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Abstract

A qualitative shape description scheme is presented
in this paper. This scheme has been defined in or-
der to have a formal theory that allows the con-
struction of new shapes from a set of given shapes
using a juxtaposition operation. The juxtaposed
shapes may be regular or non-regular polygons,
and the edges considered during the juxtaposition
may be of similar or different length. Furthermore,
the scheme presented is a pragmatic one since it
has been developed considering its application to
robotics and industrial systems.

1

It is difficult to obtain a precise description of shape. In the
Oxford English Dictionary, the term shape is described as
follows: “external form o contour; that quality of a material
object (or geometrical figure) which depends on constant
relations of position and proportionate distance among all
the points composing its outline or its external surface”.
This meaning of shape emphasizes the fact that human be-
ings are aware of shapes through outlines and surface ob-
jects, both of which can be visually perceived. As Ghosh
and Deguchi [2008] stated, in more technical terms, the
shape of an object is “information about the geometrical
aspects of the surface of the object”. Therefore, shape de-
scription involves specifying the information through a
scheme or a system.

It is well known that shape description is now a major field
of study in the disciplines of computer vision, robotics,
pattern analysis and recognition, computer graphics, image
processing and computer-aided design and manufacture.
Although there are studies for describing the shape of an
object, shape description is still challenging. This is due to
the fact that it is particularly difficult to describe a shape
computationally, because when a three-dimensional object
is projected from the real world onto a two-dimensional
image plane, one dimension of the object information is
lost. Therefore, the shape extracted from a digital image of
the object only represents the projected object partially.
Furthermore, digital images are often corrupted with noise,
defects, arbitrary distortion and occlusion.
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Because of the numerical properties of digital images, most
of the image processing in computer vision has been carried
out by applying mathematical models and other quantitative
techniques to describe and identify the shape of the objects
contained in an image [Mehtre, Kankanhalli and Lee, 1997;
Rucklidge, 1997; Peura and livarinen, 1997; Belongie,
Malik, and Puzicha, 2001; Zhang and Lu, 2002; Lu and
Sajjanhar, 1999; Morse, 1994].

Most of these quantitative approaches have succeeded in the
task for which they were designed. However, the problem of
qualitative shape description and identification is studied in
this paper since human beings describe and use visual
knowledge about shapes qualitatively.

The definition and use of a theory for qualitative description
of shape is important in computer vision, which up to now
uses quantitative methods with a high computational cost.
The use of a qualitative theory for shape description and
recognition will increase the efficiency in vision recognition
because the recognition of a shape or an environment will
be carried out by looking for only the salient characteristics
and not analysing each pixel of the image.

Museros and Escrig [2004a] presented a qualitative theory
able to describe different types of shapes. It can describe
regular and non-regular closed shapes, of which the bounda-
ries can be completely straight, or curved, or a mixture of
both. These shapes may also contain holes whose shape and
location can also be described by our approach. To be pre-
cise, it is based on qualitative representations of: angles,
types of curvature, length of the edges, convexities, and
concavities. This theory has been applied to different do-
mains, such as the industrial domain [Museros et al., 2011]
or the mobile robot navigation domain [Museros and Escrig
2004b], and it is also being extended by Falomir et al.
[2008, 2011] in the qualitative image description domain.
These applications provide evidence for the effectiveness of
using qualitative information to describe and identify
shapes.

However, there are some new applications where it is
needed to create new shapes from two other given shapes,
and as a consequence there exists the necessity of extending
the theory developed by Museros and Escrig [2004a] in
order to be able to define a new shape by providing several
shapes and using operations among shapes (such as addi-
tion, juxtaposition, intersection and difference of shapes).
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For instance, in order to describe the geometry of the envi-
ronment where a robot navigates sometimes it is needed to
describe a new shape by juxtaposing the shapes of the envi-
ronment already described. Another example arises in the
industrial domain, as in the case of trencadis ceramic mosa-
ics (mosaics hand-made of broken tiles), where it is neces-
sary to create a design by juxtaposing broken tiles with a
priori unknown shapes. Therefore, it is needed to create a
shape description scheme, that is, a notational system for
expressing the shape of objects, a way of writing the shape
information symbolically, just as the notation used to ex-
press music or electronic circuitry.

