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ABSTRACT

Discrimination of Planar Shapes
using Shape Matrices -

Y

Antoine Taza ™

- This thesis presents an algorithm to describe and

discriminaté binary images o? planar shapes. The dgscriptoranjs
a ﬁatrix-wh@ch has dimensions dependent on the maximum radius of

the shape,. | The descriptor is ohtained by a polar cuantiéation

of the 'shape, and is independent of the shape's position,

orientation, and size.' The descriptors are used to discriminate

two or more -shapes, by measuring their deqgree of similarity.
The shapes experimented include. alphabét letters, numerals,
geometrical figures, and bhvsicél objects. The results obtained
from “the alﬁhabet letters were compared to ‘those reported in a

recent research. This comparison shows thdt the algorithm

proposed in this thesis provides a better shape discrimination.

—d -
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Description’ and discrimination of -planar shhpes is one of”
, the fundamental problems in computer vision and pattern

recognition. - To giscriminate shapes, a procedure to describe

them is usually requirqa; Tﬁen,~by comparing shape descriptors,

shape d}scrimination is achieved.

’ . R 4

N  J ' ’
" *

‘Sdme‘“ of the known . methods for describing and/or

discriminating shapes arge:” ' N

N 7
s - ) :

PO 1. The use of critical points

' The shape is conveQed by éhg curving of Fhe
bounda}y lipé. ahd is considered independent of scale
and orieqéation. " The curying s’ regarded ag a
concatenation of arch;f varying instantaneous radii of
curvéture; possiély " ihterspersed occasiogally by
discontinuities. The descriptidh' of shape is
facilitated by ’segmenting \‘the boundary iine at
so-called iriticaI‘ poinﬁs: ‘ curves, points of
inflection, curvaturé makima,'intersec;ions, and poinhts

- of tangency. These critical foints are extracted and

: «+ used in the"development of a ishape aescription_gystem.

v

2. Template matching in rotated imayes
/

Normalized invariant mohents are used for
© rotationally . invariant template ~ matching. O If
. : " - R

normalized invariant moments in circular windows are
. 5 ;

used, then template matchirng in rotated images becomes

- ! 2

- / ) “ | / ',:)) “ .
. ’ * - ~




\

similar to template match&ng.in trdhéléted images. In
template matching, the zeroth-order moment is used in
the first stage to determine the likely match
positions, and thé second- and third-order moﬁents are
used in the second stage.to détermine the best 'méich

- *
position among the likely ones.

Polar quantization{ ' )

Thé descriptor is obtained by polar quantization
of theashgpe. The ;hape cohtour is sampled with egual
angular steps relative to the center of gravity of the
shépe. Then, disganceslgf the sample points to the
center of gravity of the shape are; pla:ged as a

function of other angles. The obtained waveform is

called- the signature  of the shape. 1If, at a given

.angle, the contour is intersected at more than —ene

{
point, the largest distance or the sum of the distances

is used as the distance value for the angle.

Fourier descriptor% *itxiﬁ b

}biven a closed. fi;::;\fhaghe complex plane, the
contour can be traced, vyielding wa one-dimensional
complex function of time. If the contour is traced
rébeatedly, the periodic function which results can be
expressed in a Fourier series. Tpe obtained Fo;rier

coefficients are used to characterize the shape.

—

“y

E

. it



Visual perception

-
use the/following features for describing a shape:

Wi;
w0
Y

roa t

some of the methods related to visual perception

2

_The ratio of the length of the longest side and the
perimeter of the shape.

. The standard deviation of the length of the sides
..
. .

of the shape.

The length of-the-perimete; and the derivatives of

~

its side lengths. -
4. “The ratio of the largest’ to the smallest angle.

The ratio of the largest angle to the total degree

ok angles. °

The standard deviation of ‘angles.

w

The degree. of compactness, gg;fined' by: P*P/A,
where P and A aré thenpefimeter and area of the
shape, respectively. Given different shapes of a
constant area, the one witﬁ the smallest perimeter

"is the most compact shape. ’ :

£ .
>
Regularity, defined as the ratio of the standard

‘deviation of qfde lengths and standard deviation of
all angles.
Angular variability, defined as the mean absolute

difference of adjacent angles, taken in over lapping




A
- -~

pairs about the boundary, where.qonvex angles are
- aiven a positive sigp, and concave angles are given

a negative sign.

Some of the shape descriptqQrs mentioned above are not

8

4 '
information preserving, i.e., it is not possible to reconstruct

T the original shapes. -using their descripto}s. Other shape

descriptors are information preserving.

.

v The shape déscriptor presented in this thesis is
information preserving; but’ this property will not be
exploited, and it has no practical importance within the scope
of the thesis. < B

Some ° of the tecpniques mentioned above for shape:

r/’
description, use the shgpe's boundaries, and the patterns inside

the shape are forgotten. 1In this work, the shape is -described

by a pglar quantization procesé. This process takes into
consideration the complete geometry of the shape. The resunlting
/

Q descriptor is independent of the shape's position, oﬁientation,
] \

and size. ‘ ’ |

|

4 1

After describing two or more shapes, a proper comparison
~ process is applied on the descriptors to determine their degree
of similarity. Fia. 1 shows the step-by-step p;bcess to find

the degree of similarity between objectsnf_ .
. - .

-

f/

S~
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The' shape descriptor is an m x n matrix that will be

I

referred to as "shape matrixllb:."M".< It is.cénstructéd by the
;. foilowiné steps: . ‘
b ' ‘ . ,
1. Let T ™be. the cehter of gravity of,the shape, and OA'

wigh‘lenéth r the ‘maximum radius §T‘tHe shape. . !

. i ; N . . i
2. Divide OA.into (n-1) ‘equal lengths.

-
'

1 4

. . . . \
“3. “ysing 0O as center, draw circles with radii r/

(n - ])I

- 2e/(n=17, .., (=) /{01y - .

4; Spa;tiﬁq :fioﬁ OA;’ énd lcéunter-cf;cinse;Adfaw radii
-Ehﬁt diviée‘each ciréle into m equ;;” arcs,, each étc
being  dtheta = 360/mhdqgrees:' (the values of. n,and.m‘
- '3\ are Aiscussed-in chapter 3)

-

ot
2

[
¢

5. "Fill in the elements of the shape matrix as folhows:
FOR- i = 0 TO (n-1) - % o *

FOR " 3-= 0°TO (m-1) IR Coe
: (.

IF the point with pdlar coqr?inates

(ir/(n-1) ., j(360/m)) lies inside the shape

i)

THEN « M(i,3) = 1. . o ey

’

. FLSE M(i,i}7="0"

> 4

i - N . Al

'given in fig. 2, where n =5 and m = '12.

- A
.

e

- It can be seén fhat if the shape is’displaced'or rotated,
. M - Y . . " p

[y

An example of a+‘ digitized shape and its shape-matrix is '




8
i !
f
a -
. digitized
shape '
01234
0'IrYr1111
., 1]11100
Sy 2 {11110
S : "3 |/11000
its 4111000
shape . 5111100
matrix . . 6 {11110
7'l10010
8ll1000
9 11’1 0 0 0§.
10 {11100
11 j1111°0

(_,7"-

Figi 2 Shapg and shape matrix

.

‘r‘
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[} ~. -

=

its shape matrix will_not he affected. >T it is enlarged or
. d . .

. "

, shrinked, the.shape matrix will also remain unaffected, provided

1]

, that the same values of n and m are used. - ’

¢ .

Therefore, the ,interest¥ng pererty of shape fatricea is

. \ -

that they are invariant to translation, rotation, and scaling,:®

"of their. shapes. Do . R :
‘ ) \‘ ) * , " - \

‘\\ The shape matrix will be used-in a" comparison process to - :

™~ . . - ‘ Ay

-
a

determine the similarity, or_to discriminate, with other shapes. -
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1) e . . . f -

The d1q1tlzed sbape is obtained by scannlnq the object. .It k

bs a b1nary shape that conslsts of black and wﬁxte pxxels. in a

'rectangulan frame. We will assume a white background for the

A

frame. : ) . - :

° A
[N - N .

