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Abstract. The general shape analysis is a problem similar to the recog-
nition or retrieval of shapes. The most important difference is that the
processed object does not have to belong to a base class, but usually
is only similar to the template representing the class. The most general
information about a shape is here concluded, i.e. how round, elliptical,
triangular, etc. it is. Such a problem can occur in applications with few
general base classes, e.g. in pre-classification or the assignment of stamps
extracted from an image to few classes in order to find the fraudulent
stamp images (mainly governmental, official ones). In the paper seven
shape descriptors were explored using the template matching approach.
In order to select the best approach their performance was compared
with results provided by almost two hundred humans and collected us-
ing appropriate inquiry forms.

1 Introduction

The idea of image recognition can be realized in many various ways. One of them
is based on identification of objects placed in a digital image. In that case one can
use some features that are supposed to appropriately represent an object. Usually
color, texture and shape are taken for that purpose. In many cases the last one
is especially useful (however, lately the idea of combining completely different
features becomes more tempting and popular, [1]). The recognition of shapes
can be realized through the template matching approach. Roughly speaking, in
this method an object under identification is matched with the base objects
(templates). Obviously the matching of objects itself is insufficient, since in real
situations they tend to be strongly deformed. In case of shapes not only the
affine transformations (e.g. rotation, scaling and translation), but also noise and
occlusion have to be considered ([2]). Therefore the so-called shape descriptors
are used in order to represent a shape invariantly to particular deformations.

However, there is a class of applications, where the problem can not be con-
sidered as the traditional recognition. In that case the processed shape does not
have to belong to a base class and usually it does not. The problem is depicted
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in Fig. 1. An object can be considered as similar to the three templates, yet
it definitely is not one of them. It can be assigned to one of the very general
shape classes, e.g. circle, triangle, star. It means that we are not interested in the
exact identification of an object, but we are trying to find one or several general
shapes, which are the most similar to the object being processed.

Fig. 1. Illustration of the problem — which general shape is the most similar?

The problem of general shape analysis can be utilized in various applications.
Here, three examples will be briefly described. The first one is searching for
probable false documents stored on a hard drive in a digital form ([3]). In this
problem we can identify a general template — type of seal (e.g. official, public,
business, institutional) instead of performing the exact process of recognition.
This is based on the assumption that particular types of seal have an expected
shape, e.g. official ones are round, whereas medical ones are rectangular (in
Poland). The second example is the process of initial classification when work-
ing with large databases. In order to speed up the whole process the object is
firstly matched with small number of general classes. Later it can be recognized
more precisely within the preliminarily selected general class. In fact this pro-
cess can be performed several times, with the classes becoming more detailed
at each subsequent iteration. The third example is the possibility of using voice
commands (e.g. ’find round red objects’) for shape retrieval in large multimedia
databases.

In the paper seven shape descriptors are used to indicate the general shapes.
Their selection is not random. Firstly two so-called simple shape descriptors were
taken, namely Roundness ([4]) and one of the Feret measures ([5]) — the X/Y
ratio. Also, five more sophisticated shape descriptors were applied: Moment In-
variants ([6]), 2D Fourier Descriptors ([7]), Point Distance Histogram ([8]), UNL
([9]) and UNL-Fourier ([10]). Two of them (PDH and UNL-F) are invariant to
rotation, the other three — are not. The 2D FD is known for its ability of gener-
alization ([7]). On the other hand, the PDH, thanks to the combination of polar
coordinates with histogram, can emphasize the small differences between objects.
Finally, the UNL and UNL-F have been successfully used in shape recognition,
and are invariant (especially UNL-F) to many shape deformations.

The shape under analysis can be represented in two different ways. The first
one is the outline of an object and the second is the whole region covered by it
([11]). Each of the algorithms works with one of the mentioned representations.
In the paper the contour was explored using PDH, UNL, UNL-F, Roundness
and the X/Y Feret ratio. The region was a subject for MI and 2D FD.

The rest of the paper is organized as follows. The second section describes
precisely the shape descriptors used in the problem of general shape analysis.
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The third one provides experimental results achieved using them. The fourth
section presents the results provided by humans and the comparison between
them and the artificial algorithms. The last section concludes the paper and
provides some ideas for future work with the problem.

2 The Description of Selected Algorithms

Seven various shape descriptors were taken for the experiments with the general
shape analysis. The methods were selected deliberately in order to consider var-
ious ways of performing the analysis by humans. Some people take into account
only the simplest features, e.g. curvature; others analyze an object on a higher
level. However, the most important difference is the invariance to rotation. Some
people during general analysis of a shape assume that it can not be rotated and
that strongly influences the results.

In this section all the algorithms used will be described in detail. The order of
their presentation is based on the ascending level of difficulty and sophistication.

