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Abstract. The increase in the use of faxed documents calls for the
need to handle them automatically and intelligently for efficient stor-
age, retrieval and interpretation. A lot of work has been accomplished
for page segmentation in high resolution document images. But conven-
tional methods for page segmentation are not suitable for faxed document
processing. The well-known difficulties in faxed document processing are
concerned with low resolution images and non-standardized formats. In
this paper, we propose an effective structure analysis method for low
resolution fax cover pages, based on region segmentation and keyword
recognition. The main advantages of the proposed method are its ca-
pability of accommodating various types of fax cover pages and its fast
processing speed. We divide fax cover pages into three regions — header,
sender /recipient information and message — to easily identify the recipi-
ent’s field. The recipient’s name is then extracted through the recognition
of keyword. The proposed method was tested on 164 fax cover pages. The
experimental results show that the proposed method works well on the
various types of fax cover pages.

1 Introduction

The need for automatic faxed document management is rapidly growing as faxed
document transmission increase in its volume. It is a matter of course that docu-
ments transmitted through fax machines are internally encoded in a standard fax
image format. It can be easily transformed into computer readable format. So, a
faxed document image can be treated in the same way as many other document
images. Many studies on document image processing have been accomplished
and reported [1,2]. But the conventional methods for document image process-
ing are not suitable for faxed document processing due to the low resolution and
absence of standardized formats within faxed documents images.

A fax cover page is usually accompanies the documents being transmitted. It
carries the important information regarding sender, recipient, comments, date,
fax and phone numbers, etc. For many fax-related applications such as the in-
telligent fax server, fax-to-email and fax on demand, the recipient’s name needs
to be correctly extracted and recognized. Figure 1 shows an application area of
this research, called an automatic fax router.
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Public network

Fig. 1. Automatic fax router

Some related research has been reported in the literature. Li et al. [3] di-
rectly recognized names and addresses on fax cover pages using a scheme which
strongly couples text recognition and block segmentation. Akiyama [4] performs
addressee recognition on documents written in Kanji characters using address
indicators like the keyword “TO:” and a double underline. Ricker et al. [5] pri-
marily described order forms in processing faxed documents. The existing meth-
ods depend heavily on the performance of the character recognizer and are also
restricted by the format characteristic of fax cover sheets such as the existence
of field indicators like the double underline. But the difficulty in recognizing low
resolution faxed characters demands more robust and efficient techniques.

In this paper, we propose an improved method to extract the recipient’s
name in low resolution faxed cover pages. The main advantages of the proposed
methods are its capability of accommodating various types of fax cover pages
and its fast processing speed. At first, the whole image is divided into three
regions, which are defined as header, sender /recipient information and message.
After the image has been divided, the recipient’s field is detected by seeking
only through the sender/recipient information region, which contains the target.
The keyword is extracted and recognized. Multi-layer backpropagation neural
networks are used for character recognition. The recipient’s name is identified
by comparing the result from character recognition with candidate names in the
lexicon.

This paper is organized as follows. Section 2 describes in detail the pro-
posed structure analysis method we adopted for low resolution fax cover pages.
Section 3 shows experimental results and analysis for the fax cover pages we
collected. Finally, section 4 gives a brief conclusion and directions for future
work.
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2 Proposed Structure Analysis Method

The images of fax cover pages are inherently of low resolution and the quality
is degraded. The approaches that depend heavily on character recognition are
not expected to produce good results. In case of Hangul which is Korean, it is
necessary to have a more powerful character recognizer. This is not a feasible
suggestion in terms of overall system performance. So, we propose an efficient and
fast structure analysis method for fax cover pages, based on region segmentation
and keyword recognition. This method is able to reduce the dependency on the
character recognition result. The whole schematic of the proposed method is
shown in Figure 2.
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Fig. 2. Schematic of the proposed method

In order to extract information from the fax cover pages, connected compo-
nents should first be generated. A connected component is a region where black
pixels are connected by 8-connectivity [6]. The bounding boxes of connected
components are the basic feature used in this system.
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2.1 Preprocessing

Preprocessing is done in order to remove noise in images and restore degraded
images [7,8,9]. In particular, skew correction is one of the most important tasks in
preprocessing. Most existing structure analysis methods do not handle fax cover
pages with skew. Applying a Hough transform to one point of the connected
components, we designed a computationally efficient skew detection algorithm.

The Hough transform is one of the most popular voting methods for skew
detection, line detection, circle fitting problems, etc. [10]. A set of points in x-y
axes is mapped into Hough space using the following equation. Figure 3 shows
the graphical representation of the Hough transform.

p =xsinf + ycosd (1)

r=xcos +ysinf
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Fig. 3. Graphical representation of Hough transform

We represent the parameter space as an array of accumulators that stand
for discrete parameter values. Each of the points in the image votes for several
parameters, according to the transform equation. To find the parameters that
characterize the line, we should detect peaks in the parameter space.

Since the computation time of Hough transform is proportional to the num-
ber of the input pixels, we use only the bottom-right point of the connected
components to reduce its cost [11].