'Let us take the distance between two adjacent pixels, ‘
vertical or horizontal, as unit of ienqth. Every 'pixel will

have coordinates (x,y), where the 'values of x '‘and y depend on

s
A

the pixel's relative horizontal g and vertical positions,

respectively, with respect to a fixed origin.

-
AY

-

The center of gravity of the shape, point O, lies on a

EAN

pixel whose coordinates (ox,oy) are aiven by:

o

ox round(xtotal/k)

oy round {ytotal/k)
where - J
k i : number of-black pixels‘in digitized shape
xtotal: sum of horiiontqllcoordinates of-b]éé

ey, . .

ytotal: sum of vertical coordinates of black’pixels

(xtofal/k).

'

The function “round" 1is necessary, becaus
, : A
(vtotal/k) are real: but ox, oy must be inteaers.

» ’
~

Since .round(x) and x are different in general, where x is
" Al

4

any real number, O(ox,oy) is an approximation of the real center
. \ )
, of gravity. ' . ] o
. a .

This approximation is necessary for any/$oint, because we



cannot. work with a point that does not have coordinates.

Therefore, any point we refer to, will be forced on a pixel, by
means of a'proper approximation.
; . ,

The resolution of a scanner is defined as the number of

pixels generated by this scanner, for. a certain ’ length. The -
. ) ! .

higher the resolution, the lesser is the difference between

round(x) and x, or trunc(x) afd x: and hence, the bhettef the

. \ .
approximation. . o

4

Once we have determined the point O,.the point A(ax,ay) of

| the shape's maximum radius OA, is determined by seeking the -

5

. maximum distance between O and the black pixels.

. H ’

» Notice that.A has to he on a black pixel, whereas O can be
on either a white or a black pixel.

L

The length r of OA is given by:

r = SORT [SOR{ax-ox) + SQR(av-ov)]" ‘ e

13

Since - we are qgoing to use polar coordinates, we must find
< &

theta,. the anale between OA and the positive Xx-axis.

The. value of theta is given by arctan. [(ay-oy) / (ax-ox)],
‘ ,
in ‘addition to other detailed trigonometric calculations to take

care of sign changes when the angle falls in different quadrants,
[ . - . % ’
or on the axes. . S

[

Let O be the origin of ouf polar coordinate systenm..

. - * i ’ o]

13 ‘ - : _




/ o ‘- '

//° ' Now _we have determined the cartesian and the polar

coordinates of O and A: ‘ ' - <

/ '

-

cartesian polar’ . . e
/ o, (ox,0y) (0,0) .

A ) (ax,ay) *  (r,theta) l ll

1
f ¢

.Before proceeding further to construct the shape matrix,

. there is a caution to be exercised. When we draw-circles around

,

the shape, it is possible that these circles extend beyond the.

.

- b L ) . . . .
- frame's boundaries, it the shape 1lies ,too close to these

3
.

boundaries. ‘More precisely, if the distance between-the center

- of gravity, and any/of the-.four sides of the rectanqular frame, *= =

L is shorter than the shape's maximum radius, an overflow will

.oX

occur if we do nothing to prevent it.

" ~ ‘ . )
I1f this 1is the case, we move the shape into the center of

the frame. As a result, the cartesian coordinates of all  the

‘pixels will change. The polar, coordinates are not affected. .

4

Now, iﬁ the distance betweén thé center of gray}ty and any %°
side of the frame, is still shorter than the maximum radigs;
this means that the frame is too small for the given shape.
Again, an overflow wil} occur if we do'ﬁot solve thié pro?iem.« |

St

¢ In this case, we enlarge the frame's dimensions, by. adding

rows and/or columns of white pixels, adjacent to its boundaries,

- N -

’

until we meet the cgndition for no overflow. This procedure
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ensures -that the ouﬁegyost circle drawn around the shape lies

ol d

completely inside tge frame's boundaries. " . ’

" Now, we are going to determine the proper values for n and
s .

.m, mentioned earlie lues must be integers, because wé

divide a .- length ofva radius, ¢r an arc, into an intéger number

of- eaqual distances.

|
\ f

These values, n and m, are the diééns;ons of the shape
. [~ -
matrix. The larger these values are, the smaller the distances

between paﬁple points in the digitized shape, and the biager the
¢

jf;hape matrix. \

-

-

If these values are too small, 6ug sampling will not be

large enough to cover. all the pixéls.'i.e., we will have less
’ ey )

than one' sample poinf for some pixels, and hence we will miss

1

some information in the. shape descriptor.

»

-

If these values are:too large, we will have more than one

sample point for every pixel. This is unnecessary, and will

\

entail a waste in computer memory space and CPU computing time.

-
o

P

Since we .have assigned the unit of length to be the

distance between two adjacent (top.or bottom, left or right)

pixels, we need the distances hetween any two adjacent (on the

same radius or circumference) sample points, to be smaller or

’

equal t6 the unit.of length. ,This is our qui?e in finding thd .

AR~ 3
suitable values for n and m.

L3
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¥ ’ :Value of n: - . ’ :>‘ ' - }
N Length of maximum.rgrdius = r ' , ' ’ i ;
i, v r . ) -

Therefore, in principle we have:

- “ P4 . -
ns=r ,
. . t ) . ' -

. We know however that r is real and n is 1nteger. K .

\m\\\Thxs ylelds-' i " ’ . . S , . : n
n = trunc(r) + 1

From the above, we can state the following: -

‘length of maxipum radius

n

number of sample pbints on maximum radius

-

]

nymber of pixeNs on maximum radius

4 ]
?

» oy 4

¢ Value of m: ' - ’ | '
‘ /

- ~
» g .
[ v .

- C Length of maximum circumference (outermost circle) = 2% m #r.
. ’ &

2

Therefore, in principle we have: ' ’ - : S

o m = 2% W r ) ' .
, ~ ' . o ki
Since (2* m*r) is real and m is integer, we have:,

m = trunc(2* " *r). + 1

from the above, we can state the following: ‘ . Co

m circumference of outermost circle

0 .t

'ﬁumbér of sample points on this cincumference

+

»
number of pixels on this circumference

"

-

.. Now. that n and{m are defined, we fill in the elements of
! ' . [] . ; . ' ° ) l ‘
the shape matrix as described in. chapter 2. )
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v b
express it more explicitly:

’ A \\
-~ ~

PRI b d

“r

Our wultimate (goél fgé‘.to find out’ how similar, or how—————mr

different, two Jor more “shapes are. . 'This is achieved by

~

comparing their shape matrices.

a

When we .have two or more shapes for comparison, the first

_input ;hape will be called the "master shape". The follo&ipg

‘shape(s) will be combared to the master sﬁape, and will be

called “"test shape(s)".

]

In order to carry out a proper comparison, let us consider

3 .\

the elements of a shape matrix (see fig. 2). Every element

corresponds to a sample point in the digitized shape.

°

. /
density of sample points is higher near the center than near the

= *

outermost «circle. This is a significant pffenomenon. So let us

Now, coqiider the digitizéd shape. We can notice that the

-

1. fThe number of sample points on the inner circles is

CoN .
equal to the number- of sample points on the outer

‘circles.. This cap also be confirmed by the fact that

there is a one-to-one correspondance between columns in

the shape matrix, and circles in the digitized shape:
l’ .

and obviously, all the columns of a given matrix have

the same number of elements.

—

2. The number of pixels on the inner circley/is smaller

than the number of pixels on the outer .circles. This
: s !

