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This paper proposes a new algorithm for texts/lines separation in forms processing.
It can detect and remove various styles of horizontal lines, such as lines rotated up
to +45 0, lines that are curved a little, dashed lines, lines with non-uniform thickness,
and so on. After removing the line, it recovers character strokes distorted by the
deleted lines. All the operations are performed efficiently with a BAG (Block
Adjacency Graph) representation of the input binary image. An experiment with 200
samples, in which handwritten Korean characters are written on a guiding line,
shows a superiority of our algorithm - 96.5% accuracy and about 1 second of
processing time per sample.

1 Introduction

Automatic processing of handwritten forms requires form analysis [1, 2, 3, 4],
field extraction [5, 6, 7], handwriting recognition, and so on. This paper focuses
on the separation of texts from lines for a successful field extraction. Different
from OCR-aware forms that use drop-out ink to make the field extraction easy,
touching lines and texts are quite general in unconstrained forms.

Texts/lines separation has two non-trivial problems: one is to detect and
remove the lines, and the other is to restore some character strokes distorted by
the deleted lines. A number of methods have been reported for the texts/lines
separation [8, 9, 10, 11, 12, 13, 14], but most of them can handle lines within
+5° because of computational burden of their algorithm and fails in some
exceptional situations where a straight line is curved a little or has a
non-uniform thickness.

This paper proposes a new method for the texts/lines separation. It uses a
BAG (Block Adjacency Graph) representation for input binary image in order to
speed-up the separation task as well as to enhance the separation accuracy.
Different from conventional methods based on a Hough transformation, our
method can detect lines in any orientation, although we handle lines within
+45° since our attention is to detect and remove horizontal lines. Another
desirable characteristic of our algorithm is that it is effective in some
exceptional situations where a straight line is a little curved or dashed, or has a
non-uniform thickness.
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Experimental results with 200 samples, in which handwritten Korean
characters are written on a guiding line, show the superiority of our algorithm -
96.5% accuracy and about 1 second of processing time.

2 Proposed Algorithm

As presented in Figure 1, the proposed algorithm consists of four modules and
converts a form image into another one with every line removed. First the
BAG creation module generates a BAG representation for the input binary
image to make subsequent modules run efficiently by referring the image
contents with this data structure. The line detection module estimates the
position and orientation of lines in the image. The line removal module deletes
the blocks corresponding to the lines. After the line removal, some character
strokes are distorted by the deleted lines. So, the character restoration module
finally bridges the gaps to recover the character shapes.

Input BAG Line Line Character Output
Image Creation Detection Removal Restoration Image

Figure 1. Block diagram of the proposed algoirthm

2.1 BAG Creation

BAG is an undirected graph in which the vertices represent blocks and the
edges represent adjacency relation of blocks. A block is a maximum possible
rectangle which contains only black pixels, and represented by upper-left and
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2.2 Line Detection
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2.3 Line Removal
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handle such exceptional cases.
Given an extracted line I (xcos@+ ysind =)o we first find and delete a
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Figure 7. Example of line removal
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2.4 Character Restoration
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3 Experimental Results

result of character restoration.
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4 Conclusion
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Figure 12. Example of errors
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