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Abstract

The purpose of this paper is to show that in order to obtain a normal-
ized similarity measure, the study of some properties like compactness,
the work done in object transformations and the number of pizels to
be moved help us to establish the way of normalize a similarity mea-
sure of an appropriate set of 2D objects, including irregular objects; at
the same time, it is shown that pixel representation permits break the
object to get the so called morphing. It is also shown that orientation
(by means of principal axes) of objects to be compared is crucial in
the performance of the work done in their transformation.

Key words: compactness; transforming; shapes; positive pixels,

morphing.

1 Introduction

It has been written about comparing, registering and recognizing of 2D ob-
jects. Sometimes there are considered contour shapes and their geometrical
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properties [1], [2] and [3] to establish th‘eir sim'ilarit.y. Generally, i
works are assumed that objects to recognize are invariant under aff,
formations like rotation, translation and scaling. Some authors emplq,
tance transforms to compare objects. Arkin et. al [3] for examp]e com
several polygons trough distance functions. One of the first formg) Wor Py
establish the relationship between shape and similarity degree, fo, N
jects, was proposed by Bribiesca and Guzman [5]. They presented ,
resolution method through the so called shape numbers: greater resolutjy,
2D objects with the same shape numbers, more similar will be the Compar:
objects. ‘

One of the methods to represent 2D objects are through the g,
picture elements, or pixels for short. In this work, we are going to consige
a 2D object as a binary spatial representation of a bi-dimensiona] Scene
which every pixel takes the value of “0” or the value of “1”; as irreg;,(ﬁ
objects we consider those objects that have no symmetry axes.

In 1997, Bribiesca and Wilson [6] intended, for the first time, to compy
2D objects through the movement of pixels, from the so called positiy
the negative sets of pixels, and this is what we will know as transformat;,
of objects. As work done in transforming objects, we consider the concep
introduced by Bribiesca and Wilson [6] in the sense that while moving pixe:
there is a work done to translate every positive pixel to the negative
Because the force involved in the translation is constant and equal to
work done has a numerical value of distance. The grater distance in displaciz
one set into another, the more dissimilar are the objects considered.

Bribiesca and Wilson [6] did not normalize their similarity measure
employed maximum correlation to orientate objects. In this paper
propose the use of principal axes to orientate the objects, and provide
garian algorithm to move every pixel to find the total smallest distance
in transforming two objects. 2) Also we provide a method to normalize
similarity measure proposed by Bribiesca and Wilson [6]; and 3) we provié
a new method to make a morphing, through the movement of pixels, givit
at the same time the degree of similarity measure. |

2 Discrete compactness in 2D

Again, in 1997, Bribiesca [7] established a compactness measure of 2D 0bje®
composed of pixels. This measure related contact perimeter (total Jength
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the sides that pixels get in touch) to contour perimeter. Given a 2D object
composed of n pixels, let P be the contact perimeter. Discrete compactness,
normalized in the interval {0,1], is given by the expression:

Pc—Pcmin

Pcma:t - Pcmz'n

Cp = , (1)

where Ponin =1 — 1 and Pemq; is defined by Pemaz = 2(n — n'/?).

3 Relationship between discrete compactness,
work done in transforming objects and num-
ber of positive pixels |

Consider twelve different objects invariant under translation (their centroids
coincide), scale (same number of pixels) and rotation (aligned through their
principal axes) given in figure 1. All of them are composed of 674 pixels.

o 6 & O
3 %Kk L
O o &H K

Figure 1: Twelve different 2D objects invariant under scale and rotation

To see the behaviour of compactness in terms of work done and positive
pixels, let us choose the circle to be compared with the other eleven objects,
because it has a high compactness (0.9954, calculated using the eq. 1) and
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whatever perpendicular diameters can be used'as principal axes, Table
and figure 2 show the work done in transforming all the objects intq
circle, also contains the number of positive pixels and discrete Compact,
of each object. As we can see, the most similar object to the circle, =
circle with noise (circur), following the circle with a hair (cirpel). Ty, g
different to the circle is the frame, following the snake. Note that the fra
has the smallest compactness: 0.212. Despite it does not have the maXimue
number of pixels to move, the work increases to 12,903.10. But, for the o
whose compactness is much grater than the frame (0.8534), hardly the WOrl;
done in transforming it to the circle is increased: 5,541.23. Another €Xampl,
Note the case of the scorpion and the ring. The first has 0.32 times Smalle;
compactness than the second. Despite the scorpion has smaller number
pixels to be moved than the second, the work done in transforming it int,
circle is grater. So, from this sample of objects, the least compact objects
are less similar to the circle than those more compact, despite sometimeg
these have more pixels to be moved. It is also shown that when some pixel;
are moved (circle with a hair) its similitude does not change so much. Also,
despite the noise, the similarity with the circur is so high, showing that
measure is accurate respect to the noise.

