Spotting Where to Read on Pages — Retrieval of
Relevant Parts from Page Images

Koichi Kise, Masaaki Tsujino, and Keinosuke Matsumoto

Department of Computer and Systems Sciences,
Graduate School of Engineering, Osaka Prefecture University
1-1 Gakuencho, Sakai, Osaka 599-8531 Japan
kise@cs.osakafu-u.ac. jp

Abstract. This paper presents a new method of document image re-
trieval that is capable of spotting parts of page images relevant to a
user’s query. This enables us to improve the usability of retrieval, since
a user can find where to read on retrieved pages. The effectiveness of
retrieval can also be improved because the method is little influenced
by irrelevant parts on pages. The method is based on the assumption
that parts of page images which densely contain keywords in a query are
relevant to it. The characteristics of the proposed method are as follows:
(1) Two-dimensional density distributions of keywords are calculated for
ranking parts of page images, (2) The method relies only on the distribu-
tion of characters so as not to be affected by the errors of layout analysis.
Based on the experimental results of retrieving Japanese newspaper ar-
ticles, we have shown that the proposed method is superior to a method
without the function of dealing with parts, and sometimes equivalent to
a method of electronic document retrieval that works on error-free text.

1 Introduction

Document image retrieval is a task to retrieve document images relevant to user’s
information needs. This technology allows us to replace a huge amount of paper
documents with document images, and thus enables us to solve the problem of
space occupied by paper documents.

Although a number of researches have been made on document image re-
trieval [I], there is still room for improvement. We focus here on the problems
of indexing, retrieval and presentation.

Indexing. Users’ information needs are typically represented as keywords, while
the database stores document images. This gap between symbols (character
codes) and signals (pixels) poses the problem of indexing. Since manual
indexing is prohibitive, automatic indexing should be employed. Researchers
have proposed a number of methods ranging from the indexing based on text
produced by OCR [2] to the indexing based on the image features [3J4/J5].
The problem here is how to obtain the robustness against low-quality images.
For instance, in case that the indexing based on OCR results is employed,
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it is necessary to cope with OCR errors. The OCR errors are not limited to
the misrecognition of individual characters, but include the errors in layout
analysis and identification of reading order.

Retrieval. The effectiveness of document (or page) ranking is an important
problem of retrieval, though most of the existing methods deal mainly with
keyword spotting on page images. In order to obtain the ranking, we should
define and utilize a measure of similarity between a user’s query (a set of
keywords) and a page image, according to the spotted keywords.

Presentation. It seems that the problem of presentation is often overlooked.
This problem is caused by the disparity between the size of page images
and the size of images that can be displayed. For example, newspaper pages
scanned with the resolution of, say, 200 dpi, are too large for ordinary dis-
plays. Images of A4 pages could cause the same problem if we use PDA’s.
Thus it is important to locate where to read on pages in addition to select
pages which contain information relevant to a query.

In the field of electronic document retrieval, researchers have faced the similar
problems of document ranking and presentation, and proposed the scheme called
“passage retrieval” [6]7] to solve the problems. The task of passage retrieval is
to retrieve not whole documents but their parts, or passages relevant to a query.
This enables us to solve the problem of presentation in a natural way. It has also
been shown that, as compared to the similarity based on whole documents, the
similarity based on passages improves the quality of document ranking [0]. This
suggests that the problems of document image retrieval could also be solved by
applying passage retrieval.

In this paper, we experimentally validate the above suggestion. We propose a
method of passage retrieval for document images by extending our method [8[9]
for electronic documents. In the context of document image retrieval, passages
correspond to parts of page images. The characteristic features of the proposed
method are as follows:

— For indexing, we do not employ the results of neither layout analysis nor
identification of reading order so as to obtain the robustness against errors.
Document images are indexed based only on character positions and codes
obtained by segmentation and recognition of characters.

— We assume that parts of page images are relevant to a query if these parts
densely contain keywords in a query. Two-dimensional distributions called
“density distributions of keywords” are calculated for finding such parts.

