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Abstract - An ensemble of 2D ear matchers is built by
training each matcher using a set of Gabor filters and
color spaces selected by a genetic algorithm (GA). First,
using gray level images, we select the best Gabor filters
applying Sequential Forward Floating Selection.
Second, using the RGB images, several color spaces are
obtained using a GA. Finally, an ensemble of 1-nearest
neighbor matchers use the color spaces and filters for
classification. The performance of the proposed
approach is measured using the Notre-Dame EAR
dataset. To create the color spaces, the dataset is
divided into training and testing sets using ear samples
from different individuals. System parameters are
selected using samples of individuals that belong to the
training set. The method is then tested on the testing set.
In this way, we consider our protocol a reliable blind
testing protocol. Our system obtains rank-1 of ~81% and
rank-5 of ~92%.

Keywords: Ear verification, Color space, Floating Search,
Gabor Filters, Multimatchers.

1 Introduction

One promising biometric is the ear. Unlike face
identification, ear characteristics are stable throughout the
lifespan and are not altered by facial expressions. Unlike
fingerprints and iris and retina identification, images of the
ear are cheaper and easier to capture. Other advantages of ear
identification include its use in identifying people in
accidents, such as airplane crashes [1] and in crime scene
investigations that provide video of the perpetrators [2].
Similar to face identification, problems involved in ear
identification include hair and hat occlusions as well as
changes due to ear adornments. One method for
circumventing occlusion problems has been proposed by [3]:
they use a sensor to measure the acoustic properties of the
outer flap of the ear and the ear canal. For these reasons and
more, ear recognition has been the focus of considerable
research the last few years.

Although some researchers have used 3D images of ears in
their classification experiments [4-7], most experiments
extract features from 2D images (see [8], [9] and [10] for

excellent surveys of the literature). The most commonly used
2D matchers are based on principal component analysis
(PCA) [11-13]. However, PCA is very sensitive to pose
variation and illumination conditions. In [14], Independent
Component Analysis (ICA) coupled with a Radial Basis
Function (RBF) network was shown to outperformed PCA. A
graph matching technique based on a Voronoi diagram of
curves, extracted from the Canny edge map of the ear, is
proposed in [15], and in [16] a matcher based on a force field
transformation, that treats the image as an array of mutually
attracting particles that acts as the source of a Gaussian force
field is proposed. This method outperforms the 2D based
PCA matchers when the images are poorly registered since it
does not need an explicit segmentation of the ear from the
background. In [17-19], feature extraction is performed on
selected subwindows of the whole image, and for each
subwindow a different classifier is trained. In [19] this
subwindow approach is improved using an ensemble of
matchers that are each trained using a different color space
and a different normalization procedure.

The use of different color spaces for improving classifier
performance in other problem domains has been reported in
[20-22]. Example color spaces include the R channel in RGB,
and the V channel in HSV. Both have proven useful in face
recognition [23]. A face recognition multi-matcher is
proposed in [24], where each matcher is trained using one of
the three components of the YIQ color space. In [25] a
method is proposed that unifies the color image.

The ear authenticator proposed in this work is based on an
ensemble of matchers, where each matcher is trained using a
set of Gabor filters extracted from different images. We select
the best Gabor filters by Sequential Forward Floating
Selection using the gray level images. Then several color
spaces are obtained using a genetic algorithm (GA), where
the optimization function is the equal error rate obtained
considering the previously selected filter. Each matcher in the
ensemble, a simple l-nearest neighbor classifier [26], is
trained using the features extracted from the images
transformed as follows: the new image is given by
o-R+B-G+y'B, where R, G, B are the channels of the RGB
color space, respectively, and the values a, B, y are selected
by the GA. The set of matchers is combined by the sum rule
[27]. The experimental results obtained in the well known
Notre-Dame EAR dataset demonstrate that the proposed
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system is an effective method for building an ensemble of
matchers.

