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I Abstract

This paper describes a new approach
to both a two-dimensional shape and a
three-dimensional shape. It is based on
the notion that the two-dimensional shape

is described by a chain of discrete points,

and the three-dimensional shape is des-
cribed by a latice-curved surface, This
approach uses two special parameters which
are the sum of distances and the sum of
angles. There are three stages in this
approach: 1) to describe a two-dimensional
shape, 2) to describe a three-dimensional
shape, and 3) to describe a shape within
a digital image which contains more than
two grey levels, This approach is useful
because how to use the information of
shape to process images becomes more and

more important,

I1 Introduction

In digital image processinrg, the grey
levels of images are often considered to
the exclusion of other information about
the shape of objects in the image. The
shapes may, in fact, be the more important
aspects of the image.

Of course, there are a lot of methods
of shape description which have been pre-
viously discovered. But there are not yet
any methods to describe a general three-

dimensional shape.

The method described in this paper
demonstrates that many kinds of descrip-
tions can be used to describe every kind
of shape in two-dimensional measurement &
in three-dimensional measurement as well.

On the other hand, this method can be
easily used for digital image processing,
because it is based on the fact that the
shape can be described by a chain of dis-
crete points,

Although the descriptors are great in
number, owing to the simple measurement of
each descriptor, it is much easier to ex-
ecute this method on the computer.

11T Describing the Two-dimensional
Shape

Since every image can be digitized
and represented as a dot matrix which has
the same distance between the line and
line/column and column. The eight neigh-
boring points of a given point which is
located on the curve of the shape are
those that occur directly above and below,
directly to the right and left, and on the
four diagonals.

The general approach is based on a
calculation of the sum of the distances
between a point in the image and its eight
neighboring points as well as the sum of
the angles between the abovementioned point
and its eight neighboring points, where
the distance and the angle are based on
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positional differerence in combination with
grey level difference.

First, consider a binary image, one
in which only two grey levels occur,
"black" and "white" as dipicted in Figure
1. The goal of this research is to des-
cribe the "black" line in such a way that
its shape is unambiguous.

An essential hypothesis must first be
made: That the values of distances and
angles are equal to zero, if the grey
levels between two points are different.

Using this concept of distance and
angle, three types of distances and rnine
types of angles may occur between any two
points, as illustrated in Figure 1.

a=the diagonal distance between two
points with the same grey level values,

b=the orthogornal distance between two
points with same grey level values.

o=the distance between two points
with different grey level values,

[/BAB=a= the angle between a given
point and its horizontal-right neighboring
point with the same grey level.

/BAC=8= the angle between a given
point and its above-right neighboring point
with the same grey level.

/BAD=vr= the angle between a given
point and its above neighboring point with
the same grey level.

/BAE=¢6= the angle between a given
point and its above-left neighboring point
with the same grey level.

[BAF=e= the angle between a given
point and its horizcntal-left neighboring
point with the same grey level.

/BAG=C= the angle between a given
point and its below-left neighboring point
with the same grey level.

/BAH=7= the zngle tetween a given
point and its below neighboring point with
the same grey level.

/BAI=«= the angle between a given
point and its below-right neighboring
point with the same grey level.

0 = the angle between a given
point and its neighboring point with a
different grey level.

First, using this approach, it is
possible to calculate the sum of the dis-
tances for point A (hA) as the distance
between point A and it eight neighboring
points as fol%ows:

hp= y dis_
i=1 1

This expression can also be written as

follows:
hyp

H=p ——
A 4(atp)

where # is a proportional constant.

This operation makes H independent of
the scale of the image. This is the term
that is used in the following discussion.
Even when every possible combination of
"white" and "black" points within a neigh-
borhood is considered there are a total of
only 25 different values that H may have,
If none of the eight neighboring points
has the same grey value, there is only one
possible value of H for that point. If
one of the eight neighboring points has a
value different from the center point, then
H may have two values, and sc on, as shown
in table 1.

Table 1. Total of all possible values
of H

Number of neighboring
points identical to

central point

Number of ways H
can be evaluated

0 1
1 2
2 3
3 4
4 5
5 4
6 3
7 2
8 1

Totul: 25
Therefore it can be seen that the

values of H represents the similarities &
differences that occur between the values
of a poirt and all its neighboring points.
The 25 different forms that H may take are
shown in Table 2.
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Table 2. All possible forms that H can take.

Ho1=F 735187 H4=r 7 5ony
) U )
3a+4b 3a
e 4(atb) Hs1=#4(a+b)
Hop=p ;%% Hs o= & fiﬁ%
Hpo=p z?iggs Hp3=p Z%i%%;
Hzz=p f%ﬁ%%} Hgz=4 Zzi%;;
Hz4= ﬁ“ﬁ% Hyq=p 4(:}3)
Haa=e 4(iib) = 4(a2b)

Second, using this approach, it is
possible to calculate the sum of the
angles for point A(ah) as the angle
between point A and its eight neighboring
points as follows:

8
. i=1 .
This expression can also be written
“as follows: N - ]
= ¥

B'A
at+B+y +8 + e+l + 7 +x
where v is a proportional constant.

