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Abstract

Spiral Architecture is arelatively new and powerful approach to
genera purpose machine vision system. It contains very useful
geometric and algebraic properties. Two algebraic operations,
Spiral Addition and Spiral Multiplication, have been defined on
it. This paper presents away to segment the object(s) in an image
uniformly by Spird Multiplication. Namely, a number of
analogous smdl copies of the original object(s) are made during
segmentation. An algarithm is aso developed in this paper to
compute the scaling factor or the number of the small copies, so
image segmentation can be done flexibly and quentitatively
according to the specific application. The research results are
very beneficid to image segmentation in paraled image
processng and distributed image processing.
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1 Introduction

The algorithm to be presented in this paper is based on a
spedal data structure, Spiral Architedure (Sheridan, Hintz
and Moore 1991) which is inspired from anatomical
considerations of the primate's vision (Schwartz 1980).
From the research about the geometry of the cnes on the
primate’s retina it can be oncluded that the wnes
distribution hasinherent organization and isfeatured by its
potential powerful computation abilities. The @nes with
the shape of hexagonsare arrangel ina spiral cluster. This
cluster consgists of the organizational units of vision. Each
unit is a set of seven-hexagon (Sheridan, Hintz and
Alexander 2000 as shown in Figure 1.

Figure 1. Seven-hexagonunit of visonon Siral Architecture
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In the traditiona redanguar image achitedure, a set of
3x3redanglesis used as the unit of vision and each pixel
has eight neighbour pixels (See Figure 2). In Spira
Architedure any pixel hasonly six neighbour pixelswhich
have the same distance to the enter hexagon of the
seven-hexagon unit of vision. So the Spiral Architedure
has the posshility to save time for global and loca
processng.

Figure 2. Unit of visonon redangular image architecture

A natural data structure that emerges from geometric
consideration of the distribution of photo receptors on the
primate’'s retina has been called the Spiral Honeycomb
Mosaic (SHM) and is presented in detailsin (Sheridan and
Hintz 1999. SHM is made up o the hexagona lattices,
which are identified by a designated positive number
individually. The numbered hexagons form the cluster of
size 7. Thehexagonstil e the planein areaursive modular
manner aong the spira diredion (Alexander 1995). An
example of a clugter with size of 77 and the @rresponding
addresses are shown in Figure 3.

Figure 3. SHM with sizeof 49

SHM contains very useful geometric and agebraic
properties, which can be interpreted in terms of the
mathematicd object, Euclidean ring. Two algebraic
operations have been defined on SHM, Spiral Addition



and Spiral Multiplication. After image is projeded onto
SHM, each pixd on the image is associated with a
particular hexagon and its SHM address Then these two
operations mentioned above @n be used to define two
transformations on SHM address $ace respedively,
which are trandation of image axd scaling rotation of
image. This paper deepens the reseach work of Spira
Multiplicaion to achieve uniform image segmentation.
Moreover, such segmentation can be measured exactly and
quantitatively. It is very useful to dstributed image
processng (Bharadwaj 2000. By uniform image
segmentation, working load can be balanced amongall the
nodes in the distributed processng system. So system
performanceisimproved very much.

There is no doubt that this algorithm lights a gateway for
the appli cation of Spiral Architecurein image processng.

The organization of this paper is as follows. In order to
simplify our presentation, the relative knowledge about
Spiral Multiplicaion will be explained briefly in Sedion2
acoordingly. Sedion 3 shows a way to compute scaling
factor or the number of small copies during image
segmentation. The experiment results are demonstrated in
Sedion 4. Conclusion can be seen in Sedion 5.

2  Spiral Multiplication

SHM is a subset of the mmplex plane. Spiral
Multiplicaion is an arithmetic operation with closure
properties defined on SHM addressng system so that the
resulting product will be SHM addressin the same finite
set on which the operation is performed (Sheridan 19%).
In addition, Spiral Multiplication incorporates a speda
form of modul arity.

