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Abstract  
Fully automatic and robust ear recognition systems that use only 2D grayscale still images are 
presented. To exploit robustness against pose variation, changes in lighting, and hair occlusions, we 
thoroughly examined the techniques: linear discriminant analysis (LDA), independent component 
analysis (ICA), and Gabor jets. We obtained a 93.3% rank-one recognition rate on a dataset of 121 
subjects in 4 image sets taken on various days from the public face database XM2VTS, where 
47.0% of the images show hair occlusion, pose variation, and jagged images. To fully automate the 
recognition algorithm, we developed an ear detection algorithm that uses Gabor jets subjected to 
training using principal components analysis. A 1.0% equal error rate was obtained in experiments 
on the XM2VTS database. Our experiments provide evidence that ear biometrics has the potential 
for use in real-world applications for identifying individuals by their ears. 
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1. INTRODUCTION 
Ear biometrics has received little attention 
compared with well-known techniques of 
automatic face, eye, or fingerprint recognition, 
which have applications in both academia and 
industry. Ears, however, have been an impor-
tant aspect of forensic science for many years 
[1]. The anatomy of the ear has been studied in 
detail in forensic science. Bertillon described 
the ear as a stable structure that changes little 
with age or facial expression [2]. Hence, many 
studies have been proposed to research ear 
recognition from the viewpoint of computer 
vision, some based on 2D grayscale images. To 
list some representative examples, pattern 
spectra are obtained by morphological opera-
tions [3], the use of compression network has 
been proposed [4], and using PCA, (principal 
components analysis) eigen ears have been 
obtained [5,6]. In addition, genetic algorithms 
have been used [7], recognition based on force 

field transformation [8,9] and model-based 
approaches have been proposed [10]. 

Robustness against pose variations and partial 
occlusion from hair and earrings is desirable 
for use of these approaches in real-world 
applications. The use of 3D range images and 
iterative closest point (ICP)-based approaches 
[11, 12] have been proposed as yet. However, 
3D range sensors must become less expensive 
before they can be used in real-world applica-
tions. 

Another issue to be resolved concerns estab-
lishing a method for ear detection. Ear detec-
tion is a necessary first step in a fully automatic 
ear recognition system with the aim of localiz-
ing and extracting ear regions from the back-
ground. Of the above studies, Refs. [11] and 
[12] discuss ear detection using an entire pro-
file, based on color information and 3D range 
images. However, 3D range sensors are, as yet, 
very expensive.  
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