-~

A

\

P N
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is clear because the circumference of the inner circles

is smaller than that of the outer circles.

n

3. Recall from chapter 3 that the number of sample points
on the outermost circle '%F equal to the number of

pixels on this circle. .

From 1, 2.' 3 _above, we can deduce that there is no

redundancy ,on the outermost circle, but there is on the inner

L.

4 k)

circles. This redundancy increases as we move from the
outermost circumference towards the center, to other circles,

and it is constant for a given circle.

The redundancy R, for a diven circle, is defined by:

number of ‘sample points
R = . N
number of pixels

number of sample points

circle circumference

Since the number of sample points is éonstant for any »

circle, we get

constant

circle circumference .
Pr

constant

where i is the circle radius
¢ 2% W *j . '
¢ )

4

o

N e

- - e———
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__inversely proportional to the radius of this circle:

TN .-

constant

R
+

\ 1 A ‘ /

1
H
&y
T4
1 2

.

E

~ -

Here we come to the interesting deduction, that the

/ redundancy for a given drawn circle on the digitized sthe, is

b}

S

4

Fvery column in the shape matrix corresponds to the

-

circumference Of a circle in the digitized shape. Every elemént

of that column'cortesponds’to a sample po{nt on that circle.

[3

Since the humber of sample points is constant for all the
circles, and the pumber of pixels is higher on., the outer

‘circles, there is{'more information on thijouter circles: for the
0 - N ! e . —
same number of sample points.

<
Therefore, there is more infgrmation, or more pixels, in
the higher order columns, than in the lower order columns, even o0

though the number of elements is the s&me. )

Let us define the amount of this information, contained in
-t ) - N
an element, for a .given column, by the *weight™. , .y

, . s —
Therefore, the weight W is defined by: | ) ' A

)

- ' number of pixels
W= - - ‘ .4
number of sample points

’

*
4y
» €™
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1 .
ke 1 - » - - -
W= - ‘ +
A 3 R* R Y N .

¢ a . .
' - .

A ®e

Weli e L i , .
W = constant % i . (i >0) , :

_— -
b . , w f * 1

This is the most interesting point: « ., .,
. T

. % " .
. ‘ - “ \ ‘. .
Rule 1l.a: - . . . )

) .
N v

“ The weight of a point on\a nonzero radius circle, in a
. . { . N <, “

digitized sH@Pe, is directly ang linearYy prop7rtional~'to the
\f . T o >

lenath of its radius." . Yo
' . \ "‘ i v .
L3 ! o L3
we can albo state, in parallel: ‘o .

7

N
A 8
3 N
’ . .

RUle 1-b= g N
: " The weight of an element in a célumn, whoég/éider is

higher than.zerd, of a shape ‘matrix, is directly and linearly

.o ’ - 3

proportipnai to the order of this column.".

-

This (le is esSeatial in shape discrimination. When we

. ’

compare - two shape matrices, before comparing corresponding

<

elements, we multiply every elem®nt by a factor that represents
L i - ) . ’

its weight. This factor is equal to the order of the column,

except for the first column which QaS“order 0.

For the highest order column, as..an example, which

represents the outermost circle,’this factor is equal to (n-1),

-

» R
B
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t

which is the order of this column. o -

o ’ ' \
. - “

We know however, that the weight of any element in this

[y

‘column is equal to 1, hepavuse the number of ' sample points is

equal to the number of pixels, in this column. .

{ o

L

‘This means that the computed weight is gqreater than the

defined weight by a factor oﬁ\ (n-1)/1 =. (n=1). This | factor
applies to all the qofumns. T . .

z

e . ) _\. _ﬁ" ~ : . ~
.There is n0'dlsadvan§aqe in obtaining the computed weights

greater ,than the defined weiahts, by a constant -factor. The'

a

,advantage is purely the simplification of calculations. ‘If we

hag to compute the real defined weights, we would have to’

" multiply the element (=1) by the order of the column, and divide

by (n-1). . This is longer and unnecessary, because the weights

5

. , . :
are used' for comparison only, and we'are interested in their_

-

4

relative values. . ,

-, -

CA

’

So far, we can calculate the weights for-all“the.columns,&

[

except the first, because rule 1 does npt apply to it.

~

A

This whole column represents a single pixel in the'centqg

of ggavitv. It reaquires a separate calculation:
. F 4

number of pixels

" Defined weight for column fi=0] = _
f number of sample points
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' ___Computed wéight column [i=0)

L

. *

compare two shape matrices.

-, Knowing how to computerthe Qeight of ‘any e;émenty

The following formuld defines ‘the

*
-

-

(n-1") ‘* defined weight\coluph.[i=0]'

" i

[

we can

deqree, of similarity between two shape matrices: C ‘

{ -
. dif
sim =1 - —
tot

~

where sim- degtee of

—_ d1£ weiqhé:oﬁ

-~ ’

tot: weight of

. matrix

This héppens when tot = 0.

*
L

similargty

different elements .

s

- -

4 N a
.

"]1" elements in master shape "

.

» T

“v “The' maximum’ value for sim is 1. The m'pi m value is - w-, .

4 . . .
\
¢ . R
- v

q

As . we see in the formula. the degree of s1m1lar1ty betweéen

“~ .

two dhapes depends not only on their’ dlfferences, ‘but also on
which of the two is the master shape. L .
. X ‘ ,
' . N
/ , & _
- . A' R . ¢
* .
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. R e
Th; folléﬁinqlis a ﬁrief outline of the main poihté in th;
\a‘lgofithm: ” e ' : )
. ‘ . ; s ’ g v
e . 1.. Read in an, "input shape. If it is the first:, call it

— -

“master shape"; otheérwise, call it “"test shape".

\ .
) ] -

2. Find the center of .gravity. : .

. 3. Find tle maximum radius. .
, , , B
4. If necesSary, center the shape. N
5.« Construct the shape matrix. o )
' - 6. If this is a test shape, compare its shape matrix with
the master ghape matrix. | ‘ .
\\I ! L3 ‘ . » .
. , ' 7. 1f there 1is ang}her input shape, go to 1; otherwise, .

terminate.

t ; 4

-

-’ ' R . [3 A3 -
The actual alqorithm is more sophisticated. Some:of the

‘impoftant features are: . , ' P

v 1. For a master‘ghape; we construct one shape matrix only.

', 'For a test shape, we construct a test shape:matrix, and

-

“//” compare it to the master shape matrix.  .If the
v ‘. - . .

AN . .
similarity between the shape matriges lies below 4

- o
@

, defined threshold, we constqﬁ%& another test shape
matrix and cémpare it to the master-shapé\,matrix. We

repeat this 'gxocedute, for®*a limited number of times,
' ' . I ' ‘ ' A4

E:
%
:
v

.- R
AW e e
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v

T
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' [y

until we ‘find a qood similarity. ©
» r .

[

In addition to the maximum fadius OA,.we find a number
B [ 2

-

-"X" of reference radii, OAl, OA2,...,0AX, at some

f

.

defined angles from OA. ! ,

b »

We take  the ° set of ratios " O&/OA1,
OA/OR2,...,0A/ORX, for the master shape. These ratios
are - used as referency,s to the corresponding ratios

obtained from the tesf_shapes. We compare the two sets

»

7,

of ratios, 'and if there is-a match, within a certain
tolerance, we proceéd to construct a shape matrix for

the test shape. If there is no maééh, we find the next

-

maximum radius, and repeat the procedure.
The reasons-are: ‘ . , " o

1. A ;diqitized shape can have more than one maximum

o . o« -

radius® It is necessary to find from the test
. ' . Fa -

shape, the maximum ‘radius.that corresponds to the

L
4 . .

one in the master shape.
, o . T
2. A diqitized shd%e may have many radii whose lengths
< ’ , . '
are very close to the maximum radius.. After
rotating and reducing the object, and cdiocitizing
it, we may find one of these "close" méximum racfii

in the~ master shape, to be the maximum radius in'’

the test shape. This imperfection mav come -froﬁ:?7

S W

26 .- -
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— . the scanner's quality and the limitation of its
. resolution. X ,' ’

.
9 1 x

Now, our purbose is twofold:

-

"
L4

v 1. To find the “rightm maximum rqdius in the test shape .

