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ABSTRACT

Planar closed contours are used in number of applications such as optical character
recognition (OCR), content based image retrieval (CBIR), medical image processing,
etc., for object representation, feature vector extraction and object recognition. Some
feature generation techniques, for example Fourier descriptors (FDs), require con-
tours to be represented with 2" number of equally spaced points. In this paper an
algorithm for linear approximation of the original contour pixels with 2™ number of
equally spaced pointsin R? is proposed.

1 INTRODUCTION

Contours, extracted from two-dimensional objects, aresiclamed an important shape representa-
tion method in number of fields in computer vision includin@ioal character recognition (OCR),
content based image retrieval (CBIR), medical image psangsmotion detection, etc. Outer and
inner closed contours of planar figures are often used foufeaector extraction and hence, for
feature space definition, classifier learning and objeaigeition. Feature vector extraction from
planar closed contours often adopt techniques basé&ouwmer descriptors (FDs) [12], [3], [1] or
wavelet descriptors (WDs) [11], [4] [2]. There are two restrictions which are ioged by such
methods: (i) the number of points of the input contour muspbeer of two, and (ii) the points
must be equally spaced.

In the case of FDs, the first restriction is required in oraeapply fast Fourier transform
(FFT). Also, in the case of DWTs, as noted in [11], some of #monstructed contours will not
close due to the fact that the number of original pixels ispmter of two.

The second restriction is mainly needed to avoid signaldisince after transformations. If
the input contour is described using eight positions of megghood, than all neighboring pixels
which lie horizontally or vertically from one another wilekat distance 1, while all pixels which
lie diagonally will be at distance/2.

Since in practice the extracted contours rarely fulfill thewe restrictions, an algorithm is
needed for approximation of the input discrete contour aithther closed contour which consists
of 2" number of equally spaced points.



In the last two decades, a lot of works has been published @riahic of planar contour
approximation. There are basically two broad classes dhoast polygon based and spline curve
based. In the polygon based methods the discrete contoeirexamined as closed polygons
with contour pixels being the vertices, like in [9] where andynic programming approach to
polygonal approximation of digital curves is presentede $blution of the approximation problem
is based on a global optimization criterion and is formwdade a recursive function. The presented
algorithm is designed to approximate open curves, but ttieeasisuggest that it can be extended to
closed contours by an exhaustive search of a optimal irjgtatting) point. The extension of this
method to closed contours has been examined in more det§ds iAnother improvement of [9]
is presented in [5] where a termination scheme at suitabigyeu of vertices of the approximating
polygon and initial point determination criterion is praeal.

Another polygon based method is [10] where the problem of@pmation of closed contours
with equilateral polygons is examined. The presented naeihbased on nonlinear programming
scheme for minimization of a mechanical system’s energye dlgorithm consists of two basic
steps: (i) initial polygon definition by selecting domingstints on the contour for polygon’s
vertices; (ii) solution of the nonlinear optimization pfeim, subject to the constraint that the
polygon edges have to be of equal length.

Although the above methods are reported to give good rethdisare applicable in our case
if we assume that the number of the approximation points esg than the original number of
pixels. Unfortunately this will produce data loss and it &=ad to contour shape distortion. In the
case when the number of approximation points must be gréeterthe number of original pixels,
spline based methods can produce more accurate results. oMibe methods for spline based
approximation of discrete planar closed contours are lysadbpting cubic Bézier curves [7], [8].
These methods are suitable for certain tasks as charaef@esentation at different scales but in
these works the preliminarily fixed number of approximagmmts is not considered, exceptin [4]
where authors propose Bézier splines to approximate tgmal contour with 128 or 256 points.
A drawback of the methods based on Bézier splines is thgtdhe lead to considerable contour
smoothing since the approximated curve can lie relativalyrbm the control points, which is not
desirable in our case. Also, the equal spacing of the poiritsecapproximation discrete curve is
not discussed in these works.

