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Abstract

A novel scheme is proposed to extract
characters  from dated posicards. The
illustrations of the postcards appear in various
languages and colors embedded in different
backgrounds. Due to reproduction and uneven
illumination, these characters suffer a severely
degradation and hence extracting characters
using conventional methods becomes difficuil.
A morphological operation is proposed to
remove rrelevant backgrounds that are
connecting to border edges of the posicards. As
a result, characters become the most obvious
objects. Followed by horizontal and vertical
projections, the exact locations of the
characters can be located. The proposed
scheme has been executed on a set of color
images of postcards and proved its efficacy.
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1. Introduction

In this study, we propose a scheme to
extract characters from color postcards printed
around 1930 during the time Japan occupied
Taiwan as one of its colonies. These postcards,
collected and reproduced in the book [7],
possibly the earliest postcards about Taiwan,
contained photographs of mountains, rivers,
countryside, famous building, etc, Figure 1
shows two color postcards. The iilustrations are
printed either on the upper or lower positions of
the postcards with various backgrounds.
Characters may appear in black, white, or red
colors with underneath backgrounds of blue
sky and/or white clouds, dark mountains,
brownish rocks, trees with leaves and/or
branches, rocky or muddy country roads, ponds,
etc. These reprcduced images suffer a
degradation problem due to old time, uneven
illuminations, or some unknown reasons. As
they are precious and fragile historical
documents, it i§ much meaningful if they can be
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kept in a digital library via key words searching,
with helps of characters extraction, to make
these  historical documents available to
researchers as well as the general public.

There are researches about character
extraction. Wang ef al. [4] proposed a character
segmentation method of color images in which
a multiscale edge detection is applied based on
the color difference. But the method cannot
handle characters located on complex
background. In Tsai er al. [1], they proposed a
method uses luminance and saturation features
to extract possible characters on color
background, but it fails when the docurnent has
inseparable luminance and saturation, or
gradually decaying background. Amnother
tnethod in [2] is based on a combination of an
adaptive color reduction technique and a page
layout analysis approach. The results are not
satisfiecd when characters are smail and not in
solid colors. Chen et al. [6] proposed a method
to classify the coherent blocks as text or
non-text for color technical journal’s cover. It
cannot  extract  non-uniformly  colored
characters from complex background.

[n our study, we found out that the colors of
the characters are very semsitive to the
backgrounds. In particular, these characters
appear in solid colors on postcards to us, but in
fact they show quite a different variations on
colors among their neighboring characters and
sometimes are inseparable from background.
Thus we use the intensity information of the
postcards for extracting characters and color
information for post processing only. Since
illustrations are either printed in the upper or

(a) House. {b) The local vendor.

Figure 1. Two color postcards.



lower 1/5 position, or no illustration at all, thus
only upper and lower 1/5 of the postcards will
be investigated here. The paper is organized as
follows. Section 2 describes our algorithm. We
discuss the effects of preprocessings in
digitalilized color postcards in 2.1, Section 2.2
explains how to remove irrelevant background
so that characters become principal objects in
the remaining image. In 2.3, via histogram
analysis, image is binarized and characters are
obtained. In 24, the method for exact
character-region detecting is described. Color
contrast-enhancement and sharpening are done
as the post processing is described in 2.5.
Finally, experiments and discussions are in
Section 3.

2. The algorithm
2.1. Preprocessing

Smoothing is a common preprocessing in
various image processing. For example,
opening-closing operation of morphology,
low-pass filter of linear transformation, and
diffusion filter [3] of non-linear transformation
are often used as preprocessing to remove
noises. In our case, since the characters printed
on the postcards are relatively small, the role
they play is more like noise than the principal
object. Thus, the characters become more
blurred than before if smoothing is applied, i.e.
more information about characters is lost,
Therefore preprocessing of smoothing is not
suitable on this application.