Although in the literature we can find shape descriptions
schemes which have been used with much success to study
and represent past and contemporary architectural and other
designs [Ahmad and Chase, 2004; Andaroodi et al., 2006;
Chase, 1989; Knight, 1994; Lebigre, 2001; Stiny, 1980a],
and they have been used also into the education and practice
field [Halatsch et al., 2008; Stiny, 1980b; Wang and Duarte,
1998], in this paper a qualitative shape description scheme
for the theory described by Museros [2004a] is presented.
The scheme presented is able to construct new shapes from
a set of given shapes using the juxtaposition operation be-
tween shapes.

The rest of this paper is organized as follows. The next
section presents an overview of part of the qualitative shape
description theory presented by Museros [2004a], specifi-
cally the part of the theory which is able to describe regular
and non-regular polygonal objects. Then, the qualitative
shape description scheme able to juxtapose two shapes of
this theory is described. Finally, our conclusions and future
work are drawn.

2 Qualitative Shape Description Theory
(QSDT) for describing polygons

The shape description theory presented uses some reference
points, which are understood as the points that completely
specify the boundary. For polygonal boundaries, the vertices
have been chosen.

The qualitative description of a reference point, named j, is
determined using the previous reference point, named i, and
following reference point, named k. The order of the refer-
ence points is given by the natural cyclic order of the verti-
ces of closed objects. It is only necessary to determine the
sense in which each reference point is visited or described,
which should be the same for the description of all the ob-
jects. The sense chosen is the counterclockwise. The de-
scription of each reference point is given by a triple, which
is:

<4j,Cj,Lj>, where Aj and Cj are the angle and the type of
convexity for the reference point j, respectively, and Lj
means the relative length of the edges associated to refer-
ence point j (edge formed by vertices i and j versus edge
formed by vertices j and k), where:

Aj € {right, acute, obtuse},
Cj € {convex, concave} and
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Lj E{smaller, equal, bigger}.

Color is also stored in the description for later comparisons
when matching objects by using the RGB coordinates.
Therefore, the complete description of a shape of a 2D ob-
ject is defined by the following tuple:

[[Color, [Al, C1, L1] ... [An, Cn, Ln]],

where n is the number of reference points of the container
and j is the number of reference points of the hole. Each
vector, [Ai, Ci, LiJ, represents a qualitative description
node.

Figure 1 shows an example of a shape and its qualitative
shape description, formally named QualShape(S), being S
the reference to the object described.

Figure 1. Example of a black shape.

QualShape(S)= [[0,0,0], [obtuse, convex, equal], [obtuse,
convex, equal], [obtuse, convex, equal], [obtuse, convex,
equal], [obtuse, convex, equal]].

3 Juxtaposition between shapes

There are two kinds of shape description schemes: a pure
scheme or a pragmatic one. A pure scheme deals primarily
with the question of “what” rather than “how”, and it is very
rigorous, and therefore its application to practical problems
is incidental and of lesser interest. In contrast, a pragmatic
scheme is a utilitarian scheme, devised as a response to the
needs of a particular problem, its application in the real
world being of primary concern. In a pure scheme the study
of a subject is regarded as a self-sufficient exercise in pure
thought, while in a pragmatic one the method is devised as a
response to the needs of a particular problem. An attitude of
the truly pragmatic approach is that “a mathematical object
does not exist unless it can be constructed”. Therefore, in a
pragmatic approach it is not sufficient to specify “there
exist”, it is also necessary to “find/construct”.

In this paper, the qualitative shape description scheme de-
veloped is a pragmatic one, and therefore it has to be de-
fined by a 4-tuple as follows:

(P, * C, A) where:

1. Pis aset of shapes,

2. *is a set of functions/operations, called shape opera-
tors,

3. Cis a set of production rules, which specifies how the
shape operators are to be used to construct new shapes
from the already existing shapes,

4. And 4 is a set of explicit axioms, which specify condi-

tions that each constructed shape must satisfy. In a
sense, 4 is a set of constraints or restrictions. In a shape
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description scheme, the set 4 may or may not be pre-
sent.
To the best of our knowledge, this is the first pragmatic
qualitative shape description scheme able to juxtapose two
shapes (Figure 2).