There are a total of 256 different
values that € may have, If none of the
eight neighboring points has the same grey
value. There is only one possible value
of 6 for that poirt, if one of the eight
neighboring points has a value different
from the center point, then #may have
eight values, and so cn, as shown in table
3.

Table 3. Total of all possible values ofé

Number of neighboring
points identical to

central point

Number of ways 6
can be evaluated

0 1
1 8
2 28
5 56
4 70
5 56
6 28
7 8
8 1

Total:256

Using the parameter of sum of distan-
ces H, and the parameter of sum of angles
6., a new two-dimensional coordinate is
built as show in figure?.

A two-dimensional shape fraction can
be written as:
£(H, 0 )=, H+ 0

b

There are a total of 256 different
values that £(H, 8 ) may have. The first
5 different forms that f may have are
shown in table 4., 1In the notation used,
the first digit of each subscript refers
to the total number of neighborirg points
that differ from the center point in grey
level value, and the second digit reflects
the number of different forms that f(H, 6)
may take depending on the position of each
of the values.

Table 4. The first 5 different forms that
f(H, 9) may take
J—

f(Hot, 601)=

A3

3

£+
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£(Hyq, 8yp)=y/ # E(}-b)"' . g gi-a)'
f(H1p, 012)::;/,/!2 éf“a)‘ PR gf—ﬂ)ﬁ
£(H11, 013)=y/ & z(f-bf RN
£(H12, 014)=y @ éf-a,)" b a? ‘()?—e)a

where X2 =4a+4b

D=a+BiLr+3+e+&+ 74x
The 256 different decriptions are
able to describe every kind of two-dimen-

sional shape.

1V. Describing the Three-dimensional
Shape

Every three-dimensional object can
be represented as a cubic lattice and,
every three-dimensional shape can be re-
presented as a lattice-curve surface,

There are 26 neighboring points for
each center point as shown in Figure 3.

Taking further steps to develop a
two-dimensional shape describing the use
of the third parameter of the sum of angles
which are measured on a vertical plane
perpendicular to the horizontal plane
which contains angle 6'. The new parameter
of the sum of angles can be written as the
following:

8

P=x
i=

Angy

The above-nentioned hypothesis that
the value of angles are equal to zero, if
the grey levels between two points are
different, is used for measurement of
values of ¢ .

This expression can also be written
as the follcwing:

Ql

P=p
Ay By +8 46 48 4+ N4k

as illustrated in Figure 3.

¥’ =/BAB=/CAC=/DAD=/EAL=/FAF=/GAG=/HAH

=/IAI=«

@'0=/BAB'=/CAC'=/DAD'=/EAE'=/FAF'=/GAG"

=/HAH'=/IAI'=8

@'3=/BAA'=/CAA'=/DAA'=/EAA"=/FAA'=/GAA"

=/HAA'=/IAA ' =7

@4=/BAF'=/CAG'=/DAH"'=/EAI'=/FAB'=/GAC"

=/HAD'=/IAE" =5
¢5=[BAF=[CAG=[DAH=[EAI=[FAB=[GAC=[HAD
=/IAE=e

@'6=/BAF"=/CAG"=/DAH"=/EAI"=/FAB"=/GAC"

=/HAD"=/TAE"=Z
¢7=[BAA"=LCAA"=[DAA"=[EAA"=[FAA”:[GAA"
=/HAA"=/TAA =7

@g=/BAB"=/CAC"=/DAD"=/EAE"=/FAF"=/GAG"

=/HAH"=/IAT "=x

£ is a proportional constant. There

are a total of 256 different values that
¢ may have,

In Pigure 3, a new angle is needed for
¢ at point A' and A", It is determined as
P

The parameter ¢ ' which is measured on

a horizontal plane can be written as the

following:
9
6'=x Angy
i=1

This expression can also be written as
the following:

6

«+B+7 +5+e +C + T +K 4T
There are a total of 512 different
values that may have as shown in table 5,
Table 5. Total of all possible values of

Number of neighboring

points identical to Number of ways

central point can be evaluated
0 1
1 9
2 36
3 84
4 126
5 126
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84
36
9
:

Total: 2

OO

Using the parameter of the sum of
distance H and the two parameters of the
sum of angles ¢ and ¢ a new three-dimen-
sional coordinate is built as shown in
figure 4.

A three-dimensional shape descriptor
can be written as:

f(H, a, ‘7’)-‘—"&/’; H + 64+ ¢

Using a formula as follows:

m-n m!
Cn = Tt (m-n)?}
wvhere m is the number of neighboring
points as 26
n is the number of neighboring
points identical to the central point.

There are a total of 67,108,864 dif-
ferent values that f(H, ¢, ¢ ) may have as
shown in Table 6.