2.1 Simple Shape Descriptors

Two simple shape descriptors were chosen. Those fast methods for measuring a
shape are less popular nowadays thanks to the increasing computational power of
computers. However, the generality of the simple methods can be an advantage in
the presented problem. The first one, X/Y Feret shape measure, can be computed
using the formula:

Fxy =
xmax − xmin

ymax − ymin
, (1)

where:
xmin, xmax — minimal and maximal horizontal coordinates of a contour shape,
ymin, ymax — minimal and maximal vertical coordinates of a contour shape.

The Roundness (a measure of the sharpness of a shape) was a second simple
descriptor used in the experiment. This measure is based on two other shape
features: the area (A) and the perimeter (P ), and can be formulated as ([4]):

R =
4πA

P 2
. (2)

2.2 Moment Invariants

The moments are commonly used in image representation. Hu introduced the
name of Moment Invariants in 1962 ([12]). For shapes this representation uses
only two values of image function f(x, y) — 1 for a pixel belonging to an object
and 0 for background pixels — instead of 256 levels as for a grayscale image.
The general geometrical moments are given by the formula ([6]):

Mpq =
∫ ∞

−∞
xpyqf(x, y)dxdy, (3)

where: p, q = 0, 1, ...,∞.
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For the discrete values in the image the above can be written as ([13]):

mpq =
∑

x

∑
y

xpyqf(x, y). (4)

We calculate the centre of gravity of an object ([13]):

xc =
m10

m00
yc =

m01

m00
. (5)

Then we calculate the central moments ([13]):

μpq =
∑

x

∑
y

(x − xc)p(y − yc)qf(x, y). (6)

The next step is the calculation of normalized central moments ([13]):

ηpq =
μpq

μ
p+q+2

2
00

. (7)

Finally we can derive the Moment Invariants (MI). In practice usually the first
seven MI are used ([14]):

ϕ1 = η20 + η02

ϕ2 = (η20 + η02)2 + 4η2
11

ϕ3 = (η30 − 3η12)2 + (3η21 − η03)2

ϕ4 = (η30 − η12)2 + (η21 − η03)2

ϕ5 = (η30 − 3η12)(η30 + η12)[(η30 + η12)2 − 3(η03 + η21)2]
+(3η21 − η03)(η03 + η21)[3(η30 + η12)2 − (η03 + η21)2] (8)

ϕ6 = (η20 − η02)[(η30 + η12)2 − (η21 + η03)2] + 4η11(η30 + η12)(η03 + η21)
ϕ7 = (3η21 − η03)(η30 + η12)[(η30 + η12)2 − 3(η03 + η21)2]

−(η30 − 3η12)(η03 + η21)[3(η30 + η12)2 − (η03 + η21)2].

The received shape representation is very compact — it is constituted by a vector
of only seven values.

2.3 Fourier Descriptors

The Fourier transform is widely used in pattern recognition. In case of shapes
usually its one-dimensional version is applied to the contour representation (e.g.
[15]). However, in the literature another approach is also present. The so-called
2D Fourier Descriptors are applied to a region (e.g. [16]).

In the experiments the 2D FD were utilized. They can be derived using the
2D Fourier transform, where only the absolute spectrum is used ([7]):

C(k, l) =
1

HW

∣∣∣∣∣
H∑

h=1

W∑
w=1

P (h, w) · e(−i 2π
H (k−1)(h−1)) · e(−i 2π

W (l−1)(w−1))

∣∣∣∣∣ , (9)
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where:
H , W — height and width of the image in pixels,
k — sampling rate in vertical direction (k ≥ 1 and k ≤ H),
l — sampling rate in horizontal direction (l ≥ 1 and l ≤ W ),
C(k, l) — value of the coefficient of discrete Fourier transform in the coefficient
matrix in k row and l column,
P (h, w) — value in the image plane with coordinates h, w.

2.4 UNL and UNL-Fourier Shape Descriptors

The UNL (Universidade Nova de Lisboa) descriptor is based on the transform
of the same name ([9]). It uses complex representation of Cartesian coordinates
for points and parametric curves in discrete manner ([9]):

z(t) = (x1 + t(x2 − x1)) + j(y1 + t(y2 − y1)), t ∈ (0, 1), (10)

where z1 = x1 + jy1 and z2 = x2 + jy2 (complex numbers) and zi denotes point
with coordinates xi, yi. The centroid O is now calculated ([9]):

O = (Ox, Oy) = (
1
n

n∑
i=1

xi,
1
n

n∑
i=1

yi), (11)

and the maximal Euclidean distance between points and centroid is found ([10]):

M = max
i

{‖zi(t) − O‖}, ∀i = 1...n, t ∈ (0, 1). (12)

Now coordinates are transformed ([9]):

U(z(t)) = R(t) + j × θ(t) =
‖z(t) − O‖

M
+ j × atan(

y(t) − Oy

x(t) − Ox
). (13)

The discrete version is formulated as follows ([9]):

U(z(t)) = ‖(x1+t(x2−x1)−Ox)+j(y1+t(y2−y1)−Oy)‖
M

+j × atan( y1+t(y2−y1)−Oy

x1+t(x2−x1)−Ox
).

