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Abstract

An efficient outline approximation technique is
presented using cubic Bezier curves which is
ultimately used for capturing Arabic characters.
Approximation technique is based on computation of
data points which is a mixture of interpolating and
approximating data points. Approximating data
points can represent blobby and circular shapes very
efficiently and interpolating points are useful to
preserve the original shape of outlines at sharp
corners. A normal piecewise cubic Bezier spline
through these data points is an approximating curve
which is CG' continuous. Data point detection
process is based on efficient control point search
algorithm. Recursive segment subdivision is
employed to keep the approximation error with in
specified threshold limits. Demonstrated results show
that only few data points can accurately represent the
captured outlines. Any transformation operation on
these data points results in overall transformation of
captured outlines.

Keywords: Cubic Bezier curves; Corner points;
Control point search; Subdivision points.

1. Introduction

Visual information of various objects and shapes may
be stored in computer memory as image files.
Complete image is normally taken as a whole for any
further processing, which is an expensive operation
and may result in deterioration of quality as well.
Capturing techniques may be used to give some
mathematical/computer representations to these
shapes. This representation has many advantages,
like data reduction, subsequent computational
efficiency, easy to add transformation, shading,
coloring and other effects.

Lot of work has been presented in the field of
capturing techniques [5, 10-13]. In most of the
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previously presented techniques, data points were the
interpolating points of given curve. The presented
technique is based on combination of interpolating
and approximating data points which results in high
reduction of data points with increased quality of
curve approximation. The determined data points are
actually the control points of CG' continuous
piecewise cubic Bezier curve. Various other
techniques like control point search, corner detection,
and recursive subdivision are used in this capturing
system.

The paper is organized as follow. Curve
approximation technique including control point
search algorithm and recursive subdivision is
presented in section 2. Curve approximation
technique is generalized for capturing object outlines
in section 3. Few capturing results are presented in
section 4 and section 5 concludes this presentation.

2. Cubic Bezier Approximation

This section deals with approximation of given cubic
Bezier curves, which is generalized for any given
curve in later part of this section. Cubic Bezier curves
are simple, efficient and easy to implement and
provide enough flexibility. The cubic Bezier curves
are generated with four control points P; = (x,y),
with i varying from 0 to 3. These control points can
be blended to produce the below position vector p(u),
which describes the path of an approximating Bezier
polynomial function between Py and P; [4].

pQu)=(~u)* Py +3(1~u)* P, +3u* (1 ~u)P, +u’ P,
0<u<l (1)

Cubic Bezier curve with four control points is
shown in figure 1. Control points P, and P; are the
endpoints of cubic Bezier curves and P; and P, are
the two approximating points. The tangents 7} & 7>
at the beginning and end of cubic Bezier curve is
along the line PyP; and P,P; respectively.
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Fig. 1: Cubic Bezier curve.

2.1. Control Point Search

For any cubic Bezier curve, we need to find its four
control points. Two control points (Py & P3) lie at the
curve endpoints and other two (P; & P,) are to be
searched, which lies along the tangents 7} & T5. To
optimize the search algorithm, it is implemented in
two phases. Phase 1 is very efficient but determines
an approximate location of control points. Positions
of these control points are refined in phase 2 which is
relatively slow but accurate.

Pl = PO

PZ = P3

Calculate M, and M,

Calculate AE

Do Py=P; =M, While(AE reduces)

Do P,=P,+ M, While(AE reduces)

Repeat step 5 and 6 till P; or P, does not change

NN kEWND =

Fig. 2: Control point search algorithm.

Search for the control points P; & P, starts from
the control points P, & P; respectively. Control
points P; & P, are moved along their tangents 7; &
T, till approximation error (4E) is minimum. The
algorithm is given in figure 2. The algorithm for
phase 2 is also same except the value of AE, M, and
M, are different. In phase 1, AE is the accumulated
distance between two curves at five equally separated
points along the curve. In phase 2, AE is the total area
between two curves. M; & M, is one step movement
for control points P; & P- in the direction of tangents
T) & T,. Value of M| & M, is 10 pixels for phase 1
and 1 pixel for phase 2.

The algorithm is separated in two phases to
optimize the control point search efficiency. Phase 1
is computationally very efficient but looks for an
approximate location of control points P; & P-.
Figure 3a shows approximating curve after phase 1.
Phase 2 is an expensive operation but require slight
adjust of control points. Figure 3b shows
approximating curve after phase 2. It can be observed
that control points get close to their destination in
phase 1 and hit the target location very accurately
after phase 2.
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Fig. 3: Control point search. Circles and asterisks
show the actual and current location of control points
and dashed line shows the original curve (a) After
phasel (b) After phase2.

2.2. Recursive Subdivision

In recursive subdivision, maximum distance between
two curves is evaluated. The curve is broken into two
from that maximum error point if it is beyond
specified error limits. Acceptable error limit depends
upon the size/resolution of given curve. We take
three pixels distance between two curves as default
error limit. The point from where curve is broken into
two is known as subdivision point. Segments are
recursively subdivided into two till approximation
error in each segment is below threshold error limit.
Control point search method (discussed above) is
used to find the cubic Bezier control points for each
sub-segment. In order to maintain CG' continuity
between two neighboring segments, control point P,
& P; of previous sub-segment and Py & P; of next
segment must lie on same tangent line (shown with
two sided arrow in figure 4). Results of segment
subdivision are shown in figure 4a and 4b.
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Fig. 4: Segment subdivision. (a) Before subdivision.
(b) After subdivision.

