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ABSTRACT

An approach to word image matching based on weighted
Hausdorff distance(WHD) is proposed in this paper to
facilitate the detection and location of the user-specified
words in the document images. Preprocessing such as
eliminating the space between adjacent characters in the
word images and scale normalization is first done before
the WHD is utilized to measure the distance between the
template image and the word image extracted from the
document image. Experimental results in the application
of detecting the user-specified words from both English
and Chinese document images show that it is a promising
approach for word image matching.

1. INTRODUCTION

Many commercial Optical Character Recognition(OCR)
systems, which claim to achieve the recognition rate of
above 99% for single characters, have been introduced to
the market during the past few decades. However, when
confronted with degraded images, the performance of
these systems deteriorates severely because all of them
rely on the segmentation procedure that is prone to
recognition failure at the presence of image noise and poor
printing quality. In particular, when adjacent characters are
joined or fused, an OCR system must perform the delicate
task of separating them. However, under some conditions
perfect segmentation would be impossible. It has been
estimated that half of the errors in the -character
recognition occur during segmentation in locating the
individual characters within a word.

To overcome the problem caused by character
segmentation, segmentation-free approaches have been
developed by eliminating the segmentation step. Such
approaches have been reported by using Hidden Markov
Model and Viterbi dynamic programming algorithm in
handwritten word recognition'". These strategies can be
viewed as searching for the most likely sequence of
characters given a sequence of observations extracted from
the input image. A lexicon can be an available tool for

resolving the ambiguity during the procedure. Another
approach is called holistic word matching”, which treats
the word as a single, indivisible entity and attempts to
recognize it using features of the word as whole, rather
than segments and recognizes individual characters of the
word. The latter approach is inspired by psychological
studies of human reading which indicated that humans use
features of word shape such as length, ascenders, and
descenders in reading.

Word matching may be at either the feature-level or
the pixel-level. As a low-level matching, the pixel-level
matching, such as Hausdorff distance, is simple and
insensitive to changes of image characteristics. Hausdorff
distance measure has been widely investigated in the area
of object matching®™ and character recognition[ﬂ.
Dubuisson and Jain* presented the modified Hausdorff
distance(MHD) based on the average distance value for
the object matching. For the purpose of word image
matching, we propose a weighted Hausdorff
distance(WHD) in this paper to improve the MHD by
setting the different parts of the word image with different
contributions to the directed distance.

The remainder of this paper is organized as follows.
Section 2 discusses the preprocessing for the word image.
Section 3 presents the weighted Hausdorff distance
measure. Section 4 describes the experimental results that
demonstrate the effect of the proposed approach in
detecting and locating user specified words in English
documents and Chinese documents. Finally, conclusion is
given in Section 5.

2. PREPROCESSING FOR WORD IMAGES

The preprocessing for word image matching includes
space elimination and scale normalization.

In a word image, it is common that two or more
adjacent characters are connected with each other, which
is possibly caused by low scanning resolution or poor
printing quality. Generally speaking, it is not trivial to
separate them.

On the other hand, the templates of word images used
for the matching are synthesized directly from bitmap



images of each character one after another, in which each
character occupies a uniform size of image pixels, e.g.
16*16 pixels for each one. This results in variable spacing
between adjacent characters. From figure 1(a), we can find
that the spacing between the double characters “I” is
larger than that between the character “w” and “a”.

To overcome the problems, we condense the
characters in the word image by eliminating all of the
space between each part of the adjacent characters in both
the template image and the word image extracted from the
document image, as showed in Figure 1(b) and Figure
2(b).

And then, the word image is normalized to the size of
template image.
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(a)

wallet
(b)
Fig. 1 word template
(a) Original template image (b) Condensed image

clarificatory clarificatory
attribution  attribution

affirmance affirmance
(a) (b)

Fig. 2 Space elimination
(a) Original word images (b) Space eliminated images

3. WORD IMAGE MATCHING BASED ON
WEIGHTED HAUSDORFF DISTANCE

Hausdorff distance has been widely applied in two-
dimensional image matching, especially in the area of
object matching.

The distance(e.g. Euclidean distance) between two
points a and b is defined as d(a,b)=||a-b], and the distance
between a point a and a finite point set B={by,... ,byp} is
commonly defined as

d(aB)=min |l a-bl|
bOB
Given two finite point sets A={a;,...,an,} and

B={by,... ,bnp}, the Hausdorff distance is defined as:
H(A,B)=max(h(A,B),h(B,A))

Where h(A,B) and h(B,A) represent the directed distance
between two sets A and B. The directed distance h(A,B)
is traditionally defined as

h(A,B)= max d(a, B)
alJA

=maxmind(a,b

aDA)\( bDlB (a’ )

=maxmin||a-—Db]
alJA bOB

The function h(A,B) identifies the point a [JA that is
farthest from any point of B and measures the distance
from a to its nearest neighbor in B. The Hausdorff
distance H(A,B) measures the degree of mismatch
between two point sets A and B.

Dubussion and Jain¥ presented the modified
Hausdorff distance(MHD) measure by employing the
summation operator over all distance, rather than the
maximum operator:

]
hyin(A.By= ;d(a, B)

The MHD was proposed for the purpose of object
matching in the areas of computer vision, object
recognition and image analysis.

