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To find a global and smooth curve fitting, cubic B-Spline method and gathering-
line methods are investigated. When segmenting and recognizing a contour curve
of character shape, some global method is required. If we want to connect contour
curves around a singular point like crossing points, merging separated contours
together which lies apart crossing the singular point is necessary. For this pur-
pose, cubic B-Spline method and new line-gathering method are investigated and
proposed. The result is that cubic B-Spline method is rather too easy to bend.
Easy to bend feature can cover singular point smoothly, so is not good to detect
singular points. Gathering-line method is to represent the contour by overlapped
line segments. By overlapping lines, arcs can be represented in natural way. Some
investigations and experimental results are shown.
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1 Introduction

So far considerable researches and developments have been done on character
recognition. So some commercial systems and software packages are available
L. However, there are still problems to be solved 2. One of the problems is
segmentation of lines / curves 3. The traditional methods are pixelwise and
local or quasi-local. A somewhat global method is reported by Boccignone et
al %, in which a thinned character is approximated polygonally and its distorted
shape is corrected. Based on the corrected polygonal shape, a good continuity
is evaluated defining a function, which is somewhat complex. Concerning good
continuity, this term was derived from the Gestalt psychologists. On the other
hand, Hu and Li developed non-pixelwise thinning method based on LAG °
(Line Adjacency Graph). They succeeded in solving a typical difficult case in
thinning, i.e., X-crossing preservation. This is very related to the segmentation
problem. However, it is not sure whether it works well for more difficult cases
which will be mentioned in this paper.

In this sense, a global approach was adopted so that it can be applied
generally, to even some delicate cases. From this view, traditional cubic B-
Spline method ¢ is investigated and new gathering-line method is proposed.
In Section 2, multi-segment cubic B-Spline method is investigated. Then,
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single segment cubic B-Spline method is investigated in section 3. Gathering-
line method is proposed and described in section 4. Section 5 is discussion,
conclusion, and future plan.

2 Multi-segment cubic B-Spline curve fitting

Usually, B-Spline is used in multi-segment way. We investigate this conven-
tional method from the point of view of merging contours sitting apart crossing
singular points. At the following investigation, we used normal least square
error method 7 with free end condition to find B-Spline control points from
contour points.

First of all, an input image is binarized and a part of contour is extracted
as shown by thick line of Fig.1(al). We are aiming merging segments from
upper right to lower left into one. Cubic B-Spline curve C(t) is expressed by
c(t) = E;L;Lg P;N; 4(t), where P;(j = 0,1,2,...,n+2) are control points, N, 4
are a rank 4 (cubic) blending functions, and n is the number of segments of
B-Spline. In B-Spline fitting, how to determine segment number n occasionally

be the problem.
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Figure 1: Cubic B-Spline fitting: (a), (b), (c): segment number = 3, 10, 30 respectively. (1)
image. (2) curvature graph. The horizontal axis is the position in the contour by ratio: 0.0
is the top and 1.0 is the left bottom.

Fig.1 shows the result of curve fitting and curvature of the B-Spline with
the segment number of 3, 10, and 30 for the same thick line image. As in the
Fig.1(c2), too many segments cause rough curvature graph. This curvature
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itself shows the detailed feature of the image, so reasonable, but to use this
result to the global recognition of the image, this rough curvature is not so
convenient. In Fig.1(a), it can be seen that the difference between the image
and the curve is too large, so in this case Fig.1(b) (segment number is 10)
may be the best, in which the curve fitting is good and the curvature graph is
smooth.

In this case, as in Fig.1(b2), curvature graph shows the right bottom turn-
ing of the contour as the peak of the graph, and “right bottom — center — left
bottom” singular point is shown in the curvature graph around ¢ = 0.8. But
“top right — center — right bottom” singular point does not appear in the
curvature graph at all. This kind of neglection may be caused because multi-
segment B-Spline is too easy to bend at soft singular point without making
remarkable curvature peak at the point. This may be the essential nature of
multi-segment B-Spline. This feature is not good to merge contours across sin-
gular point together. Taking into consideration of the difficulty to determine
the number of segments, more global and not easy to bend curve is required.