(14)

The parameter i is discretized in the interval [0,1] with significantly small steps
([10]). Derived coordinates are put into a matrix, in which the row corresponds
to the distance from centroid, and the column — to the angle. The obtained
matrix is 128 × 128 pixels size.

Since after the UNL-transform we obtain 2-dimensional binary image again,
the author of the approach proposed using the 2D Fourier transform as the
next step ([9]). That gave one of the best descriptors in shape recognition called
shortly the UNL-F and achieved using the UNL-Fourier transform.
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2.5 Point Distance Histogram

The Point Distance Histogram ([8]) is an algorithm combining the advantages
of histogram with the transformation of contour points into polar coordinates.
Firstly the mentioned coordinates are derived (with O = (Ox, Oy) as the origin
of the transform) and put into two vectors Θi for angles and P i for radii ([8]):

ρi =
√

(xi − Ox)2 + (yi − Oy)2, θi = atan

(
yi − Oy

xi − Ox

)
. (15)

The resultant values are converted into nearest integers ([8]):

θi =
{ �θi	 , if θi − �θi	 < 0.5

θi� , if θi − �θi	 ≥ 0.5 . (16)

The next step is the rearrangement of the elements in Θi and P i according
to increasing values in Θi. This way we achieve the vectors Θj , P j . For equal
elements in Θj only the one with the highest corresponding value P j is selected.
That gives a vector with at most 360 elements, one for each integer angle. For
further work only the vector of radii is taken — P k, where k = 1, 2, ..., m and m
is the number of elements in P k (m ≤ 360). Now, the normalization of elements
in vector P k is performed ([8]):

M = max
k

{ρk} , ρk =
ρk

M
, (17)

The elements in P k are assigned to r bins in histogram (ρk to lk,[8]):

lk =
{

r, if ρk = 1
�rρk	 , if ρk �= 1 . (18)

3 Conditions and Results of the Experiments

The problem was explored using objects from [17]. The database included 10
templates (the general shapes) and 40 tested objects (see Fig. 2).

For each explored algorithm the idea of a test was simple. A test object
was represented using a shape descriptor, and so were all the general shapes
(templates). Basing on the typical template matching approach, the description
of a test shape was matched using Euclidean distance with all the descriptions
of the templates. The three smallest dissimilarity values indicated the general
shapes closest to a test shape according to the algorithm explored. Pictorial
representations of the results will be provided in consecutive figures.

The results for Roundness presented in Fig. 3 can not be considered ideal.
However, in some cases they seem to be correct. For example, the rhombus
(object no. 2) is firstly connected to the square and secondly to the rectangle,
which is a very good result. However, the third indicated general shape — the
disc — completely does not fit to the previous ones. Similarly, the triangle was
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Fig. 2. The division of shapes into 10 templates and 40 test objects

Fig. 3. Results of the experiment on general shape analysis using Roundness

properly matched with a general triangular shape and a rectangle with rounded
corners was connected with the ellipse. In other cases the star was selected very
often. That is clearly seen for various versions of crosses. The results for more
complicated objects are less convincing. Usually the star, triangle or cross were
indicated.

As one might expect, the results achieved using such a simple approach (X/Y
Feret) are not satisfactory (see Fig. 4). Only in a few cases the results can be
considered correct. The rounded rectangle is the first example. Definitely the
first two selected general shapes (the square and the ellipse) are similar to the
test object. Similarly, the results achieved for the car are correct in all three
cases — the ellipse, the trapezoid and the rectangle. In few other cases the first
result is also acceptable. That concerns for example the heart that is similar to
the triangle and the flag close to the square.

The results provided using Moment Invariants (see Fig. 5) are usually very
promising for the first indicated general shape. This time the rectangle ’became
more popular’. In fact, e.g. for the crosses, the human, the cat, the car, etc. one
can agree that when rotated they are very similar to the rectangle.

The results for Fourier Descriptors (see Fig. 6) are very interesting. For the
first five simple test shapes they are very proper. The results achieved for group
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Fig. 4. Results of the experiment on general shape analysis using X/Y Feret ratio

Fig. 5. Results of the experiment on general shape analysis using Moment Invariants

Fig. 6. Results of the experiment on general shape analysis using Fourier Descriptors

of crosses is also correct. For other objects the indication of the star as the most
similar general shape is clearly visible yet not always correct.

The UNL shape descriptor (Fig. 7) completely failed in our problem. Only few
results can be considered proper. Usually, the square and the disc were taken
at the first place. Sometimes the pentagon and the hexagon were selected. The
lack of other templates in results, e.g. the star and the cross, is noticeable.