2 System description

Since it has been shown that different color spaces can
be used for building a multimatcher system [28], in this study
we explore the possibility of using an optimization algorithm
to build an ensemble of matchers for creating a set of color
spaces. The set of matchers is a set of 1-nearest neighbor
classifiers. First, a set of Gabor features are extracted from
each image. The set of Gabor filters are selected by
Sequential Forward Floating Selection (SFFS') using only the
gray level images. Second, GA calculates k color spaces
considering the set of Gabor filters selected. Finally, an
ensemble of 1-nearest neighbor matchers use the color spaces
and filters for classification. Using this system, the color
spaces are optimized for the specific feature extractor and for
the classifier used in the matchers.

2.1 Ear extraction

As in [18], we extract the ear from a given image using
the landmarks, Triangular Fossa and the Incisure Intertragica
(see Figure 1). Once the landmark positions are identified, a
bounding box is inferred, and the ear image is extracted. The
resulting images are then resized to 150 x 100 using nearest
neighbor interpolation.” To improve image quality, we
perform a contrast-limited adaptive histogram equalization’
[29].

Figure 1. Block diagram of the proposed authentication system.
|
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2.2 Filter selection

The features used to describe a given ear image are a
bank of Gabor filters. As illustrated in Figure 2, different
scales and orientations are applied on a regular grid that is
superimposed on the image. By convolving the image with
Gabor filters, features are extracted. In Table 1, we report the
parameters used in filter selection.

Figure 2. Square-meshed grid superimposed on an extracted
ear image.

To improve performance and to reduce the computation time
of the feature extraction step, only a subset of all the filters
are used to describe a given image. In [17] it is demonstrated
that a subset of filters selected by Sequential Forward
Floating Selection (SFFS) obtains a set of Gabor filters that
improves performance. In this work we use SFFS to select a
set of filters starting from the gray level images of the ears.
SFFS works in the following way: the best filter subset S of
size K, is constructed by adding to the subset, Sk_;, the single
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1Implemented as in PrTools 3.1.7 ftp://ftp.ph.tn.tudelft.nl/ pub/bob/ prtools/
prtools3.1.7

2 This method is implemented as in the function imresize.m of Matlab 7.0

* Implemented as in adapthisteq.m of the Matlab 7.0 Image Processing
Toolbox
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filter that, combined with the others in Sk, gives the best
performance for the new subset. At this point, each filter in Sg
is iteratively excluded, and each new set S'k.; is compared
with Sg.;. If one S'k.; outperforms Si.;, then it replaces Sk..
The first set Sy is initially empty. The fitness function is the
equal error rate obtained by a set of matchers, in this case, a
set of 1-nearest neighbor' matchers. Each matcher is trained
using a single filter and combined using the sum rule [26].

Table 1. The values of the main parameters used in filter

selection.
Parameter Value
Number of grid nodes 5x10
Gabor filter size 50
Gabor filters standard deviation 5,10, 15, 20
Gabor filters orientations 0, z R z R iﬂ'
4 2 4

2.3 Color spaces by GA*

Starting from the RGB space, a color model is defined
as a'R+P-G+y'B where the three parameters o, 3, y are
selected using a GA. Chromosome C of length 3 contains the
numerical values (between 0 and 1) for a, B, and y. The basic
operators (selection, crossover and mutation) used to guide
this search are defined as follows:

Selection: Our selection strategy is cross generational.
Assuming a population of size D=50, the offspring double the
size of the population. The best D individuals from the
combined parent-offspring population are then selected.

Crossover: Uniform crossover is applied with the crossover
probability 0.96.

Mutation: The mutation probability used here is 0.02.

Figure 3. Some examples of color spaces obtained by GA (the left
image is the RGB image).

4 Implemented as in GAOT MATLAB TOOLBOX www.ie.ncsu.edu/mirage/
GAToolBox/gaot/

In this step, k GAs select k color spaces. The fitness function
of the GA is the equal error rate obtained by a set of 1-nearest
neighbor matchers. In Figure 3, we show examples of color
spaces found using GA.