2.2 Type Classification of Fax Cover Pages

In this section, we describe the method for classifying the fax cover pages. It is
important to develop adequate and fast processing methods for the various types.
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We classify fax cover pages into two types. Type I includes unstructured fax
cover pages without tables and type II are structured ones with tables. Figure 4
illustrates the types of fax cover pages discussed in this paper. Figure 4(a) shows
examples of type I and (b) shows those of type II. The existence of a table is the
key feature for type classification on the given fax cover pages. Existing methods
do not handle fax cover pages with tables, but the proposed method overcomes
this restriction.

There are many objects in fax cover pages — text, table, isolated lines, im-
ages, etc. The bounding box of connected components should be investigated
for object classification [12]. Two thresholds, width-threshold (T3,) and height-
threshold (7},), are used for object classification. In the process of object clas-
sification, we need to check through the connected components in order to find
out if there is any table object among them. When we investigated a large of
fax cover pages in practice, there were seldom complex forms of table in them.
It enabled us to use a simple algorithm for type classification of fax cover pages.

Figure 5 shows the geometric definition of connected components. This defi-
nition will be used in the remainder of this paper. The condition for extracting
table candidates is given in Eq. (2). By investigating the connected components
to see whether or not they satisfy Eq. (2), images or tables will be extracted as
candidates.

True, if W >1T, and H >Tj,
False, otherwise.

TableCandidates(CC) = { (2)

The most identifiable feature of tables in an image is the existence of lines.
The ratio of black pixels to a connected component is also used for identification
of tables. A table consists of inner and outer lines, as shown in Figure 6. The
lines can be detected by histogram value of vertical and horizontal direction[13].
The lines may include noise that distorts their original shape, making it difficult
to find them, so run-length smoothing and the number of continuous black pixels
with appropriate threshold are used for accurate detection.

The necessary features for the type classification of fax cover pages are as
follows.

— Histogram

The histogram feature of a connected component is defined by projecting
the black pixels of the skeleton into x- and y-axes and then accumulating
the number of black pixels in each point of the x and y axes. This feature is
used for detecting lines with similar length.

w H
X=> N,Y=)N; (3)
i=1 j=1
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Fig. 4. Examples of fax cover pages. a) Unstructured fax cover pages. b) Struc-

tured fax cover pages.




Structure Analysis of Low Resolution Fax Cover Pages 105

y D

X

¢,

v

\%%

Fig. 5. Geometric definition of the connected components

where W is the height of a connected component and H is the width of a
connected component.

— Density

The density of a connected component is defined by the summation of all
the black pixels within the connected component.

D=3 ¢y (1)

where if a pixel point (i, j) is a black pixel, C;; = 1; otherwise, Cj; = 0.

— Ratio

The ratio of a connected component is the number of black pixels to the
area.

D

R:
HxW

()
If the ratio of black pixels to a connected component is larger than threshold,
this connected component will be classified as an image.

After a table has been extracted, the inner and outer lines of the table are
removed.
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Fig. 6. The basic features of a table

2.3 Region Segmentation

After identifying the type of fax cover pages, region segmentation is proceeded
as a next step. Most fax cover pages are divided into three regions. We call the
separated regions as header, sender /recipient information and message, as shown
in Figure 7.

The header usually contains a company logo or graphics. The sender /recipient
information contains the information pertinent to fax transmission, and the mes-
sage contains comments. The primary goal of region segmentation is to isolate
the sender/recipient information region. In most document processing systems,
the module with the longest time is the character recognition module. In addi-
tion, it has an effect on the performance of keyword extraction and recognition in
the next stage, in cases of where similar words exist. Therefore, the procedure of
segmentation increases the overall system performance and helps to reduce the
amount of data to be processed. Until the end of this paper, the sender /recipient
information region will be referred to the SRI region.

In most fax cover pages, a region separator takes the form of a long box or
single bold line. Finding the region separator is not an easy task due to noise
or distortion during fax transmission. First, run length smoothing is applied
for restoration. The connected component(CC) is determined to be a region
separator if it satisfies Eq. (6).

True, if H<Tp and W > T,
False, otherwise.

Separator(CC) = { (6)

If we discern a number of components satisfying the above conditions during
analysis, the components will later be discriminated. Usually, the first and the
last component will be the candidates for the region separators.
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Fig. 7. Region segmentation of a fax cover page

2.4 Keyword Extraction and Recognition

Most of the useful information appears in the SRI region after region segmen-
tation. The SRI region contains various fields related to fax transmission such
as sender’s name, recipient’s name, fax number, etc. To easily detect the type
of fields, the connected components within each field are grouped with a block
corresponding to its keyword, using Eq. 7 [13].

True, if D,<7T, and D, <T,
False, otherwise.

Merge(C1,C2) = { (7)

where D, is the horizontal distance between two connected components, D,
is the vertical distance between connected components.