.

This is the reason we find another maximum- radius and

shape matrix, and 'repeat until we obtain a - qood
. L]

. o |
similarity between the shape matrices.

) - ~
- ) ' N
2. To save compltation time. ®his is why we do not
> . '

construcg the shape matrix, unless we obtain a "good

match for the ratios of the\feference radii.

t in

Another important ﬁeature is the values of .n and m.

T%ese vglues are calculated for the haster shape only, and
then fixed for all the test shapes. This ishthe-wa9 to make the
shape matrixhigdependent of the size of the shape. Thié is aiso
' . . " the way to simplify the task of chparinq the shape matrices;

since it normalizes them to the same size.

)

, C.
At this point, {t is important. t?, clarify what was
N\

‘mentioned in chapter 4 about the value of the redundance on the

Q

" . “butermost circle. Wétgentioned that it is equal to 1. Now, we

- »

f \ .
In general, ‘the redundancy will be different from 1 for test

shapes. . o .

27

have to add that this vhlue applies to the master shape‘ only. -

L
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In this chapter, we start by»describing:the 1ogica1‘steps

g é

s . in the program (pari A): and then, we present a . "structured" .
' flow chart: . the Nassi-Shneiderman chart for the program'(part - - g
B . ) . | .
AN ) L ]
A) Logical steps .
) ’

N :
‘The following are the important constants used:

1]

-

n " . : the well-known geometrical constant,

value = 3.14159

]

X : number of reference radii .

‘ ITERMAX “: maximum number of iterations

TOLERANCE: tolerance between ratios of references radii

THRESHOLD: value for goéd similarity o . : '
4. Initialize the flag: MASTER to TRUE.

+ ’ ’
. °

e . 2. ,Initialize to -1 the elements of SHPMAT: the hastéﬁ .
A shape matrix, anﬁ MAT: the test shage matfix.
‘3. 1f END-OF~FILE . . ’
: then terminate.
| S else proceed to the next step. ; '
. . “
4. Initialize the following: . ‘ ‘
T - Number of bléék p@xé}; in~the‘input shape: K to 0
. ‘ Ce Laa i ¥ :
| i | | - Deqgree of s:t%l}:l?‘f‘u}‘gyzrsnﬁ. tg -1l . . |
. : . = Number of*i%ef&tig?s;.ITER to O . o J

, | .




3

.{-‘:-\TH' r,
:‘g%@ e -
: . .

Ly

10.

11.

12.'

13,

M 14;

- Flag: GOODRAD to FALSE'

1)

{

N ™™,

.o, » .
Read an input shape.

g .

ML plag: CENTERED to- FALSE

_~ - Flag: .GOODSIM to FALSF _-

w
-
]

Start a new page on output file.'

1f MASTER = TRUE

then write: MASTER SHAPE.

else write: TEST SHAPE.

Print. the input shape:

’

Write the input frame dimensions.

Find the cenfer of gravity: "O", and count the number

df black: pixels:

t

* K

'

4

- Output the information obtained from the previous stéba

-

If (ITER = .0) OR ((NOT MASTERf AND (NOT GOODSIM) AND

(ITER ¢ ITERMAX))

then proceed to-the next step.

else go to step 39%

Jhcremeht ITER.

If ITER > 1]

then proceed to the next step.

else 'go to step 17.
o

30
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"
15. ~ Start a new page on dutput file.
16. wfite the value of: ITER. ) ' . b L
VAl . ) . ) . L
. N * .' “‘
17.  Find the 'length of the maximum radius "OA", rdetermine
- .the point "A", and the angle between the segment OA,
and the positive x-axis: “THETA".
» o ’
18. Output the information ohtained from the previous step.
19. If NOT CENTERED ‘ T I
, then proceed to the next step.
else go ;o-step'zg.\ . R
. B s L} s ‘.
¢ -20. If the shape needs to be centered, then center it, and
‘ ' p}int it in its céntered position.’
” " "21. OQutput the information as in steps 9, 11, 18,
22. CENTERED := TRUF. P
l - " h a ‘ ’ - . ~ F -
23. Find X reference radii: OAl, OA2, ..., OAX, at angles:
THETAl = THETA # PI/4, THETA2 = THETA + 2P1/4, ..., e
N . . - -uﬂ
o THETAX = THETA + XP1/4, respectively. . : ) ’ v
\ 24. Determine the ratios: OA/OAl, OA/OA2, ..., OA/OBX. o
* . ) . ST '
: 25. If NOT MASTER .
v . - thenécalgulaie the percent differences between
' " these ratios, and the corresponding ratios in |
;' ~ " .. ' . the master shape. o
i;;' o " '—r"J ‘ - ' » « =
4 - 31 ‘ )
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%
*
/‘
o f
b

26. Output’ the informati?n obtajned in, the three previoua" A(E
- steps.. ’ ' ~ ‘ f
. o : R | . - . . |
. * .27. 1f the differences mentioned in step 25 are within the
value - of TOLERANCE S \i '
| ’ .;heh:GQODRAD c= TRUE,. _“ L | S
. L else GOODRAD := FALSE. | h ‘ LY
28. If (ITER.= 1) OR‘GbonRAD R , P |
then proéeed to éhe hext-pte;. - . o
else go to step 39. e | - ,:[
» 29. 'If MASTER ' | .
D i . , theﬁ copstruct the shape matrix: SHPMAT.
& . " ’H ~““else construct the shape matrix: MAT._ -
- ‘ ! . 8’ . ) ;. .
30.- Wrife the values of n and m.
) - 31, If (ITER = 1) - r
. - - tHen ptoéeed'to éhe'next étép. - '
) else éo Eo,stgp 35. o/ ‘
| . . 3 ‘,ﬂ | B , - ) ‘
32. _?tart a new page on output file. -
- ~ o ' | l -
s 33, If MASTER ' . -
| . ,'~~ * then write: MASTFR SHAPE MATRIX.. I )
b i else wri:L;_TEBT'éﬁAPE MATRIX. m”
3. 1f£maSTER . . s :
' theﬁ print tﬁefshape matgix: SHPMAT.. o ?
: —. . \ ' - o .
YOS I R - ’ . T AR
e o . .. 32 S | L
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¢

else print the shape matrix: MAT..

pas——

35.. iﬁ NOT. MASTER ;

- - ' then proceed to the next step.

-

else go to step 39..

4

S~ ]

36. Comparé the two éhape matrices ’;:5
s , ,, ’ . " AN
-37. . If SIM > THRESHOLD . e :
” . . 3 [

then GOODSIM := y.,_c—-\ -

> - -

7

'38. Print the following tesults:

. + = number of "1" elements in master shape matrix

‘their weight: TOT ’ " 

r -

number of different eléments in shape matrices

- [} - w
. - #heir weight: DIF - . . y
. - degree of similarity:'SIM
¢ . ', . .‘
*39. MASTFR := FALSE. . : b -

) I—. ! oo .‘ 3 ./
40. Go to step 3. . : . o ‘

B) Nassi-Shneiderman chart (see fiq. 3);

I'd

The -Nasgi-shneidermap"‘CQart is an alternative to

/

conventional flow charts. Its superiority lies in the fact that

it is structured, and thterefore is compatible with structured

‘design and programming. 1Its compact format a}lows an - easier

5

overall view of the program. B ;
’ ' :
' |
l
|

>
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-
MASTER = TRUE ’ T |
DO WHILE NOT END-OF-FILE
GOODSIM = FALSE K 4 ' . )
ITER = 0
READ IN AN INPUT SHAPE
FIND THE SHAPE'S CENTER OF GRAVITY : O - N
* DO WHILE (ITER = 0) OR i .
[(NOT MASTER) AND (NOT GOODSIM) AND (LTER < ITERMAX))- ,
ITER = ITER + 1 ‘d ‘ .
FIND THE suapé's MAXIMUM RADIUS: OA - ° - - . ,
CENTER THE SHAPE IF NECESSARY ' . ) |
FIND X REFERENCE RADII: OAl, OA2, ..., OAX 9
FIND THE RATIOS: OA/OAl, on}ogz, ..., OA/OAX .