The organization of this paper is as follows. In Sect. Bl we give an overview of
the related work in the fields of both electronic documents and document images.
Section Bl describes the proposed method of retrieving parts of document images.
In Sect. [ we experimentally evaluate the proposed method in comparison with
a standard method of electronic document retrieval.
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2 Related Work

2.1 Retrieval of Electronic Documents

Since the mid 90’s, researchers in the field of information retrieval have proposed
a retrieval scheme called “passage retrieval” [0lf7]. Passage retrieval is advanta-
geous to conventional document retrieval in the following points:

1. It provides us the direct access to passages, which relieves us from the burden
of finding relevant parts in the retrieved documents.

2. It improves the ranking of documents as follows. In general, long documents
contain multiple topics. Even if a topic in such documents is relevant to a
query, the rest may be irrelevant. This results in disturbing document rank-
ing by conventional document retrieval, since there is no way to distinguish
relevant topics from irrelevant topics. On the other hand, passage retrieval
enables us to avoid the influence of irrelevant topics in documents.

The authors have also proposed a method of passage retrieval called “den-
sity distribution”. The density distribution was first introduced to locate the
explanation of a word in long documents [I0] and applied to passage retrieval
by the authors [89]. In this paper, we extend this method to be applicable to
the retrieval of page images.

2.2 Retrieval of Document Images

In the field of document image retrieval, a central issue has been how to locate
words on page images. This would be because, after locating words, the task
of document image retrieval is considered to be equivalent to that of electronic
document retrieval. For the retrieval of page images written in ideograms such
as Kanji characters, we can also consider the possibility of locating characters.
Words and characters can be located in several ways including the application
of OCR [], utilization of a special set of symbols such as “character shape
coding” [3], and the matching with real-valued feature vectors [4J5].

However, if we build systems of document image retrieval by replacing the
function of locating words in electronic document retrieval, we will suffer the
similar difficulties about the selection of relevant parts as well as the influence
of irrelevant parts.

We consider that the layout of pages provides us fruitful hints for solving these
problems in the document image domain. This is because words and characters
in the same topic are laid out closer with one another on a page. The method
proposed in this paper embodies this idea without suffering from the errors of
layout analysis.

3 Retrieval of Image Parts

3.1 Overview

The proposed method employs three types of processing: indexing, retrieval and
presentation. The process of indexing is applied to document images in advance
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Fig. 1. Examples of processing results

of receiving a query. Every time a query is received, the process of retrieval starts
to find relevant parts of images, which are then displayed by the process of pre-
sentation. The current implementation is just for Japanese printed documents,
though we consider that central ideas of the method are independent of the type
of languages.

In what follows, each step of processing is explained using examples shown in
Fig.[Il In Fig.[M[(a), a page of a newspaper that contains an article about “satellite
broadcasting” is shown. Figure[ll(i) illustrates four Kanji characters (¢11, q12, g21,
@22) which mean “satellite broadcasting”. Taken as input the query in Fig. [I(i),
the method produces the density distribution of the query as shown in Fig. [(g)
based on the intermediate results of Figs. [ (b),(c),(d) and (e). Figure [l(h)
illustrates the correct region of the article about “satellite broadcasting”; the
output (Fig. [[g)) agrees well with the correct region.
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3.2 Indexing

For documents written in western languages, it is natural to take words as units
of indexing, because it is relatively easy to extract them from page images.
On the other hand, for documents written in agglutinative languages such as
Japanese, it is difficult to extract words because there is no space between them.
Morphological analysis is required to identify words from a sequence of charac-
ters. Instead of applying morphological analysis to recognized charactersﬂ, we
simply utilize recognized characters as units of indexing.

Segmentation and Recognition of Characters. As the first step of in-
dexing, we apply segmentation and recognition of characters to page images.
Figure[dI(b) illustrates the regions of characters segmented from the page image
in Fig. [(a). In Fig.d(b), regions of characters are shown as black rectangles.

Extraction of a Layout Feature. In general, we can browse pages efficiently
with the help of layout. This would be partly because physical components such
as text-lines and characters laid out closer with one another are of the same
topic, and wide space indicates the boundaries of topics.