2.4 Feature extraction and classification

Each color space is used for extracting features from the
set of filters, and an ensemble of 1-nearest neighbor matchers
use the color spaces and filters for classification. The
matchers are combined using the sum rule.

3 Experiments

In our experiments, we used the Notre-Dame EAR dataset of
464 images of ears obtained from 114 individuals [30]. Each
individual in this dataset is represented by a set of 3 to 9 ear
samples taken on different days and under different lighting
conditions. Using images of 64 individuals, we randomly
extracted one ear sample from each individual to be included
in the testing set, and then we selected another sample at
random to be included in the training set [30]. A validation
set containing images of the 50 remaining individuals was
also randomly extracted from the dataset. The fitness
function was calculated for the validation test and results
were averaged over 20 experiments.
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Figure 4. Rank-1 (top) and Rank-5 (bottom) obtained by the
proposed ensemble (ENSGA), and by a stand-alone matcher (GR).
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The RANK-R performance parameter was used for the
comparison of the approaches described in this paper. The
RANK-R answers the question Is the right answer in the top R
matches? In this work, R=1 or R=5. In Figure 4, we present
the results of the average RANK-1 and RANK-5 obtained by
varying the number of color spaces created by the GA
(ENSGA). We also report the performance obtained
considering only the gray level image (GR). It should be
noted that in our system the number of combined color spaces
is selected using the validation set.

To select the parameters of our method, i.e., the color models
and dimensions of the ensemble, we used as a performance
indicator the equal error rate. This is a robust indicator that
maximizes rank-1 and rank-5. It is likely that a better
performance could be obtained if the parameters were
separately selected for rank-1 and rank-5, but the
computational complexity would be drastically increased. An
example, using one validation set reporting the parameters o,
B, and vy selected by the GA, is shown in Table 2.

In Table 3, we compared the performance of our proposed
authentication system, as illustrated in Figure 1 and which we
label NEW, with the following state-of-the-art approaches:

o PCA-X, the well known PCA approach [12] trained
using gray-level pixels and where the first X (0 and
5) eigenfeatures are discarded;

e SFFS-Color, the method proposed in [19], where
only the preprocessing method described in this

paper is used.

Table 2. Example of a set of parameters o, 3, and y selected

by GA.

a B y
0.2789 0.7513 0.0879
0.0934 0.8557 0.1581
0.2451 0.8352 0.1013
0.2809 0.5862 0.1986
0.0721 0.9138 0.2299
0.5518 0.7809 0.0080
0.1304 0.9709 0.0097
0.0363 0.7724 0.3021
0.2676 0.6699 0.0520

Table 3. Performance comparison of our method.

Method RANK-1 RANK-5
PCA-0 66 70
PCA-5 70 82

SFFS-Color 77 87
NEW 80 92
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The results of Table 3 show the great effectiveness of using
color images for ear authentication. This advantage is clearly
visible by comparing the performance of the well known PCA
approach on the gray level image vs. color images (as
reported in [19]). The main advantage of the proposed system
is that the color spaces are directly created by a GA. By
varying the objective function, it is possible to obtain a set of
color spaces that are well suited for a given feature extraction
method and for a given matcher.

4 Conclusion

In this paper we propose a system for creating a set of color
spaces that were then used in building an ensemble of
matchers for personal authentication using ear matchers. The
multi-matcher is based on the fusion of several 1-nearest
neighbor classifiers trained using the Gabor filters extracted
from different images.

The proposed system obtained a RANK-1 of 80% and a RANK-
5 0f 92%. These show that performance of the 2D matchers is
improved by using a set of different color representations of
the ear. By using different color components, it is possible to
partially overcome the imaging conditions.

5 Acknowledgment

The authors would like to thank K. W. Bowyer for sharing
University of Notre Dame Biometrics Database (Collection
E) dataset.

6 References

[1T M. Choras, "Intelligent computing for automated

biometrics: Criminal and forensic applications,"
Advanced intelligent computing: Theories and
applications with aspects of theoretical and

methodological issues, D-S. Huang, ed., pp. 1170-
1181, Berlin: Springer, 2007.

