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Abstract: An effective shape signature, namely multi-level
included angle functions (MIAFs), is proposed to describe the
hierarchy information ranging from global information to local
variations of shape. Invariance to rotation, translation and
scaling are the intrinsic properties of the MIAFs. For each
contour point, the multi-level included angles are obtained
based on the paired line segments derived from unequal-arc-
length partitions of contour. And a Fourier descriptor derived
from multi-level included angle functions ( MIAFD) is
presented for efficient shape retrieval. The proposed descriptor
is evaluated with the standard performance evaluation method
on three shape image databases, the MPEG-7 database, the
Kimia-99 database and the Swedish leaf database. The
experimental results of shape retrieval indicate that the MIAFD
outperforms the existing Fourier descriptors, and has low
computational complexity. And the comparison of the MIAFD
with other shape description methods also shows that the
proposed descriptor has the highest precision at the same recall
value, which verifies its effectiveness.
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A s one of the primary visual contents of images used
in CBIR, shape is clearly an important cue for re-
presenting and indexing images. However, shape descrip-
tion is a difficult task'", as shape instances from the same
category are often very different due to various transfor-
mations, such as translation, rotation, scaling, noise and
occlusion, etc. ”'. In the last decade, significant progress
has been made in the development of shape description
and matching, and many shape description methods have
been proposed™’.
tors, the Fourier descriptor (FD) is a classical method

Among many existing shape descrip-

and it is very popular due to its low computational com-
plexity, clarity and coarse-to-fine description”™. FD
methods use a 1-D feature function called shape signa-
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Shape retrieval using

ture, to represent a 2-D shape contour. Different feature
functions have different capabilities of describing contour,
and, hence, FDs derived from different feature functions
have significantly different retrieval performance' . In re-
cent years, several new signatures have been developed,
such as the perimeter area function ( PAF) 9 the farthest
point distance (FPD)"™', and the arc-height radius com-
plex function ( AHRC) o

The FPD is expected to increase the capability of the
FD to capture local corner information. For a given point
on the shape contour, the FPD value is calculated by
adding the distance between the given point and the cen-
troid to that between the centroid and the point farthest
from the given point. Therefore, the FPD is still affected
by the centroid in essence, and it cannot describe the lo-
cal detail information very well.

The PAF places all the vertices of the triangle on the
shape contour and can well capture local contour informa-
tion. And the Fourier features derived from the PAF are
combined with the ones derived from the centroid distance
(CD) for shape retrieval. The experimental results show
that this method outperforms commonly used FDs and the
wavelet Fourier descriptor'®. Much similar to the PAF,
the AHRC also uses contour points to produce the signed
arc-height features''. The AHRC is a complex-valued
signature formed by combining the centroid distance and
the signed arc-height, and it is analogous to the angular
radius function'® . The FDs derived from the AHRC func-
tion can be regarded as the arc-height radius Fourier de-
scriptor (AHRFD).

However, the combination of local and global features,
such as PAF + CD, fails to reflect the hierarchy of the di-
versity between local and global information very well.
Another way to capture both local and global information
can be achieved by using the multi-scale methods'®*™"".
In Ref. [9], the beam angle statistics ( BAS) descriptor
was proposed. Beams are defined as vectors connecting a
contour point with the remaining points on the contour,
and the slopes of the beams are used to calculate the angle
between each pair of beams. However, the usage of the
statistics of the beam angles at all scales and the optimal
correspondence algorithm increases the computational
complexity. In Ref. [ 10], the angle scale descriptor
(ASD) was introduced to eliminate the noise influence in
the angle calculation. In the ASD, the angle at a point is
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formed by two successive vectors. However, the usage of
consecutive angle’s scaling makes the information in fea-
ture vectors redundant. And the amount of computation
increases accordingly. It is clear that both of the two de-
scriptors do not rationally exploit the information provid-
ed by the angles. The proposed MIAFs with only a few
levels can represent both local and global shape features
very well, and describe the contour hierarchically and re-
liably. Then MIAFs are used to derive the effective FD
for shape retrieval. The Fourier descriptor based on MI-
AFs is very compact, and presents good and stable re-
trieval performance. In this paper, a multi-scale shape
signature, namely multi-level included angle functions
(MIAFs), is presented to further promote the shape re-
trieval performance of the FD.

1 Multi-Level Included Angle Functions

In this section, we propose the MIAFs. A shape con-
tour after sampling can be expressed by an ordered set of
points C = {p, =(x,,y,)}, fori=1,2, ..., M, where x,
and y, represent the coordinates of the point p,, and M is
the number of contour points. The length of the contour
is denoted by L, which is defined as the number of the
contour points in this paper.