ITER =1 ?

NO YES
T Y b,
COMPARE THESE RATIOS TO THE CORRESPONDING RATIOS 1IN
MASTER SHAPE. . .
‘\ ARE THE DIFFERENCES WILITHIN A CERTAIN - oo
TOLERANCE ? .
I NO\ - - . YES |
v - - - ?

|CONSTRUCT THE SHAPE MATRIX _ 1
S 8 . *
hY ’/’-
N -

MASTER = FALSE ? , Iy
] . B 7
NA ¢ . - ¢ . : YES !

‘ )
- K - ~

' ) COMPARE THIS SHAPE MATRIX TO THE MASTER SHAPE MATRIX,
TO FIND THE DEGREE OF SIMILARITY: SIM.

IS SIM GREATER THAN A CERTAIN
THRESHOLD ?

. |NO
\ GOODSIM = TRUE
i 2 :
N MASTER = FALSE :
- -Fig. 3 'Nassi-Shneiderman chart - o C oA
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Since this chart has to fit into one' page,

is relati vely sophi st"iqa

condensed, - in . ord® ko show K the compléte “"sketeton" of the

, the_ information in

A
P -

and our program

the chart was

program.:’ On the c;ther'hand, some details like input/output and

initial izations, weré omitted.'
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The - following sets of data have been .inputted to the

v

program: : . . U |
Y R ‘ c
1. The alphabet letters
2. “Numeric / alphabetlc characters whlch look al1kev
3. Geometrlcal figures set 1
. ..
‘4. Geometrical figures set 2 ) oL
5. Nuts and screws '
: ¥ o o '

6. 'French curves

. °b§§ L S,

We w1ll analyze and interpret- the resudlts o& each set

separately: , T ; T

T 1. Tﬁe alphabet letters: (see fig. 4) ’
. ' X o »

L N . . A

., L . ) . x - ' ’ ¢ ) ¥
This table contains two "sets of the uppercase

»

: L% . . . _ .
" letters of the alphabet. The first set was.reduced in
‘size and rotated to producé the second set.

Co ) ,

~

Therefore ‘the two séts are sihilar. but there are

dszerences in the p051t10n, or1entat10n, and ' size for

¢

ev&ry two' s;mllar letters. ‘ \
| -

v

.

compare it to table 1 in the méin'reference’tlj, which

' ! ' " >
- - treats -the same data. We can notice the following for
¢ Lo v s . i
the ranges of matches in percentayges:

« ! . ’
: 3 ' :

SRR ETARIPE A (RS S A

- g The main purpose of ‘producing this table is to '

T AW

T
P ¥ 4
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-12-107-115 -79-129 -5 -13 43 -5 (80)-

-s -63
-54-150-168-129-165 ~47 53 24 -98 -52 ~Tb (@) 174°105-10% -87 -93 -83 -53
-4 -11

0

5

5 3H-26 -6 17 33 -3 -

) o 6@
0 -39 -11 16 -7 -23 -5 -21 -4

1

24

-3 -3
-1-%7

@ ~65 -87 -13 -52-137-102-101-15¢ -13 - -
60 *-75 55 -11-136-140 -99-159 ~17 -24 22 -49 42 -32

\42

1 =21 -2
-8 -31

0 -33
-19 =24

8 -39 -4

29 b -

-59 26 -7 -30 -1 -
=75 -14
-67 -31 -10 -28 -20
-7 -18--21 -13

-9 -1 -54

<27 -1 0

=21 -7

“3<20 24 -77 A4 -50

12

12-147 -3 -78 -49 -73-105 -14

4 -84 -25 <49 7 -2 -64 17
-8 =31 -22 13-17-10 9 -27
18-133 -40 -78 -38 -67 ~87 -30
19-104 13 -51 -13 -40 -67 -46
-5 18 -30 -20 -12 22 -13 -35
-1 0-10-12 -6 14-25

-13 -21 -17 -13 -14 22 -13 -7

0 15-33

-3 -25 ~24-109 -33 -74 1B -18 -89 -14

-17

-3 -3
-19 -25
-17 -55

19 -7 -14 -4 -29
0-119 -33 -53 -4( -50 -77 -34
49 -43 -14 -27 -42 -0

-7-12 2 -1-3%
3 -40 -39 -3
-11 -3 -23 29
-9 <60 -20
-26 20

-14 -45 -44 24
-4 @D-27

-9 =37 -0 22 -4'

-6 -2 -69 -4 -50 -8 -55 (80)

Fig:i 4 (b) The alshabet letters! results
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Reference [1] Present Work

low high low ' high

1. Similar letters’ 82 (M) 94 (J) - 72 (V)- 89 (1)

I3

" 2. Dissimilar letters 25°(0-Y) 83 (Q-D) =224 (L-0) - 62.(G-Q)

. \]
‘
“

We believe that our results are better because:

There is a threshold range of 10 (= 72 - 62) in our
results. In the reference, there is no¢ threshold

range, but there is an overlap (83 > 82). v

.

The! ‘difference in the éeqrge of similarity between

similar and dissimilar letters, is much biqger in
our work than in the reference. 1In pthet words, we
»’ n‘ . “ .‘. . toa
have a bhetter shape discrimination.
»3'.

We ' think there are two reasons ’ for "these

advantaqges:

Our algorithm uses the concept of weight that’

neutralizes the effect of. the different degreés‘ of

redundancy in the ' shape matrix. We believe that

this'concébt is essential for this method of shape
/

discrimination.~ This concept does not exist in the

reference.

’

The formula that calculates the degree of
similarity, in the reference, is

-

42
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A
A

' / ,;- ; °
v
- . s ‘ N \
sim =1 - o - o )
. (m - 2) *n - ‘

+ .- whéere S : number .of different eleménts
(without weigh-t)

y, o m, n: the same as in our work :
' . “ R : ’ .
: 4 .

. -

our formula is

\ - ‘ . dif | - - . y
‘ : gim =1 = —" ) o /
tot ‘ _ /
. | ' , , ' ¥ ‘ y
where dif: weight of different elements .o

tot: weight of "1" elements in master
shape matrix .

I : . . ' |

- — - ’

e’

-

We believg that our formula is more accurate.

2.. Numeric / alphabetic‘ charaéters which look alike ( 'see o o

®

fig. 5) S L.

£

We selected five numerics and five .alphabetic

letters, that have a high degree of resemblance.
v ' o
- " The purpose of —thlis, test " is to-determine the

sensitivity of the algorithm to a practical “character

‘recoqgnition case, namely, close characters. .

The, results show a good discrimination for these .

characters, except for the letter O versus numeral O.

1
1 s
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L

These. two' characters .in ‘the ‘used alphabet set ; B
. " ‘ (different from the previous set) look so much ' alike,
o R .
that gur' program fails- to' discriminate them enough.

. , Their deqree of -similarity is ‘too high ‘for - two

4

1

different characters.

'3. Geometrical figures set 1 (see fiq. 6) <

This table contains three different shapes of five
@ t') ) .

.differpnt_éeometrical figures.

¢

These figures are not .

-idéal,, i.e., the .output from .the scanner has been p

‘s

. *  processed as' it is without any.° enhancement, or: -

ﬁre-broéessiqg. S It can. be observed that thé’straight

lines are not perfect in the digitized shape.