In order to achieve Spiral Multiplication, a scalar form of
Spiral Multiplication isdefined in Tablel.
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Tablel: Scalar Spiral Multiplication Table

Multiplicaion of address a by the saar a(a 0{01,--,6})

is obtained by applying scalar multiplication to the
components of a according to the above scalar form, and
denoted by,

a(a) =(aa, aa,_, --- ag) where
(2N

a=(aa,,a)for Ua 0{01 6}

If the addressin Spiral Multiplication is not a scalar, o ,

but a common addresslike,

b=(b,b,,---b)forOb 0{0L -6}  (22)

then

aXb:iaxq x107 23

where Z denotes Spiral Addition and x denotes Spiral

Multiplicaion. Surely carry rule is required in Spira
Addition to handle the addition of numbers composed of
more than one digit.

In order to guarantee that all the pixels are ill ocated
within the original Spiral areaafter Spiral Multiplication, a
modular multiplication on SHM is defined. Furthermore
the transformation through Spiral Multiplicaion defined
on SHM is a bijedive mapping. That is each pixel in the
original image mapsone-to-oneto each pixd in the outpu
image after Spiral Multi pli cation.

Modular Multi plication is shown asfollows,

Let p betheproduct of two elements a,b. That is,

p=axb, ab0SHM 14)
If p=(modulug , then
if aisamultipleof 10map pto
(p+ (p+ (modulug))mod(modulug 2.5)
otherwise, map p to
pmod(modulug, where 16)

modulus=10"

Here, it is assumed that the number of hexagon in spira
areais7".

In addition, another point relative to Spiral multipli cation
is the existence of inverse multiplicative. Given an
elementa SHM , there &ists an inverse valuebO SHM
such that axb=1(Spird Multiplicaion), denoted by a™,
i.e, b=a™.

Two cases must be considered to find out the inverse value
for one SHM address

Case 1 a isnot amultiple of 10.

Let us asame a=(a,a,,---a)for Oa 0{0.1,---,6} and the
inversevalue b= (b,b, ,---b) for Ob 0{04,---,6}. In general,

we can get the inverse valuesfor the basic SHM addres®s
1,2,3,4,5and6. They are 1, 6, 5, 4, 3and 2 respedively.



Sotheinversevalue, b, can be constructed successfully by
the foll owing formula,
b =2
b, = =(a,b,) b,
: e

b, = (—("Zfan-. xb..))xb,

CAsE2 a isamultipleof 10, i.e,

a=kx10" (m<n)
modulus=10"

28)

We @n get k™ by formula (2.7). So,

a™t = k™ x10"™ (Spiral Multiplica tion) (29)

Here we assuime that SHM address0 hasno valid inverse
value.

3 Scaling Factor Computation While Image
Segmentation

After a Spiral image is multiplied by a spedfic Spira
Address x, this image will rotate by angle 6 which is

determined by vedor oland vedor 0X (He, Hintz and
Sheridan 1996 (SeeFigure 4).

Figure 4. Rotation ang e is determined by multiplier

But thisrotation is not a pure rotation. It is accompanied
by a scaling segmentation. It is disadvantageous to image
rotation, but it inspires us with a good idea to segment the
objeds in an image uniformly. Unfortunately, it is known
only how to segment the objed into 7" parts if there ae
7™(m>n) pixels on the Spira Architecture. This can be

done by Spira Multiplication with a multiplier 10™"
diredly. There has not been a way yet to compute scaling
factor or the number of segments during image

segmentation if the multiplier isnot a multiple of 10 (See
Figure 5).

A nove agorithm to compute the scaling factor is
devel oped as foll ows for the multiplier being an arbitrary
Spiral Address

STEP 1 Refine Spiral Architecture

In order to segment the objeds into any number of parts,
the relation between the multiplier and the number of
segments after Spiral Multipli cation must be found. In this
paper, Spiral Architedureisrefined andisshownin Figure
6. Here, three parameters are introduced to locate each
pixel on Spiral Architedure.

a) Multiplier =10000

b) Multiplier =56123

Figure 5. Image segmentation by Spiral Multiplication. Original imageis
an up-right arrow with 16807pixels on Spiral Architecture.

r=3

r=1

Figure 6. Subdivided Spiral Architecture



The origina Spiral Architedureisdivided into 6regions,
whichisdenoted by r =1,2,---,6 . In each region, the pixels
are grouped in different levels denoted by 1 =0.,--- dong
the radia diredion. On each level, each pixel is regarded
as an item denoted by i, wherei=071,--,1 clockwise as

shown in Figure 4. So each pixel can be located by these
threeparameters, (r, I, i), uniquely in addition to the Spiral
Addresson Spiral Architedure.

