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Abstract—Automated object recognition methods are essential
for numerous applications of machine vision and pattern
recognition. For an efficient object representation, a contour-
based shape descriptor is designed, with a one dimensional
shape signature. The present paper proposes a novel shape
signature for recognizing the objects in complex plane. The
proposed shape signature is applied on the contour shape
representation, and then the description of representative
shape features with the corner potential flow measure followed
by the Fourier transformation. During recognition process, the
Euclidean distance measure is evaluated to estimate the
similarity score between the objects. The recital of the
proposed shape descriptor has been checked with the Kimia 99
database. The experimental results are found to be robust and
invariant to transformations.

Keywords—complex Plane, Potential, Sgnature, Distance
Measure and Conformal Mapping.

1. Introduction
Recently, the applications of machine vision and pattern
recognition [1,2,3,4] include the object recognition

techniques. Currently, object recognition plays an important
role [1] in various real time applications [5,6,7]. The
bottom-up object recognition methods [8,9,10] focuses on
the image features where as the top-down object recognition
methods [11,12] focuses on the configuration of the object.
Among various object recognition methods, the shape based
methods are observed to be efficient [13]. Various shape
based object recognition methods includes generic Fourier
transform [14], convex hull [14], shock graph [15] and
shape matrix [16] etc. The shape of the object can be
efficiently represented by the invariant signature [17] [18]
and the further described by the Fourier transformation [17].
In fluid dynamics, potential flow describes the velocity field
as the gradient of a scalar function. The complex plane of
the shape can be prominent for shape representation and
description [19]. In the complex plane, the flow of velocity
can be efficiently represented with the complex potential
[20].
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Potential flow in two dimensions is simple to analyze
using conformal mapping, by the use of transformations of
the complex plane. The flow computation can be measured
around a semi-infinite plate, around a right corner, through a
corner or near a stagnation point, and around a source
doublet etc. Among these the present paper computes the
flow near a stagnation point and designs a Corner Potential
Flow (CPF) signature for the representation of the shape of
the object in the complex plane. The paper is organized in
3-sections. Introduction to complex potential based shape
representation and description methods are reported in
Section-l. The details of methodology implemented
presently and the relevance are detailed in section-11. Results
of implementing the novel algorithm designed by the
proposed approach over the standard database and their
analysis with relevant discussion are presented in Section-
1l.

n. Methodology

A novel corner based complex potential signature is
proposed for shape based object recognition. The step by
step details of proposed descriptor are presented in section
I1.A, while the section 11.B discusses regarding the measures
of performance.

A. Design of the System

The proposed method consists of four stages given as
follows

i.  Contour based shape representation of the object

ii. Computation of Corner Potential Flow Signature

iii. Fourier transformation based description

iv.  Shape toning and ranking respectively.

From the Literature, it is found that the Contour based
representation is prominent than the region for shape
representation for object recognition. Hence, the present
paper represents the contour of the shape in the initial stage
followed by the Equivalent Arc Length [17] method is used
for optimization. In the second stage, the represented shape
information is transformed in to complex plane. The two
dimensional potential flows can proficiently analyze the
flow with in the shape. For this, the power-law conformal
mapping is applied to the input complex plane object for
estimation of potential flow at corners. The estimation of
potential flow at corner is given by

¢ =r"Cos(n@) @

The Stream Function is estimated by

v =r"Sin(ne) @)

SEEK
DIGITAL LIBRARY



International Journal of Advances in Image Processing Techniques

Volume 3 : Issue 2

The power n indicates the flow at various regions. Some
of the possible values for n are {1/2,2/3,1,2 and -1}. In the
log polar transformation, for n=1/2, the flow around a semi-
infinite plate, for n=2/3, the flow around a right corner, for
n=1, the uniform flow, for n=2, the flow through a corner, or
near a stagnation point, and for n= —1, the flow due to a
source doublet is computed. The flow computation with
various values of n [22] is shown in Figure 1.
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Figure 1. Potential Flow computation with (i) n=1 (ii) n=2
and (iii) n=3/2.

The present paper considers the computes the potential
flow through corner or near a stagnation point. So, the
proposed Contour Potential Flow (CPF) signature considers
the n value as 2. The proposed CPF signature computes the
potential flow at regions where the stream function value is
zero. The Imaginary values of the CPF are in harmonic
function and thus this can be used for designing the CPF
signature.

In the third step, the description of the CPF signature is
estimated with the 1-D Fourier transformation [17]. The
described feature wvector is found to be invariant to
translation, rotation and scaling. In the wake of the fact, that
the CPF signature is obtained wrt the centroid, the obtained
features proved to be invariant to the translation operation.
Further, the resulting finite and stipulated magnitude values
of the features would be validated for the rotation
invariance. The scaling invariance is achieved by dividing
the feature vector with the first feature value. In the third
step, the feature vector is constructed, which describes the
entire shape aspect of the object. To further improve the
quality of CPF signature, three global descriptors (GD) are
included to the current feature vector. The GD feature
vector, viz., {S,C,A} contains the measures of solidity,
circularity and aspect ratio.

In the fourth step, the shape toning process [21] is
performed with the Euclidean Distance (ED) and is
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estimated to test and expose to the process of shape training
(i.e. during the identical shape toning process).

ED(TE, TR) = | 3(TE, - TR,)? 3)

where, TE represents the test shape feature vector,
TR represents the trained shape feature vector and
i represents the length of the feature vector.