The MIAFs can be obtained through the following
steps. For each point p, on the shape contour, we can lo-
cate K (K is a positive integer) points orderly by tracing
the contour in the forward direction, which satisfy that
the arc length between p, and the k-th point is equal to
(2" =2"YL/2%?, for k=1,2, ..., K. Then in the re-
verse direction, other K points can be located on the con-
tour, satisfying the similar constraint. 2K neighbor points
are located totally in such a way. And a pair of line seg-
ments can be obtained by connecting point p, and two
neighbor points which have equal arc length from point p;,
to them, respectively. There are K pairs of line segments
in total. Fig. 1(a) indicates that six pairs of line segments
are formed when K is set to be six, and Fig. 1(b) shows
one of the included angles in Fig. 1(a).

pi
(a) (b)

Fig.1 Contour partitions and included angle. (a) Illustration of
paired line segments based on unequal-arc-length partitions of the con-
tour; (b) Illustration of included angle

The included angle 6, between the k-th pair of line seg-
ments can be calculated according to the law of cosines.
With a specific starting point p, of the shape contour, the

arc length between p, and each point p, is unique, and the
corresponding K included angles, 6, (k =1, 2, ..., K),
change according to p,. Therefore, 6, can be viewed as a
function of the arc length. Then for contour C, a set of in-
cluded angle functions can be expressed as ¥'={0,, 0,, ...,
0.}, where 8, ={6,,,0,, ...,0,,}, and denoted as MIAFs.

The MIAFs are clearly invariant under translation and
rotation, because the MIAFs are defined directly on con-
tour points and for each point on the shape contour the in-
cluded angles do not change while rotating or translating
the contour. And the MIAFs are also scale invariant. For
a given scaling factor denoted as Sf, the lengths of all the
line segments change in the same proportion when the
contour is scaled. And the proportion Sf is removed dur-
ing the calculation of included angles, so the MIAFs re-
main unchanged.

But for different starting points, MIAFs will change
subsequently, and the matching process in shape retrieval
will become complicated in this case. To eliminate the
impact caused by different starting points,
transform is applied on MIAFs.

2 MIAFs-Based Flourier Descriptor (MIAFD)

the Fourier

The Fourier transform is applied after the MIAFs are
extracted to make them independent from the starting
point. We resample each original shape contour with
equivalent intervals before the implementation of the fast
Fourier transform (FFT) in order that the points number
M =2", where n is a positive integer. For an included an-
gle function @, in W, where 0, = {0,,, 0, ..., 0,,} and k
=1, 2, ..., K, the FFT for the function is given as

M
_ —j2mt(i=1)/M
Z, = z 0,.exXp
i=1

where Z, are the transform coefficients, for t =1,2, ...,
M. The change of starting point just influences the phase
of the Fourier coefficients. Consequently, only the mag-
nitudes of the low-frequency coefficients are used to de-
scribe contour. As a result, we obtain a set of absolute

values of Fourier coefficients \Z,k , fort=1,2,....,m
and m < M, for each included angle function. And the
MIAFD is formed by all K sets of absolute values of Fou-
rier coefficients, which are { | Z, Z, Z. |,
‘le Z, Z, 4 Zy Zl}-

The similarity between two shapes can be determined

by the Manhattan distance (MD) metric.
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3 Experimental Testing and Results Comparison

To evaluate the effectiveness of the proposed MIAFD,
the retrieval tests are conducted on three databases, the
MPEG-7 Set B database, the Kimia-99 database, and the
Swedish leaf database. Details about these databases can
be seen in Refs. [11 —13]. And the retrieval results are
measured using precision and recall curve. The following
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experiments are implemented using one computer with a
Pentium 3. 07 GHz CPU, and Matlab ( version 7.9) is
used as programming tool.

In our retrieval experiments, the number of the sam-
pling points for each shape contour is 256, and the value
of parameter K is set to be 6. In each level, seven low-
frequency Fourier features are used for retrieval. This in-
dicates that the total number of coefficients used for the
MIAFD is 42.

3.1 Comparisons of MIAFD and other FDs

The proposed method is compared with other four typi-
cal Fourier descriptors, including widely used FDs de-
rived from angular radius function (ARF)[SI, PAF'?,
FPD"', and AHRC"'. For all the four Fourier descrip-
tors, the total number of features used is set to be 42 in
our experiment, which is a suitable value according to
Refs. [4,6 —7].

Fig. 2 shows the average precision-recall plots using the
MPEG-7 Set B database, the Kimia-99 database and the
Swedish leaf database.