1 * ok 1 3
2
2 4
*q —>
3 3
5
4

Figure 2. Graphic example of the juxtaposition operation between
two shapes. The symbol “*” in figures specifies the edges that
should be considered during the operation.

Next, the 4-tuple is defined for the qualitative shape descrip-

tion scheme presented in previous section.

3.1 The set P

The set P is the set of the regular and non-regular polygonal
closed shapes described by the QSDT presented in section
2, plus a special shape, called empty shape (represented by
s), which represents that there is no shape to juxtapose.
The shapes to be juxtaposed may contain convex and con-
cave segments. Moreover, the polygonal shapes to be juxta-
posed are shapes of manufactured objects or potentially
manufactured objects (well-designed objects, in the sense
that they are the designs of a man-made object intended for
production), and they are not shapes of all possible natural
objects (with sharper angles and very curvy sides, which
means objects that cannot be manufactured). This classifica-
tion is necessary because the techniques that are well suited
for description of the shapes of manufactured objects turn
out to be inadequate for the shapes of natural objects.

3.2 The shape operator *

The set * is a set composed of a unique operator, which is
the qualitative juxtaposition operator, named +,. In order to
juxtapose two shapes it is necessary to indicate the related
edges in +4. For instance, in order to juxtapose the shape in
Figure 3a) with the shape in Figure 3b) it is necessary to
indicate that the juxtaposition has to be done considering the
edge going from vertex 2 to 3 in Figure 3b) and the edge
going from vertex 4 to 1 in Figure 3c). Therefore the follow-
ing notation for the qualitative juxtaposing operation has
been defined as:

AWvy) +4B(v) =C (1)
Where 4, B are shapes to be juxtaposed, with n and m verti-
ces respectively, and v; and v; indicate the first vertex of the
edge (in a cyclical clockwise) to be considered in the juxta-
position operations (with 0<=i<=n, and 0<=j<=m). For
instance the result of 4(2) +, B(4) is graphically shown in
Figure 4.
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a) b)
Figure 3.a) First operand in a juxtaposing operation, b) second
operand.

c

Figure 4. Shape C, resulting of A(2) +4 B(4), given shapes A and B
in Figure 3.

The set P is closed under the operator +,, that is, the result

of juxtaposing two shapes in P will result a new shape valid

inP.

The operator +, also has the commutative property. In fact

A(2) +,B(4) = B(4) +,A4(2).

For +, the identity element is the empty shape (Js), which,

as previously mentioned, means that there is no shape to

juxtapose.

However, the operator +, has not the associative property,

because the vertices in the second operand cannot be deter-

mined a priori.

Therefore, the set P with the +, operation is a groupoid.

3.3 The set of production rules C

The set C describes how to apply the juxtaposition operator.
This set is defined by the following Extended Backus-Naur
Form (EBNF) [Scowen, 1993] production rules:

Region;::= Vertex+ (minimum 3 vertices)
Vertex::=<A, C, L>

A == obtuse | right | acute

C ::=concave | convex

L ::= smaller | equal | bigger

Hence, the + operation between two vertices is a new ver-
tex:

<A,C.L;> +q <A, CyL,> = <43, Cs, L3> where:
A; E{obtuse, straight, acute, O}
C; &€ {convex, concave, O}
L; € {smaller, equal, bigger, O}
The symbol & means that no one of these properties is ap-
plied because the vertex disappears.
To compute Az, C; and L3, six tables are used (Tables 1 to
6). When juxtaposing two shapes, named A and B, Table 1
is applied when two vertices (one of shape A, and the other
of shape B) are juxtaposed in order to obtain the new vertex
in the new shape, named C. It sets the new angle, A;, and
the new convexity type, Cs;, knowing A;, A, and C; and C,.
It considers angle and convexity because convexity informa-
tion depends on the angle information too. In fact, qualita-
tive angles are defined using always the smaller angle and
the convexity related to the angle indicates if the angle is
measured from the interior or the exterior of the object. For
instance, using Table 1, if A, is acute, and C, is convex, and



