m,n) by one unit
end

a2l 2. Ak} water flow model?] ¢x=lE
Fig. 2. Algorithm of the proposed water flow
model.
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(a) histogram, (b) Otsu’s method
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(e) Lin and Srihari’s method, (f) proposed
method.
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Table 1. Scores for quantitative performance
comparison of each binarization
method.
) Method
Test image A | an | as | on | b
T 14| 14 ] 15| 14 | 17
T; 141141151 12| 16
T3 411|166 14| 16
Ty Bl 16| 17|18
1z 911917 ] 19|19
Te 15 15 16 14 15
T 51116} 16|17
T3 9119 18] 20 | 2
13 171717 | 17 | 18
Tho 14115 16| 14| 16
Total score 156 | 189 | 162 | 157 | 172

Mi: Otsu's method,

My Nakagawa and Rosenfeld’s method,

M3 Niblack’s method with postprocessing,

My Liu and Srihari’s method, M5: proposed method.
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Table 2. Character  extraction rate  for
binarized document images obtained
by each binarization method (%).

Test image Method
M | My | M | My | Ms
Ti - 67 | 70 | 66 | &
T 3P| 435 |19 &4
T; 62 | 66 | 93 | 4
Ty 8 | 9| & | B3| &
T 418 | B | B | D
Ts 3| 3FH | 63| 11|70
T % | 6| 77| 69 | &
T; 97 | 97 ] 92§ W | B
T 91 | & | & | 4 | &
Tio 6| V| 77| 2| 3
Total score 67 | 88 | W | 57 |

M;: Otsu’s method,

M. Nakagawa and Rosenfeld’s method,
Mz Niblack’s method with postprocessing,
My Liu and Srihari’s method, M5: proposed method.

a9 4= 23 109 sgske 4}
el glek o9 4@ b 44 13 11
1)l sl 41 =

Astolt. 97)xe HHE

2% e

Hi gl o T wiA wiel 2 At FA 4

el glek 2 4o 238 1Dl sk &
2} 22 Ay o] A% s £L 2 AAYE




20014 1A EFLLew

orl 13 14(dE I3 1le)edl ] L3 41

"o
5.

1221k
FZ A3E volx levl ded B2 uiel
oA EAPL A% ""Q ok 23 e
Y 11N Lozl FA FE A9E ez e
o 2 she] FAE Aelsla 2 1409 v A3
£ vepla gl

o) F7F AR E 20 veplla gled 7]
25 o e F4 Gl A ExF F= v
Aejslgick dAl- g ket whye] thE o]zl
3 wbge) v o 2 2 32 A9E Jeldch

pic)

ah=

[s]

e

V.2 E

—

T2 W) AR FHoldle 32t
A Z]d._i A3t water flow model$- ©]-8-3fe] 4
Aol =i A4S ¥4% F thresholdingshe #hy
ALg-8lgic). Water flow model: 919 9o rc)
ool sdehs AFE IFAHe HoRE S 6}711
e} el B azs Aol AYAA Hx HRE
el dsfirls AUAA WA "ok 2] EelHal
43g- o]-851] Ak thresholding WS AHgoll <s)
Al 4 BA Aot B Aol whekt wiY
o] EAshe S4A BAdo] At el dis ok o]
Zs} wpHEch G A o8 olxlgiet o glut ol
ARl BAe] At ddellx AsoR AR A
Hopste Alzdol 7l thE §-8 ool EhHel A
A Aoz AR o lAE
FF] A oxlE Aol AU AHshs 1
A Bof oS #AoR Aulsh= EAl sl d7elrt

A JAkE- 3

lo

A

B1EE

[1] R C Gonzalez and R. E. Woods, Digital
Image  Processing, Addison-Wesley, New
York, 1992.

[2] N. Otsuy, “A threshold selection method from
gray-level histograms,” IEEE Trans. Systems,
Man, Cybernetics, vol. SMC-9, no. 1, pp.
62-66, 1979.

[3] Y. Nakagawa and A. Rosenfeld, “Some
experiments on variable thresholding,” Pattern

Recognition, vol. 11, pp. 191-204, 1979.

(3D

XEE H BB SPR OE 1R

[4]

[5]

[6]

(7]

(8]

[9]

{101

(11

[12]

31

S. U Lee, S. Y. Chung, and R-H Park, “A
comparative performance study of several
global thresholding techniques for segmen-—
tation,” Computer Vision, Graphics, Image
Processing, vol. 52, no. 2, pp. 171-190, 1990.

P. K Sahoo, A. K. C. Wong, and Y. C. Chen,
“A thresholding  techniques,”
Computer Vision, Graphics, Image Processing,
vol. 41, no. 2, pp. 233-260, 1983

T. Pavlidis and Y.~T. Liow, “Integrating region
IEEE Trans.
vol. PAMI-12,

survey  of

growing and edge detection,”
Pattern Anal. Machine Intell,
no. 3, pp. 225-233, 1990.