In order to employ such fruitful information in a way robust to noise on
images, a low level feature about the layout is extracted from each page image
p. The feature we utilize here is the minimum distance K ®)(z,y) from a pixel
(z,y) to a character closest to the pixel. This can be easily obtained by applying
the distance transform to a page image p. An example of K (®) (x,y) is shown in
Fig. 0(c), where lighter pixels indicate longer distance to the closest characters.

3.3 Retrieval

Query Processing. The first step of retrieval is the processing of a query. Since
a user may represent a query as sentences or phrases, we first apply morphological
analysis to extract as keywords nouns from a query. Then each keyword is further
decomposed into characters.

For example, a query g (satellite broadcasting) shown in Fig. [[}i) is decom-
posed into two keywords g1 (satellite) and go (broadcasting). The first keyword
q1 consists of two characters ¢qi; and ¢15 in Fig. [}(i), and the second keyword go
includes two characters g21 and g2o.

In the following, keywords extracted from a query ¢ are represented as
{q1,--,qn}, and characters contained in a keyword g¢; are represented as

{qilv S sz}

! This is not a trivial task because morphological analyzers are not designed to deal
with errors of character recognition.



Spotting Where to Read on Pages 393

(u-M/2, v-M/2)

window
1 e A Cl)
R RY)
' M2
0 c
w2 +M/2, v+M/2
0 T M2 (u )V )
(a) (b)

Fig. 2. Window function and points (u,v), (z,y) and (s,t)

Calculation of Density Distributions. The role of this step is to calculate
the density distribution of a query for each page in order to obtain information
for spotting relevant parts. The processing consists of the following four steps.
(1) Locating Characters on Pages

As shown in Fig. [I(b), character regions are represented as rectangles. We
indicate positions of characters using the centers of rectangles. In this step, we
first find all positions of each character ¢;; on pages. An example is shown in
Fig. [[(d). In the following, the positions of a character ¢;; in a page image p are
represented by a set of points Pi(f ) = {(u,v)} where (u,v) indicates the center
of a rectangle.
(2) Calculation of the Density Distribution of a Character

The density distribution Dg’ ) (x,y) of a character g;; is obtained by smoothing

the distribution of points Pi(]p ) with the distance K (®) (z,y). Figure[dl(e) illustrates
the density distribution obtained from Fig. [[{d) with Fig. D(c). In Fig. Me),
darker regions contain the character more densely. The distribution is given by

Dg))(‘r’y) = Z W(x—u,y—v)a(p)(ny,u, 'U) ) (]-)
(u,v)ePi(f)

where W is a window function for smoothing, and a®) is a weight obtained from
K®)(2,%). As a window function, we utilize a square pyramid shown in Fig. 2{(a)
where M is the window width.

The weight o) is to control the influence of a point (u,v) on the distribution
using the distance K ®) (s, t):

T — max K® (s t)if max K®(s,t)<T ,
a(p)(x,y,u,v) = (s,t)ER (s,t)ER (2)
0 otherwise ,

where T is a threshold and (s,t) is the point within the rectangle R defined by
two points (u,v) and (z,y) as shown in Fig. Z(b). If the rectangle R includes
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a point whose distance K (p)(s,t) is larger, the value of the weight « becomes
smaller. When the distance exceeds the threshold T, there is no influence from
the point (u,v) to the point (z,y).

If we do not employ the weight aP), the distribution shown in Fig. [I(f)
is obtained from Fig. [(d). The weight a®) changes this distribution into the
distribution shown in Fig. [d(e).

(3) Calculation of the Density Distribution of a Keyword

Next, the density distribution Dl(p ) (z,y) of a keyword ¢; is calculated based
on the distribution of Dg )(1:, y) of each character g;; in ¢;:

DY (@,y) = min 5,0 (2.y) - 3)

The operation “min” is applied to the distributions of characters, because we
are interested in the co-occurrence of characters to identify a keyword.

In @), B;; indicates the weight of Dg’ ) which represents the importance of a
character ¢;; for the identification of a keyword g;. If a character g;; is ubiquitous
on pages, its distribution conveys little information for the identification, and
thus a small weight is used?. The above notion can be expressed as:

By = Y (max DY (w.y) = DY (x,9) - (4)
pay
(4) Calculation of the Density Distribution of a Query
As the last step, the density distribution of a whole query ¢ is calculated
based on the distributions of keywords ¢; as follows:

DP)(z,y) = max D (z,y) . (5)

This time, the operation “max” is applied since the parts which contain one of
the keywords would be relevant to a query.