2.2. Irrelevant background removal

Because characters are embedded in
complex background and not connecting to the
border edges of the image with rare exception,
we reconstruct the background image that
connecting to border edges by morphological
reconstruction [5]. Followed by a subtraction
from the original image then most of irrelevant
background can be removed. The reference
image R is the original image (fig.2 (a)) and the
white (or black) marker image M is the image
of the same size as R with gray values all equal
to 255 (or 0) except pixels on four border edges
have the same gray values as in R. As in fig.2
(a), characters are dark, in order to have bright
background, reconstruction by erosion with the
white marker image, £™(M, R), should be
used. Similarly, if R has bright characters with
dark background then reconstruction by
dilation with the black marker image, &™(3,
R), should be used. Since if characters are
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(d) ™M, R)- R, the difference image of (c), (a).

Figure 2. To remove irrefevant background
via morphological reconstruction by erosion.
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Figure 3. The binarization of image 2(d).

embedded in bright background, then more
likely characters are printed dark and vice versa.
Thus, the distribution of intensities of border
pixels on three sides is used to guess the
darkness/brightness of the corresponding
background. The reason of only three borders
used is that if the image is upper (or lower) 1/5
of the postcard then the lower (or upper) border
is not a real border edge of the postcard. In our
experiment, we count the number of pixels with
gray value < 100, if it is more than 50% then
the background is more likely to be dark
otherwise bright. As in fig. 2(b), the percentage
of number of pixels with gray value £ 100 is
zero, Thus £™(M, R) with white marker image
M is used and the result is shown in fig.2{c}). To
remove irrelevant background, we do £™(M,
R)-R, i.c. difference the images (c) and (a),
most of backgrounds are removed, only
characiers and some noises are remained as in
(d). For the case of & ™(M, R) with black
marker M, R-FMR) will remove
background connecting to borders similarly.

2.3. Binarization of subtracted images

To extract characters, the subtracted image
obtained from Section 2.2 is binarized through
a threshold, rh. An ideal subtracted image has
most white background and a few dark
characters or noises as in fig. 2(d). In our



experiment, th is determined as the minimum
of 225 and T (:lower 5% gray value histogram
of the subtracted image), L.e. ## = min( T, 225)
where

T

> H[x] and 3 H[x]
<% > 5%
Y Hix) > HIx)

x=0 x={
Take fig. 2(d) as an example. Since T is
evaluated as 227 and #h = min{ T, 225) = 225,
the binarized image is shown in fig. 3

2.4. Detecting characters regions

2.4.1, Horizontal projection for possible text
region:

For each row of the binarized image
obiained from Section 2.3 the number of
crossings from black pixel to white pixel is
counted. A horizontal histograms H/ counting
these crossings is constructed such that for any
row k if the number of crossings is mand m 2 i
then H, (k)= m - i otherwise H{%)= 0. The length
of a nonzero interval of H; is defined to be / if
there is a consecutive / nonzero rows, i.e. Hi()
# 0, for t /< t+/-1 and Hyt-1) = Hi(1+J) = 0 for
some t. Between any two nonzero intervals, a
zero interval is considered, the length of a zero
interval of H; is defined similarly. H; is to
determine whether the sub-image contains
illustration. As in fig.4, (a), {c) are upper/lewer
sub-images, (b) and (d) are the binarized
subtracted  images with  corresponding
horizontal projections Hy and H;; on the right.
in (b), there are four nonzero intervals and
three zero intervals both in Hg and H,,, but in
(d) there is only cne nonzero interval,

If the sub-image contains illustration then
borizontal projection should exhibit regularity
on heights of nonzero and zero intervals. Since
there is at most one sub-image containing the
illustration, this regularity property can be used
for determining which sub-image does contain
the illustration. If Hy shows a regularity
property, or due to possible noises affecting Hg,
Hy does not but Hy, does, then the
corresponding sub-image contains characters as
in fig.4(b). On the other hand, in fig.4{d) both
H; and H;> show no such regularity property,
we conclude it does not contain characters.

