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Abstract—This paper presents a comparative study between
scale, rotation and translation invariant descriptors for shape
representation and retrieval. Speciﬁcally, we studied Fourier,
angular radial transform and image moment descriptors for
shape representation. Since shape is one of the most widely used
image feature exploited in content-based image retrieval systems,
we studied for each descriptor, the number of coefﬁcients needed
for indexing and their retrieval performance. Results showed
that moment descriptors present the best performance in both
terms of shape representation quality as well as in the amount
of required coefﬁcients.
Index Terms—Shape representation, image retrieval system,
shape matching, invariant descriptors.

I. I NTRODUCTION
Shape representation compared to other features, like texture
and color, is much more effective in semantically characterizing the content of an image [1]. However, the challenging
task of shape descriptors is the accurate extraction and representation of shape information. The construction of shape
descriptors is even more complicated when invariance, with
respect to a number of possible transformations, such as scaling, shifting, and rotation, is required [2]. Pattern recognition
by shape descriptors can be used in many practical tasks, for
example in image matching, multitemporal image sequence
analysis, shape classiﬁcation and character recognition.
Various shape descriptors exist in the literature, mainly
categorized into two groups: contour-based shape descriptors
and region-based shape descriptors. Contour-based methods
need extraction of boundary information which in some cases
may not available. Region-based methods, however, do not
necessarily rely on shape boundary information, but they do
not reﬂect local features of a shape. Therefore, for generic
purposes, both types of shape representations are necessary.
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II. S HAPE D ESCRIPTORS
In this section we describe three important shape descriptors: Fourier descriptors, angular radial transform descriptors and image moment descriptors. Fourier descriptors are
contour-based while image moments and angular radial transform descriptors are region-based.
A. Fourier Descriptors
Fourier descriptors have been successfully applied to many
shape representation applications, especially to character
recognition. Their nice characteristics, such as simple derivation, simple normalization, and its robustness to noise, have
made them very popular in a wide range of applications [3].
The Fourier descriptors are obtained through Fourier transform
on a complex vector derived from shape boundary coordinates
(xn , yn ), n = 0, 1, . . . , N − 1. The complex vector Ū is given
by the difference of the boundary points from the centroid
(xc , yc ) of the shape
⎛
⎜
⎜
Ū = ⎜
⎝

x0 − xc + i(y0 − yc )
x1 − xc + i(y1 − yc )
..
.

⎞
⎟
⎟
⎟ , n = 0, 1, . . . , N − 1 (1)
⎠

xn − xc + i(yn − yc )
where
xc =

N −1
1 
x(n),
N n=0

yc =

N −1
1 
y(n)
N n=0

(2)

The centroid subtraction, which represents the position of the
shape from boundary coordinates, makes the representation
invariant to translation. One dimensional Fourier transform is
then applied on Ū to obtain the Fourier transformed coefﬁcients
(3)
F¯k = F F T [Ū ]

The magnitudes of the coefﬁcients |F¯k | are normalized by the
magnitude of the ﬁrst coefﬁcient |F¯0 | for scaling invariance.
The acquired Fourier descriptors are translation, rotation and
scale invariant.
By limiting the number of coefﬁcients k, we are able to
reduce the high frequency noise to a great extent, leaving
at the same time the main details of the patterns. Thus, the
application of limited number of Fourier descriptors has the
effect of lowpass ﬁltering. However, this reduction leads also
to loss of spatial information in terms of ﬁne detail.
B. Angular Radial Transform
The angular radial transform (ART) is a moment-based
image description method adopted in MPEG-7 as a 2D regionbased shape descriptor [4]. The ART is a complex orthogonal
unitary transform deﬁned on a unit disk based on complex
orthogonal sinusoidal basis functions in polar coordinates. The
ART coefﬁcients, Fnm of order n and m, are deﬁned by
∗
Vm,n
(x, y)f (x, y)dxdy

Fmn =

(4)

C. Image Moments
Image moments have been proved applicable in various
recognition tasks. The chosen image moment are not invariant
only only under translation, rotation and scaling of the object
but also under general afﬁne transformation [6]. The afﬁne moment invariants are derived by means of the theory of algebraic
invariants and more speciﬁcally by means of decomposition of
afﬁne transformation into six one-parameter transformations.
The six afﬁne invariants used are deﬁned below:

with
Am (θ) =

1 jmθ
e
2π

=
+

I3

Rn (r) =

(7)

The ART descriptor is deﬁned as a set of normalized magnitudes of the set of ART coefﬁcients. Rotational invariance
is obtained by using the magnitude of the coefﬁcients. In
order to achieve translation invariance, the center of the polar
coordinate system is deﬁned as the center of mass of the
object, which can be easily acquired by geometric moments
[5]
x̄ =
ȳ