[2] J. Kasprzak, “Polish methods of earprint
identification,” The Information Bulletin  for
Shoeprint/Toolmark Examiners, vol. 9, pp. 20-22,
2003.

[3] A.H.M. Akkermans, T. A. M. Kevenaar, and D. W. E.
Schobben, “Acoustic ear recognition for person
identification,” in AutoID'05, 2005, pp. 219-223

[4] B. Bhanu, and H. Chen, “Human ear recognition in
3D,” in Workshop on Multimodal User Authentication,
2003, pp. 91-98, .

[5] H. Chen, and B. Bhanu, “Contour matching for 3D ear
recognition,” in Seventh IEEE Workshop Application
of Computer Vision, 2005, pp. 123-128, .



Int'l Conf. IP, Comp. Vision, and Pattern Recognition | IPCV'09 |

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

H. Chen, and B. Bhanu, “Human ear recognition in
3D,” IEEE transactions on Pattern Analysis and
Machine Intelligence, vol. 29, no. 4, 2007.

P. Yan, and K. W. Bowyer, “Biometric recognition
using 3D ear shape,” IEEE transactions on Pattern
Analysis and Machine Intelligence, vol. 28, no. 8, pp.
1-12, 2007.

P. Yan, and K. W. Bowyer, “Empirical evaluation of
advanced ear biometrics,” in Empirical Evaluation
Methods in Computer Vision (EEMCV 2005), San
Diego, 2005.

K. Pun, and Y. Moon, “Recent advances in ear
biometrics,” in Sixth international conference on
automatic face and gesture recognition, 2004, pp. 164-
169.

D. J. Hurley, B. Arbab-Zavar, and M. S. Nixon, "The
ear as a biometric," EUSIPCO, Poznan, Poland, 2007.
P. Yan, and K. W. Bowyer, “Ear Biometrics Using 2D
and 3D Images,” in IEEE Conference on Computer
Vision and Pattern Recognition Workshop on
Advanced 3D Imaging for Safety and Security, 2005.

P. Yan, and K. W. Bowyer, “Multi-biometrics 2D and
3D ear recognition,” in Audio and Video-Based
Biometric Person Authentication, 2005, pp. 503-512.
Kyong I. Chang, Kevin W. Bowyer, and Patrick J.
Flynn, “An evaluation of multimodal 2D+3D face
biometrics,” IEEE Transactions on Pattern Analysis
and Machine Intelligence, pp. 619-624, 2005.

H. J. Zhang, Z. C. Mu, W. Qu et al., “A novel approach
for ear recognition based on ICA and RBF network,” in
Fourth International Conference on Machine Learning
and Cybernetics, 2005, pp. 4511-4515.

Xiaofei He, Shuicheng Yan, Yuxiao Hu et al., “Face
recognition using laplacianfaces,” IEEE Transactions
on Pattern Analysis and Machine Intelligence, vol. 27,
no. 3, pp. 328-340, 2005.

D. Hurley, M. Nixon, and J. Carter, “Force field energy
functionals for ear biometrics,” Computer Vision and
Image Understanding, vol. 98, no. 3, pp. 491-512,
2005.

L. Nanni, and A. Lumini, “On selecting Gabor features
for biometric authentication,” International Journal of
Computer Applications in Technology, pp. preprint:
bias.csr.unibo.it/nanni/S.doc, Accepted 2008.

L. Nanni, and A. Lumini, “A multi-matcher for ear
authentication,” Pattern Recognition Letters, vol. 28,
no. 16, pp. 2219-2226, 2007.

L. Nanni, and A. Lumini, “Fusion of color spaces for
ear authentication,” Pattern Recognition Letters, 2008
to appear.

G. D. Finlayson, S. D. Hordley, and P. M. Hubel,
“Color by correlation: a simple, unifying framework
for color constancy,” IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 23, no. 11, pp.
1209-1221, 2001.

