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Abstract

The problem of finding elliptical shapes in an image on a pyramid
architecture using moment properties is considered. Based on the mo-
ment principle, the proposed method can be employed to determine the
five parameters of an elliptical shape in a given image, including the
coordinates of the center of the ellipse, the length of minor and major
axes, and the rotation angle of the major axis. A simulation program is
also described.
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1 Introduction

Several methods have been used to detect elliptical objects. One approach is based
on the edge detection [14] and another approach is based on the use of Hough
transform [3]. In this paper moment of an image has been used as a feature for
ellipse detection. Hu [6] has derived results showing the algebraic invariant of two
dimensional moments. Alt [2] has applied Hu’s results for the recognition of letters
and numerals. Dudani et al. have applied moment invariants for aircraft identifi-
cation [5]. Teague [12] extended Hu’s idea by introducing the orthogonal moment
set to recover images from moments. This idea is based on the theory of orthogonal
polynomials. Teague introduced Zernike moments which allow for easy construction
of independent moment invariants for an arbitrarily high order. Recently there have
been some recent efforts in the area of orthogonal moments. Reddi [11] proposed
a simpler construction method using radial and angular moments. Abu-Mostafa
and Psaltis [1] introduced the notion of complex moments and used them to derive
moment invariants. Moments are very important in image detection, and contain
information about an object which can be used in finding the location and orien-
tation of that object [4, 13, 16]. From the point of view of pattern recognition,
moment invariants are considered reliable features if their values are insensitive to

the presence of image noise.

In this paper we have adopted Hu’s technique because of its limited memory



resources utilized, which is of paramount importance for base level processors in
the pyramid architecture. For detecting an elliptical shape in an image a pyramid
topology has been proposed. This architecture is suitable for high-speed image
processing where its simple geometry adapts naturally to many types of problems
[8, 9, 10]. Section 2, summarizes properties of moments. In Section 3, moments for
ellipse and their properties are described. Section 4 describes an algorithm for ellipse

detection Section 5 presents simulation program, and Section 6 gives the conclusion.

2 Moments

To compute moments of an image, a large number of multiplications and additions
are required. In this paper, we present a new algorithm that shows the advantages of
using a pyramid architecture for reducing the time of calculations and the required
storage.

Given a two dimensional density distribution function f(z,y), (p+q) order mo-

ments are defined as:
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The integration extends over the domain of f. For an image with limited area

in the z — y plane, the integration extends over the area of the image. The second



order moments about x and y axes, i.e., p =0, ¢ = 2 and p = 2, ¢ = 0 are called
moment of inertia. For p = 1 and ¢ = 1 the moment is called product of moment of

nertia.

Definition 1: The center of gravity, centroid, of a pattern has coordinates T
and 7, that are given by: T = my/mge and § = mg; /mao

Central moments are:
+o00 +o00
po= [ [ @ =P ydady

A uniqueness theorem states that if f(z,y) is piecewise continuous and has
nonzero values only in a finite section of the z — y plane, then moments of all orders
exist and the moment sequence m,, uniquely determines f(z,y). This theorem
states the detection power of moments in pattern recognition. To tackle the problem
of translation, scale change, and rotation caused by the image formation process, a
set of seven moment invariants which are invariant under these three transformations
have been derived [6]. These invariants are functions of second and third central
moments, and they are expressed in terms of m,, moments. Thus, the efficient

calculation of m,, is important.

For a binary image where each cell can be 0 or 1, the double integral for moment

calculation is approximated by a summation. Therefore, the (p + ¢) order moment



is approximated as:
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x;; and y;; are the coordinates of a pixel and mn is the total number of pixels.

Central moments are approximated as:

oo = 303 (s — T (s — 9"

i=1 j=1

3 Moments Calculation for Ellipses

In this section, we consider some of the properties of moments in an elliptical object.
As shown in Figure 1, we assume 2a and 2b are the length of major and minor axes of
an ellipse, and S the area of an ellipse is given by wab. Several important properties
of an ellipse are described below:

Lemma 1: In an ellipse the second moment is minimum along the major axis

and maximum along the minor axis; these moments are given by b*ar /4 and a3br /4.

Proof: In parametric form an ellipse is represented as: * = acost and y =

bsint where 0 <t < 27. Also, we have dz = —asintdt and dy = bcostdt.

