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Abstract

A new technique and an algorithm have been designed which are meant to automatically capture the outlines of

fonts. A more flexible class of B!ezier cubic (generalized Hermite cubic) functions are the basis of this technique. This

class of functions involves two families of control parameters, to produce more flexible shapes than ordinary Hermite or

B!ezier cubics, in each segment. These functions, together with the control parameters, are utilized in an optimal way to

fit a design curve to the data arose from the boundaries of the fonts. The optimal technique has used various ideas for

curve design. These ideas include end-point interpolation, detection of characteristic points, least-squares method,

recursive subdivision, and parametrization. The final shape is achieved as a generalized Hermite spline with GC1

smoothness. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Designing of curves, specifically those curves that are

robust and easy to control and compute, has been one of

the significant problems of Computer Graphics [1–12].

Specific applications including Font Designing, Captur-

ing Hand-Drawn Images on computer screens, Data

Visualization, and Computer-Supported Cartooning are

main motivations towards curve designing. In addition,

various other applications in CAD/CAM/CAGD are

also a good reason to study this topic. Many authors

have worked in this direction. For brevity, the reader is

referred to [13–22].

In curve designing, the cubic functions are the most

powerful tools as they can define space curves and

curves with inflections. This paper presents a simple and

effective method for optimal curve design which is

particularly useful for capturing outlines of fonts. This

methodology can be used for other applications too. In

the traditional approaches [16,20,21], from a gray-level

image of a font, data points on the shape are obtained

initially. Then corner points of the shape are determined

from this data. These corner points can be obtained by

some interactive method or by some automated process.

Optimal curve fitting is done by segmenting the data of

the shape at the corner points. Normally, the curve

fitting methods are based on conics or B!ezier cubics.

The methodology, in this paper, differs to the

traditional approaches in various ways. Since, some

times corners are not detected precisely and some times

only corner points are not sufficient to fit the curve

which represents the original shape. In addition to

corner points, some more points are needed to achieve a

best fit. This paper, in addition to corner points,

identifies some other significant points too. These points

are identified by introducing intermediate points as well

as high curvature points by modifying the Davis [23]

algorithm for corner detection. The collection of all

these points will be called as characteristic points

through out the paper. The characteristic points play

important role in the overall display of the final shape.

Another major difference lies in the curve model for

the description of the design curve. The outline

capturing technique, instead of traditional B!ezier cubics,

is based upon a generalized Hermite cubic which has

attracting features to control the curve segments locally

between the consecutive characteristic points. It inter-

polates the two endpoints of the curve segment. The
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consecutive pieces of curve segments have proportional

tangents at each characteristic point. Accordingly, the

design curve will be GC1 continuous.

The generalized Hermite curve model, in this article,

possesses parameters in its description. These para-

meters are helpful to tighten or loosen the curve in the

desired region. The automatic optimal computation,

using least-squares method, of these parameters also

distinguishes this article from the methodologies of

other authors. This way of computing the shape

parameters help the designer to the achievement of an

automatic, efficient, and an accurate curve fit.

A most significant difference, of the proposed scheme,

is its recursive nature of computing the design curve. For

a higher accuracy, it has the features to subdivide the

data segments at appropriate intermediate points. This

process is recursively repeated as long as the desired

accuracy of the curve fit is achieved.

The organization of the paper is made as follows.

Section 2 explains briefly the generalized cubic segment

and its various properties. The piecewise design curve

method is explained in Section 3 together with a choice

of distance-based tangent approximations at character-

istic points. The issue of detecting the characteristic

points (corner points and significant points, automatic

computation of best-shaped parameter values, and

subdivision process of the segments is discussed in

Section 4. Section 5 explains the algorithmic details of

the boundary drawing method together with its demon-

stration. Section 6 concludes the paper.

