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Abstract: An obstacle in old document interpretation comes from tlo& &f image quality. Old documents frequently
appear with digitization errors, uneven background, blbedugh effect. A new approach based on morpho-
logical color operators to restore the color text is presgénThe morphological tools are based on three color
spacesHSI well known in morphological processegCrCbandY 1Q rarely used in morphological proce-
dures. Experimental results carried onto 100 old documieats proven that usingCrCbandYIQ is as
effective as usingd Sl to recover ancient texts in uneven and foxed background esyagithout presenting
problems in hue ordination.

1 INTRODUCTION the edges and smooth regions, generating the image
Y. A specify tonality adjustment curve is used in
Uneven background, bleed-through effect, foxing Y; to improve the contrast between the text and the
marks, ink and paper alterations and digitization er- background image. This result is multiplied ®6yY;
rors are common in old documentimages. To improve to adjust the chrominance. An estimate of the back-
printed and handwritten text is a complex challenge. ground imageét, is obtained by Otsu ’s thresholding
method. The chrominance channels of background
E«:;ngr { Lesicographic Fittering |———— pixels are then modified, while the others remain un-
changed. Finally the image in théCbCr space is

converted back tRGRB

Drira et al (Drira et al., 2007) have proposed a
restoration strategy of color document images mix-

irl
b

Grayscale Conversion

rr— (Lsecksromd smooting | ing the standard Mean Shift algorithm with a mod-
ified one. First theRGB image is converted to
L Color Text Extraction] L*u*v*. A modified Mean Shift algorithm using the

R-Nearest Neighbors Colors concept extracts differ-
ent local maxima. The global maxima are then ex-
Final Image tracted by standard Mean Shift algorithm. And finally
the pixels are classified to the closest previously ex-
tracted mode.
In this paper we propose a morphological method-
We can find in the literature some works about ology to improve the paper background appearance
restoration of old documents. For instance, (Ram- and to preserve the original characters by using a
poni et al., 2005) have proposed a restoration strategymorphological lexicographic order applied kSI,
based on rational filter oM CbCrspace. After con- Y CrCbandY IQcolor spaces. And a restoration com-
verting theRGBimage toY CbCr, the rational filteris ~ parison is performed.
then applied tdr luminance component to highlight The rest of the paper is organized as follows. Sec-

o]

Figure 1: Restoration strategy flowchart of old document
images
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Figure 2: Restoration Strategy.

tion 2 describes the proposed approachbasedonmor2 METHODOLOGY
phological background estimation. Experimental re-
sults are discussed in Section 3. The document restoration strategy is composed of

background estimation, original colored text extrac-
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tion and image recovery. The image background ap-
proximation will be carried out by morphological op-
erators based on a lexicographic order applidd £,

2.2 Background Estimation

The background estimation is based on reconstruction

YCrCbandY IQ color spaces. Figure 1 depicts the functionp from geodesic dilatiod_, i.e.,

restoration strategy. And Figure 2 shows an example
of the restoration strategy with Sl space.

2.1 Color Mathematical Morphology

The theory of Mathematical Morphology is to quan-

p(f) = lim_8y(8y(...8y(f))) with 8g(f) = () A
—_———

" @

where the color geodesic dilatidig(f) is based on

restricting the color dilation of the marker imageo

titatively describe geometric structures present in the the masig.

image, and offers a wide range of tools (Soille, 2004).
Motivated by the recent researches on extension of
morphological operations to color images (Aptoula
and S., 2009), (Hanbury, 2001),(Peters, 1997), we
have decided to employ color mathematical morphol-
ogy tools to achieve old document restoration in a
flexible and fast manner. Based on complete lattices,
the theory of mathematical morphology, requires an
algebraic structurd (complete lattice) and an or-
der relation <”. The lexicographic order (Aptoula
and S., 2009) was chosen in our approach. Let’s de-
fine the three channels &4, C2 andC3. The max-
imum value between two three-component vectors
P(pc1, P2, Peca) andQ(dc1, ez, 0cs), also named as
supremunyV, is defined as follows:

Pc1 > dca
or

V{P,Q} = Pc1 = 0c1 andpc2 > Oc2
or

Pc1 = gc1 andPc2 = gcz andpes > Ocs

Then, from this lexicographic order, morphological
dilation 6 of imagef by using the structuring element
B at the pixelx with respect to structuring element
support seE C O are defined as follows:

&(f(x) =V{f(y) +B(x—y):yeE} (1)
We can find in the literature many works using
HSC color spaces (wher€ =1 or V or L) coupled
with morphological tools (Ortiz et al., 2001) (Ortiz

et al., 2002) (Tobar et al., 2007) . But it exists few
works usingY CrCb and Y 1Q color spaces (Popov,

2007). In our approach, we have decide to use and e

compare the potentialities ¢4Sl, YCrCbandYIQ
color spaces in morphological restoration of old doc-
uments.