In this paper a new method for contour linear approximatiproposed, in which the number
of the new approximation points 8§ = 2", and N > M, whereM is the number of the original
contour pixels. Also, the points of the resulting contowr aqually spaced ifR?. Linearity is
chosen to reduce the redundant curve smoothing and allshéirng new points are calculated on
the line segments, connecting the original neighboringlpix

2 PROBLEM DESCRIPTION
A discrete planar closed contouiis given by the coordinates of its pixels
zj:(acj,yj), jZO,l,...,M—l (1)

wherez; are in counterclockwise order, starting from the contoitrahpixel z, and ending with
its last pixelzy, 1 and M is the number of pixels (see Fig.1(a)). The selection oftit&l pixel zy

is performed by the contour trace algorithm and the desgnibethod does not depend on it. Since
eight-position neighborhood is used, the distance betaagtwo neighboring pixels;, andzx 1

is 1 if the two pixels lie horizontally or vertically and ig2 if the two pixels lie diagonally. This
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Figure 1: (a) A fragment of a closed contour given in pixel rclimates. The initial pixekq is
marked in black and the first two pixets, z» and the last pixet,;_; are shown. (b) The pixel;
and the distance to his eight neighbors.

relation can be expressed by:

1, ziy1 € {(@r,yr — 1), (zx — Lyw), @k, yk + 1), (2 + 1, y) }
de =% V2, zip1 €{(ze— Ly — 1), (x — Liyp + 1), (2 + Ly + 1), (2)
(o + Ly — 1)}

wheredy, = ||zx, zx+1|| denotes the Euclidean distance between the neighboriraspix and
211 (see Fig.1(b)).
The objective is to find another contogy z; = (Z;,79;), 7 = 0,1,..., N — 1 which will

approximate the input contourand has the following properties:
e the coordinates of the points efare real numbers;; € R2?,j=0,1,...,N —1;

e any two consecutive points af are at the same distanée = ||zx, Zx+1|/, wherek =
0,1,...,N —2;

e the number of the points afis a power of twaV = 2", whereN > M;

e in order to insure the input shape preservation any appatiiign point must lie on a line
segment connecting two neighboring pixels of the input cont

Described in this way, the problem for planar closed conseqproximation is very similar to
the polygon approximation problem. The main differencehi in the presented problem, the
approximating polygon has more vertices than the input éi&o, there is no constraint that the
output approximating points must contain the input pixels.

3 THE PROPOSED ALGORITHM

The algorithm consists of two main parts: (i) determinatafrthe distance) between the con-
secutive neighboring points of the approximation contgufii) linear approximation process in
which the coordinates of the points @hre calculated. These two basic steps are iterated until an
approximation of is found for which the output contouris composed of the required number
of points NV and is a closed contour.



The first approximation of the distanéés calculated based on the perimetér) of the input
contour and the number of approximating points The parameter of the input contour is given

by:

M-2
p(z) = Y di+ |21, 20l ©)
k=0
whered;, is defined in (2) and the last term of the above equation isetbdcause the contour is
closed. The number of approximating points is:

N =2" n=|log, M| +1 (4)

If we denoteny = [log, M | then there is no such whole number for which 2"t € (270, M].
HencelV, defined in (4), is the first whole number which is a power of amad for whichV > M.
Sometimes in practice, iV is too close toM, n = |log, M | + 2 will produce more accurate
approximation of the input contour than (4), as is in the epangiven on Fig. 2.

Once the input contour paramej€e) and the number of approximation points are calculated,
the first approximationyy of the distancel between any two neighboring points of the output
contour is calculated by:

o =12 ©)

(@)

Figure 2: (a) The original bitmap of a numeral and the exédaontourz in pixel coordinates.
The number of original contour pixels 8 = 84 and its parameter is = 94.76955. (b) A
fragment of the contour given in (a). Three pixels of the ioadjcontourzg, z; andzs are given,
marked with squares. The dots represent the approximabistoar which has siz&/ = 256 and
the distance between the approximation point§is= 0.3702. The cross denotes a point which
exceeds the endpoints of the line segment betwgeamd z; .

The approximation process starts from the initial pixebf the input contour, which is initi-
ated to be the first point of the output contour, ezg.= zo. The next point is calculated to lie
on the line segment between the pixelsand z; and to be at a distane® from the previously
calculated output contour point. The calculation of appr@ting points on the line segment is



repeated until the newly calculated point exceeds its eintipoln this case the new point is re-
jected and it is recalculated to lie on the line segment whaimects next pair of original contour
pixels. This situation is illustrated on Fig.2(b), whereagiment of the original and approximating
contour of a handwritten digit, given on Fig.2(a), is showhe coordinates of the poiat exceed
the endpoints of the line segment betwegrandz;. These coordinates are rejected and new co-
ordinates ofz; are calculated, which lie on the line segment betwgeand 25, while preserving
the distancé, from the previous approximation poigg.

The above approximation process is repeated throughoetitire input contour until the last
line segment which is betweefn,;_; andzg is reached.