The moment mg, for an ellipse can be calculated as follows (using Green’s The-



orem):

+oo  p4oo 27
Moy = / / y’dady = j{”' y’rdy = /0 ab® cos *tsin *tdt = ab’r /4 = Sb” /4
—00 J—00 ellipse

By interchanging @ with b, ma is given by a®bw/4 = Sa®/4 ( S is the area of an

ellipse). Since we have b < a, then mqy < Mmgs.

We make the assumption that the origin of coordinate system is located at the
centroid of an ellipse (see Figure 1). From this figure, z’ and ¥, the new values of

z and y in the rotated coordinate system are calculated as follows:
2’ = xcosf —ysinf and y — xsinf + ycosd
Let m, e denote the (p+¢) order moment in the direction of angle # with respect

to x axis. If we substitute 2’ and ¥’ in the equations for mgs and msg in Section 2,

we derive the following relations:
Moags = Mg COS 260 + Mgs sin 26 — 2m; sin 8 cos §
Moas = Mg Sin 20 4+ Mgy cos 26 + 2mq; sin 8 cos §
From Lemma 1, we infer that second moments are minimum along one axis and

maximum along the other axis. In order to calculate the value of 8, the derivative

of mage with respect to 8 will be calculated and set to zero. This is given by:
28in 6 cos @mgys — 28in 8 cos Omog — 2 cos20m; = 0

After taking the derivative, we have:



\

Figure 1: An ellipse in a rotated coordinate system

tan 20 = mi”jlnlm = 6= %tan_l(imi”j%w)
The lengths of major and minor axes in an ellipse are derived by the relations

Moy = mba?/4 and myy = mab®/4. Thus we have:

4f4y/m3 4/ 44 /m3.
= —mandbzylﬂ\/m‘”
20
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4 Moments Calculation on a Pyramid Architecture
In this section parallel calculation of moments on a pyramid architecture are con-

sidered.
A pyramid computer with the base size of n is an SIMD machine that is con-

structed from (1/2)logn 4 1 levels of a two-dimensional mesh connected processor

array, where the Lth level, 0 < . < (1/2)logn, is a two-dimensional mesh connected



level two

level one

level zero

Figure 2: A 4 by 4 base pyramid

processor array of size ;. A mesh connected computer of size n is a collection of
n processing elements arranged in a \/n x \/n grid, where each processing element
except for those along the border, is connected to its four neighbors. Figure 2

illustrates a pyramid with a 4-by-4 base configuration.

4.1 Moments Algorithm

In the following we assume number of pixels in an image is equal to the number of
processors at the base of the pyramid (i.e., n). Each processor at level zero (base)
stores x;; and y,;, the z and y coordinates of a pixel p;; in its local memory and the
value of pixel p;; can be 0 or 1. Moments Algorithm (MA) uses both mesh and tree

connections of pyramid and has four phases. During the first three phases moments



Mig, Ma1, Mag, Moa, and mq; will be calculated.

Vi
Mpg = szijiqj

i=1 j=1

Moo = N,

Where p,q € {0,1,2}.

During Phase one processors at the base will transfer their coordinates to the
parent processors at level one and calculate sum for all z;; coordinates and y;;
coordinates sequentially. This process is repeated for higher levels. At the end, the
apex processor has the final values for the sum of z;; and y;;. In Phase two processors
at the base calculate z; and y7; and send results to the next level for addition and
this process is repeated for higher levels. In Phase three each processor at the
base calculates the product of z;;7;; and sends the result to its parent processor for
summation. This process is repeated at the higher levels.

In Phase four apex processor will find the center of the image by calculating Z
and 7. By using formulas derived in Section 3, direction of the axes, 6, and the

length of the major and minor axes (i.e., 2a and 2b) are calculated next.



Figure 3: The 16x16 image created by bitmap editor.

4.2 Algorithm Complexity

In this section, we describe the number of operations needed in different phases of the
algorithm. we assume the transfer time and arithmetic operation for b = [log\/n]
bits of data are equal. Since all calculations are done in a pipeline fashion, the
total time complexity in all four phases is proportional to the number of levels in
the pyramid, i.e., O(logn). The exact number of operations-communication and
arithmetic-for all phases is 6logn + 17 steps or O(logn) complexity for the compu-

tation time.

5 Simulation Program

The simulation program for detecting ellipse was written in C language. Figure 3
illustrates a 16 by 16 image created by bitmap editor under X windows [15]. Larger
version of this image was used to calculate the moments for the rest of entries in

Table 1.

The bitmap file of the image in Figure 3 is illustrated in the Figure 4 and is
called portable bitmap(pbm). In this pbm file 1 means black and 0 means white.