. - - N [ h

I3

. The purpose of this data is to verify that our .

/

‘shape de§c1intoéﬂ(tbg shape matrix) is independent of

‘bpéition. orientation, and(size of the ‘shape.

.

KN

‘ ’ co ’

»

~y

This is confirmed by the results. The degrees of . .
N ¢ . o

similarity fanqef from. 89% to 95%. This is"véry,

S o sa;isfactory* for a practicai cass_where'thelaata have -

not been edfted. - \ ‘ ’ -

NG
-

. ' 4. Geonmetrical figures set 2 (see fig. 7)
. Y . N

PR
’

This table contains K a collec;fén of different

. ;éeometrical figureé: These figures, except the circle, ._ N
by * ’ . -
f . are ideal, -i.e., the straight lines, and the /dimensions-

“ 3 - - . o 3

,
- P - ) od >
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»

are accurate and weli defined.- The outputs from the

." a scanner. have been edited siightly,“ except. for the-

.circle) to produce this perfectibn.
i The'purpases of this data are:
I A .

e | , : ' / - . .
. ‘ . . 1

1. To examine.the effects of defects or qistortions'iht'
~— - - cl shapes on tﬁe‘debrée of-similarit&. The aegreeé of-

sxmilar1gy between GFE24 versus GF34 and ge44 shows

that the 51m11ar1tv is affected not only - by .
‘ o amopnt ot the~defect but also bv the, location of +’
'\that deféét, ‘i'.e., by . the d1splacement of the

I . : " center .of gravity.

)

. . ., ¢ ¢

. . ., s ) N
- " GE34 and GE44 are distorted versigns of ge24.

The amount of the distortion is the same, (but the
location -is ijﬁerent,~ In GE34, the center: of

gravity Nésﬂpdt displaceds we obtained a similarity

! . ' W '

‘of 89%. In GE44, the center of gravity was .
C. L aisﬁ]aced:‘we obtained a eimilaripf‘ of° 79%. This

is an interestinq‘rehérk»

o . [ -
s
-

. .2, To confirm that the:shape matr}x is independent of

-

position and size of the shape. The degree of

similarity between GE54 and GE24 is 98%.
, ”, . 3. This ' is the most interesting purpose.‘,It is to
. § ‘ _ ; ; - 1
examine the validity and accuracy of the degree of .

. . , s ) e . -

L
-
r
-

~ i . .
~ ot D H G
I 2. TN . e e ot e L - N N " 'R



' s e . . . [
0

similarity, ' as a measurement.. -This point - is
Lo . . -
treated in detail in chapter 8.

Nuts and screws (see fig.'8) . o ' ’ .
\ ' : , S _
The data consist of twonuts and two screws, in
. ] i . . " .
three different shapes. . | o o a
. . . " . . Pans
! ]

'The purpose .of‘ this table is to test a practical

4

case.  The results are 4n génerél satisfactory, but’

t

relatively weak. The& reason is. that the images are very .

I

light in some parts; .and after digitization, they are

\

hardly recohnizable. “

’

French curves (sce fig. 9) ‘ : ,

The data- consist of six French cbrves} in three

different shapes. o ; : ' Ty

R -—'-—0-'-:‘
The purpose of this. table 1is to . test.another

practical case. . . S ' : ‘

"
.Again, —tﬁgl results are iﬁ genérQJ satisfactory, -
but re;agibely weak . We think that in t%é’ case of a
th}ﬂ*icurve, the artificial distortion introduced sy the
digjtiiation, is felati&ély hiéﬁl in \thjs case, a

*higher resolution will bubsgant§a11y~ improve the

-yesults. '
. . ' . " .
' A sample . program output is given in the followirg L
- J ) , ' ) N
x, L,
’ ° ' E\
52 o D
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- . % ' . . K N . | . »
Their weight: 2332 . - o IR . ’ ¢, .
Degree of Similarity: 0.74 - S T, . St e . .
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g ‘ » _ ) ,: .1 -
: Trial nu:b:r 8 o N
v - - L o - f
e Length of :aziiun,tadius “"OA": 25.1°, .. ) ' .
. . ' , Point "a*: 18, 52 SR . . '
. Theta = 119 . P ' Co ‘o
*. " Length of radius "oAL": 11.4 . .
(¢ - point "Al": 19, 33 | i
..« Tmetal = 164 ]
g " OAjoAl = 2.198° . o | |
-‘ - %rc;nt difference from nn‘ti_r ,}:apez 0.3 ‘
Length of taqiu'n “OA2": 12.5
‘ Point "A2": 19, 24 C ' 1
- " fheta? = 209 Lo . ;
g "' OA/oA2 = 2.000 \r‘ h o |
v Percent dlffo;‘renca from _laltci:‘ shape: 0.9 .
" Length of radius "OA3": 16.8 ‘ . T |
Point "A3": 25, 14
(‘ " Thetald = 254 \ ,
| . OA/OA3 = 1,4495 "
Percent difference from u,t.;r uhgg{z 4.4 | -
S I N , o/
. .. nm23 m=le 3
- - .
' , i -
" Number of '1: elements in master shape matrix: B9l
R Their/weight: 8987 .  ~ . &
: . l Nusber of diffarert elenments in shape matrices: 144 ; ‘
5 Y 'Their weight: ) 1438 . . - - \
‘' Degree of Similarity: o.ya: . .
« \ !-' | : | - 3 < ‘ o ’ o
\ 7 P ) N\ A N ‘ S
o - ' S
! ’ E ! }\ ! ' ~ = ‘ ’; ~
' ' K ot , 18 N K
: , 1
g I : : N

2t e |

ey
U gt
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J - Trial number 9 ' ‘ ) : ‘ . .

* ’

L ‘ L;ngrth o‘f l‘nxiiun ndi'u'n “OA": 24.7 ‘
Point "Ab: 21 ., 53
- - Theta = 111 ' -
7 L B : .
. Loi\gth of radius "OAI"E‘M.I. . e ' v
Point "A1%: 19, 35 S - \\.
ot Thétal = 156 RN

—  OAJOAL v 2.044 Yo .
Percent difference from master shape: 6.7 ’ f\ oty

. Length of radius "OA2": 11.7 .
., Point “A2": 19, 26 . ' -
Theta2 = 201 ,': ‘ . N

0510&2 = 2.110 ' N -

" Percent difference from master shape: 4.6 . , .
Length of radius "OA3": 17.5 - . -
‘Point *A3": 23, 18

Thetal = 246 "o '
OA/OA3 = 1.414 '

i . B ‘

: Percent difference from smsster shape: , 9.6 T . ;

: A ' n = 23 Re- 142 ' ‘ .

R t . « . Y )

Humber of “"1° elements in master shape matrix: - 891 . S '
Their weight: = 8987 _ . BV AR

, Musber of different elements in shape matrices: 270 o .

LY, . Their weight: 3141 I 1 ‘o - | . \ ,

| ‘Degree of I.illiuityu 0.65" " . ' <

, .- ,
.
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Trial number 10

- -

N o

. ¢ .

tength of saximum radius "OA": 24.6 - ) . , . .
koint "A": 19', 52 ' o £
Theta = 117 ‘

Length of radius "OAl": 11.7 "
Point "ML": 19, 34 ' , ]

Thetal = 162 ’ : ' ' .
OA/OAl = 2.101' ‘ '

P-rco;:t ai t_tg'rcnc'c from master shape: 4.1 ) L -

Length of tad'iul “QA2": 12.1 . . , ' v . ) ) ?
Point "A2": 19, 2% '

- v

Y Theta2 -/20? '
OA/OAZ 5 2.03¢’ oo oy, ' L ’

v N

Percent difference from master shape: ' 0.9 .

l v ‘

Length of radius "OA3": 16.8
Po‘lilt “"A3”: 25, 14

Thetal = 252

OA/OA3 = 1.467 ' | , )

!
. ’ I 1 ]
Percent difference from master shape: 6.2

n =23 n = 142 p

¢

_Bumber of “1" elehents in master shape matriz: 891

a

: 'Their weight: 8987 ' .