The use of lexicographic order witHSI needs
the use of a hue refereneke s as follows ((Hanbury,
2001), (Peters, 1997)):

|Hi — Href| if [Hi — Hret| < Tt
or
21— |Hj — Hret| if |Hi — Hyef| > T

d(HhHref) =

84

In our proposed approach, the background estima-
tion based on color reconstruction is performed as fol-
lows:

e First the mask imagg s inverted;

e Then the the marker imagleis composed as fol-
lows:

— The first row and column and the last row and
column of the marker image are composed of

image pixels;
— The rest of the pixels are defined Hs= S=
I=00orY=Ch=Cr=00rY=1=Q=0,

depending on the used color space.
2.3 Text Segmentation

Featuring an estimation of the background image with
its peculiarities, the text can be segmented by sub-
tracting the original imagg from its estimated back-
grounddy(f). The colored text images are then con-
verted to grayscale and segmented by the Johannsen
's binarization (Johannsen and Bille, 1982).

2.4 0Old Document Image Restoration

To recover and reconstruct old document images,
three steps as performed:

e First the binarized image is used to mask the orig-
inal colored text in the original image. This step
permits to feature an image with original color
text;

Then an averaged estimation of background is car-
ried out from the morphological reconstruction
image. This step permits to feature an image with
its averaged background;

Image Recovery Finally the Image Recovery of
the old document image is carried out by adding
the two images.

To recover and reconstruct an old document im-
age, three steps as performed: First the binarized im-
age is used to mask the original colored text in the
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(b) (I -+ S— H) Background estimatio

n and Restoration
z

- a) Original image

(d) (Y = I — Q) Background estimation and Restoration
Figure 3: Restoration Experiment.
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Figure 4: Restoration Experiment.

original image. This step permits to feature an image image with averaged background. Finally the recon-
with original color text. Then an averaged estimation struction of the old document image is carried out by
of background is carried out from the morphological adding the two images.

reconstruction image. This step permits to feature an
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Figure 5: Restoration Comparison

To apply the lexicographic ordination, the order
of channels has to be done first. Following the as-
; o - - ; ; t of (Ortiz et al., 2001) and (Ortiz et al.,
Since it is possible to apply the lexicographic ordina- sessmen
tion (equation 1) with different color spaces, experi- 20002) where the authors have declared that around
ments ware carried out to answer to these questions:%A) of the processgd pixels are sorte_d by the_Ium|-
areHSI, Y CrCbandY 1Q color spaces suitable to per- 1a1ce; We have decided to use the ordination with lu-
form an efficient restoration of old documentimages? :{nlnagtr:e 'nctgzz(rﬁ plalce aéfolloweld,—> S—Hand
And can we conclude that one of these color spaces is N TR L
more suitable? By testing the three lexicographic ordinations to 100

old document images, we could observed that (Fig-

To evaluate the approachltSl, Y CrCbandY 1Q yres 3, 4, 5):

color spaces and to answer to these questions, a dat
base of 100 old documents has been created. e HSI, YCrCbandY IQ color spaces are suitable to

3 EXPERIMENTS
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perform efficient old document restorations; Ortiz, F., Torres, F., De Juan, E., and Cuenca, N. (2002).
. . Colour mathematical morphology for neural image
e The obtained results are similar. analysis. InReal-Time ImagingVol. 8 pp. 455-465.

e The use ofy CrCbandY IQ color spaces is faster Peters,l A-d(_1997)- Ivllgthemaéi_cal m?rggﬂlzo?\ly fo[' angle
H : _ valued Images. roceedings o on-Linear
and more simple t_hanzus_lrigl]SI where a hue ref Image Processing VIlIProceedings SPIE Vol. 3026,
erenceH et (equation 2) is necessary. 0.84-94.
Figures 3, 4, 5 show that, without using prior Popov, A.T. (2007). Fuzzy mathematical morphology and
knowledge about the old document images, the pro- its applications to colour image processing.Plizen
posed approach is efficient in removing the heteroge-  ©26¢h Republic: Union Agency, Science Press.

: ; _Ramponi, G., Stando, F., Russo, W., Plusi, S., and
neous and foxed background, in restoring the back Paolo, M. (2005). Digital automated restoration of

ground an(_j in recovering in a realistic manner the old manuscripts and antique printed booksPhoceeding
documentimages. of EVA 2005, Electronic Imaging and the Visual Arts
- Firenze, Italia pp. 764-767Proceeding of EVA.
Soille, P. (2004). Morphological image analysis: Prinefpl
and applications. lispringer, 20042nd Edition.

4 CONCLUSIONS Tobar, M. C., Platero, C., Gonzalez, P. M., and Asensio, G.
(2007). Mathematical morphology in the hsi colour
A new approach based on morph0|ogica| color Oper- space. InPattern ReCOgﬂlthﬂ and Image Analy5|s

Lecture Notes in Computer Science, vol 4478, pp.

ators to restore old document images has been pro- 467-474.

posed. By comparing the background estimation and
restoration, based on morphological tools oHiSlI,
YCrCbandY IQ color spaces, we can conclude that
they are suitable to restore old document images and
despite the rare use in morphological processes, it is
faster and more advantageous to appi@rCh and

Y IQ color spaces thaihlSI where a hue reference
Hier (equation 2) is necessary. It is possible to con-
clude that the luminance channel should have lexico-
graphic precedence compared to the other channels.
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