QR2011: 25th International Workshop on Qualitative Reasoning

A, is right and C,; is concave then in the new shape C, Aj is
acute and C; is concave (Figures 2-4).
Table 2 computes the new relative length L;, knowing L,
and L,, and knowing that the edges used in the juxtaposition
have a similar absolute length' (Figures 2-4).
Tables 3 and 4 are used in the case that, when juxtaposing A
and B, the two vertices involved in the juxtaposition (one of
shape A, and the other of shape B), instead of generating a
new vertex in shape C, cause the vertex to disappear. This
means that in the new shape C the juxtaposition of the two
vertices generates a continuous line without a vertex, as it
happens in the juxtaposition of the shapes in the example in
Figures 3 and 4. In this case, the vertex disappears, but the
relative lengths of the previous and following vertices have
to be modified. Table 3 computes the new relative length of
the previous vertex of the one disappeared, and Table 4 the
new relative length of the following vertex.
Finally, if the edges involved in the juxtaposition are not of
a similar length, then one vertex of one shape is juxtaposed
to another vertex of the other shape, but the other vertex of
the one of the shapes is juxtaposed to an edge of the other
shape (see Figure 5 as an example). In order to juxtaposing
the two vertices Table 1 is used to compute the angle and
the convexity (A; and C;), but to compute the relative length
(Ls) Table 5 has to be used. Furthermore, Table 6 is used to
compute the angle and the convexity (A; and Cs) of the new
vertex that will appear when juxtaposing the vertex and the
edge. In this case, the relative length of the new vertex has
to be computed using the absolute length of the edges in-
volved in the juxtaposition. It is not possible to compute the
relative length of the new vertex, because it is only known
the relative length of the edges inside a shape, and it is
available any information about the relative length between
the edges of two different shapes. Therefore, if we use the
relative length information that we have in the QSD then as
we do not have enough information about both relative
lengths (one from one shape and the other from another) the
result will be all the possible relative lengths between two
edges, therefore we add a lot uncertainty. Thus, the absolute
length is needed.
In all these tables there are situations that cannot happen
when juxtaposing two shapes, therefore the symbol “np”
appears in the corresponding cell of the table, meaning “not
possible. If the symbol &J appears, it means that the vertex
disappears, and then Tables 3 and 4 are needed. In each cell
of these tables different possibilities may appear, for in-
stance, when juxtaposing a convex and obtuse vertex, with a
convex and acute vertex, the new vertex can be convex or
concave and obtuse, or even dissapear. Moreover, in these
tables the following notation is used:

* cx and cv for convex and concave respectively,

* a, r, and o for acute, right and obtuse respectively,

* ands, e, and b for small, equal and bigger.

! The absolute length is computed when creating the qualitative
description of the shape, and it is stored for future uses.

cx/a cx/r | cx/o |cv/a cv/r |cv/o
cx/a | cx +|cxto|cx + | O cvta [ cv +
[a,r,0] o, I, [0, 1]
cv +
0
cx/r | cxto %] cv+o | np 9] cv+ta
cx/o | [ex,ev]to, | cv+o | cv+o | np np 16
%)
cv/a | O np np np np np
cv/r |cvta %] np np np np
cv/o | cv+]o,1] cvta | O np np np
Table 1. +4 angle-convexity table.
s e b
S S S [s,e,b]
e s e b
b [s,e,b] b b
Table 2. +, relative length table.
s e b
S S S S
e S S S
b [s,e,b] [s,e,b] [s,e,b]

Table 3. +, table to compute the new relative length of the previous
vertex to the one involved in the juxtaposition when this last one

disappears.
s e b
s [s.e.b] [s.e.b] [s.e,b]
e b b b
b b b b

Table 4. +, table to compute the new relative length of the follow-
ing vertex to the one involved in the juxtaposition when this last
one disappears.

s e b
S [s,e,b] [s,e,b] [s,e,b]
e [s,e,b] b b
b b [s,e,b] [s,e,b]
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Table 5. +4 table to compute the new relative length of the two
vertices juxtaposed when the edges to be juxtaposed have not
similar absolute length.