2.42, Noise removal by
component analysis:

After the sub-image containing illustration
is found, connected component analysis (CCA)
is applied. The resulted blocks may be
characters or noises. We classify noises into
three types A, B, and C:

connected
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{(a) The upper 1/5 sub-image of fig.1(b).
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(b) The binarized subtracted image of (a} and
the corresponding Hz and H;.
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(d) The binarized subtracted image of (c) and
comresponding Hg and H,.
Figure 4. Horizontal projections for possible
character regions detection.

A. If a block with height greater than 20,
density greater than 0.3, and the herizontal

“projection of its center-position falls on

nonzero interval of Hg, then it is a type A noise.
Since if the center position falls on zero
interval of Hg, it is very possible that two
(illustration) lines are connected into one piece,
we do not want to treat them as noisgs.
B. If a block is not a type A noise but its
center-position fzlls on zero interval of Hg, and
the density is greater than 0.8, then it is
classified as a residue noise. This kind of noises
usually is the residue from  the
border-connecting background.
C. If a block does not belong to A, B, then it is
a type C noise if it satisfies one of the
following:
strict criteria:
Center position of the block is on nonzero
interval of H;, and there is no other block
in the area by extending 3 times of the
dimension of such block.
loose criteria:
Center position of the block is on nonzero
interval of Hy, and there is no other block in
the area by extending 2 times of the
dimension of such block.
between and outside nonzero intervals :
If the horizontal projection of this block
totally falls in zero interval, or above
{below) the first (last) nonzero intervals of
He.

2.4.3. Horizontal and vertical projections for
exact region:

After most of noises are removed as
described above, horizontal and vertical
projections are formed again on the resulted



image. By observing the lengths of nonzero and
zZero intervals, the heights of character lines and
inter-line distances can be determined. Since Hy
may be affected by noises, H;; is used to figure
out the average of height of lines and inter-line
distances, Using this information false
character lines can be eliminated. As in fig.
4(b), the horizontal projection shows four lines,
but inter-line distance can tell us that the last
line is not a real one for the itlustration. The
exact height of illustration is determined by
extending outwards extra 5 pixels to the first
pixel in first line and the last pixel in last line of
H; to assure all characters can be included.
Next, RLSA method is applied on vertical
projection to determine the width of the
illustration. If v(i), v{j) are nonzero and | i+j {< ¢
(: ¢=30) then make interval between them to be
nonzero, where v(i) is the number of crossings
of the column i. Finally, width of the
illustration is determined by the length of
longest nonzero interval.

2.5. Post processing

After the exact region determined, the
quality of the characters will be improved by
contrast enhancement and sharpening. The
original color information of extracted
characters is obtained from the color postcards.
Conirast enhancement is done by suppress the
first 50 and lower 50 intensity values then
extend the rest of intensity to be 0 ~ 255,
similarly for the saturation. To sharpen the
image, we apply the high-boost filter on R, G,
and B respectively for each character pixel.
Figure 5 shows before and after the post
processing, the quality of extracted characters
is indeed improved.
and

3. Experimental results

Discussion

The proposed method is implemented from
sample images in [7]. In “Suspension bridge”
(fig. 6(b)), the original image {d) has an oblique
line crossing the characters, but the characters
are extracted successfully as in {c). But if the
background image is really similar to
characters, in addition to uneven illumination,
the extracted result may be not satisfied. In
“Buffalo” (fig.6(a)), illustration is on the lower
right corner of the postcard with stream
underneath. Although the character region (e) is
found correctly but the result is not good
enough due to the stream is under shadow and
with ripples. How to solve this problem will be
our future work.
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(a) Extracted binary characters of “The local vendor”.
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{b) The result after post processing.

Figure 5. Final result of “The local vendor”.

(a) “Buffalo™. ‘ ] (b) “Suspension bridge”.
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(c) The extracted characters of “suspensu)n bndge

(d) The ongmal reglon of (c) on the color postcard
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{e) The extracted characters of “Buffalo™.

Figure 6. The experimental resulis.