There are two formats in unstructured fax cover pages as shown in Fig. 4(a),
called one column and semi-two column. The format is determined using the dis-
tance between connected components in process of grouping. Where some blocks
are located closely together, not only the distance but also the relationship be-
tween the blocks has to be investigated. Some blocks may contain two or more
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text lines. We use left-alignment characteristic of keyword for the merging of
blocks associated with the same keyword. The distance between the blocks asso-
ciated with different keywords(Dy) is smaller than that of the blocks associated
with the same keyword(Ds) as shown in Figure 8.

Date @ 98-9-4 2% G338

Fig. 8. The comparison of distances between text blocks

As the result of grouping process, each block contains a keyword and contents
related to that keyword as shown in Figure 9. A keyword can be easily extracted,
provided that the keyword is always located on the left-most side of each block.

Keyword recognition and identification are performed by combination of the
small predefined keyword-lexicon with the character recognizer. Korean char-
acters usually consist of three units, called chosung, jungsung and jongsung.
Keyword matching entails finding word similarities by comparing the predefined
keyword with the recognition results. The similarity is calculated by using the
distance between units, which has been defined in advance. The HMM-based
approaches have been reported for faxed word recognition [15]. But it does not
suitable to korean language. So, the recognition of keywords is done by the
Hangul character recognizer, based on multi-layer backpropagation neural net-
work, which shows good performance on low resolution faxed characters [16].
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Fig. 9. Example of blocks

The algorithm of the keyword matching is given below.

Let the result of recognition be W and the similarity array be S[i]
For all the predefined keywords in lexicon (W]i]) {

Segment each keyword into three units
Calculate euclidean distance(W,W/[i]) between three units
save the distance in Sli]

}

Find minimum in S[i]

The characters within each block are connected and form a linked-list. If a
keyword can not be recognized on the left-most side in a block, all the remain-
ing characters in the block are skipped without recognition. This enables fast
searching and recognition of keywords. Figure 10 shows the whole process of
extracting the recipient’s field on fax cover page.

2.5 Identification of the Recipient’s Name

The recipient’s name on fax cover pages appears in the block including the
recipient’s keyword. A field indicator like the colon is sometimes followed by
the recipient’s keyword. Sometimes, a fax cover page without a colon may also
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Fig. 10. Process of extracting the recipient’s field. a) Input image. b) Region
segmentation. ¢) Grouping. d) Keyword recognition.

exist; therefore it is necessary to check whether a field indicator exists or not.
The existence of field indicator is determined using the average size of characters
within the block and then the recipient’s name is recognized.

There are various pieces of information in the recipient’s field like duties,

department, etc. This system requires the extraction of only the name in the
recipient’s field. This is carried out by using word similarity within a small lexicon
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containing the names of personnel employed by the company or the institution,
based on the properties of Korean names. A Korean name usually consists of 2-4
Hangul characters, so the length of a word is first used for comparison to check
whether it is a name candidate or not. An extracted word is verified by using a
method similar to the keyword matching algorithm.

As the recipient’s name cannot always be recognized correctly by the difficul-
ties of low resolution faxed character recognition, postprocessing is required [17].
It is carried out by confusion matrix.

3 Experimental Results and Analysis

The proposed method was implemented with MS Visual C++ 1.52 on a Pen-
tium 166MHz machine. We collected 164 fax cover sheets which were scanned
by facsimile in 2 modes (fine and normal). The test data has resolutions of 200
by 200 dpi in fine mode and 200 by 100 dpi in normal mode, respectively. The
examples of test data were shown in Figure 4 in section 2. Table 1 and 2 show the
experimental results of the proposed method on two different types of fax cover
pages. In Table 2, F,., F}, and F,, mean the number of failure in region segmen-
tation, failure in keyword recognition and failure in recipient’s name recognition
respectively.

The experimental results show that the proposed method appeared to work
better on fax cover pages scanned in fine mode than on those scanned in normal
mode. The result of error analysis allows us to infer that most of errors occurred
in the process of keyword recognition or recipient’s name recognition. This result
is mainly due to the difficulty of low resolution faxed character recognition.

Table 1. Experimental results of the proposed method

Item Type 1 Type I1
(mode)  [Fine|Normal|Fine[Normal

# of Total | 74 74 8 8

7 of Success| 69 62 6 5

# of Failure| 5 12 2 3

Table 2. Error Analysis

Item Type 1 Type 11
(mode) [Fine][Normal|Fine[Normal
F, 1 3 0 0
Fy, 1 3 1 2
Fy 3 6 1 1
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4 Conclusion

In this paper, we proposed an effective structure analysis method for low resolu-
tion fax cover pages, based on region segmentation and keyword recognition. The
major contribution of the proposed method is the reduction of the dependency
on character recognition by using region segmentation and keyword verification
based on distance measure. It can enable fast and correct recognition of the
recipient’s name.

Experimental results confirmed that the proposed method worked well on
various types of fax cover pages. We also showed that the fax cover pages were
correctly analyzed when the keyword recognition was poor.

In the future, we will extend our research to handwritten fax cover page
recognition.
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