The results achieved using the UNL-Fourier descriptor (Fig. 8) are not con-
vincing. This method is very effective in the traditional shape recognition prob-
lem. However in the general shape analysis it often fails. For example, the results
achieved for the parallelogram and crosses are irrational. On the other hand, the
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Fig. 7. Results of the experiment on general shape analysis using UNL descriptor

Fig. 8. Results of the experiment on general shape analysis using UNL-F descriptor

performance of the descriptor for the rounded rectangle, stars and some more
complicated test objects is definitely acceptable.

In some cases the results of the PDH approach (Fig. 9) are acceptable. For
example, the first indicated general shape is correct for the first four test objects
as well as for the human, the hand and the car. In general this approach gave
slightly worse results than expected. However, in comparison with other explored
descriptors it seems to be appropriate for the problem under consideration.

4 The Results Provided by Humans

The results provided and briefly described in the previous section can not be
adequately judged, since we can only guess if a method is working well or not.
There is no independent measure for the problem of general shape analysis.
Therefore, in order to estimate the behavior of explored algorithms an inquiry
form was filled by 187 persons (124 men, 63 women, aged from 9 to 62) in.
This inquiry was conducted in order to investigate the manner in which humans
perform the task of general shape analysis. This can serve as a benchmark, an
ideal result. Now, we only have to investigate which of the explored artificial
algorithms is the most similar to it and in what degree. The results of general
shape analysis performed by humans are depicted in Fig. 10. The analysis of the
inquiry forms could be performed in various ways. Here, the most popular result
at the particular place was selected. That gave the most common general shapes
indicated by humans for particular test objects.
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Fig. 9. Results of the experiment on general shape analysis using PDH descriptor

Fig. 10. Results of the general shape analysis test performed by humans, a benchmark
for the artificial methods

Table 1. The comparison of the general shape analysis performed by humans and
artificial algorithms - the percentage of convergence between a shape descriptor and
benchmark human results

Shape descriptor 1st indication 2nd indication 3rd indication

1. FD 35% 22.5% 17.5%
2. PDH 25% 15% 27.5%
3. Roundness 25% 12.5% 17.5%
4. MI 20% 17.5% 5%
5. UNL-F 17.5% 10% 12.5%
6. UNL 15% 5% 12.5%
7. X/Y Feret 10% 7.5% 2.5%

The degree of similarity between shape descriptors and results provided by
humans is presented in Table 1. Each time the percentage of proper indications
compared to benchmark human results is presented, separately for the three
firstly selected templates. As it can bee seen, the Fourier Descriptors work most
similarly to the benchmark human statistics. The result is much higher than
for other six explored methods. That concerns the first (35%) and the second
(22.5%) selected template. Only for the third selection another descriptor works
better, namely — PDH. It is accordant with the human results in 27.5 %.
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5 Conclusions and Future Plans

The paper described experimental results on usage of shape descriptors in the
general shape analysis. The problem is similar to recognition or retrieval, but
here we assume that the processed shape does not have to belong to any of the
template classes, which include the few most general shapes — triangle, square,
disc, etc. Therefore, it can be considered as the determination how triangular,
square, round, etc. is a tested shape. The general shape analysis, as presented in
the paper, can be useful in many applications. The first one is the preliminary
classification of shapes, when we firstly assign an object to a major class and
subsequently we increase the level of details in the identification. Another ex-
ample is the shape retrieval based on the similarity of an object to few the most
general shapes. It can be combined for example with the usage of voice com-
mands. The third example is the analysis of seals when searching for probable
false documents stored on a hard drive in a digital form.

During the experiments on the problem seven shape descriptors were explored.
In order to measure their performance, a special inquiry form was developed. It
was similar to the performed tests and it was filled in by almost two hundred
persons. The selection of the best method was based on a very simple criterion.
The artificial method with the results most similar to the ones provided by hu-
mans was treated as the best. As it turned out the FD were the best among the
tested approaches. The second place went to the PDH, which was also rather
successful. However, the achieved numerical results can not be treated as satis-
factory enough. On the other hand, the results provided by humans are in many
cases ambiguous as well. Nevertheless, the results achieved by the best shape
descriptor among tested are worse than expected (35%), therefore there is still
necessity of exploring some other algorithms in the problem. This is the first
conclusion related to the future work. The second important issue is the a differ-
ent way of constructing the benchmark. In the paper the simplest approach was
utilized. Plainly, the most popular result in the inquiry forms was treated as the
proper one. However, in some cases the differences between the most popular
indication and the second one were very small. This can be taken into consider-
ation in the future improved method of comparing the artificial results with the
human benchmark. Finally, the experiments on some practical examples will be
performed to illustrate the capabilities of the best approaches. The first problem
to explore is the identification of document seals by means of the general shape
analysis.
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