Let us denote withV,y the number of points and withy (z) the parameter of the approximation
contourz where||zx, zi+1|| = ||2ny, 20| = o, & = 0,1,..., Ng — 2. At this point the contour
is closed but the number of the approximation points catedlas Ny < N since the parameter
of the approximating contous,(z) is less than the parameter of the original conto{sr). The
reason for that is again the situation depicted on Fig.2{fi)en the parametex(z) of the original
contour is calculated, the lengths of the two sides, and z;z, of the triangle defined bys,
z1 and z4 are included, while in the perimeter of the approximatingtoar z the sidezsz, is
included. Therp(z) < p(z) follows from the triangle inequality.

The second approximation for the distance between thegofitis given by:

5 = 2 ©

and then the approximation scheme is repeated with thednegd) is recalculated with the new
parameter of and the approximation is iterated until all thepoints ofz are used. It is obvious
that the inequality); < dy holds for the two approximations of the distarice

When thed; which assures that alV points of Z are used in the contour approximation is
found, there are two distinct cases which can occur:

1. ||z0,Zn—1|| — 91 < €, wheree is small enough. In this cage= ¢; is the distance between
approximating points which assures closed equilateraiocorwith all N = 2™ points used
in Z and the algorithm has completed successfully.

2. ||z0, Zv—1]| — 61 > €, which means that although &Vl points are used, the approximation
contour is not closed. Hence, thevhich will both close the contour and will assure that all
N points are used is such thatE (01, dp). In this case is found using binary search aad
is recalculated for each approximationdof

4 EXPERIMENTAL RESULTSAND ERROR MEASURES

The proposed algorithm has been tested on various planpeskeatracted from handwritten and
printed characters. In order to evaluate the complexityhefalgorithm, the number of iterations
for each experiment is provided. The accuracy is measurégdogrror measures. The first one is
the difference of the parameters of the input contour angusw@pproximationt; = p(z) — p(z).
The second error measuks is the difference in percentage of the areas bounded by g &amd
output contours.

On Fig. 4 are shown handwritten humerals processed withritygoped method as an exam-
ple. The squares denote the original contour pixel cootdseavhile the approximating contour
coordinates are denoted with dots. In Table 1 for each ndraegagiven the number of original
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Figure 3: Handwritten numerals processed with the propedgeorithm. The original contour
pixels are denoted with squares and the approximating aootmrdinates are denoted with dots.

Table 1: Experimental data with the handwritten numeralsgrgon Fig.4.

Numeral | Input length| Output length 0 Ey Es Iterations
@) 40 128 0.364978461 0.73860109| 1.522074091 3
(b) 34 128 0.286958452 0.583026695 2.019554629 2
(c) 76 256 0.33497157| 1.016830695| 2.565501726 2
(d) 57 128 0.513186416| 1.667477843 3.808036224 9
(e) 96 256 0.408922695 2.085342825 2.989499921 2
® 84 256 0.36440929 | 1.48077426| 2.307237588 2
(9) 45 128 0.400222501) 0.813150478 3.215700054 2
(h) 66 256 0.28677247 | 0.870518804( 2.767564637 2
0] 60 128 0.531289976| 2.764435649 4.64423332 2
()] 51 128 0.436502101) 1.340934456 2.422543446 4

contour pixels, the number of points of the approximatingtoar, two error measurds, andEs,
and the number of iterations in which the correct approxiomais calculated.
The error measures; andE, by themselves are not a good measure for the shape presarvati
of the proposed algorithm. On the other hand, together Wwéltbnstraint that each approximation
point lies on a line segment between two consecutive inpigithey give a very good descrip-
tion of the accuracy of the algorithm. The experiments shwat both the difference in contours’
parameters and shape areas are very salk{ 4 pixels andE, < 5% in the conducted exper-
iments). Also, in most of the cases a good approximatiofiieffound on the second iteration of
the algorithm and even in the cases when a binary searchdedgthe required is found in less
than ten iterations.




5 CONCLUSION

In this paper a linear approximation scheme for discretegsl@ontours is proposed. The al-
gorithm is used as a preprocessing step for methods basedwiei~descriptors and wavelet
descriptors. Currently it is part of a historical documengge processing system and has been
approved as fast and reliable in many of the experimentsumted with this system. Also, the
described method will be used as part of a OCR system destgrgrdcess handwritten numerals
in astronomical logbooks containing meta-data for astminal photographic plates.
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