St

4 How to normalize the similarity measure

4.1 The set of objects is complete

As we have said last section, the objects that have small compactness tend
to be more rapidly different to the circle than those with higher compactness
(of course, compactness is not the only determinant feature of objects
computing the similarity, remember that the number of positive pixels plays
an important roll too). What is the most compact object and what is
least compact object of the whole universe of shapes? If it is considered
set of N objects composed of all combinations of n pixels, it is not necessary
to compute all shapes, and then the work done in transforming every pair
of objects until find the two most dissimilar. Clearly, the complete set
objects is so huge, in comparison with the 12 objects presented in this paper
From the results of last section, it is deduced that a way to find the
most dissimilar objects, from the whole universe of N objects composed
n pixels, corresponds to transform the most compact object into the object
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OBJECTS | Comm Pixels| Pixels (+) Co Wy
cirpel 574 100 0,90358 1702
bee 516 158 0,876296 1785,16
fly 483 191 0,816914 2083,78
beetle 433 241 0,669259 2893,49
spider 392 282 0,539259 3359,12
scorpion 379 295 0,574568 499421
rnng 291 383 0,893951 353162
snake 229 445 0.751111 6920,96
frame 85 589 0.211852 12903,1
ring2 24 650 0,853827 5483,75
circur 622 52 0,873086 334,77

Table 1. Common pixels, pixels to move, discrete compactness and
work done in transforming the eleven objects into the circle.
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Figure 2. Work done to transform the objects as a function of positive pixels.

of smallest compactness. These objects correspond to a square of nt/? of
side, that has the greatest compactness: 1, and a stick of length n that has
the smallest compactness: 0. To know what is the work in transforming the
square into the stick composed of n pixels, as big as we desire, we could
obtain the work for small n's, and then to adjust a polynomial curve. Table

shows the work done between the square and the stick, for five different
values of n. Adjusting a second order polynomial extrapolation, for x = 674
pixels, the work done is approximately 454,276. What it means, is that if
normalizing with this amount, the circle and the snake would be similar in
98.47% and circle and the frame in 97.16%.
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- EMC W
Pree il 15,54 15.28
25 20 131,14 129,6
49 42 627,06 522,82
81 72 1479.6 1471,02
121 110 325746 | 3346,14

Table 2. Work done to transform a square
into a stick of 676 pixels each one.
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Figure 3. Work done with hungarian algorithm as a function of
pixels to move, to transform a square into a stick at different
resolutions.

Of course, those amounts do not correspond to the visual meaning.
reason is that there are a lot of objects that have more capricious shapes
that do not appear here, but there can be formed with the 674 pixels.
it is more appropriate to compute the normalization in this way if having
a so large representative sample of objects and with so different forms.
normalize a sample like that given in section 3, is more convenient to consider
another method that we propose in the next section.

4.2 The set of objects is not complete

Given a set of N objects, suppose each one is composed of n pixels. A method
to normalize the similarity measure, is to look for, between the N objects.
what are the two most dissimilar objects. With this amount we have
maximum work done in the transformation of this N objects. Considering
the 12 objects, it is observed that the two most different are the frame
the circle, they correspond to the object with greatest compactness and
object with the smallest compactness. Note that their compactness are near
the extrems of the interval between 0 and 1. Considering the work done
transforming the frame into de circle as a similarity measure of 0%, and
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Transformation | Common pixels | Pixels to move | Similarity with the circle(%)
cirpel 274 100 86.81
bee 016 158 86.16
fly 483 191 83.85
beetle 433 241 77.58
spider 392 282 73.97
scorpion 379 295 61.29
ring 201 383 72.63
snake 229 445 46.36
frame 85 289 0
ring2 24 650 27.5
circur 622 52 97.4

Table 3. Number of common pixels and positive pixels to move in each transfor-
mation.

work done in transforming the circle into itself as a 100%, we can derive a
normalized expression for the similarity degree between two objects:

.