2. Generalized cubic interpolant

Let P0 ¼ ðx0; y0Þ and P1 ¼ ðx1; y1Þ be a given set of

points at the knots t0 and t1; respectively. Let

h ¼ t1 � t0

and consider the following cubic function:

PðyÞ ¼ R0ðyÞP0 þ R1ðyÞVþ R2ðyÞWþ R3ðyÞP1; ð1Þ

where

y � yðtÞ ¼ ðt � t0Þ=h and 0pyp1 ð2Þ

and

R0ðyÞ ¼ ð1 � yÞ3;

R1ðyÞ ¼ 3yð1 � yÞ2;

R2ðyÞ ¼ 3y2ð1 � yÞ;

R3ðyÞ ¼ y3

ð3Þ

are B!ezier cubic basis functions. For some parameter

v and tA½t0; t1�; let us impose GC1 constraints as

follows:

Pðt0Þ ¼ P0; Pðt1Þ ¼ P1;

Pð1Þðt0Þ ¼ vD0; Pð1Þðt1Þ ¼ vD1;
ð4Þ

where P(1) denotes derivative with respect to t; and Di

denotes derivative value given at the knot ti: These

constraints determine the followings:

V ¼ P0 þ hvD0; W ¼ P1 � hvD1: ð5Þ

We observe the following properties of the interpolant

defined by Eq. (1)

(a) The functions RiðyÞ; i ¼ 0; 1, 2, 3 are B!ezier [1] basis

functions and they yield to the following partition

of unity property:

X3

i¼0

RiðyÞ ¼ 1: ð6Þ

(b) For v ¼ 1
3
; the B!ezier function in (1) is the Hermite

cubic.

(c) For 0ovp1
3
; cubic (1) ensures the convex hull

property, see Fig. 1 and hence the curve segment is

more flexible than the traditional cubic B!ezier

curve.

(d) The curve segment obtained by (1) is GC1:
(e) The curve, in (1), always passes through P0 and P1,

see Fig. 1.

(f) If v-0; then the curve exhibits the interval tension

behavior and approaches to the linear interpolant,

see Fig. 1.

3. Interpolating design curve

Let us generalize the idea of curve design when any

amount of data is given. Using the methods explained in

Section 2, we can generate the curve segments for any

Fig. 1. Generalized Hermite cubic.
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given number of data points. Joining these segments, we

can generate the desired design curve. The curve thus

obtained will be GC1: The procedure for curve design is

as follows:

Let FiARm; iAZ; be the characteristic points given

at the distinct knots tiAR; iAZ; with interval

spacing hi :¼ tiþ1 � ti > 0: Also, let DiARm; denote the

first derivative values defined at the knots. Then the

generalized form of the cubic, in the form a parametric

GC1 piecewise cubic Hermite function P : R-Rm; is

defined by

Pj½ti ;tiþ1ÞðyiÞ :¼ ð1 � yiÞ
3Fi þ 3yið1 � yiÞ

2Vi

þ 3y2
i ð1 � yiÞWi þ y3

i Fiþ1; ð7Þ

where

yi � yiðtÞ ¼ yj½ti ;tiþ1ÞðtÞ :¼ ðt � tiÞ=hi ð8Þ

and

Vi :¼ Fi þ vihiDi; Wi :¼ Fiþ1 � vihiDiþ1: ð9Þ

The interpolation conditions are as follows:

PðtiÞ ¼ Fi; Pðtiþ1Þ ¼ Fiþ1

and

Pð1ÞðtiÞ ¼ viDi; Pð1Þðtiþ1Þ ¼ viDiþ1; iAZ:

ð10Þ

Eq. (7) can be rewritten as

Pj½ti ;tiþ1ÞðyiÞ :¼R0;iðyiÞFi þ R1;iðyiÞVi

þ R2;iðyiÞWi þ R3;iðyiÞFiþ1; ð11Þ

where Rj;iðyiÞ; j ¼ 0; 1, 2, 3 are B!ezier cubic basis

functions discussed in Section 2. It should also be

observed that the weights are not independent and that

one could take vi a constant for all iAZ without loss of

generality. However, we find it useful to consider the

two scalar weights vi variability on [ti; tiþ1) in the

development of the theory.