L. Vincent and P. Soille, “Watersheds in digital
algorithm based on
immersion simulations,” IEEE Trans. Pattern
Arnal. Machine Intell., vol. PAMI-13, no. 6, pp.
583-598, 1991.

H Ancin et al, “An improved watershed
algorithm  for
anisotropic 3-D  hiological images,”
1995 IEEE Int. Conf Image Processing, vol. |,
pp. 172-175, Washington D.C,, USA, 19%.

T. Géraud al, “Segmenting internal
structures in 3D MR images of the brain by
Markovian relaxation on a watershed based
adjacency graph,” in Proc 1995 IEEE Int
Conf Inage Processing, vol. I, pp. 548-551,
Washington D.C., USA, 1995.

M Baccar, L. A. Gee, R C. Gonzalez, and A
Abidi, “Segmentation of range images via data
fusion and morphological watersheds,” Pattern
Recogrition, vol. 29, no. 10, pp. 1673-16%7,
1996.

P. T. Jackway, “Gradient watersheds in mor-
phological scale~space,” IEEE Trans. Inage
Processing, vol. IP-5, no. 6, pp. 913-921, 1996,
L. Najaman and M. Schmitt, “Geodesic saliency

space:  An efficient

counting objects In noisy,

in Proc

et

of watershed contours and hierarchical
segmentation,” IEEE Trans. Pattern Anal
Machine Intell, vol. PAMI-18, no. 12, pp.
1163-1173, 1996.



32 Water Flow Model& o]-&38F ¥4 ojAke] o]x13}

(131 C. K Lee and S. P. Wong, “Morphological
approach for thresholding noisy images,” in
Proc SPIE Visual Communication and Image
Processing, vol. 2501, pp. 1773-1784, Taipei,
Taiwan, 199%.

[14] N. Papamarkos and B. Gatos, “A new approach
for multilevel threshold selection,” Graphical
Models Image Processing, vol. 56, no. 5, pp.
357-370, 19%4.

[15] L. O'Gorman, “Binarization and multithre-

sholding of document images using connec—

tivity,” Graphical Models Image Processing, .

vol. 56, no. 6, pp. 44-506, 1994,
[16] A. Beghdadi, A. L. Négrate, and P. V. De
Lesegno, “Entropic thresholding using a block
source model,” Graphical Models
Processing, vol. 57, no. 3, pp. 197-205, 19%.
071 @ D. Trer, T. Taxt, .and A K Jain,
digits in

Image

“Recognition  of
maps-binary versus topographic analysis,”
IEEE Trans. Pattern Anal Machine Intell.,
vol. PAMI-19, no. 4, pp. 399-404, 1997.

& 12 #OEER)

19704 290 1834, 1902 290 A
Ziosta Apedserst - EejEst
Z4] (13D, 1994 29: A7l
sk ekl g 4 (3
AP, 19984 84 A{7}dlstw et
A A 24 (FERRD. @
A wpEeld AT FEAEck MPEG4

application, T 7|uke] dalels wlu)e 3w F9

8 F B(EEER)

Adstw AApEs 24 (3
Ab. A Az gooyst A
Az A, FRARok )

WA, 7 HA 59

hydrpgré;phic .

S|

1971 59 164, 19999 290 A

SHE

[18] Y. Liu and S. N. Sphari, “Document image
binarization based on texture features,” IEEE
Trans. Pattern Aral Machine Intell, vol.
PAMI-19, no. 5, pp. 540-544, 1997.

[19] @ D. Tder and T. Taxt, “Evaluation of
binarization methods for document images,”
IEEE Trans. Pattern Anal Machine Intell,
vol. PAMI-17, no. 3, pp. 312-315, 19%. '

[20] W. Niblack, An Introduction to Digitdl Irage
Processing, Prentice Hall, New Jersey, 1986.

[21] @ D. Trier and A K Jain, “Goal-directed
evaluation of binarization methods,” IEEE
Trans. Pattern Aral Machine Intell, vol.
PAMI-17, no. 12, pp. 1191-1201, 1995.

[22] S. D. Yanowitz and A. M. Bruckstein, “A new

Computer
Vision, Graphics, Image Processing, vol. 46,
no. 1, pp. 82-95, 1989

231 D-G Sim, Y. K Ham, I K Kim, and R-H
Park, “Analysis of mixed Korean docurment
using the branch and bound algorithm based
on DP matching,” Computer Vision and Inage
Understanding, vol. 71, no. 3, pp. 373-384,
19983, .

method for image segmentation,”

R FE BOEER)

1968 7€ 444, 1981 Aedet
A ARFE E9 (FAD. 193
d Univ. of Texas Austin, &%
(F3A4D. 1989 Carnegie
Mellon Univ. 24 (FsHAD. &
Al A7 FAENE 1
o] FakE zug FEMlEok e, ddRE

=X}
[~

# % SLIEGR) % 335, BiR % 0% 2
A AL WA e