Table 6, Total of all possible values of
f(H, @, )

Number of neighboring  Number of ways

points identical to f{d, ¢,7
central point can be evaluated
0 1
1 26
2 325
3 2600
4 14950
5 65780
6 230230
T 657800
8 1562275
9 3124550
10 5311735
11 7726160
12 9657700
13 10400600
14 9657700
15 7726160
16 5311735
17 3124550
18 1562275
19 657800
20 230230
21 65780

22 14950

23 2600
24 325
25 26
26 1
Total=2"

The first 5 different forms that
f£(H, 0, # ) may have are shown in Table 7.

Table 7. The first 5 differcent forms that
f£(Hd, 6, #) may have.

£(Ho1s 8015 %01 )=1/" JR

/ - 5 = N g
f(H11,611,r11)=?/p1(;;b) +‘r(9:?) +pz(w—“)

f(H11,511.@12)=?éf(§;b) +;f(?;f) +p?ﬁéfgl

#3

f(H'I 1:811,%913 ):V’;;'.s* (X:P ) + u~*('or-,“) +P"‘(¢-?3
27 e A

f(H'l 2+01 2,914 )= ";ﬁ(}}—b)z + p2 (25 F +o=‘(¢—"‘jz
vV z 72
where Z, 2, ¢, can be written as the
following:
Z=4a+4b

O=a+B+7+8 +e + L+ T+ x+r

O=a+B+7V + &8+ 6 +&+ 7+x

The 67,108,864 different descriptors
are able to describe every kind of three-
dimensional shape.

V Describing a Shape Within a Digital
Image Which Contains More Than Two
Grey Levels

The following approach will be extend-
ed to images which contain more than two
grey levels. These images will be treated
as "three-dimensional"” images with the grey
values as the third dimension.

Figure 5 is an example of an image,
where object M and object N have different
grey levels. The black lines represent the
boundary lines of the two objects, and
points A and B are two arbitrary points in
region M, the former located within the
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region and the latter on the boundary.
Applying the same hypothesis about
distance as was used before, the distance
between A and its eight neighboring points
can have only two forms, a or b; in the
case of point B, however,there exist four

different expressions of distance: a, b, c,

and d, where a and b are constants, and c
and d are variables that change in rela-
tion to the grey 1levels present,

In order to describe these four kinds
of distances in the grey-scale image, it
is best to do so using the concept of
three-dimensional space as shown in Figure
6. In this figure, axes x and y are the
horizontal and vertical image axes, and z
is a grey-level axis, creating, therefore,
a kind of three-dimensional representation
of the image.

Consider Figure 6. When measured
along the z axis, point B has a grey value
of M; similarly points I and E, which are
two of the eight neighboring points of B,
have a grey value of N. The distances BI
and BE can be represented, then, as

Blzgy«’/a’ + (M-N)’

BE=/ b + (M-N)
where a and b have the same meaning as
they did in the earlier discussion of the
binary image.

Supposing

.,
h:v/a4+ (M=-N, )

;,—-__
r= b + (M=N,)
‘,
the sum of the distances between an arbi-
trary point and its eight neighboring

points can be written as:

, 4 4
1 (h,r)= x hi 4+ 2 rj
i=1 "j::'l

given that:

1 (h,T): e~ (1~ —i';zﬂ:;‘j—)

using the parameter as the sum of
angles as described in part III, it is
written as the following.

8
g'= :i:'l Ang;
given that:
]

- 9
6=v (1— —-!.-2-—)

where 8'= x +8 + 7 + 8+ 2 + £+ 74k

the definitions from « tox are the
same as described in part IITI.
A new function of the descriptor can

be written as the following:
,,-—-——
f(lye)'—‘;‘_" 11 + 9

As a result, the value f(1.,¢ ) of a
point which is located within the object
having a grey level of M will be cevaluated
as zero; the value of a point that is in-
cluded in the boundary is evaluated as a

meaning of value, less than‘,-,,z+ pe .

The advantage of this method is that
all of the information contained within
the image is concentrated into scveral
broundaries that describe the objects in
the image. This fact can save computer
time as well as finding the boundaries of
objects in subsequent processing.

Tne data for the center of the objects
can be siwplified to a single turction
£(1,8 ) using the two-dimensional Fourier
Transform: o

F(u,v)= | £(1.6)exn(~17%(ul1ve))ales
where u,v is the frequency of tne
change of the shape, including grey values,
In its discrete form it appears as the

following:
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N-1 -1
F(u,v;xﬁz £ £(1,0)exp@2 - (wi+ve)/N)
1=0 =0

The inverse form is

Nt WL
£(1,9)=k8 T ¥(uyvexp (12 +(ulev 0)/1)
u=0 v=0

In digital image processing, the
process of finding the boundary of an
object or detecting it from within a whole
image is the most critical task. The
above-mentioned method can be used to
detect various kinds of aurves based on
grey levels. Further research must be
devoted to determining whether it is
possible to combine curves with similar
spectra, thereby creating a spectrum of a
group which can be compared to a standard
pattern spectrum for classification and

recognition.
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