The simulation program consists of two major parts: Simulation Controller and
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0000000000000000
0000010000000000
0000100000000000
0000100000000000
0001000000000000
0001000000000000
0010000111000000
0000001000100000
0000010000010000
0000010000010000
0000010000010000
0000001000100000
0000000111000000
0000000000000000
0011111111111100
0000000000000000

Figure 4: The pbm file of a 16x16 image.

Algorithm Controller. The Simulation Controller is used for scheduling. It offers a
menu to the user to select the size of a pyramid. The program has a global clock
called Simulation Clock and increased whenever the processors at the same level
terminate execution. Therefore, at the end of the program, Simulation Clock denotes

the number of times that processors activated during execution of the program.

Table 1 illustrates the computer simulation results for different size binary images

using Moments algorithm.

Figure 5 represents the relationship between image size and simulation clock for

Moments algorithm.
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Figure 5: Simulation clock for Moments algorithm

12

300000.0



Image size || Moments algorithm |

8 by 8 76

16 by 16 630

32 by 32 5,432
64 by 64 42,176
128 by 128 312,534
256 by 256 2,367, 190
512 by 512 8,533,678

Table 1: Simulation clock for ellipse detection algorithm

6 Conclusion

In this paper, we described an algorithm for calculating five parameters of an ellipse
using moment properties on the pyramid architecture. Our result from simulation
program proves the usefulness of a pyramid architecture in image processing and
pattern recognition. An interesting extension of this algorithm is to explore the

effect of noise in calculating the five parameters.

References

[1] Y.S. Abu-Mostafa and D. Psatlis, “Recognitive Aspects of Moment Invariants,”
IFFEFE Transaction on Pattern Analysis and Machine Intelligence Vol. 11, pp.

698-706, 1984.

b

[2] F. Alt, “Digital Pattern Recognition by moments,” Optical Character Recog-

nition G.L. Fischer et al. Eds., Spartan, Washington, D.C., pp. 240-258, 1962.

13



[3]

[4]

[7]

(8]

E. R. Davies, “Finding FElliptics using the Generalized Hough Transform,”

Pattern Recognition Letters Vol. 9, pp. 87-96, 1989.

M. Dai, P. Baylou, and M. Najim, “An FEfficient Algorithm for Computation of
Shape Moments from Run-length Code or Chain Codes,” Pattern Recognition

Vol. 25, NO. 10, pp. 1119-1128, 1992.

S. A. Dudani, K. J. Breeding, and R. B. McGhee, “Aircraft Identification by

Moment Invariants,” IEFFE Transactions on Computers C-26, pp. 39-45, 1977.

M. K. Hu, “Visual Pattern Recognition by Moment Invariants,” IRFE Transac-

tions in Information theory 1T-8, pp. 179-187, 1962.

X. Y. Jiang and H. Bunke, “Simple and Fast Computation of Moments,”

Pattern Recognition Vol. 24, No. 8, pp. 801-806, 1991.

A. Kavianpour, and N. Bagherzadeh, “Parallel Hough Transform for Image
Processing on a Pyramid Architecture,” International Conference on Parallel

Processing pp. 395-398, 1991.

A. Kavianpour, and N. Bagherzadeh, “Circle Detection in Black and White

Images,” Patent pending UC Case No. 91-195-1, 1991.

14



[10] A. Kavianpour, S. Shoari, and N. Bagherzadeh, “A New Approach for Circle
Detection on Multiprocessors,” Journal of Parallel and Distributed Computing

vol. 20, No. 2, pp. 256-260, 1994.

[11] S. S. Reddi, “Radial and Angular Moment Invariants for Image Identification,”
IFFEFE Transaction on Pattern Analysis and Machine Intelligence Vol. 3, NO.

2. pp. 240-242, 1981.

[12] M. R. Teague, “Image Analysis via the General Theory of Moments,” .J. Opt.

Soc. Am. Vol. 70, No. 8, pp. 920-930, 1980.

[13] C. H. Teh and R. T. Chin, “On Digital Approximation of Moment Invariants,”

Computer Vision, Graphics, and Image Processing Vol. 33, pp. 318-326, 1986.

[14] H. Tsukune and K. Goto, “Extracting Elliptical Figures from an Edge Vector
Field ,” IFEFE Conference on Computer Vision and Pattern Recognition WA,

pp. 138-141, 1983.

[15] Unix on-line computer manual.

[16] R. Y. Wong and E. L. Hall, “Scene Matching with Invariant Moments,” Com-

puter Graphics and Image Processing No. 8, pp. 16-24, 1978.

15