New Vertex
cx/a cv/o
cx/r cv/r
cx/o cv/a
cv/a np
cv/r np
cv/o np

Table 6. +, table to compute the convexity and angle of the new

vertex appeared in the new shape when juxtaposing a vertex and an
edge.

Note that, from Table 6, it can be concluded that it is not

possible to juxtapose a concave vertex with an edge.

Moreover, the convexity and angle of the new vertex is the

inverse operation to the convexity and angle of the first
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vertex involved in the operation (see Figure 9 for an exam-
ple).

A +q|:J‘> c

Figure 5. Example of the juxtaposition of two shapes where the
absolute length of the edges involved in the juxtaposition is not
similar.

Finally, a shape C is the +4 of shapes A(v;) and B(v;) if:
* It has at most |A| + |B| -1 vertices, being |A| the number
of vertices in A and |B| the number of vertices in B;
e FEach vertex v; in C must be either:
o equal to one of the original vertices of A and B,
o or the result of applying the +, operation to one ver-
tex of A and another of B,
o or equal to one of the original vertices of A and B,
but with a new relative length,
o or a new vertex the resulting from of juxtaposing a
vertex and an edge.

3.4 The set of explicit axioms A

The set A specifies the restrictions or constraints that must

be satisfied in order to apply the +4 operator to obtain a

correct new shape. The restrictions defined, some of them

mentioned previously, are:

e It is not possible to overlap shapes when computing +,.
If the edges involved in the operation will return an
overlapping shape, one of the shapes should be rotated
before applying the +; operation (see Figure 8 for an
example). After rotating the shapes in order to try the
juxtaposition, to ensure that they do not overlap we
have defined two restrictions. If any of them does not
hold, it is because the juxtaposition is not possible be-
cause both shapes will overlap. The restrictions are:

o The area of the final shape constructed by the jux-
taposition has to be the addition of the areas of the
two basic areas considered in the operation.

o The number of vertices of the final shape con-
structed by the juxtaposition is at most n+m-1,
where n and m are the number of vertices of the
juxtaposed shapes.

* The shapes considered as operands are only simply
connected and closed 2D regions.

* In+qitis necessary to specify the edges involved in the
operation.

*  Before applying the +, operation it is necessary to know
the absolute length of the edges involved in the juxta-
position, in order to know if

Length(edge;) ~ Length(edge,)

* If the absolute length of both edges is similar, then
having shape A of n vertices and shape B of m vertices,
computing the operation A(v;) +, B(v;) means to com-
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pute the juxtaposition of two vertices of each shape, the

vertex v; of A is juxtaposed with vertex (v;+; mod m),

and the vertex (v;,; mod n) is juxtaposed with the vertex

v; (see Figures 2 and 3 for examples). The process

(process I) defined, when juxtaposing edges with

similar length, to create the description of the resulting

shape, named C, is as follows:

Step 11. Starting by vertex 1 in A, it is copied in the new
shape C and this step is repeated with the next vertex in
a counterclockwise, up to the vertex which is one of
the vertices in the +4 operation.

Step 2I. This vertex is replaced by the result of applying
+4 between this vertex and the corresponding one to
compute the juxtaposition in shape B using Tables 1
and 2. It may occur that the result obtained from these
tables is that the vertex disappears, then:

Step 2.11. If the vertex disappears because the angles
to juxtapose are supplementary, then it is necessary
to change the relative length of the previous vertex
in shape C using Table 3. Moreover, it is also known
that the relative length of the next vertex of figure C
(which is the next one to the disappeared one of
shape B) has to be modified also using Table 4 (see
Figures 3-4 for an example).

Step 2.21. If the vertex disappears because a convex
vertex and a concave vertex are being juxtaposed,
then the previous and following vertices of the new
shape C may be completely different, depending on
their position. Then, once more the absolute length
of the edges is needed. If the next vertex does not
touch the boundary of the other shape being juxta-
posed (it does not intersect with any point of the
boundary of the other shape), then its description
does not change, and the next vertex is copied to the
next shape. But, if it touches the edge of the other
shape, then its new convexity is the inverse of the
one it has and the relative length has to be computed
using the absolute length information, also previous
and next vertices relative length have to be recom-
puted. And, finally, if it is in contact with other ver-
tex of the other shape, then its description is com-
puted using Tables 1 and 2, and in the case that it
disappears again, all this step is repeated up to the
moment a vertex that does not disappears is reached.
See Figure 6 for a complete example.