STEP2 Locateinversevalue of multiplier in Figure 6

Supposethe origina imageismultiplied by Spiral Address
X, its corresponding inverse Spiral Address y=x", can
be obtained by the way mentioned in sedion 2. Then the
location parameters, (r,1,i) of y can be gotten according
to STEP 1.

STEP3 Compute scaling factor

Our key contribution is to devdop a formula for
computing the scaling factor during image segmentation
on Spiral Architedure. Thisformulaisshown,

Scale!, =[I” =il =D +i(i —1)]
r=12,...6

where,
(3.1)

It is found that scde value is only determined by the
parameters, | and i. That meansthefinal scding factor is
determined by the level number andtheitem number of the
inverse value of multiplier. The only differences among
the images derived from Spiral Multiplication with the
different multipliers are the rotation angles. The angle
differenceisthe multiple of 60 degrees.

Using the above algorithm with Spiral Multiplication, an
image ca be segmented as required to many parts which
are the condensed copies of the origina image on Spiral
Architedure. We can also wniformly separate the origina
image to sub-images of cetain sze based on the
requirement of predsion and the @pacity of processing
nodes on the network for distributed image processng.

The experiment results are shown in Sedion 4.

4  Experiment Results

Asasimplified ill ustration of our algorithm without lossof
generdlity, an image wntaining an upright arrow and an
image @ntaining atoy duck (SeeFigure 7) are used here.
There are totally 16807= 7° hexagonal pixelsin the Spiral
Architedure areaindividualy.

Suppose that the original image is multiplied by Spiral
Address 56123. According to Spira Multiplication
principle the inverse value of 56123 is 15. On the refined
Spiral Architedure, Spiral Address 15 is located by the

parameter (1,2,1) (SeeFigure 8). Then the scding factor is
1/3 by formula (3.1) (SeeFigure 9).

In Figure 9, wefind that threenea copies are created after
the above multiplication. This is due to the fact that each
copy results from a unique sampling of the input image.

Each sampleismutually exclusive and the cdl edion of all

such samples represents a partitioning of the input image.

Asthe scalingin effed representsthe viewing of theimage
at alower resolution, each copy has lessinformation.

Figure 7. Up-right arrow and toy duck

(r,I,i):(1,2,1) r=1

Figure 8. Parameter, (r,l,i) , of inversevalue of
multiplier, 15

However, as none of the individud light intensities have
been altered in any way, the scaled image still holds al of
the information contained in the original. This means that
the omputational complexity has been bath reduced and



nicdy partitioned without giving away any information if
distributed processing system is implemented here. With
the help d the algorithm mentioned above for computing
scaling factor we can partition theoriginal image corredly
and guentitatively on Spiral Architedure based on the
practicd didributed system performance ad detall
requirementsin the real situation.

It is aso found that image rotation accompanies with
image segmentation, but this kind of rotating effea will
not affect image processng if image segmentation here is
for object recgnition as the final goal. Finding oljed
representation invariant to affine transformation can avoid
such rotating effeds.

Near copy 1
Near copy 2
Near copy 3

Figure 9. Scaling factor after Spiral Multi pli cation by
Spiral Address56123

REMARK In order to make Spiral Architedure practicdly
workable on the eiging image cature device mimic
Spiral Architedureisused inthereseach work (He 1999.
Due to a few differences between real Spiral Architedure
and mimic Spiral Architedure, a little distortion is
introduced into the image during image rotation (See
Figure 7, Figure 9). But it does not affed the theoretical
reseach about Spiral Architedure. Surely, this digortion
will be resolved with the devel opment of image @pture
hardware device

5 Conclusion

This paper presents the deep research work about Spiral
Multiplication on Spiral Architedure. A new way is
devel oped to measure image segmentation quantitatively
on Spiral Architedure by Spiral Multiplication. From the
experimental results we see the objedive is achieved
successfully. It successfully improves the Spiral
Architedure's usage in image processng, and espedally
in image segmentation for distributed image processng.
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