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Abstract—This paper proposes the sheet type recognition
method for tabular form documents in hospitals. Evaluation
experiments using actual medical documents were conducted.
The experimental results showed that the proposed method
could extract the table structures in the documents and
recognize their sheet types with high accuracy. Authors also
implemented the proposed recognition method into the
developed system for practical use. This paper shows the detail
of the proposed recognition method, experimental results and
the developed system. We also discuss the effectiveness of the
proposed method and future works of this study.
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. INTRODUCTION

Recently, many paper-based documents used in hospitals
have been computerized because of diffusion of Hospital
Information Systems (HIS) [1, 2]. On the other hand, many
paper-based documents before computerization are still
archived. These documents have the details of treatment
approaches and past cases, thus they are valuable for
medical/clinical studies. However, these documents are not
still used effectively because it takes a lot of time and cost to
convert them into electronic data.

Previously, we have studied document image recognition
methods for medical documents and its applications [3, 4].
The developed systems can recognize table structures of the
documents and convert them into electronic data such as
XML. However, we have to give the sheet type of the input
documents by hand before scanning. Actually there are about
1,000 kinds of documents in the hospitals, and a few
thousands of documents are generated every day. Therefore,
the automatic sheet type recognition method is required for
medical document scanning systems.

In this paper, we discuss a sheet type recognition method
for scanning of medical documents. This paper proposes the
sheet type recognition method using crossover points of
ruled lines called “Nodes”. Evaluation experiments using
actual medical documents are conducted to discuss the
effectiveness of the proposed method.

Il.  MATERIALS
In this study, we use printed discharge summaries and

medical interview sheets archived in Mie University Hospital.
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These documents are scanned by an optical image scanner
with full color of a resolution of 300dpi. In this paper, we use
nine kinds of medical documents, and the number of
employed documents is 334.

I1l.  RECOGNITION METHODS

A. Outline of our Method

Figure 1 illustrates the outline of our system. The system
consists of two phases. One is (a) Generating a Master
Database, and the other is (b) Sheet Type Recognition. In the
first phase, some features for recognition are extracted from
blank sheets, and the reference database is generated. As the
next phase, documents inscribed by medical staffs are
scanned, and then features are extracted using the same
method in (a). The features are compared with that in the
reference database, and then the sheet type of the input
document is recognized. After this, inscribed characters in
the document image are recognized and then XML file for
resemble case search is generated. The scanned document
image and generated XML file are stored into the database.

B. Extraction of Features for Recognition

Generally, a tabular form document has at least one table,
and its form and location heavily depend on sheet type. In
other words, features of the table in the document would be
the key information for sheet type recognition. Thus, we
extract crossover points of ruled lines, this we call “Nodes”
in this paper, and their positions from the document (Fig. 2).
To extract the nodes from the document, n, contiguous
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regions of black pixels are first extracted from the image.
Next, the crossover points of them are extracted considering
their shapes, and finally the node types and their positions
are determined. In this study, the value of », was determined
experimentally.

C. Determination of Sheet Type

Figure 3 shows the rough image of the sheet type
recognition technique. First, Region of Interest (ROI) whose
size is n, x n, pixel is set to each node. Then, we search
whether the same node type exists in the same ROI of a sheet
in the master database, and count the success cases. After
this, the degree of coincidence to the sheet in the master
database is calculated as the ratio of the number of success to

the total number of nodes of that sheet in the master database.

Finally, we determine the sheet type of the image as that
which has the highest degree of coincidence among the
master database.

IV. EXPERIMENTA L RESULTS AND DISCUSSIONS

In this paper, we implement the proposed method into the
developed system to evaluate the effectiveness of the
proposed method (Fig. 4). To make our system robust for the
misalignment of medical records to the scanning machine,
we use the ROI, but misalignment error exceeding this range
may occur in practical use. Thus, we take the following three
techniques into the recognition method, and examine its
accuracy and the processing time.

1. Using Absolute Coordinate System Based on the Position of
the Top-left Pixel (Method 1)

2. Using Relative Coordinate System Based on the Pixel
Position of each Node (Method 2)

3. Using Relative Coordinate System Based on the Pixel
Positions of the Top-left and Bottom-right Nodes (Method 3)

Table 1 shows experimental results of sheet type
recognition. The table shows that all documents were
recognized correctly in cases of relative coordinate systems,
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Fig. 4 Screenshot of Developed System

Table.1 Results of Sheet Type Recognition

Recognition| Processing Time

Method Rate [%] [ms/document]
Method 1 96.3 17
Method 2 100 16961
Method 3 100 17

i.e. method 2 and 3. But, if we use absolute coordinate
system, i.e. method 1, the obtained recognition rate was
96.3%. However, in the case of method 2, it took a lot of
calculation time because the method employed large number
of nodes. Actually a few thousands of paper-based medical
documents are generated in the hospital every day thus the
method 2 might not be a practical solution. From these
results, we can conclude the followings.

1. The methods using relative coordinate systems are
effective for determining the sheet type.

2. From the viewpoint of processing time, we should use
as few nodes as possible for sheet type recognition.

V. CONCLUSIONS

We proposed the sheet type recognition method using
nodes in the document. Some experiments using actual
medical documents were conducted. Experimental results
showed that the recognition method using nodes worked well
and high recognition accuracy was obtained. As future works
of this study, we have to discuss the stability of a various
document types.
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