Remark 1. If PðtÞ is the interpolant for scalar

data FiAR; with derivatives DiAR; iAZ; then

ðt; pðtÞÞ can be considered as the interpolation scheme

applied in R2 to data (ti;Fi), with derivatives ð1;DiÞ;
iAZ: This is a consequence of the property that the

interpolant is able to reproduce linear functions. In

particular, for vi ¼ 1
3
; the scalar data Fi :¼ ti; and

derivatives Di :¼ 1; iAZ; the interpolant reproduces

the function t:

Remark 2. If PðtÞ is the interpolant for planar

data FiARN ; NX2; we need to have some specific

parametrization over t: Although, there are number

of parametrization schemes in the literature [2], we

will prefer to use the chord length parametrization

as follows:

tð0Þ ¼ 0;

tðiÞ ¼ tði � 1Þ þ FiFiþ1j j; i ¼ 1; 2; 3;yn;
ð12Þ

where FiFiþ1j j denotes the distance of the ith chord

segment.

3.1. Estimation of tangent vectors

In most of the applications, the tangent information is

not provided. We define a distance-based choice for

tangent vectors Di’s at Fi’s as follows:

For open curves:

D0 ¼ 2ðF1 � F0Þ � ðF2 � F0Þ=2;

Dn ¼ 2ðFn � Fn�1Þ � ðFn � Fn�2Þ=2;

Di ¼ aiðFi � Fi�1Þ þ ð1 � aiÞðFiþ1 � FiÞ;

i ¼ 1;y; n � 1: ð13Þ

For close curves:

F�1 ¼ Fn�1;Fnþ1 ¼ F1;

Di ¼ aiðFi � Fi�1Þ þ ð1 � aiÞðFiþ1 � FiÞ; i ¼ 0;y; n;
ð14Þ

where

ai ¼
Fiþ1 � Fij j

Fiþ1 � Fij j þ Fi � Fi�1j j
; i ¼ 0;y; n: ð15Þ

This choice of tangents provides nice and pleasing

results. For example, the Figs. 2 and 3 are the general-

ized cubic splines for the values of the parameters

designated in the indicated regions of the curves. Fig. 2

shows global tension behavior. Fig. 3 shows local

interval tension behavior in the indicated region.

Remark 3. It should be noted that the spline curve, for

vi ¼ 1
3
; for all i; is a C1 Hermite spline curve. It will be

treated as the default design curve.

Fig. 2. Generalized Hermite cubic spline with global shape

control.
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4. Optimal design curve

This article proposes to partition the data into small

portions (segments) in an ordered way and introduce an

optimal way of curve fit in each portion. The cost of

computation and accuracy in the design curve are the

fundamental features of the scheme. The proposed

method of curve fit consists of the following steps.

(a) Initial set of characteristic points is determined

from the universal set of data points.

(b) The spline method, in Section 3, is used for the

piecewise fit to the data points between consecutive

characteristic points.

(c) If the design curve needs improvement, the para-

meters vi’s are discovered in the deviated segments

and design curve is manipulated accordingly.

(d) In case the accuracy is to improve further in some

pieces of curve in (c), the corresponding deviated

segments are subdivided at the intermediate points.

These intermediate points are then added to the set

of characteristic points.

(e) The steps (b)–(d) are repeated as long as the desired

fit is achieved.

4.1. Detection of characteristic points

The characteristic points are those points, which

partition the data into various pieces. An approach

based on curvature analysis, with numerical technique,

has been proposed. The detection of the characteristic

points actually depends on how close the data points are

from each other.

In the first step, the characteristic points are searched

on the basis of computation of high curvatures at each

data point. The strategy of this procedure is based on

the method of Davis [23]. The details of this procedure

are as follows.

Approximate the curvature CkðiÞ at each contour

point Pi ¼ ðxi; yiÞ as follows:

CkðiÞ ¼ aik 
 bik= aikj j bikj j; ð16Þ

where

aik ¼ ðxi � xiþk; yi � yiþkÞ;

bik ¼ ðxi � xi�k; yi � yi�kÞ:
ð17Þ

A threshold value T for CkðiÞ is set. A point Fi is a

characteristic point if:

(i) CkðiÞ takes local maxima.