Si2=(1- 2 2)

maz
where W), ; is the work done in transforming one object into another, and
Winez is the maximum work done of the N objects transformed. Then, we
can be give a table with the work normalized in transforming all the objects

into the circle (Table 3). Of course, we have shown some samples from a
complete set composed of 674 pixels.

) * 100%,

5 Orientation is crucial in performing the work

From last figures it can be seen what are the most similar ob Jects to the circle,
however, following one of the properties in pattern recognition, two near
points in pattern space (in our case the space is composed of two features:
the work done in the transformation of objects into the circle and the number
of positive pixels), correspond to points very similar. For instance, it can be
said that spider is more similar to beetle than to fly, because the two first
are more near in pattern space. Circle with hair is more similar to beetle
than to scorpion, and so forth. To give an accurate measure in the similitude
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of every pair of objects, W
shows the values of the work, without normalizing,

of objects, w
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hile Table 5 shows values of normalized work.

e have to transform every pair of them. Table
carried out to every Daii

Objects circle | circurr | circ_pel{ bee fly beetle | spider ring | scorpion] 5
circle 0 o
circurr 334,77 0
circ_pel 1702 |[1818.89 0
bee 1785.,16 | 1689,01] 1607.14 0
fly 2083,78 | 2042.55] 1124,29] 723.65 0
beetle 2893,49 |2770.64] 1351,85 1747,92 1762,42 0
spider 335012 | 2195 |3348,87] 32127 | 3218.17 2570,85 0
ring 353162 | 3456.6 | 4061.87} 3487.34 353587 | 3739,13| 3763.97 0
scorpion 4994 21 |4913.96]|4932,39] 462746 4062,13 | 3421,89| 3822,41[ 5181.84 0
ring2 5483 75 | 5410,92]5649,88| 5013.2 4885,95 | 4818,14 | 4633,84| 1962,94| 5897 01 0
snake 692006 |6823.44]6292,82] 7401,57 7162,41]6755,82| 5212,06/ 6047.34| 4750,16 | 5816 78
frame 12003,1 | 12821,7[ 12538.4 12537.5| 12226,8 | 11241,5] 10004,2| 9947.5 | 10452.5 | 8605,07 860
a) Work done in the object transformation, acording to Hungarian algorithm.

Objects circle circurr | circ_pel| bee fly beetle | spider nng |scorpion| ring2 T sm
circle 674 :
circurr 622 674
circ_pel 574 553 674
bee 516 511 514 674 P
fly 483 476 479 559 674
beetle 433 240 265 468 444 674 “
spider 392 391 367 369 332 351 674
mg 291 291 235 268 239 213 204 674
scorpion 379 371 357 353 318 352 276 204 674
nng2 24 57 72 149 162 131 132 378 116 674
snake 229 233 228 262 277 222 215 86 179 110 i
frame 85 78 81 65 52 69 111 52 58 46 A

b)Common pixels

Table 4. a) Work done in transformations without normalizing; b) common pixels.

Experimentally, it is found that in transforming spider into fly without
aligning respect to their principal axes, making an angle of 28.6° between
their greatest axes, and with 355 no common pixels, the work employed in
the transformation is Wy = 3,642.76. On the other hand, if the objects are
aligned as their principal axes, the work done is Wy = 3, 219.17 reducing the
work in a 11.6%. Making something similar with the spider and the snake,
note three different cases shown in Table 6. In the first line it is presented the
smallest number of pixels of the three cases. It is found that when they are
superimposed, without aligned in terms of their principal axes (see Figure
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4a) the work done is Wy = 5,685.12, with an amount of common pixels of
299. Meanwhile aligned in terms of their principal axes (Figure 4c)) the work
done is Wy = 5,212.06. Thus, there is an error of 8.32%. An intermediate
case is given in the second line (note how, despite to have small number of
common pixels between two objects, the work done was smaller).