3.4 Presentation

Each page image p is now associated with its density distribution D) (z,y) of a
query. In our method, the maximum of the density distribution in a page image:

max D@ (z,y) (6)
T,y

is employed as a score of a page image. Page images in the database are ranked
according to their score (in descending order of the score). Then the top-ranked
page image is presented to a user by displaying its part whose density is the
maximum.

2 The aim of the weight §;; is similar to the inverse document frequency (IDF) that
is often employed for term weighting in IR systems.



Spotting Where to Read on Pages 395

Table 1. Queries used in the experiments

query id keywords(translation) no. of relevant articles
{£ 74 (Nintendo), +#f (Sega)
F2%: (agricultural chemical)

i i (liquid crystal)

i fi (tax reduction)

i (satellite), fzi% (broadcasting)
HE (rent), {5 (house)

Bt (nuclear weapon)

N O Ut W N
~ e~~~
NN JURN NG SO SO

Table 2. Statistics on page images and queries for experiments

no. of pages 25

no. of articles 249

size of page images 8,000 x 6,000 pixels
scanning resolution 800 dpi

size of characters in body text regions [50 x 50 pixels

no. of queries 7

ave. no. of relevant articles for a query|3.57 articles

ave. no. of keywords in a query 1.48 keywords

ave. no. of characters in a keyword 2.2 characters

4 Experimental Results

4.1 Data for Experiments

We prepared the data of page images and queries based on a test collection avail-
able for evaluation of Japanese information retrieval (IR) systems. The collection
we utilized is called BMIR-J2 [12], which consists of 50 queries for 5,080 articles
of Mainichi Shinbun newspaper issued in 1994 and the groundtruth (relevance
judgements) for the queries.

Based on BMIR-J2, we prepared the document image database with the
groundtruth. The queries in BMIR-J2 are classified into several types. We uti-
lized the queries which belong to the basic type as listed in Table [l Next,
we randomly selected, for each query, three to four articles whose subjects are
relevant to it. Then, pages that contain those articles were obtained from the
microcopy of the newspaper. In the scanned pages, the parts which do not cor-
respond to 5,080 articles of BMIR-J2 were manually erased. The statistics on
page images and queries are shown in Table

The results of character segmentation and recognition were obtained using
a commercial OCR. The recognition rate for the characters in the queries was
74.1% and the false alarm rate was 2.3%. We consider that such a low recognition
rate was due to the quality of the images which were obtained not from the
original pages but from the microcopy pages.

In the processing of queries, we applied a Japanese morphological analyzer
JUMAN [I3] to obtain keywords.
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4.2 Methods for Comparison

Since the electronic version of articles are also available, we can apply a standard
IR method for the same set of queries and articles. In the experiments, we
employed as a method of comparison the vector space model(VSM) with the
tf-idf term weighting [TT]. The VSM is applied to the recognized text as well
as to the clean (error-free) text. In the following, the VSM applied to the clean
text is referred to as “VSM” and the VSM to the recognized text is referred to
as “VSM (OCR)”.

In addition to them, we employed a modified version of the proposed method
in order to evaluate the effectiveness of taking image parts into account. The
modification is to exclude the function for dealing with image parts as follows.
For each character ¢;; in a keyword g;, the weight tf;;, which corresponds to D;;
in (), is computed as

tf;; = (the number of occurrence of ¢;; in a page) . (7)
The weight w; for a keyword ¢; is then given by

J

which corresponds to @). In (), idf;; is the inverse document frequency given
by

N
idfij = IOg

¥ ©)

where N and Nj;; represent the number of all pages in the database and the
number of pages that contain the character ¢;;, respectively. Finally, the score
of a page is obtained by
maxw; , (10)
K3

which corresponds to (). In the following, this method is called “MOD”.

