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Abstract

Shape manipulation is an important and non-
trivial task in Image Databases. We propose
a method for polygon shape matching by us-
ing two levels of polygon representation. The
first level uses the Binary String Descriptor to
quickly find equivalent classes of polygons. The
second stage uses a Multi-resolution Area Match-
ing which operates on the subset of shapes having
the same equivalent class by coarse-to-fine area
matching strategy. We describe these techniques
and demonstrate how this two-stage representa-
tion works for a sample shape image database.

1 Introduction

Shape representation, indexing and matching, are
important issues in Image Databases. Users of Im-
age Databases need to locate images containing the
outline of specific objects from time to time. Since
shape (outline) is a good visual measure of objects,
Query-By-Shape facility is often provided in modern
Image Database Systems. Instead of handling arbi-
trary shapes, we will concentrate on polygons ma-
nipulation because shapes are often quantized and
represented as into polygons in computer system for
processing. To be more specific, we only handle
closed, simple and non-degenerate polygons:

Definition 1 A polygon is represented by a list of
vertices coordinates: P = {V1,Va,...,V,}, where n
is the number of vertices of the polygon and V; € R2.

Definition 2 A polygon is closed if V1 = V.

Definition 3 A polygon is simple if there is no
crossing within the polygon.

Definition 4 A polygon is non-degenerate if it has
no collinear vertices.

We combine two techniques in polygon match-
ing task: Binary String Descriptor [1] and Multi-
resolution Area Matching technique. Our idea is to
perform polygon matching in two stages: perform a
coarse but fast polygon classification first and then
perform a precise polygon matching within a sub
of polygons produced in previous step. In the first
stage, polygons are represented by Binary String De-
scriptor (Section 2) and are partitioned into differ-
ent equivalent classes with respect to their Binary
String Descriptors (Section 2.2). The second stage
of polygon matching is carried out within a equiva-
lent class. In this stage, polygons are presented by
multi-resolution area information (Section 3.1) and
similarity measure between polygons is performed
using coarse-to-fine area based matching (Section
3.2). How these two techniques are incorporated
into Image Database Systems is presented in Sec-
tion 4.

2 Binary String Descriptor

(BSD)

2.1 Idea

A Binary String Descriptor [1] (BSD, hereafter) is a
binary string recording the convexities and concav-
ities of the vertices of a polygon. Let ‘0’ denotes a
convex vertex (a vertex with interior angle less than
m) and ‘1’ denotes a concave vertex (a vertex with
interior angle larger than 7).

Definition 5 A Binary String Descriptor is a
string {0, 1}", where n is the number of vertices of
the polygon the descriptor is associated with.

Since the measurement of convexity and concav-
ity of a vertex is independent of scale, the BSD is
scale invariant.



2.2 Standardizing Binary String De-
scriptor

A polygon can be represented by more than one
BSD depending on the sequence of vertices being
recorded. Given a BSD B = {0, 1}", a rotated BSD
B;, for 1 < i < n, is another BSD resulted by ro-
tating the bits of B such that the ith MSB of B
becomes the MSB of B;. Let M(B;) denotes the
magnitude of the BSD B; when B; is regarded as a
binary integer.

Definition 6 The standardized BSD of B is B;
such that M (B;) = min{M (B;)|1 <i < n}.

Note that Standardized BSD is orientation in-
variant as well as scale invariant.

2.3 Number of equivalent classes for
n-gons

BSD is a many-to-one mapping. Two polygons are
said to be in the same equivalent class if they have
the same standardized BSD. For BSD with n bits,
there are 2" possible BSDs. However, some of these
possible BSD are invalid and some are exactly the
same as those from its equivalent class after stan-
dardization. For n-gons, the number of distinct
equivalent classes (F) is given in [1] as:

B== % mXa(m) - (5]+2)

where D, is the set of divisors of n and X,, = 2% —
(Xn(m1)+- -+ X,(mg)) where mq, ..., my are the
multiples of m belonging to D, \{m}.

Table 1: N-gons and number of their distinct equiv-
alent descriptors

10 11 12 13 14 15 16

=z = 2

101 | 181 | 343 | 624 | 1173 | 2183 | 4106

Table 1 shows the number of equivalent classes
for polygons with sides from three to sixteen. The
table indicates that the BSD may not be a good
method for polygon classification when the polygons
being handled are with small number of sides since
the numbers of distinct equivalent classes are rela-
tively small in these situations. Furthermore, as the
number of sides increased, the number of equivalent

classes increases quickly, therefore it is also ineffi-
cient. From empirical tests, we find that 8 < n < 15
is ideal for dataset with several thousand of shape
objects.

3 Multi-resolution Area

Matching

We will now describe how Multi-resolution Area
Matching of polygons is carried out.