Inclusion of GD is effectively carried out through the
computation of relative distance measure given by:

D(TE, TR) = ED(TE, TR) + 2x(TE.TR) @
D (TE, TR) = zﬂ ©)
o x max(X™)

where, ED(TE,TR) represents the ED between the test and
trained shapes,
DX(TE,TR) represents the Global distance between
the test and trained shapes,
X represents the GD vector {S,C,AR},
XTE represents the GD feature of the test shape and
XTR represents the GD feature of the trained shape.

The specified data of distance measurement i.e. the so
computed distances are further rearranged in ascending
order and are assigned with specific ranks. In turn, the
system is enabled to recognize top ranked images.

B. Performance Indicators

The performance of various object recognition schemes
reported so far employ different measures [17]. Among
them, precision and recall are considered as important
measures, while they quantify the similarity measurement.
Precision (P) and Recall (R) are defined by;

P=X{ ()
R= %roupsize Y

where,
x denotes the true recognition results,
y denotes the total recognized result and
groupsize denotes the maximum true recognition
result.

The Average Precision value for each recall is computed.
This value is affirmatively grouped as two categories viz.,
Low Recall (LR), High Recall (HR). The Average Precision
for Low Recall (APLR) denotes the average precision for
recalls less than equal to 50. In contrast, the Average
Precision for High Recall (APHR) represents the average
precision for recalls greater than 50. The proposed CPF+GD
signature is compared with four standard descriptors viz.,
Angular Radial Transform Descriptor (ARTD) [17],
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Moment Invariant Descriptor (MID) [17], Zernike Moment
Descriptor (ZMD) [17] and Curvature-Scale-Space-
Descriptor (CSSD) [17].

m. Results and Discussions

Due to the varied set of object shapes, the Kimia 99
database is used for evaluating the performance of the
proposed Corner Potential Flow descriptor as discussed in
section II-A. The results of proposed method and various
other standard methods are presented in the following
subsection-111.A. The proposed descriptor is validated with
the relative performance measures and is given in the sub
section I11-B in the wake of the other reported descriptors.

A. Processing of CPF+GD Descriptor

The present paper computes the proposed CPF signature
given in Equation (1) with the log polar transformation of
the input object and the power n value as 2. The only
imaginary values of the corner potential flow are considered
for constructing the shape signature. The proposed signature
is applied on the objects of Kimia 99 database and the CPF
signature of three Hand images (Hand1, Hand5 and Hand11)
are illustrated in Figure 2. It is observed that the CPF of
different objects of the same group are found to be similar.
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Figure 2. (i) Hand1 Object (ii) Hand5 Obiject (iii) Hand11
Object (iv) CFP Signature of Handl (v) CFP Signature of
Hand5 (vi) CFP Signature of Hand11.
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Figure 3. (i) Fish4 Image (ii) ZMD Recognition Result of
Fish4 (iii) CPF+GD Recognition Result of Fish4.

Next, the one dimensional Fourier transformation is
applied on the designed CPF signature which vyields
invariant feature vector. Then, the Euclidean Distance (ED)
is used for the shape toning process. This will compute the
distance between test and target feature vectors and are
allocated with the rank according to the distance. The
performance of the proposed descriptor is estimated by the
top eleven (groupsize) retrieved objects. Fig. 3 illustrates the
recognition results of Fish4 object from Kimia 99 database.
The Fig. 3(i) represents the input object, 3(ii) represents the
ZMD recognition result and 3(iii) represents the CPF+GD
recognition result. From this, it is observed that the proposed
CPF+GD descriptor reduces the dissimilar recognition result
than the ZMD.

B. Validation of CPF+GD descriptor

With the computation of confusion matrix, the present
paper performs the validation of the proposed CPF+GD
descriptor. The present paper compares the precision of the
proposed and four other standard descriptors viz., Zernike
Moment Descriptor (ZMD), Angular Radial Transform
Descriptor (ARTD), Moment Invariant Descriptor (MID)
and Curvature Scale Space Descriptor (CSSD). The Table |
gives the comparison of APLR and APHR measures of
proposed and standard descriptors.

From Table I, it is observed that the CSSD descriptor is
having lowest APLR and APHR values than other standard
descriptors where as the ZMD is having highest APLR and
APHR values. The proposed CPF+GD descriptor is found to
be efficient and is giving improved results of both APLR
and APHR than all the other methods. The PR plot [18] of
all the five descriptors is shown in Figure 4. The CPF+GD
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descriptor clearly witnesses an improved precision
prevalently at all recalls from 0 to 100 than the other
descriptors. Among them, the CSSD descriptor is having
low precision than the other descriptors.

TABLE I. APLR AND APHR OF PROPOSED DESCRIPTOR WITH
KIMIA-99 DATABASE.

Average

Descriptor | APLR APHR Precision
CPF+GD 92.40 63.87 78.12
ARTD 84.26 45.72 64.99
MID 81.96 44,74 63.35
ZMD 89.61 61.37 75.49
CSSD 82.32 4411 63.22
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Figure 4. Comparison PR plot of CPF+GD and other
standard descriptors.

iv. Conclusions

e Representation and description of shape of the
object is found to be efficient with the complex
potential.

e  The contour through potential flow yields improved
recognition results than the standard descriptors.

e The performance measures viz., TPR, SPC, PPV,
FDR and ACC gives the detailed description of the
efficiency of the proposed CPF+GD descriptor.
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