3. Outline Capturing Process

Cubic Bezier approximation method was discussed in
section 2. The same technique is generalized for
capturing object outlines in this section. The
capturing process can be mainly divided in three
main phases. First, the outlines are extracted from
given shapes. Second, corner points are detected and
outline is divided into curve segments from these
corner points. Third, each curve segment is processed
for curve approximation. This phase is mainly
focused here.
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Fig. 5: Outline capturing for the shape of Arabic name ‘Ali’. (a) Original bitmap image. (b) Extracted outline. (c)
Extracted outline marked with segment endpoints (asterisks). Corners are marked with circles. (d) Computed outline
marked with detected cubic Bezier control points. Intermediate control points P; & P, are marked with dots. (e)
Computed outline. (f) Computed outline drawn over the original outline.

3.1. Outline Extraction

Object outlines can be extracted directly from the
gray-scale images [6]. More reliable approach is to
convert gray-scale image to binary and extract
boundaries from that binary image. We convert gray-
scale images to binary using [8]. Numbers of
algorithms are available for boundary extraction from
binary images [7,14]. We use a simple procedure to
extract boundaries, which is any pixel with a pixel
value 0 (black) is a boundary point if any of its four
connected neighbors (upper, lower, left and right) has
a pixel value 1 (white). Boundary points are then
arranged in sequence by tracing each boundary loop.
Boundary tracing algorithm can be found in [15] but
this does not handle multiple and illegal loops. We
use its modified version, given in [13]. Figure 5b
show outline extraction result.

3.2. Corner Detection

Extracted outline is decomposed into pieces (curve
segments) at the detected corners. Decomposition
reduces boundary’s complexity and thus simplifies
the curve approximation process. Corners are the
high curvature points and appear to be the natural
break points. Precise detection of corners in an
outline is very important to preserve the overall shape
of object outlines. Readers are referred to some
commonly used algorithms for detection of corner
points [1,2,3,9]. In this paper, [2] is used for
detection of corners. Figure 5¢ show corner detection
result.

3.3. Outline Approximation

The extracted outline is decomposed into curve
segments at the detected corner points. Curve
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approximation technique, discussed in section 2, is
used for approximation of each segment. Recursive
segment subdivision will ensure the overall quality of
approximating curve. Set of control points/data points
for each segment is the end product. Data points are
detected such that the normal piecewise cubic Bezier
curves over them is a captured outline. The
approximation points (control points P; & P,) are
very useful to represent blobby and circular shapes
and interpolation points (P, & P;) preserve the shape
of outline at sharp corners. Approximation error
parameter can be used to control the quality of
captured outlines and the number of data points.
Outline capturing results are discussed next.

4. Results Demonstration

Quality of outline capturing algorithm can be
measured by its computational efficiency, shape
preservation, approximation error and data reduction.
An efficient method is presented for searching cubic
Bezier control points. A simple cubic Bezier curve
over these control points is a computed outline. No
extra control parameters are used to enhance
flexibility of cubic curves. Thus, this arrangement
makes this algorithm computationally very efficient.
Combination of data interpolation and data
approximation results in high reduction of data and
also improves the over all shape. Computed outline is
compared with original in demonstrated results
Approximation error is the area between two curves.
It can be controlled by a given threshold limit. Set of
data points represents the complete shape of given
object. Any transformation effect (like translation,
scaling, rotation and shearing etc) on the data points
will transform the captured outlines.

The proposed algorithm was tested on various
2D shapes and it produced quite elegant results.
Results of only one shape are demonstrated (figure 5)



due to lack of space. Test results are demonstrated at
default threshold value of 3. Figure 5 shows the
results of Arabic name “Ali”. The results are
distributed in six sub-figures and their brief
description is as follow. Figure 5a shows the original
bitmap image taken for testing this algorithm. Figure
5b shows the extracted outline. Outline extraction
method was given in section 2. Figure 5c is the
segment endpoints (including corners and subdivision
points) marked over the original outline. Points in
circle are the detected corner points and points
marked with asterisks are the subdivision points.
Figure 5d shows all cubic Bezier control points
marked over computed outlines. In addition to the
endpoints, points represented with dots are the
detected intermediate control points (P; & P,). Figure
Se shows computed outlines. Comparison of
computed outline with extracted object outline is
made in figure 5f. Two outlines are drawn over each
other to demonstrate its accuracy. One can observe
that the algorithm performs equally well both for
straight lines and circular arcs.

5. Conclusion

An algorithm for capturing outlines of 2D shapes has
been presented in this paper. Combination of data
interpolation and data approximation is used which
not only results in high reduction of data points but
also improves the quality of captured outlines. The
proposed technique is suitable for approximation of
any curve(s), shapes and object outlines. The
captured outlines are CG' continuous and preserve
the shape of outline at sharp corners as well. The
presented method of control point search is
computationally very efficient, simple and easy to
implement and produces very elegant results.
Recursive segment subdivision is used to keep the
approximation error within specified error limits.
Demonstrated results show that the computed
outlines are very close to the original outlines of
given 2D shapes.
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