Step 31. We continue copying the vertices of shape B (in
a counterclockwise) until the next vertex in shape B re-
lated by the +, operation is reached. This vertex is re-
placed by the +, of this vertex and its corresponding
one in shape A (repeating the step before described).

Step 41. If there are still vertices in shape A, which have
not been considered during the juxtaposition, they are
copied to the new shape C too.

But, if the absolute length of both edges is not simi-

lar, then it is established that the juxtaposition will be

done by juxtaposing the first vertex of each edge of
both shapes (Figure 5 shows an example), and always
the shape with a smaller edge will be the first operand
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(shape A). Therefore, in order to juxtapose the first ver-
tex of both shapes the process will be similar to the
previous step, but the other vertex of shape A is juxta-
posed with the involved edge in shape B. Therefore, the
process (process II) to compute the juxtaposition when
juxtaposing a vertex and an edge is different, as fol-
lows:

Step 11I. Starting by vertex 1 in A, it is copied in the new
shape C and this step is repeated with the next vertex in
a counterclockwise, up to the vertex that is the vertex
involved in the +4 operation with an edge or with the
other vertex of shape B.

Step 2II. The corresponding +, operator is applied de-
pending on:

Step 2.111. If the juxtaposition is between a vertex and
an edge, then this vertex is replaced by the result of
applying +, using Table 6, and the new relative
length is computed using the absolute lengths of the
two edges involved. As a new vertex is appearing in
the resulting shape, then the relative length of the
next vertex has to be computed. This will be done in
the following step.

Step 2.211. If the juxtaposition is between two vertices
(one of each shape), then, Step 21 of the previous al-
gorithm is applied, but in order to calculate the new
relative length of the new vertex (if it does not dis-
appear), Table 5 is used instead of Table 2.

Step 3II. First of all, if a new vertex has appeared as con-
sequence of the juxtaposition between a vertex and an
edge, then the relative length of the first vertex found
now (a vertex of B) has to be computed, once more us-
ing the absolute length information. Then, the rest of
vertices of shape B are copied (in a counterclockwise)
until the next vertex in shape B related with the +4 op-
eration. In this case, step2. 11l or step2.21] has to be ap-
plied depending on the type of operation (juxtaposing a
vertex and an edge, or juxtaposing two vertices).

Step 4I1. As in the Step3Il, if the result of the previous
+q operator is also a new vertex (+q between an edge
and a vertex), the relative length of first vertex consid-
ered now (of shape A) has to be recomputed. Then, if
there are still vertices in shape A, which have not been
considered during the juxtaposition, they are copied to
the new shape C too.

Figure 6. Example of the juxtaposition of two shapes which does
not generate indetermination in the final description.

In Figure 6 a simpler example is shown, where A(1) +, B(2)
is computed, which means that vertex number 1 of A is
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juxtaposed with vertex number 3 of B, and vertex number 2
of A is juxtaposed with vertex number 2 of B. The qualita-
tive descriptions of shapes A and B, which start always by
the upper-leftmost vertex (vertex number 1) are:

QualShape(A)= [[right, convex, smaller], [right, convex,
bigger], [right, convex, smaller], [right, convex, bigger]].

QualShape(B)= [[acute, convex, equal], [acute, convex,
smaller], [acute, convex, bigger]].

And, after applying the process I, the qualitative description
of shape C is:

QualShape(C)= [[obtuse, convex, smaller], [acute, convex,
equal], [obtuse, convex, bigger], [right, convex, smaller],
[right, convex, bigger]].