A word image can be divided into different parts,
namely the ascender, the descender, and the mid zone, as
illustrated in Figure 3. We propose a weighted Hausdorff
distance(WHD) to investigate the application of Hausdorff
distance to word image matching, in which the
contribution of different parts of the word image to the
Hausdorff distance is not the same. The directed distance
of WHD is computed as

1
hWHD A,B = |]1 B
( )Naa;w(a) (a,B)

; w(a)=Na
¥ ascender
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Fig .3 different parts in the word image

where

Figure 4 illustrates five word images extracted from
real document images. To prove the effect of the proposed
WHD, the distance measures between the five word
images and their template images that are generated by the
bitmap images of the characters are calculated.

The preprocessing is carried out for both the word
images and template images using the method described in
Section 2 before the matching. The weight of the different
parts in the word namely w(a), w(d) and w(m) correspond



to the ascender, the descender and the mid-zone
respectively. They are set as:
w(a)=w(d)=2*w(m)

many
money

Wrong
either
thinking
Fig .4 word images extracted from real documents

As comparison, the distance measures of both MHD
and WHD are reported in Table 1-5. The images 1-5 in the
tables correspond to the five images illustrated in Figure 4.

Table. 1 distance with template image of word “many”
Imagel | Image2 | Image3 | Image4 | ImageS
MHD | 0.211 | 0.338 | 0.485 | 0.834 | 0.595
WHD | 0.155 | 0.350 | 0.491 | 0.762 | 0.598

29

Table. 2 distance with template image of word “money
Imagel | Image2 | Image3 | Image4 | ImageS
MHD | 0.448 | 0.269 | 0.482 | 0.868 | 0.538
WHD | 0.452 | 0.261 | 0.579 | 0.841 | 0.550

L3

Table. 3 distance with template image of word “wrong
Imagel | Image2 | Image3 | Image4 | ImageS
MHD | 0.480 | 0.407 | 0.191 | 0.903 | 0.580
WHD | 0.492 | 0.417 | 0.187 | 0.998 | 0.550

bl

Table. 4 distance with template image of word “either’
Imagel | Image2 | Image3 | Image4 | ImageS
MHD | 0.727 | 0.743 | 0.935 | 0.187 | 0.571
WHD | 0.827 | 0.796 | 0.969 | 0.165 | 0.589

Table. 5 distance with word template image of “thinkin
Imagel | Image2 | Image3 | Image4 | Image5
MHD | 0.757 | 0.648 | 0.705 | 0.942 | 0.226
WHD | 0.778 | 0.685 | 0.738 | 0.976 | 0.196

From the results, we can see that the distance measure
represented by WHD between each word image and its
corresponding template image is lower than that
represented by MHD, whereas the distances of WHD
between the template image and other images are larger

than that of MHD generally. It means that WHD is better
than MHD for the purpose of word image watching.

4. EXPERIMENTAL RESULTS

To verify the validity of the approach of word image
matching based on the proposed weighted Hausdorff
distance(WHD), we use it to detect and locate the user-
specified words in the document images. The experiments
are carried out on both English document images and
Chinese document images.

The document images are selected from the scanned
books and newspapers that are provided by the Central
Library of the National University of Singapore. Before
the word image matching, all connected components in the
document images are extracted, and the topological
position relations among the connected components are
utilized to bound the word images.

4.1 English document image

Firstly, the space between adjacent characters in both the
template image of specified word and the images of words
extracted from the document is removed, then the word
images are normalized to the size of the template image
before the word matching. Some words are eliminated
simply by their shape ratio. Suppose that Rw and Rt
represent the shape ratio of word image and template
image respectively. Only the word images whose Rw/Rt
values fall in the range of (A1,12) will be matched with the
template image. In our experiments, A1 and A2 are set as
0.8 and 1.2 respectively.

Figure 5 demonstrates an example, in which the user-
specified word “military” is detected and located
successfully in the document image by within the
bounding rectangles.

Even the soldiers are forced to become agriculturists, In
certain parts of the empire, fields are laid out, which they
cultivate for their subsistence; in other parts, where they
have no farms of their own, they hire themselves out as
servants to the peasants, and plough the ficlds, till they
are called for the reviews. The greater part of the
officers are very illiterate, and have risen from the ranks.
There are, however, examinations, as well as
literary, and degrees of bachelor, master, and doctor, in
tactics, regularly conferred. They have the same
deprces as literary mandaries, and wear the same badges
of rank, buttons or knohs, on thefr caps ; yet they are re-
garded both by the literary mandarins and the people wiih
the greatest contempt, Their salary is very small, their
resources slender, and their situation not at all enviable.
Many of the general officers are Tartars, who enjoy great

Fig.5 Detection of specified word in an English document



4.2 Chinese document image

Chinese words are quite different from the western words.
It is reported by psychological research that the four
corners are more important in the recognition of characters
for human beings. We divide a Chinese character image
into different parts, as showed in Figure 6. The weight for
the WHD is variable according to different parts. We set
w(c)=2*w(h)=3*w(p)

where w(c), w(h) and w(p) represent the weight for the
corner, heart and peripheral part respectively.

Fig. 6 Different parts in a Chinese character
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Fig.7 Detection of specified word in a Chinese document

In General, one Chinese word/phrase is composed of
several successive characters. We calculate the distance of
each corresponding character of the word, and take the
minimum of them as the final measure.

Figure 7 gives the result in which the Chinese word
“Singapore” is detected and located successfully from the
document image.

5. CONCLUSIONS

We proposed an approach of word image matching based
on weighted Hausdorff distance in this paper. The
performance of the weighted Hausdorff distance is better
than that of modified Hausdorff distance for the purpose of
the word image matching. The experimental results in the
application of detecting the user-specified words from
document images show that the approach is promising for
word image matching.
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