Fig. 2(a) shows that among the competing FDs, the
highest precision is reached at each recall level by our
method on the MPEG-7 Set B database. For example,
when the recall value is 50% , the precision of the MI-
AFD is higher than that of PAF + CD, the second top de-
scriptor, by 9% and the AHRFD by nearly 17% . The
MIAFD also achieves better retrieval result than the other
four FDs on the Kimia-99 database and the Swedish leaf
database. From Figs.2(b) and (c), we can see that the
proposed method achieves much higher precision at each
level of the recall value than the other four functions.

To compare the computational complexity of the MI-
AFD with other FDs, the time required for feature extrac-
tion and shape matching is reported for each FD on the
MPEG-7 database. In our experiments, feature extraction
was implemented for all 1 400 images, and then each
shape in the database was taken as a query for each FD.
The experiment was repeated 20 times for each FD. The
average time required for the feature extraction of one
shape and the matching time of one query is shown in
Tab. 1.

As can be seen from Tab. 1, the time that one query
shape requires to complete the matching stage for each FD
is almost the same. For the feature extraction stage,
18.036 ms is taken for one shape on average using the
MIAFD, which is less than that using the FPD and a little
more than those using the AHRFD and the PAF + CD.
These results show that the MIAFD is competitive in
complexity compared with these methods.

3.2 Result comparisons of MIAFD with other shape
descriptors

To obtain a comprehensive comparison, the proposed
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Fig.2 Precision-recall curves of different FD methods. (a) On
MPEG database; (b) On Kimia-99 database; (c¢) On Swedish leaf data-
base

Tab. 1  Processing time required for feature extraction and
matching stage using FDs ms
FDs Feature extraction time Matching time
MIAFD 18.036 1.730
AHRFD 15.236 1.713
PAF + CD 15.169 1.714
FPD 30.500 1.733
ARF 1.677 1.721

descriptor is also compared with six other notable com-
monly used or recently proposed descriptors. These shape
descriptors are the tensor scale descriptor with influence
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zones (TSDIZ) ™", the angle scale descriptor ( ASD) tor |
the SCHT-based shape descriptors (SCHDs) "', the con-
tour points distribution histogram descriptor ( CPDH) ",
the generic Fourier descriptor ( GFD)"", and the curva-
ture-based Fourier descriptor (CBFD . These descrip-
tors are adopted for the comparison because it has recently

been shown that they are efficient and effective techniques
1,10, 14-17]

)[17]

for shape retrieval on the standard shape dataset'
In comparison with these notable approaches, the MI-
AFD achieves excellent performance. Fig. 3 shows the
precision-recall plots of the MIAFD, GFD, CPDH,
ASD, CBFD, TSDIZ and SCHDs on the standard
MPEG-7 database. The precision and recall data of the
CPDH, GFD, CBFD, ASD, TSDIZ and SCHDs come
from Refs. [1, 10, 14 —17], respectively. It is noted that
these results were obtained with optimal parameters.
From Fig. 3 it is clear that the precision of the CPDH,
GFD, CBFD, ASD, TSDIZ and SCHDs at each level of
recall is much lower than that of the proposed technique.
It is obvious that the performance of the MIAFD is very
promising.
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Fig.3 Precision-recall curves of the MIAFD, CPDH, GFD,
ASD, CBFD, TSDIZ and SCHDs

We also compare the computational complexity of the
MIAFD with that of the ASD. We re-implemented the
ASD method on the MPEG-7 database according to Ref.
[10]. Feature extraction is implemented for all 1 400 im-
ages and the first 400 shapes in the MPEG-7database are
taken as queries. The average time required for the fea-
ture extraction of one shape and the matching time of one
query is given in Tab.2. As seen in Tab.2, the MIAFD
has a great advantage over the ASD in the computational
complexity.

Tab.2 Processing time required for feature extraction and

matching stage using MIAFD and ASD ms
Descriptor Description time Matching time
MIAFD 18.036 1.730
ASD 45.035 5.587 x 10°

4 Conclusion

We propose the MIAFs to describe shape contour hier-

archically and reliably. The MIAFs are based on the une-
qual-arc-length partitions of the contour and can describe
shape contour from coarse to fine at different levels. The
MIAFs are inherently invariant under translation, rotation
and scaling. The MIAFs-based Fourier descriptor ( MI-
AFD) is tested on the MPEG-7 Set B database, the Kim-
1a-99 database and the Swedish leaf database. The experi-
mental results demonstrate that the proposed method can
be very compact and present better retrieval performance
than other FDs. The reason for the superior retrieval per-
formance is that the proposed MIAFD method can well
capture the hierarchy information ranging from global to
local variations of shape. Moreover, the comparisons
with the other six notable shape descriptors indicate that
our method has remarkable retrieval performance.
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