Note that in this case, the qualitative description of shape C
has no indeterminations. However, Figure 7 shows a more
complicated juxtaposition example, where indeterminations
are found in the relative length feature. In Figure 7, 4(3) +,
B(1) is computed, resulting the shape C. The qualitative
description of the boundaries of shapes A and B are:

QualShape(A)= [[right, convex, bigger], [right, convex,
bigger], [right, convex, smaller], [right, concave, smaller],
[right, convex, bigger], [right, convex, smaller]].

QualShape(B)= [[right, convex, bigger], [right, convex,
smaller], [right, convex, bigger], [right, convex, smaller]]].

In this case we are juxtaposing vertex number 3 of A with
vertex number 2 of B, and vertex 4 of A with vertex 1 of B.
And the complete description of the new shape C, after
applying process 1, is:

QualShape(C) = [[[right, convex, bigger], [right, convex,
[smaller, egual, bigger]], [right, convex, [smaller, equal,
bigger]], [right, convex, [smaller, equal, bigger]].

Figure 7. Example of the juxtaposition of a concave vertex in
shape A and a convex vertex in shape B.

In order to show the result of applying process II, Figure 5
is used as an example. This example is similar to the one
shown in Figure 6, but now the absolute lengths of the edges
involved in the juxtaposition are different. In this case, A(1)
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+, B(2) is also computed, but now it means that vertex 1 of
A is juxtaposed with vertex 3 of B, and vertex 2 of A is
juxtaposed with the edge going from vertex 2 to vertex 3 in
shape B. The qualitative descriptions of shapes A and B are
the same as in the case of shapes A and B of Figure 6. And,
after applying process II, the result is the qualitative de-
scription of shape C as follows:

QualShape(C)= [[obtuse, convex, [smaller, equal, bigger]],
[acute, convex, equal], [obtuse, concave, bigger], [right,
convex, smaller], [right, convex, smaller], [right, convex,

bigger]].
1 ) 1 2
A Rt
4 3 4 3
a)
1 ) 1 o)
X e ovan| v
3
4 3 4
b)

Figure 8. If we want to juxtapose figures A(2) +q B(2) as they are
represented in a) the figures will overlap, therefore before calculat-
ing this operation figure B has to be rotated as it is shown in b),
and we will calculate the operation A(2) +q B(4).

Finally, a more complex juxtaposition example is shown in
Figure 9, in which after doing the juxtaposition all the verti-
ces of shape B finish sharing the boundary of shape A4, and
the resulting QSD of the juxtaposed shape is given below.

Figure 9. Juxtaposition example of two shapes.

In Figure 9, 4(3) +, B(4) is computed. As the length of the
edges to be juxtaposed is similar we follow the process 1.
First we start with vertex number 1 of shape A4, and as it is
not involved in the juxtaposition operation it is copied to the
qualitative description of the new shape. The same happens
with vertex 2 of 4. Therefore, up to this moment Qual-
Shape(C) is:

QualShape(C) = [[right, convex, bigger], [right, convex,
smaller]...]

Now, vertex 3 of 4 is the one that has to be juxtaposed with
the vertex 1 of B. Vertex 3 of 4 is [right, concave, smaller],
and vertex 1 of B is [right, convex, bigger], therefore look-
ing at tables 1 and 2 we get that the new point in C disap-
pears because we are juxtaposing a concave with a convex
angle. Therefore, following the step 2.2.1, we know that the
previous and following vertices of C may be completely
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different, depending on their position. As we have done a
juxtaposition the next vertex to consider is the vertex 1 of
shape B, and as it is fouching the boundary of shape 4, then
we get that the new vertex in C is: [right, concave, smaller].
Note that in this case the relative edge length feature has to
be determined using the absolute edge information. Moreo-
ver, as is has appeared a new vertex, the relative length of
the previous vertex has to be checked again in order to see if
it is still correct. Therefore, the previous vertex of C is re-
computed and now it is [right, convex, bigger].

The next vertex to consider is the vertex number 2 of the
shape B, and as it is not involved in the juxtaposition it is
copied to the description of shape C. Therefore, up to now
QualShape(C) is:

QualShape(C) = [[right, convex, bigger], [right, convex,
bigger], [right, concave, smaller], [right, convex, big-
ger]...].

