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A Novel Approach for Area Computation of
Convex Shapes
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Abstract—Shape analysis is widely applied in image
registration, segmentation, classification and various
other computer vision applications like pattern recog-
nition, medical image diagnostics, integral geometry
etc. Area measure plays a very important role in
image classification based on size of the image. The
area of an object is a convenient measure of the ob-
jects’ overall size and is a widely used simple scalar
descriptor. This paper describes a new scale invariant
area computation algorithm for convex shapes with
constant time complexity which can also be used for
computation of various scalar shape descriptors.
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1 Introduction

Describing an object shape as numeric shape descriptors
is more appropriate than a non numeric, graphic repre-
sentation of the space-domain technique, because the nu-
meric descriptors can be analyzed easily and efficiently. It
is thus very important that the mathematical model con-
tains very precise, concise and robust shape descriptors
which are independent of image distortions and geomet-
ric manipulations like translation, scaling and rotation.
The area of an object is a convenient measure of the ob-
jects overall size. Dependent only on the boundary of
the object, a measurement of the area disregards gray
level variations inside. Area measurements are computed
during the extraction of an object from a segmented im-
age. Area measure plays a very important role in image
classification based on size of the image. Area measure
can further be used for computation of a lot of scalar
descriptors like compactness, elongatedness, eccentricity
etc.

We propose an area computation algorithm for convex
shapes based on method of triangulation in section 2.
Section 3 illustrates signature computation using the new
method and section 4 summarizes the proposed tech-
nique.

*Department of Computer Engineering, Malaviya National In-
stitute of Technology Jaipur, Jaipur, India - 302017. Tel: 491 141
2529140 Email: neetanain@yahoo.com

tRajasthan Swayat Sashan Mahavidyalaya, Tonk Road, Jaipur,
India - 302015.

ISBN: 978-988-98671-8-8

2 Area of Convex Shapes by Triangula-
tion method

Before we can specify an algorithm for measuring the area
of an object, we must establish a definition regarding the
boundary of the object. The question that must be re-
solved is, Are the boundary pixels completely or only
partially contained in the object? The simplest uncali-
brated area measurement is just a count of the number of
pixels inside(and including) the boundary. This though
is a very simple algorithm but it has linear complexity.
There is a computationally simple way to compute both
the area and signature [1, 2, 3, 4, 5, 6, 7, 8] of a polygon
in one traversal of the boundary of the polygon. We pro-
pose a new method for area and signature computation
of convex object shapes. We iteratively subdivide the
boundary into two halves and fit triangles with staring
point, midpoint and end point of the boundary as coor-
dinates in each half. Compute the area of the triangle.
The first and last point of each half forms the base and
the orthogonal distance of the midpoint with the base
is taken as the altitude. Exclude each triangle from the
boundary and repeat the process until no more triangles
can be fitted in the boundary. The terminating condition
is three pixels on the boundary making an equilateral tri-
angle, or boundary list as a straight line. The detailed
proposed algorithm is enlisted in Algorithm 1:

D Area Computation in Step 1

. Area Computation in Step 2

D Area left After Step 2

Figure 1: Area Computation by Triangulation Method
for Convex Shapes.

For example, Figure 1 shows the result of the first few
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Algorithm 1 RecursiveArea(S;)
Require: S;: List of boundary points of shape S, for
i=1,2,---,N
Ensure: : Area of Convex Shape S
Initialization
Area = 0;
Nsteps = 0; {No of Steps}
procedure RecursiveArea(S;)
Divide the list S; at ¢ = % into two lists L1, Lo
On each list (L1, L2)
Construct a Triangle AT = (T1,T5)
Coordinates for Ty = (51, Sy, Sx)
Coordintes for T, = (Sx, Sax, Sn)
Area = Area + Area(Ty) + Area(T3);
Nsteps = Nsteps + 1;
if Altitude(T} > 1) then
return RecursiveArea(L)
end if
if Altitude(T: > 1) then
12: return RecursiveArea(Lz)
13:  end if
14: end procedure
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steps of the algorithm when run on some general convex
shapes. The result of area computation by our algorithm
on 1200 x 1200 size images is shown in Figure 2. From
Fig. 2, we can conclude that for convex shapes like square,
the area is computed in constant time, that is, in two
steps, for rectangle in nearly 11 steps for circle in 20 -
25 steps. Further we get another metric, after the second
step 100% of the area of square is computed, while 85% of
area of rectangle is computed and 75% of area of the circle
is computed. This could be used as a filter for images
to be classified on the basis of their sizes. Complexity
of our method for area computation is constant, which
is significantly smaller then the traditional pixel count’s
method which has linear time complexity.

Tests are done on various images. The best case is com-
putation of area of a square which is calculated in two
steps irrespective of its size. Area of rectangle is com-
puted in 5 to 10 steps, the worst case is area of a circle,
which is computed in 20 to 25 steps. For general 1200 x
1200 figures it varies between 2 to 25.

3 Signatures

When an object border is analyzed, parametrization tech-
niques are used to reduce the dimensionality of images
from 2D to 1D. Signatures reduce the boundary repre-
sentation to a 1D function, which is presumably easier
to describe. There are a number of ways to generate sig-
natures. One of the simplest signatures, could be, the
plot of the distance from the centroid to the boundary
as a function r(6), where 0 is the regular sampling angle
as depicted in Figure 3. Similarly complex coordinates,

ISBN: 978-988-98671-8-8

Proceedings of the International MultiConference of Engineers and Computer Scientists 2008 Vol I
IMECS 2008, 19-21 March, 2008, Hong Kong

Area Computation by Triangulation Method
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Figure 2: Plot of percentage of area computed v/s the
number of steps in which area is computed by method of
triangulation

curvature and cumulative angular function can be used
as signatures.

Signature Computation by Traditional Method
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Figure 3: Signature Computed by the Traditional plot
of the distance from the Centroid to the Boundary as a
function of ()

The number of steps in which area of a convex shape
is computed using our triangulation method as explained
above can also be used as a unique signature of the convex
shape as depicted in Figure 4. The algorithm is run on
different convex shapes with size variations from 1 to 10
scale. Figure 4 shows the signature is a constant value 2
for a square. The area of a square is calculated in two
steps irrespective of its size, for a rectangle it is calculated
in 5 to 15 steps after that it is a constant, the worst case
is for a circle which is linear in nature up to 55 steps,
after that it is a constant.
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Figure 4: A New Signature by Triangulation Method for
Convex Shapes

4 Conclusions

We presented an efficient algorithm for area and signature
computation of convex shapes. Experiments are done on
various convex shapes. Our area is computed in constant
steps for various convex shapes. The best case is compu-
tation of area of a square shape in two steps irrespective
of its size. The worst case is for circular shapes. For ex-
ample, area of a 1200 x 1200 circle when scaled 10 times
is calculated in 60 steps by our algorithm, which is com-
puted in 1200 steps by the traditional pixel count area
method. Our algorithm is almost 20 times faster than
the traditional method in the worst case. For the best
case it is 600 times faster. This method is effective in
capturing both local and global characteristics of a shape
invariant to translation, rotation, and scaling, and robust
against noise.
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