3.1 Computing multi-resolution area
information

A polygon, which is normalized to have a unit
bounding box (Section 4.1), is first scan-converted
onto a frame buffer with W x W pixels. Multi-
resolution area information is computed as follow:

1. Multi-resolution area information is recorded
starting at level 0.

2. At level 0, the whole frame buffer is regarded
as a cell. The portion of covered area is
recorded.

3. At level k, cells are obtained by quartering ev-
ery cells of level £k — 1. The portion of covered
area in each level k cell is recorded.

In our implementation, the frame buffer is 64 x 64
pixels large and we compute area information up to

level 3.

3.2 Measuring similarity using multi-
resolution area information

We use the L, distance to measure the similarity of
two polygons at a specific level of resolution. Given
polygon A and B, which multi-resolution area infor-
mation have already been computed, the similarity
of these two polygons at level k is:

4k
Sk = (Z |[Agi — Bkilp)%
i=1
where S is the similarity measure, Ag; and Bg; are
the portion of covered area of level & cells of polygon
A and B respectively, and p = 2 in our implemen-
tation.

Matching of two polygons can be done in stages,
that is, performing similarity measuring from coarse
resolution (level 0) to fine resolution (level 3, in our
implementation). Two polygons A and B are said
to be similar at level k if Sy < threshold; where



thresholdy is a predefined threshold value for level
k similarity measure. Two polygons are said to be
matched if they are similar at all levels (again, up
to level 3 in our implementation).

4 Polygon matching in Image
Database

This section describes how the two mentioned tech-
niques can be incorporated In Image Database for
polygon matching task. As mentioned, our idea is
to use the BSD as the first level filtering and then
apply the Multi-resolution Area Matching technique
on the polygons remained after filtering. The num-
ber of objects in Image Database Systems can be
very large, thus, the coarse but very efficient Bi-
nary String Descriptor method can be used as a
fast first level shape classification technique. Multi-
resolution Area Matching gives better similarity
measure but is relatively inefficient so it is used as
second level matching technique within equivalent
classes given by BSD.

4.1 Database population

When an image is added into the Image Database,
some preprocessing tasks are carried out. First of
all, user has to define a number of polygons on the
input image for future queries, if this image should
be involved in Query-By-Shape operation. This task
can be automatic, by employing some automatic
shape recognition algorithms such as [5] and [3], or
outlined by user manually.

In order to facilitate further processing, we have
to normalize the polygons and resize them to a com-
parable size. By finding the bounding box of the
polygon and resizing the bounding box to be fit into
a unit square box, we enforce the polygon to have a
normalized size and area.

Along the perceived edges of the polygon, there
may be many jerks and trivial edges (e.g. when au-
tomatic shape recognition algorithm is employed).
We reduce the number of sides of the polygon by
removing such disturbances and make the polygon
smooth. Following normalization, the length of the
edges are standardized. By setting a threshold value
within the unit, we detect the short edges and merge
them. Eventually, we have a smoothed, normalized
polygon bounded by a unit square and it is ready
for further manipulation.

For each polygon in an image defined and pre-
processed, we compute its Binary String Descrip-
tor and multi-resolution area information. A tuple

<BSD, area information, image>> is then added into
database.

Figure 1(b) and (c) show an unprocessed polygon
and a preprocessed polygon respectively.

4.2 Query by shape

This section describes how Query-By-Shape is car-
ried out.

To initiate a shape query, user may either spec-
ify a polygon by sketching it out or by selecting a
shape in the database. We then compute the BSD
and multi-resolution area information of the target
polygon. With the BSD of target polygon, we re-
trieve all polygons inside the database which have
the exact BSD as the target polygon. With all the
polygons found in previous step, we compute their
similarity to the target polygon at different level of
resolution, starting from level 0. At level &, only
the Ni most similar polygons are selected as the
candidates for level £ + 1. In our implementation,
Ny = 100, Ny = 50, N» = 25 and N3 = 10. Af-
ter the above steps, a list of best matched polygons
(and/or the images where they are associated with)
are produced, which can be sorted in the order of
similarity to the target polygon. Figure 2 shows an
example of Query-By-Shape.

5 Conclusion

We proposed a method for providing Query-By-
Shape facility in Image Databases. Our work only
concentrates on closed, simple and non-degenerate
polygons. Our approach incorporated both Binary
String Descriptor and Multi-resolution Area Match-
ing techniques.
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Figure 1: Polygon preprocessing

(a) the original image. (b) user defined polygon, either outlined manually or automatic generated by shape
segmentation algorithm. (c) polygon after normalization and jerky edges removal. (d) computing level 0 area
information. (e) computing level 1 area information. (f) computing level 2 area information. (g) computing

level 3 area information.

(a) (b) (c) (d) (e)

Figure 2: Query-By-Shape example

(a) the highlighted polygon is selected from a list of templates as the target for Query-By-Shape. (b) the 100
candidates after level 0 Multi-resolution Area Matching. (c) the 50 remaining candidates after level 1 Multi-
resolution Area Matching. (d) the 25 remaining candidates after level 2 Multi-resolution Area Matching. (e)
the 10 most similar polygons to the target after level 3 Multi-resolution Area Matching.