3 Single segment B-Spline curve fitting method

The second method we tried is to use single segment cubic B-Spline curve
fitting. The basic idea of the contour fitting method is to represent the contour
by the overlapped single segment cubic B-Splines. The procedure is to find each
B-Spline curve one by one, by the method like the next section.

By small number of experiment, we found that there is a case that one
segment covers a singular region smoothly. Since we want segment ends to lie
on singular points, this result is not so good. To see the detail of the segment,
control points (P;) are extremely far from data points and the order of the
control points is rather random.

As the conclusion of this section, single segment cubic B-Spline curve also
have easy to bending nature and not so good to represent contours when merg-
ing contour segments sitting apart crossing singular points.

4 Gathering-line method

We need some rigid shape (which does not cover singular points and normal
contour together in smooth way) for curve fitting. Arcs may be better. Ideal
arcs only have one value of curvature, so singular points can be detected easily
if curve fitting is done by arcs. But for the mathematical reason, curve fitting
by arcs is difficult. So we propose another method, gathering-line method.
The basic idea of this gathering-line method is to represent a contour
by overlapping lines. Overlap should be as much as possible. By overlapping
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lines, this representation can distinguish arcs and polygons easily. On polygon,
very short lines can appear only near the angles, instead at edges, rather
long lines appear. But on arcs, lines of the same middle length appear with
rather much overlapping. Difference of a polygon and an arc is obvious in this
representation. Moreover, calculation amount of finding lines are far less than
finding cubic B-Spline fittings.

Our method to find overlapped lines is as follows: At first, a small number
of consequent points (say, two points) is extracted as core. Then a line for the
group of points is found to make error as less as possible. Then the average
error value between the line and the group of points is calculated. If the error
value is under a threshold value, then one point is added. This new point is
obtained from backward in the contour. Then, new line and new error value
is calculated for the new group of points, and this procedure continues until
the average error value exceed the threshold value or line length is smaller
than the previous step. After this backward growing is finished, then the
forward growing will be executed like backward growing, then a line segment
is obtained. Next line segment will be got from the core group of points which
is the next point in the contour and the last point of the previous line segment.
By this rule, overlapping will be as much as possible.

Experimental result of a sample image of arc crossing is shown in Fig.2.
In this graph, it can be seen that long arc part of the original image forms
a cluster-like region by some overlapped line segments. Execution time from
contour to the gathering-line representation is about 110 milliseconds on UL-
TRASPARC GP400SM10 (Fujitsu, 333MHz, Solaris2.6). Image size is 414 X
180 pixels.

Fig.3 shows the result of simple clustering based on our gathering-line rep-
resentation. Clustering algorithm should consult on overlap amount, directions
of segments, errors, length of the segments, etc. But our first simple exper-
iment is clustering based on directions of line segments. If the difference of
the directions of consequent line segments is under some threshold value, the
segments are clustered into one. In the Fig.3, success of the clustering is not
clear because of the representation of graphics, but clustering succeeded in the
sense that clustering did not cover singular points at all. Execution time is
about 7 milliseconds.

5 Discussion and conclusion

We investigated multi-segment and single segment cubic B-Spline curve fitting
and gathering-line curve fitting methods. We want a curve fitting method
which can be used to recognize character contour, to say, contours across sin-
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Figure 2: esult of extracting gathering-line representation. eft: riginal image and lines
extracted. ight: Information of lines. The horizontal axis is pixel number along with the
contour in clockwise direction. The vertical axis is the I of extracted lines.

gular points can be merged by the representation. For this purpose, global and
not easy to bend feature is required to the curve representation. Feature that
curvature in one curve segment cannot change so easily is also required. By
the experiments, we found that cubic B-Spline is not so good for this purpose.
Gathering-line method is strict and tend to have the constant curvature, so
appropriate to represent curves in low level.

Finding the way to integrate gathering-line method and detect explicitly
“arcs”, “big lines”, etc. must be developed, and we are working now on it. As
in Section 4, this way is promising.

So-called top-down approach has been investigated by many researchers,
but such work must be based on exact and physical description, i.e, low level

527



Figure 3: esult of clustering. Each cluster is represented by a line. The meanings of axes
are the same as Fig.2.

description. In this sense, we are investigating more effective description to
represent curves.
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