=

f (x, y)xdxdy
f (x, y)dxdy
f (x, y)ydxdy
f (x, y)dxdy

+
I4

F̄mn

=

+
−
I5

=

I6

=

12μ211 μ02 μ30 μ12

6μ211 μ202 μ30 μ21 + μ302 μ230 )
1
(μ40 μ04 − 4μ31 μ13 + 3μ222 )
μ600
1
(μ40 μ04 μ22 + 2μ31 μ22 μ13 − μ40 μ213 − μ04 μ231
μ900
μ322 )

where μpq is deﬁned by
μpq =

f (x, y)(x − xt )p (y − yt )q dxdy

(12)

object

The proposers of the moment based method have suggested
the use of either all six or only the ﬁrst four invariant moments
for the description of objects. We used the ﬁrst case for all
our experiments.
III. I NDEXING

(8)
(9)

According to the MPEG-7 standard, the ART descriptor is
expressed by 140 bits, consisting of 35 4-bit coefﬁcients, since
it is deﬁned that the calculated coefﬁcients have orders (n <
3, m < 12), normalized by |F00 |. Therefore, the normalized
scaling invariant coefﬁcients are given by
2πFmn
=
f
(x, y)dxdy
s

=

−

and
1,
(n = 0)
2 cos(πnr), (n > 0)

8μ311 μ03 μ30 − 6μ20 μ202 μ30 μ12 + 9μ20 μ202 μ221

I2

(5)

(6)

−

=

where f (x, y) is an image function in polar coordinates and
Vm,n (x, y) is the ART basis function that is separable along
the angular and radial directions:
Vm,n (r, θ) = Rn (r)Am (θ)

+
+

1
(μ20 μ211 − μ211 )
μ400
1
(μ230 μ203 − μ30 μ21 μ12 μ03 + 4μ30 μ312
μ10
00
4μ03 μ321 − 3μ221 μ212 )
1
(μ20 (μ21 μ03 − μ212 ) − μ11 (μ30 μ03 − μ21 μ12 )
μ700
μ02 (μ30 μ12 − μ221 ))
1
(μ320 μ203 − 6μ220 μ11 μ12 μ03 − 6μ220 μ21 μ02 μ03
μ11
00
9μ220 μ02 μ212 + 12μ20 μ211 μ03 μ21
(11)
6μ20 μ11 μ02 μ30 μ03 − 18μ20 μ11 μ02 μ21 μ12

I1

(10)

The indexing process for each descriptor was performed
based on their optimal number of coefﬁcients described in
literature. More speciﬁcally for Fourier descriptors we used
the ﬁrst 32 descriptors, for the angular radial transform the
ﬁrst 35 descriptors and the 7 image moment descriptors as
follows:
|F¯32 |
|F¯1 | |F¯1 |
ff ourier = { ¯ , ¯ , . . . , ¯ }
(13)
|F0 | |F0 |
|F0 |
fart = {F̄1 1 , F̄2 1 , . . . , F̄11 2 }

(14)

fmoment = {I1 , I2 , . . . , I6 }

(15)
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IV. C OMPARISON R ESULTS
We compared the performance of each descriptor on the
MPEG-7 data set for the Core Experiment CE-Shape-1, part
B, illustrated in [7]. We used the 1, 400 image data set divided
in 70 shape classes of 20 images each. One image from each
shape class was used as a query image and the 10 of total
20 ﬁrst relevant images were retrieved. Sample dataset images
are illustrated in Fig. 1.
The Euclidean distance between two descriptor vectors was
used for similarity measurement as follows:
dist = (

N


|fqi − fdi |2 )1/2
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Fig. 2. Retrieval results for hammer-15: (a) query image; (b) Precision/Recall
graph for the query image.
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V. C ONCLUSION
In this paper we have made a study and a comparison on
three shape descriptors for shape retrieval. Results show that
in terms of scaling, translation, and rotation invariance and
compactness, image moment descriptors get more credits than
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where N is the number of used descriptors for indexing the
shapes, fq the query descriptor vectors, and fd the database
descriptor vectors.
For performance measure we used the precision and recall
of the retrieval for the evaluation of the query results. Precision
P is deﬁned as the ratio of the number of retrieved relevant
shapes r to the total number of retrieved shapes n, P = r/n.
Precision P measures the accuracy of the retrieval and the
speed of the recall. Recall R is deﬁned as the ratio of the
number of retrieved relevant images r to the total number m
of relevant shapes in the whole database, R = r/m. Recall
R measures the robustness of the retrieval performance. The
precision and recall results for 4 query images are depicted
in Figure 2 to Figure 5, with moment descriptors presenting
the best average retrieval performance. However, it is known
that the retrieval performance of shape descriptors depends
highly on the shape database. Thus, the comparison results
between the different descriptors can provide a better measure
of efﬁciency.
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Fig. 3. Retrieval results for bottle-14: (a) query image; (b) Precision/Recall
graph for the query image.

the other two methods. Although image moment descriptors
lacks the contour information reﬂected in Fourier descriptors,
retrieval results favor its performance. Furthermore, while
angular radial transform captures strong perceptual shape features, Fourier descriptors are more robust to general boundary
variations than angular radial transform.
(a)
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Fig. 4. Retrieval results for device7-13: (a) query image; (b) Precision/Recall
graph for the query image.
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Fig. 5. Retrieval results for key-19: (a) query image; (b) Precision/Recall
graph for the query image.
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