The next vertex of B (vertex number 3) is again one that has
to be juxtaposed, in this case with the vertex 4 of A. They
are [right, convex, smaller] and [right, concave, bigger]
respectively. Looking at tables 1 and 2 we get that once
more the new vertex disappears in C, and again it is due to
the juxtaposition of a concave vertex and a convex vertex.
Therefore, following the step 2.21 we know that the follow-
ing vertex or the previous one has to be recomputed. In this
case, the previous vertex was number 2 in B, that has been
copied in C. As before, this vertex has to be modified and it
must be [right, concave, bigger]. And we now that the rela-
tive length feature of the next vertex has to be recalculated.
Therefore now QualShape(C) is:

QualShape(C) = [[right, convex, bigger], [right, convex,
bigger], [right, concave, smaller], [right, concave, bigger],
right, convex, bigger]...].

Finally, now the last step is to copy the rest if vertices of
shape 4 to the QualShape(C) up to the moment that we
reach vertex 1 of 4 again. Thus, the final qualitative descrip-
tion of C is:

QualShape(C) = [[right, convex, bigger], [right, convex,
bigger], [right, concave, smaller], [right, concave, bigger],
[right, convex, bigger],[right, convex, smaller],[right, con-
vex, smaller], [right, convex, bigger].

4 Conclusions and future work

A qualitative shape description scheme for the juxtaposition
of two polygons, which cannot overlap, has been defined.
The edges to be juxtaposed can be of similar length or of
different length, which represents a step forward with re-
spect to the work presented by Museros et al. (2010), which
was able to qualitative juxtapose polygons only by edges of
similar lengths. It represents an important improvement with
respect to the work in Museros et al. (2010), because we
have realized that when we juxtapose several shapes, there
is a point in which it is not possible to juxtapose two shapes
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with similar edge lengths, because after several juxtaposi-
tions the edge lengths have increased. Therefore, with this
new method we will be able to juxtapose shapes even after
several juxtaposition steps.

Moreover, now, given as input an image, its qualitative
description is created, and some quantitative information is
also stored, as its area and the absolute length of its edges.
The juxtaposition operation has been designed using as
much as possible the qualitative information of the shapes,
and quantitative information, as the absolute length of the
edges is used only in two cases: first in order to know which
process has to be applied (process I or process II), and then
when to much indetermination is get as result without using
this information. But we are working on creating an abso-
lute qualitative length system in order to use it in the QSD
of a shape, and then study how it can be used to compute the
QSD of a new shape resulting from the juxtaposition of two
shapes completely in a qualitative way, without the use of
quantitative information. In order to do this, the absolute
qualitative length system has the be defined in function of
the application itself, which means in function of the edges
lengths of all the shapes that we can find in an specific ap-
plication.

The shape description scheme is being implemented in an
application where, given two images, first the qualitative
shape description of the shape in each image is calculated,
and then, the qualitative shape description of the shape ob-
tained by the juxtaposition of both shapes.

We will use this application to show experimental results
that will exemplify the validity of the defined qualitative
shape description scheme composed only by the juxtaposi-
tion operation, although in the near future we want to extend
this scheme by defining other operations, such as the differ-
ence between two shapes.

In this case, as the set P is represented by closed 2D poly-
gons, the shapes are always without holes and without
curves. But, in order to be able to apply this scheme to other
domains, we want to extent the presented juxtaposition
theory in order to consider the rest of features of the original
qualitative description theory used for this scheme, which is
able to describe curves and holes. Also we want to extent it
considering the Color feature. Currently, we are working in
its extension considering shapes with holes, where, as the
juxtaposed shapes will only share boundaries, the qualitative
description of each hole will be the same because the con-
tainers cannot overlap and the holes boundaries will not
change. However, the new orientation of each hole in the
resulting shape has to be calculated considering the original
positions of the holes and the relative orientation of the
edges considered for juxtaposition of the two original
shapes.

With respect to the Color feature, as shapes cannot overlap,
the new shape has the two colors of the juxtaposed shape,
and up to this moment this is considered as a vector with the
RGB coordinates of both shapes, but currently we are also
working in relating each color to each part of the new shape
by using qualitative orientation information.
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