(ii) CkðiÞ > T :

The value of k depends on the closeness of the data

points. Without threshold value, the algorithm is too

sensitive to small variations of CkðiÞ:
The second step is adopted to get further significant

points. We calculate the length of polygonal line

segments between each two consecutive characteristic

points (so far calculated) and the corresponding data

points in between. That is, we calculate the following:

li ¼
FiFiþ1j j

FiPi;1Pi;2yPi;mi
Fiþ1

�� ��; ð18Þ

where Fi’s denote the characteristic points and Pi;j ’s are

the data points. For simplicity of notation, we can

assume

Fi ¼ Pi;0 and Fiþ1 ¼ Pi;miþ1; ð19Þ

so that

li ¼
Pi;0Pi;m

�� ��
Pi;0Pi;1Pi;2yPi;mi

Pi;miþ1

�� ��: ð20Þ

If these calculated lengths are greater than the defined

threshold value, we break the segment into two segments

and add an intermediate characteristic point. This

process is repeated until each segment length satisfies

the threshold value criteria. The resultant set of

characteristic points is finally utilized for the piecewise

curve generation.

Remark 4. The criteria, for the determination of

intermediate characteristic points, is based on the

curvature analysis. That is, the point of highest

curvature will be the candidate for intermediate char-

acteristic point.

4.2. Piecewise optimal fit

We will divide the whole set of data points into

segments in such a way that first and last point of each

Fig. 3. Generalized Hermite cubic spline with local shape

control.
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of the segments are characteristic points obtained by the

methodology explained in Section 3. Each segment will

be an ordered subset of the universal set of data points.

A piecewise treatment is made for the curve fitting

approach. All the pieces are stitched finally using the

method in Section 2. For each segment of the data

points, following procedure is adopted.

We use the least-squares method to find out the

optimal shape parameters vi’s so that the fitted curve in

each segment is optimal. Suppose, for i ¼ 0; 1,

2,yn � 1; the data segments

Gi ¼ fPi;j ¼ ðxi;j ; yi;jÞ; j ¼ 0; 1; 2;ymi þ 1g ð21Þ

are given as an ordered sets of the universal set of data

points. Then the squared sums Si’s of distances between

Pi;j ’s and their corresponding points Pðui;jÞ’s on the

curve are computed as

Si ¼
Xmiþ1

j¼0

½Piðui;jÞ � Pi;j �T 
 ½Piðui;jÞ � Pi;j �

¼
Xmiþ1

j¼0

½Piðui;jÞ � Pi;j �2; i ¼ 0; 1; 2;y; n � 1:

Due to (19), we have

Si ¼
Xmi

j¼1

½Piðui;jÞ � Pi;j �2; i ¼ 0; 1; 2;y; n � 1; ð22Þ

where the parametrization over u’s is in accordance with

the chord length parametrization in (12) and is as

follows:

ui;0 ¼ tðiÞ;

ui;j ¼ ui;j�1 þ Pi;jPi;jþ1

�� ��;
i ¼ 0; 1; 2;y; n; j ¼ 1; 2;y;mi þ 1:

ð23Þ

For best fitting of the curve to the given data, we have to

find out the parameters vi’s so that sums Si’s are

minimal. Obviously, the parameters vi’s can be solved by

least-squares approximation. The minimum of Si’s

occur if partial derivatives of Si’s with respect to vi’s

become zero. That is, if ‘‘ 
 ’’ denotes the dot product, we

should have the followings:

qSi

qvi

¼ 2
Xmi

j¼1

qPiðui;jÞ
qvi


 ½Piðui;jÞ � Pi;j �

¼ 0; i ¼ 0; 1; 2;y; n � 1;

which implies

qSi

qvi

¼ 2
Xmi

j¼1

hiðDi �Diþ1Þ 
 ½Piðui;jÞ � Pi;j �

¼ 0; i ¼ 0; 1; 2;y; n � 1: ð24Þ

Let

a0;i ¼
Xmi

j¼1

R0;iðui;jÞ;

a1;i ¼
Xmi

j¼1

R1;iðui;jÞ;

a2;i ¼
Xmi

j¼1

R2;iðui;jÞ;

a3;i ¼
Xmi

j¼1

R3;iðui;jÞ:

Eq. (24) can be simplified as

viðA1;i þ A2;iÞ ¼ A4;i; i ¼ 0; 1; 2;y; n � 1: ð25Þ

where

A0;i ¼ Fi 
 ðDi �Diþ1Þa0;i;

A1;i ¼ ðDij j2�Di 
Diþ1Þhia1;i;

A2;i ¼ ðDi 
Diþ1 � Diþ1j j2Þhia2;i;

A3;i ¼ ðDi �Diþ1Þ 
 Fiþ1a3;i;

A4;i ¼ ðDi �Diþ1Þ 

Pmi

j¼1 Pij � ½A0;i þ A1;i þ A2;i þ A3;i�:

ð26Þ

Eq. (25) leads to the solution as follows:

vi ¼
A4;i

A1;i þ A2;i
; i ¼ 0; 1; 2;y; n � 1: ð27Þ

Once these parameters are computed, they are sub-

stituted in the spline method in Section 3 and an optimal

curve fit is achieved.

Remark 5. It has been observed, during various

experimentation’s, that the process of achieving best

outline fit is terminated after substitution of the

parameters vi’s calculated in (27). However, if further

refinement in the curve fit is required, we can use the

segment subdivision strategy in the following section.

4.3. Segment subdivision

There is a possibility that the curve segment obtained,

by the process explained in Section 4.2, may not be

satisfactory and error to the original outline may be

high. This error can be reduced by partitioning the

segment at an appropriate contour point. The criteria of

selecting an appropriate point of partitioning is as

follows.

For each set Gi; the squared differences Ui;j ’s of

distances between Pi;j ’s and their corresponding points

Pðui;jÞ’s on the curve are computed as

Ui;j ¼ ½Piðui;jÞ � Pi;j �2; j ¼ 0; 1; 2;y; mi þ 1: ð28Þ

Due to (19), we have

Ui;j ¼ ½Piðui;jÞ � Pi;j �2; j ¼ 1; 2;y; mi: ð29Þ
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If for some ui;j ; the corresponding squared difference Ui;j

is higher than a threshold value Z; it will be considered

as the intermediate point of the segment under

consideration, and the set Gi will be subdivided into

two sets and Pi;j will be included in the list of

characteristic points in an ordered way.

5. Algorithm and demonstration

The summary of the algorithm, designed for auto-

matic generation of font outlines, is as follows:

S-1 The extraction of the contour points, from the

gray-level image, is the first step of the whole process

of Font Outline Generation. During the digitization

process (converting the gray-level image to a bi-level

image), some noise may arise. This adds irregularities

to the outer boundary of the image and, hence,

may have some undesired effects. The algorithm of

Avrahami and Pratt [24] is a reasonable solution

to convert the gray-level image to a bi-level image.

Although, this algorithm minimizes the error during

the conversion process but it requires some

modifications. The outlines in Figs. 4(b), 5(b), 6(b)

and 7(b) are the demonstration of the original

image in Figs. 4(a), 5(a), 6(a) and 7(a), after the

modification of Avrahami and Pratt algorithm [24],

respectively.

S-2 Boundary detection algorithm is applied to the

gray level font images.

S-3 Once the boundary is detected, important features

of the outlines are extracted from the boundary. This is

achieved by detecting the set of initial characteristic

points from the detected boundary.

S-4 The tangents at the characteristic points are

computed using the method explained in Section 3.1.

S-5 The spline method, in Section 3, is used for the

piecewise fit to the data points between consecutive

characteristic points.

S-6 In case the accuracy is to improve in the piece of

curve in (S-5), it is sub-divided at the intermediate point.