% o
X
%

(=]

Figure 4. Transforming spider into snake; a)spider and snake b)their principal axes
are at 90° between them, and the common pixels are 229; c) objects are rotation
invariant with 215 common pixels

In last two lines, spider-fly, performance of transformation is better when
grater axes are aligned (by 0.47° of error).

6 Morphing

According to Cohen-Or et. al [8] the term morphing is used for all methods
that gradually and continuously deform one geometrical model into another.
For Cheng et. al [9] morphing is a gradual change from one shape into an-
other. Lee and Kim [10] employ Minkowski sum to transform one object into
another by eliminating all redundant parts in convolution curves. Mathemat-
ically speaking, let O = [0}, ...,O}] and OF = [OF, ...,OF] the point sets
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cirpel | bee fly |beetie| spider] ring |scorpion

Objects | circle | circur s snak
circle 100 M
circur 97.41 100

cirpel 86.81 | 85,90 | 100

bee 86.16 | 86,91 | 87.54 100

fly 83,85 | 84,17 | 91,29 94391 100

cootle | 77.58 | 78.53 | 89.52 | 86,45 | 86.34 | 100
spider | 73,97 | 82,99 | 74,05 [ 75.10 | 76,05 1 80,08} 100
ring 72.63 | 73.21 | 68.52 | 72,97 | 72,60 | 71,02] 70.83 | 100
scormion | 61,20 | 61,92 | 61.77 | 64,14 | 68,52 | 73.48] 70.38 ] 59.84 | 100
ring2 5750 | 58.06 | 56,21 | 61,15 | 62,13 | 6266 | 64.09 | 8479 54,30 | 10p
snake | 46,36 | 47,12 | 51,23 | 4264 | 44,49 [ 4764 ] 5061|5313} 6319 |54 051 35
frame 0 | 063 | 283 | 283 | 524 |1288] 2247 [2291] 18.99 |33 [55;

Table 5. Normalized similarity measure, from 0% to 100% for every pair of objects

compared.

Object to | Transformed Object | Angle between P(+) Wy ]

Transform Object greatest axes
spider snake 169.15° 445 | 5,683.12
spider snake 90° 439 | 5,598.48
spider snake 1° 496 | 2,212.06

. spider fly 28.6° 390 | 3,270.25
spider fly 0.47° 342 | 3,219.17

Table 6. Number of common pixels of both objects and positive pixels to be moved

in every transformation.

representing the initial and final shapes of objects, respectively. Morphing
from O to OF is defined by a sequence of intermediate objects as:

O(t) =u0! +tOF :
= [uO} +tOFf ,uO! +tOf , ..., uOf + tOF]
= [Oo(t), O1(2), .- On(t)]

where u = 1 —t. O;(t) is the ith point in the intermediate object, formed
time ¢. The time parameter ¢ is normalized to the interval [0,1].

Binary representation of the objects showed here, permits transform them
in order to compare them. But also, it permits break the objects to mo*
positive pixels to conform intermediate objects. There are different orders
move pixels. An order following here is by lines. We could obtain a morphi"®
like that given by Figure 3, that shows the transformation of the fly into
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beetle in steps of around 10 pixels, showing 22 different discrete times.

AEXAERAK
REXKAXN R
KEEKEEKK

Figure 5: Morphing of fly into beetle

Conclusions

this work, we have solved next problems: 1) similarity measure, like that
given by Bribiesca and Wilson [6], has been normalized by studying com-
pactness as an important characteristic of binary objects; 2) the measure
was optimised by means of principal axes, that improves transformation of
9D objects; and 3) it has been shown that pixel representation can transform
one object into another by moving positive pixels, giving a new technique to
obtain a morphing. There were presented some irregular objects to apply the
method of transforming 2D objects, giving good results in recognizing them.

The main disadvantage of this method is that it is slow, because every pair

objects have to be compared, giving N(N —1)/2 comparisons. However is
efficient and sound method to give the similarity degree between different
2D objects.

To improve the morphing, a future work could try to look for better
functions, like that of interpolation or distance fields, giving at the same time,
the similarity measure. Also, it should be better to improve the method of
normalizing similarity measure without depending in the number of objects

be compared.
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