~ ®

Number of ;u!fcnnt elements in shape matrices: 183
Their weight: 1986 .

Degree of Similarity: 0.78 L

~ 4
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/ ’ ' . : F)
Trial nysber 11 ' v .
Sy
Length of maximus radius “OA": 24.4 , -
Point “A“:; 22 , 53
Theta = 109 .
Length of radius "OAl": 12.1
Point "Al": 19, 35 - ' ' ’
Thetal = 154 '
OA/OALl = 2,015 RV "
Percent difference from master shape: 8.0
%
Length of radius "OA2": 11.7 .
Point "A2": 19, 26 . .
Theta2 = 199

OA/OA2 = 2.080

Percent difference from master shape: ' 3.1

-l

. inngth of radius "OA3": 17.9 N

-

Point “A3%: 22, 14 .
Theta3 = 244 ‘

" OA/OA3 = 1.361

Percent difference irom master shape: 13.0.

n-n‘ a = 142

Musber of "1" slements in master shape matrix: 891
Their weight: 8987

" Wumber of different elements in shape matrices: 347 i
Their weight: 4154 _-',;;; '
Degree of Similaritys 0.54 ' A ..
' s N
. . * )
‘ ! 'r’: ¢ g
n - at
e
» "
Ty - 81L¢
' ‘ o .

- i
e, .
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" Trial numbeér 12

4

Length of maximum radius "OA™: 24.2
Point "A": 18 , 51 " -
Theta = 120 ‘ » .

Langth of radius "OAl": 11.4
Point "Al": 19, 33‘

Thetal = }65 ‘

OA/OAL =.2.121 ,

Percent difference from master shape: 3.2

)
Lcngth\ot\ggdiul “OA2": 12.5 )
Point “A2": 19, 24 . ‘
'mo:az = 210 . ) ;
OA/OA2 = 1.430 )
Percent difference from master shape: 4.3
Lcngth’of radius "OA3": 15.5 - - N
Point "A3": 26, 15  / .
Theta3 = 255 ) . -
OA/OA3 ="1.558 ' * b
Percent dittcrcqco from master -hapc; 0.4 \ S
ns= 23 n = 142 ) L p f

Nugbor of "1" elements in master lhapc'lltxlx: 891
Their weight: 8987

Bumber of different elements in shape satrices: 214
Their weight: 2344

Degree of Similarity: 0.74

v e




Trial number 13 ‘

Length of maximum radius "OA": 24.2
Point "A": 20 , 52 ’
Theta = 114 .

Length of radius "OAl1™: 11.7

Point "Al": 19, 34

Thetal = 159

O‘A/Oll = 2.065%

Percent d‘ fference from saster shape:
Length of radius "OA2": '12.1

Point "A2%: 19, 25 '

Theta2 = 204
OA/OA2 = 2,000

A

Pércent difference from master shape:
|

- Length of radius "OA3": 17.1

Point "A3”": 24, 14
Thetal = 249 °
OA/OA3 = 1.414

Percent difference from master shapé:

ne23 a = 142

Sunber of "1" elements in master shape matrix:

Their weight: 8987

Muaber of different elements in shape matrices: 253
.

Their weight: 2912

‘ Degree of Similarity: 0.68

A

5.8

9.6

©

\ '
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Trial number 14

/
’

Length of maximum radius "OA": 24.0
Point "A®: 23 , 53
Theta = 107 )

[ 4
Langth of radius "OAl": 13.9

Point "Al": 18, °37
Thetal = 152
OA/OAl = 1.731 °

.Pexcent difference fror master shape:

Length of radius “6A2': 11.4
Point “"A2%: 19, 27

‘Thotaz = 197

OA/OA2 = 2.109

Percent difference from master shape:

Length of radius “OA3": 17.9
‘Point "A3"r: 22, 14

Thetal = 242

OA/OA3 = 1.344

'Porcont difference from master shape:

n=23. @= 142

S

Kumber of “1" elements in master shape matrix:

Their weight: 8987

-

21.0

14.1

o

891

Number of different elements in shape matrices: 410

Their weight: 5034
Degree of Similarity: 0.44
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Trisl number 15

- 0wy b o > - wp - -

-7

x.;nqth of maximum radius “OA": 2.8
Point "A": 21 , 52 ,

" Theta = 112

Length of radius “"OAl”": 12.1
Point "Al*: 19, 35 .
Thetal = 157 -
OA/OAI = 1,967 -

" percent difference from .master shape: 10.2 u

lLength of radius "OA2"3; 12.1

Point “A2°:1 19, 25
Theta2 = 202
OA/OAZ = 1.967

Percent 4ifference from master shape: 2.5

Length of radius "OA3": 17.5
Point "A3": 23, 14

Thetald » 247

OA/OA3 » 1,361

. Percent difference from master shape: 13.0

/

ne= 23 » = 142
Wumber of "1” elements in master shape matriz: 891
Their weight: . 8987

Bumber of different alements in shape matrices: 334

ZTheir weight: 4060
Degres of l)tgi.lc_:hya 058

~

s
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CHAPTER 8
GEOMETRICAL ARGUMENTS
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&y

As mentioned in chapter 7, we want to examine théibaliditf
; and thé accuracy of the degree of similarity between two shapes,
' as produced by our program. In other words, we intend t; test
and evaluate the output: SIM as a measurement of the similarity’

<

between these two shapes.
L J

' . &
To do Ekhis, wer will compare the results produced by our

-program, to those obtained from geometrical calculations.
We will take two examples:
1. Circle versus square [geld4 versus ge24] (see fiq. 10)

We will- take the circle [gel4] as the master shape, and

the sauare [ge24] as the test shape.

Ater digitization,- the - degree 'of similarity between

these two shapes, geometrically, is defined by:

[
P

different pixels

sim = 1 -
black pixels in circle
difference in area
] - d
| ) circle area
_ circle area - square area’
i - 1 - &£
re circle area c
C , ‘% * ¢ *r - SQR(V2 * r)
' =] - -

.

x *r *r

87
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4 w -2
] -11 - *.."-.—". - -
: | - .
3 « = 0.64
! . 7
) . R
" The result of our program is 0.66. ‘ /’

+ , !

The reason for this small difference is that, after

digitization, thé circle in _ho' longer a geométrically

— - q

perfect shape. - - ‘ | . .

2. Square versus hollow square [ge24’veréus geé4] (see figq.

: 11) . » ‘ .

We will take the square, [ge24] as the master shape, and

the hollow square [ge34] as the test shape.

After digitization, the degree of‘similarity-between”

. - > ‘ .
these two shapes, geometrically, is defined by: »

13

: i different pixels
. 8im = 1 - -

black pixels .in square
\ ) ‘\ -
! difference in area
W = 1 -, -

. sf]uare area

A

square area - hollow square area

o . = 1 - - 1
L ‘ square area
X ' - :
2 ¢
! - 4
,':‘ N R ' & . ° I .
= : \ : ' .
L’ . : . A v \ B
. S ~ Y
- / « 89 -




: . SQR(31) -~ [SQR(31) - SQR(1)] ' -
= ] - . . i
s " SQR(31) C
. ’ ' ' 9 - (9 -1) ’
. = l - i [
9 . y .
. . .
. I 1 - i
=] - - g
, - 9 - N ]
’ = 0.89 | ,
W
The result of our program is 0.89. o T ,
] - A - 2
. P
s . . 4 v ’
The two results are identical. , l e
: Iy B
In each of the tyo above examples, the geométrical f&rmula
was fairly simple. The difference between the two compared - ,
l , ‘ o \
. shapes, in each case, did not affect the center of gravity. The
maximum radiu 4 drawn circles, in our algorithm, were the
same for .the two compared shapes! Otherwise, the geometrical :
cal'sulations would have heen a lot more complicated. N
- ‘ - i .
N < Therefore, the above two examples deal with Specific and -
.theoretical cases. These shdpes were selected ‘on purpose, 1in
- , order to easily establish the geometrical arqﬁments. . : ' ;
The results of the two examples demonstrate the validity of .