J. M. Geusebroek, R. van den Boomgaard, A. W. M.
Smeulders et al.,, “Color invariance,” |EEE

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

975

Transactions on Pattern Analysis and Machine
Intelligence, vol. 23, no. 12, pp. 1338-1350, 2001.

C. Liu, “Capitalize on dimensionality increasing
techniques for improving face recognition grand
challenge performance,” IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 28, no. 5, pp.
725-7317, 2006.

P. Shih, and C. Liu, “Comparative assessment of
content-based face image retrieval in different color
spaces,” International Journal of Pattern Recognition
and Artificial Intelligence, vol. 19, no. 7, pp. 873-893,
2005.

A. Liu, and C. Liu, “Fusion of the complementary
discrete cosine features in the YIQ color space for face
recognition,”  Computer  Vision and Image
Understanding, 2008 to appear.

J. Yang, and L. Chengjun, “Color image discriminant
models and algorithms for face recognition,” IEEE
Transactions on Neural Networks, vol. 19, no. 12, pp.
2088-2098, 2008.

R. O. Duda, P.E. Hart, and D.G. Stork, Pattern
Classification, 2nd ed., New York: Wiley, 2000.

D. Maio, and L. Nanni, “Multihashing, human
authentication featuring biometrics data and tokenised
random number: A case study ” NeuroComputing, vol.
69, no. December, pp. 242-249 2005.

A. Lumini, and L. Nanni, “Two-class fingerprint
matcher,” Pattern Recognition, vol. 39, no. 4, pp. 714-
716, 2006.

K. Zuiderveld, "Contrast Limited Adaptive Histogram
Equalization," Graphics Gems IV, Paul S. Heckbert,
ed., pp. 474-485., San Diego, CA: Academic Press
Professional, Inc., 1994.

K. C. Chang, K. W. Bowyer, S. Sarkar et al.,
“Comparison and combination of ear and face images
in appearance-based biometrics,” IEEE Transactions
on Pattern Analysis and Machine Intelligence, vol. 25,
pp- 1160-1165, 2003.



	IPC Papers
	IPC5038.pdf
	Automated Seed Counting Algorithm
	Introduction
	General Framework
	Method for Counting Seeds
	Image Acquisition
	Pre-processing
	Bilateral Filter
	Segmentation
	Counting

	Comparative Analysis
	Experiment Results
	Conclusion and Future Research
	References


	IPC Papers.pdf
	blank
	Late Papers Session Page
	IPC4907
	IPC9179
	IPC9242
	ABSTRACT
	KEY WORDS


	IPC9277
	IPC9233
	IPC5110
	IPC5287
	IPC6004
	IPC6302
	IPC6306
	IPC6445
	IPC6567
	IPC6695
	IPC9055
	IPC9089
	1 Introduction
	2 System description
	2.1 Ear extraction
	2.2 Filter selection
	2.3 Color spaces by GA
	2.4 Feature extraction and classification

	3 Experiments
	4 Conclusion
	5 Acknowledgment
	6 References

	IPC9125
	IPC9149
	1 Introduction
	2 System architecture
	3 Human action classification descriptors
	3.1 Gabor filters
	3.2 Invariant Local Binary Patterns
	3.3 Histogram of oriented gradients 

	4 Experimental results
	5 Conclusions
	6 Acknowledgements
	7 References

	IPC9191
	IPC9222
	IPC9225
	IPC9266
	IPC9267
	IPC9276
	IPC9301
	IPC9316
	1 Introduction
	2 Modeling aging
	3 Age Estimation for Grouping
	4 Experimental Result
	5 Conclusions
	6 References

	IPC5485
	IPC5336
	IPC9075
	IPC9186
	IPC9196
	I.  Introduction 
	II. Iris Recognition System 
	A.  Image Capture
	B. Iris Segmentation  
	C. Feature Extraction 

	III. Segmentation Methodology 
	IV. Feature Extraction and Recognition
	V. Experimental Results
	VI. Conclusion
	VII. References