4.3 Criteria for Evaluation

A common way to evaluate the performance of retrieval methods is to compute
recall and precision [II]. Let X, Y be a set of retrieved documents and a set
of relevant documents, respectively. The recall R and the precision P is defined
as R = | X NnY|/IY], P = |X NY|/|X|. When we have multiple queries for
evaluation, the precision for each query is calculated at some fixed points of
recall (recall levels) with the help of interpolation, and then averaged over all
queries at each recall level. Since this produces some points of recall and precision
for each method, they are typically shown in recall-precision graphs.

In addition to the recall-precision graphs, it is sometimes convenient to have
a single value that summarizes the performance. For this purpose, we utilized
the average precision (non-interpolated) over all relevant documents [11].
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Fig. 3. Experimental results
4.4 Tasks

In this paper, we have two retrieval tasks, i.e., retrieval of pages and that of
articles. For the task of retrieval of pages, methods were required to rank pages
for evaluation. In the proposed method, for example, the ranking was obtained
according to the score defined by (). For the task of retrieval of articles, on the
other hand, articles were ranked according to the score. Although there is no
obstacle to compute the score of articles by the VSM, it is not possible for the
proposed method, because there is no way to obtain the exact regions of articles
by itself. In order to compute as well the score of articles for the proposed
method, the regions of articles were prepared beforehand and the score of each
article was determined as the maximum of the density distribution D(® (z,y)
within its region.

4.5 Values of Parameters

The proposed method employs two parameters: the window width M in Fig. Bl
and the threshold T in (@)). The values of these parameters were experimen-
tally determined as follows. Since the number of queries was small, we applied
leave-one-out, which means that values of the parameters for i-th query were
determined using the data for all queries except for the i-th query. We examined
all the combination of the values for M = 100 ~ 3,000 with the step of 50 and
T = 10 ~ 100 with the step of 10 to obtain the best values in terms of the
average precision for retrieval of pages.

4.6 Results and Discussion

The results of experiments are shown in Fig. Bl Because MOD is only for page
ranking, its result is shown only for the task of “retrieval of pages”.

As shown in Fig. Bl the proposed method was superior to VSM(OCR) for
both of the tasks (retrieval of pages and articles), though these two methods
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equally took as input error-prone recognition results (74% recognition rate).
The low performance of VSM(OCR) was reasonable because it employed no
mechanism for compensation of recognition errors such as the approximate string
matching. Although the proposed method was without any compensation as well,
it outperformed VSM(OCR), because (1) in order to obtain appropriate ranking
by VSM(OCR), it is required that all characters in a keyword are correctly
recognized, but (2) the proposed method does not require it. In other words,
some characters correctly recognized within the window helped ranking.

The proposed method was inferior to the VSM (applied to the clean text)
for both of the tasks. However, we were surprised that the difference was not so
big except for the performance at high recall levels (0.7 — 1.0). This difference
at high recall levels was caused mainly by the errors of character recognition.
Some relevant documents contain only a few characters of a keyword, so that
the performance was influenced by the errors. Thus in order to improve the
performance at high recall levels, it is required to employ a method to cope with
recognition errors.

Finally, let us compare the proposed method with MOD on the task of page
retrieval. The graph in Fig. B(a) shows a small but clear difference at all recall
levels. This indicates that the the proposed method which takes into account the
locality of occurrence of characters and keywords enables us to improve precision
of retrieval.

5 Conclusion

We have presented a method of document image retrieval which enables us to
spot where to read on pages. The characteristics of the proposed method are as
follows:

1. The method realizes the notion that relevance of parts of images can be
measured by the density distributions of keywords,

2. The method relies only on the distribution of characters so as to obtain the
robustness against errors of layout analysis.

From the experiments on the retrieval of both pages and articles, it has been
shown that the proposed method outperforms the methods (VSM and MOD)
that also work on recognized characters. It has also been shown that at low and
middle recall levels the proposed method is almost equivalent to the VSM that
works on error-free text.

Due to the difficulty of preparing the groundtruth for the articles on pages,
the number of pages and articles were too small to draw a definite conclusion.
In addition, the documents employed in the experiments were limited only to
those written in Japanese, though we consider that the fundamental notions of
the method are independent of languages. Thus the future work is to scale up
the experiments as well as to apply the method to documents written in other
languages.
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