-“our algorithm, and the accuracy of the degree of similarity

-computed by our program. -~
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Many useful applicatiops can_be found in shape description.

-

and discrimination, using shape matrices, in accordance with the -

‘
' .

algoriéﬁm présented'in chapter‘S;'/

A . s

Some suggested applicat.ions are:

1.. Detecting defective.objects N o
This is the case of a production line where one-kind of'

2

. ,
& object is beirg,produced- and laid on a conveyor belt.

1

"

The -object's darkness should contrast with the belt,
3 * - —

i.e., if the object is dark, the belt should be 1light,—and .

(4]

| vice-versa. This will; enable an easy extraction of the
‘object from its bédﬁqround.

b <A écanner is mounted above the belt,” and a sensor (e.q.

a photocell) immed;atély before to pr}qqér ié when an obiject

' - ar{ives. . A master shape matrix-is constructed from a model

C ) )

. object“onlv once, in .the Wbeginning of run-time. Fvery
w-""} N

" -
- object will be processed as a test shape; and its shape

matrix will be compared to the master shape matrix.

The position and orientation of objects on the belt can

.

.
| be arbitrary.’ . ' C
R ' The expected degree of similarity £0{’§‘good object is
100%; In préciice, this can vary depend&nq’on tﬁe quality
‘ and resolution ‘of ihe’scannetﬂ A practical tift for good
. and defective\objeqts ;Lsta be carried out in order to
| determiée'a proper thfeshold. ( -
— e The coordinates and the degree of defection can be
Iy ° P

7 . -
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- . N o

-

L]

Y
[

deduced fﬁpm the shape matrix, and~autdmatically ocutputted.

This, ~ however, would reaquire some

.aigorithm.

.
-

Fi

. \ o
enhancement ’Qf the

I~

i
TS

2. Template matching in rotated imaqges .

-

: With a Jittle modification, the algorithm can be>d§ed
to_ locate tempLates' in a rotated b%nafy image. The
2 . template, however, should be_ circular. Hencé when the

1
'

T

template arid the window undernedth it cover the same

i

pattern, independent of the orientation-of the image.

v r

5 + 0 3 . 3 , .
T~ ‘ "The template . 1s located in an image by comparing its

shape matrix to the shape matr{x of a window -in that imaqge.
B . 2

. o

I~ e

. o ‘o
2. Character recognition
’ . Alphdbet \ and

. v constitute a set of patterns that disconnected

could have

, .parts.

or open lines. 1In all these instances,. the,

shape -matrices

can h&® used as a tool to rbgoqnize the characters:)
Nependina on the size of the set of characters, the
The

required shape ﬁat;ices would Be smaller.

larger or
) bigger the set, the larger the shape malrfx;
Character recogﬁition and d{scrimination can .be carried

out independent of the position, orientationf and size_ of
charaétérs. Nevertheless, all the¢ shapes Selonqinq to a

certain character, must be derived from the same image of

4

93 . -

-

template is shifted on the imase at the match position, the ',
~ ~ "3

Thev . could have curves or straight lines, or closed,

numeric characters in any lahquage .



3

that character.

Y
4. Measurement of scanner accuracy . ‘ .

In ideal. conditions, i.e., with a perfect sqanggf and
an infinite resolution, the  degree' of similarity between
different sh§p0§ of a gqiven ég;ect, will Dbe 100%. In
pracfice;\this valpe will never be'reached, because we are

. dealing with real scénnvrs anh finite resolutiops. However,

' - . <
a bett®er scanner will produce more accurate , shapes, and

‘hence, better similarity. '

» -
Based on the above reasoning, we can use a fixed set of

¥ @ patterns of a dﬁve; object, to rank the quality of a given .
scanner, by wusing it to diqitiié, these .patterns. The °
/ - quality é} the scanner used,. is proportfo;ai to the
deqree(s; of similarity obtained. ‘ ‘ ' '
o P J
5. Rohotics - : .

. One of the desired features of Yobots, is the ability

to "see

or to recognize objects.
N ,A robot, ‘provided wiph cameras or scanners, can extraet
information ahout objects. This information consists of
‘ﬁigitized images. If gﬁe robo£ moves,‘these images, of the
same 6b3ects, will be altered.. The images will change in
position, orientation, and siie. |

_Uéing this alq7xithm, the diffe;ent digitized images of
a ddven object, will all.yield the same shape matrix. Thus,

-

» - the robot will be able to recognize a certain object while

. -

-




53-_- - . B £ &

; " 0y - * ' ¢ ’ :".:
. - . . , s
v . [ 2 N N - ‘
. . - it moves. - \ . . 2
) It is important to notice that our alagorithm deals with =~ (

. planar, shapes, i.e., shapes moving in two dimensions only;

o " and' .in deneral, the robot will encounter images moving in

¢ o ’ ' -

‘

three dimensions. 1In this case, the present alqori&hm is

<

, L} . '
. not sufficient. However, it can serve as a good bidsis to be \ °
‘ ‘developed inté a general algorithm that -can» deal with '
- - ' \ i
three-dimensional shapes. . ]
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This work * deals wrth two-dimensional shapes. Deséription’

i
13

’

and discrimination of shapes have been examined. -

v

. L »
.- A two-dimensional object can have differeht- shapes

-

dependzﬁg n_¥ts position, orientation, and size. The amount of’

translation and rotation can be obt 3% by moving the object in

its plane, and scannina. it.: The difference in Xize can be
obtained by moving the scanner perpendicular to the plane, and
scanning the object at different distances. These d;fferences’

can ‘be combined to produce different shapes of the same object.

.

The role of the shape matrix is to filter out tKese
N - Cw /

differences. Ideally, the shape matrices of diffefent shapes of

shape matrices for the following reasons: - / ' A

. 1. The resolution is limited.

1

the same object s ould all be identical, provided n and m are

/
/

fixed. In practice/ there wil] be some differences among these

- / ¢+ .

2. The scanner is not perfect. ’ :

2 ' .
In order to make shape matrices 1004 identical, for a given
object, we must have ideal conditions, where the fégclution is

infinite and, the scanner 1is perfect. Obviously, these

’

conditions cannot bhe found in the real world, althouagh it is

possible to get close to them.

A

The data used and the ‘results obtained show that the

¢

.algorithm is sensitibe to distinctions hetween shapes. It

'



&

u . \ R}
- & ) to.

xS

. s

becomes /more sensitive when thése distinctions affect the ceriter

» i’
of gravity. i)

.

, 4 - ‘ :
In some 1instances, -e.g., detection of defective objects,

- .

. i \ ’ ‘
this sensitivity is‘pighly desirdble, because it is jmportant to

report the smallest Jdefection in a produced objeckt. .

-

e.g., character recognition, it is
o .
sensitive ' algorithm, " in

- - ﬂ
In other instances,

still desirable to have a order to

‘but it woﬁld also be

discriminate different charaEtérs:

desirabrggto decrease 'this sensitivity ~in case of similar .

-

characters. Tﬁsfdégree of similarf&@ between similar charhctefs‘
would be boosted up. The, gap betweem similar and different

characters wider, and the threshold “~zange in the

*
alphabet characters (fiq. 4) would be larger. ¢

would be

o

“ .
3 -

This suggestion can he realized-in an additional work.

0 v
'

Another suggestion‘was mentioned in chapter 9: to make the

~algorithm more general to process three-dimensional shapes.

o
'
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o
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