This is done by updating the current set of characteristic

points by adding the intermediate point in the corre-

sponding segment.

S-7 The steps (S-4)–(S-6) are repeated as long as the

desired fit is achieved.

Fig. 4. (a) Bitmapped image, (b) outline of the image, (c) outline with initial characteristic points, (d) computed outline, with threshold

value 3, initial and generated intermediate characteristic points, (e) computed outline, with threshold value 2, initial and generated

intermediate characteristic points, (f) just a computed outline with threshold value 2.
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The scheme and the algorithm has been implemented

and tested for various shapes. Visually quite elegant

results have been observed.

The algorithm has been tested for four fonts in

Figs. 4(a), 5(a), 6(a) and (7a). The fonts in Figs. 4(a) and

5(a) are Arabic, whereas the images in Figs. 6(a) and

7(a) are Greek and Kanji characters respectively.

Fig. 4(b) is the outline of Fig. 4(a) using modified

Avrahami and Pratt algorithm [24]. Fig. 4(c) displays the

initial characteristic points in Fig. 4(b) using the method

of Davis [23]. Figs. 4(d) and (e) demonstrate the initial

characteristic points as well as the intermediate char-

acteristic points which have been obtained after mini-

mizing the errors between the original outline and the

computed outline. The threshold, for the errors, has

been kept 3 and 2 for Figs. 4(d) and (e), respectively.

Fig. 4(f) is the final computed outline of the image in

Fig. 4(e), this is shown just for comparison purpose with

the actual outline of the font in Fig. 4(b). One can see

that the computed outline in Fig. 4(d), with error

threshold value 3 is quite reasonable and compatible

with Fig. 4(b). However, a lesser threshold value 2

provides a better results in Figs. 4(e)–(f). But this

requires more cost in terms of computation of more

characteristic points and hence a spline with more

control points.

Fig. 5(b) is the outline of Fig. 5(a) using modified

Avrahami and Pratt algorithm [24]. Fig. 5(c) displays the

initial characteristic points (shown with squares) on

Fig. 5(b) using the method of Davis [23]. Figs. 5(d) and

(e) demonstrate the intitial characteristic points

(squares) as well as the intermediate characteristic points

(circles) which have been obtained after minimizing the

errors between the original outline and the computed

outline. The threshold, for the errors, has been kept 3

and 2 for Figs. 5(d) and (e), respectively. Fig. 5(f) is the

final computed outline of the image in Fig. 5(e), this is

shown just for comparison purpose with the actual

outline of the font in Fig. 5(b). One can see that the

computed outline in Fig. 5(d), with error threshold value

3 is quite reasonable and compatible with Fig. 5(b).

However, a lesser threshold value 2 provides a better

Fig. 5. (a) Bitmapped image, (b) outline of the image, (c) outline with initial characteristic points, (d) computed outline, with threshold

value 3, initial and generated intermediate characteristic points, (e) computed outline, with threshold value 2, initial and generated

intermediate characteristic points, (f) just a computed outline with threshold value 2.
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result in Figs. 5(e) and (f). But this requires more cost in

terms of computation of more characteristic points and

hence a spline with more control points.

Fig. 6(b) is the outline of a Greek character ‘‘x’’ in

Fig. 6(a) using modified Avrahami and Pratt algorithm

[24]. Fig. 6(c) displays the initial characteristic points

(shown with squares) on Fig. 6(b) using the method of

Davis [23]. Figs. 6(d) and (e) demonstrate the intitial

characteristic points (squares) as well as the intermediate

characteristic points (circles) which have been obtained

after minimizing the errors between the original outline

and the computed outline. The threshold, for the errors,

has been kept 3 and 2 for Figs. 6(d) and (e), respectively.

Fig. 6(f) is the final computed outline of the image in

Fig. 6(e), this is shown just for comparison purpose with

the actual outline of the font in Fig. 6(b). One can see

that the computed outline in Fig. 6(d), with error

threshold value 3 is not reasonable and compatible with

Fig. 6(b). However, a lesser threshold value 2 provides

better results in Figs. 6(e) and (f).

Fig. 7(b) is the outline of a Kanji Character in

Fig. 7(a) using modified Avrahami and Pratt algorithm

[24]. Fig. 7(c) displays the initial characteristic points

(shown with squares) in Fig. 7(b) using the method of

Davis [23]. Figs. 7(d)–(f) demonstrate the initial char-

acteristic points (squares) as well as the intermediate

characteristic points (circles) which have been obtained

after minimizing the errors between the original outline

and the computed outline. The threshold, for the errors,

has been kept 3, 2, and 1 for Figs. 7(d)–(f), respectively.

One can see that the computed outline in Fig. 7(d), with

error threshold value 3 is not reasonable and compatible

with Fig. 7(b). However, a lesser threshold value 2

provides a better results in Figs. 7(e)–(f). If still requires

a better output, one can further decrease the threshold

value to 1, to get the computed outline in Fig. 7(f). But

this involves more cost in terms of computation of more

characteristic points and hence a spline with more

control points.

Following observations have been made during the

demonstration of this scheme. In normal conditions,

when the bitmap image of a font is fine and having no

jaggies, a threshold value of 3 works well and provides

an acceptable outline with least number of characteristic

points. This can be seen in case of Figs. 4 and 5.

However, in case of rough and jagged images like in

Fig. 7, one need to decrease the value of threshold to get

the acceptable computed outline. This requires more

cost of computation in terms of intermediate character-

istic points and hence a spline with more control points.

Fig. 6. (a) Bitmapped image, (b) outline of the image, (c) outline with initial characteristic points, (d) computed outline, with threshold

value 3, initial and generated intermediate characteristic points, (e) computed outline, with threshold value 2, initial and generated

intermediate characteristic points, (f) just a computed outline with threshold value 2.
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6. Concluding remarks

A curve fitting scheme has been introduced which is

based on a generalized Hermite cubic spline. The

generalized Hermite cubic spline possesses shape para-

meters in its description, which have been utilized to

capture the outline of the fonts through the character-

istic points. A strategy to detect a set of characteristic

points is explained to optimize the outline. This strategy

is based on initially identifying the set of points which

determine the major features of the outline boundary.

Afterwards, it generates more intermediate character-

istic points which are helpful to achieve an accurate

curve fit.

An algorithm, for automatic generation of hand-

drawn shapes, has been devised. This algorithm,

according to the need, recursively subdivides the

segments at intermediate points and generates an

optimal design curve to the hand-drawn shape. The

proposed curve fitting methodology is different than the

traditional curve fitting methods in the literature. It is

GC1 smooth at the characteristic points.

The scheme introduced is quite simple, easy to

implement. Since it is GC1 smooth, it is specifically

more suitable for those languages which are composed

of smooth fonts. For example, Arabic and Kanji

like characters may be good candidates to apply

this technique as compared to C0 methods [16,19,22]

in the literature. Obviously, it will be computationally

more economical because of involvement of less

number of characteristic points and hence having

computation of less number of spline pieces. This

scheme is as competent as any other scheme, in the

literature, as far as a general tool of capturing font

outlines is concerned.

The proposed approach minimizes the human inter-

action in obtaining the outline of fonts. It may be useful

for various other applications, including Capturing

Hand-Drawn Images on computer screens, Data Visua-

lization, and Computer-Supported Cartooning. How-

ever, one can also find various other applications in the

area of Computer Graphics (CG), Computer Aided

Design (CAD), Computer Aided Manufacturing, Com-

puter Aided Geometric Design (CAGD), etc.

Fig. 7. (a) Bitmapped image, (b) outline of the image, (c) outline with initial characteristic points, (d) computed outline, with threshold

value 3, initial and generated intermediate characteristic points, (e) computed outline, with threshold value 2, initial and generated

intermediate characteristic points, (f) computed outline, with threshold value 1, initial and generated intermediate characteristic points.
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