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Abstract. We present a new human identification system based on PCA using 
geometric features of teeth such as the size  and shape of the jaws, size of the 
teeth and teeth structure. In this paper  we try to set forth the foundations of a 
biometric system for information encrypting of living people using dental fea-
tures. To create a biometric matching system, a template based on principal 
component analysis(PCA) is created from dental data collected the plaster fig-
ures of teeth which were done at dental hospital, department of oral medicine. 
Templates of dental images based on PCA representation include the 100 prin-
ciple components as the features for individual identification. The PCA basis 
vectors reflects well the features for individual identification in the whole of 
teeth and the part of teeth. The classification for human identification is  gener-
ated based on the distance  between the whole of teeth and the part of teeth with 
the nearest neighbor(NN) algorithm. The identification performance in 300 den-
tal image is  97% for the part of teeth missed the right-molar and back teeth, 
98.3% for the part of teeth missed the front teeth  and 96.6% for the part of 
teeth missed the left-molar and back-teeth. 

1   Introduction 

Biometrics refers to the identity authentication of living people using their enduring 
physical or behavioural  characteristics. Biometric identifiers are pieces of informa-
tion encrypting a representation of a person’s unique biological makeup. The most 
generalized biometric techniques include the recognition of fingerprints, faces, iris, 
retina, hand geometry, voice, signature and teeth [1,2,3,4,5,6,7].  

Jain and Chen[7] utilized dental radiographs for human identification. They studied 
a biometric system based on the distance between the antemortem and postmortem 
tooth shape. The dental radiographs have a number of challenges to overcome. For 
poor quality images where tooth contours are indiscernible, the shape extraction  is a 
difficult problem for dental radiographs. Our algorithm utilizes information about 
differences in the size  and shape of the jaws, size of the teeth and teeth structure.  

In this paper, we present a new human identification system based on PCA using 
geometric features of teeth like the size  and shape of the jaws, size of the teeth and 
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teeth structure. First, we collected the plaster figures of teeth from the department of 
oral medicine in dental hospital. Second, we developed a representation of dental 
images based on PCA included the 100 principle components as the features for indi-
vidual identification. Finally, the nearest neighbor algorithm for the classification of 
individual identification was applied.  

2   PCA Representation of  Dental Features 

2.1   Image Data 

Dental data was a database of the plaster figures of teeth which  were done at Chosun 
University dental hospital, department of oral medicine. The data set contained im-
ages  of 348 individuals of males and females. Each person has  two images in a up-
per jaw and lower jaw. The data set used for research contained 300 gray level images 
in a upper jaw, each image using 800 by 600 pixels. Examples of the original images 
are shown in figure 1.   

 
 
 
 
 
 
 

 
Fig. 1. Examples in a upper jaw  from the dental database 

2.2   Preprocessing  

The dental images were centered with fixed coordinates locations, and then cropped 
and dug the palatine by semi-automatic method with a teeth template. Finally, The 
images were scaled to 30x30 pixels. Figure 2(b) shows the image dug the palatine 
with a teeth template(Figure 2(a)). 

The luminance was normalized in two steps. First, a “sphering” step prior to princi-
pal component analysis is performed. The rows of the images were concatenated to 
produce 1 ×  900 dimensional vectors. The row means are subtracted from the dataset, 
X. Then X is passed through the zero-phase whitening filter, V, which is the inverse 
square root of the covariance matrix: 

                                                                                       
                     (a)                                                         (b) 

Fig. 2. (a) A teeth template (b) A dental image dug by a teeth template (a) 
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This indicates that the mean is set to zero and the variances are equalized as unit 
variances. Secondly, we subtract the local mean gray-scale value from the sphered  
each patch. From this process, W removes much of the variability due to lightening.  

2.3   PCA  Representation 

Some of the most successful algorithms applied PCA representation are “eigen 
faces[8]” and “holons[9]”. These methods are based on learning mechanisms that are 
sensitive to the correlations in the images. PCA provides a dimensionality-reduced  
code that  separates the  correlations  in  the  input. Atick and Redlich[10] have ar-
gued for such compact, decorrelated representations as a general coding strategy for 
the visual system. Redundancy reduction has been discussed in relation to the visual 
system at several levels. A first-order redundancy is mean luminance. The variance, a 
second order statistic, is the luminance contrast. PCA is a way of encoding second 
order dependencies in the input by rotating the axes to corresponding to directions of 
maximum covariance. 

For individual identification based on dental feature, we  employed the 100 PCA 

coefficients, nP . The principal component representation of the set of images in W in 

Equation(1) based on  nP  is defined as nn PWY ∗= . The approximation of W is 

obtained as: 
T

nn PYW ∗= .                                             (2) 

The columns of W  contains the representational codes for the training images. The 

representational code for the test images was found by T
ntesttest PYW ∗= (see  

figure 3). Best performance for individual identification based on dental feature was 
obtained using 100 principal components. 

 
 
 
 
 
 
 
 

 
Fig. 3.   PCA representation included the 100 principle components 

3   Results 

The first test verifies with 300 person image of  upper jaw trained already. The recog-
nition result was produced by 300 image trained previously showed 99.3%  
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recognition rates. Since we had 300 person image of  upper jaw in the training set, for 
testing, in total  900 image of 300 person excluded the three parts in the training set 
was used. The three parts consists of right-molar and back-teeth, left-molar and back-
teeth and front-teeth. Each individual has three different images and each part in-
cludes 300 person image. That is to say, the algorithms were tested for recognition 
under three different conditions: right-molar and back-teeth, left-molar and back-
teeth, and front-teeth. 

Classification for individual identification was applied the nearest neighbor algo-
rithm(NN). The principle of the NN algorithm is that of comparing input image pat-
terns against a number of paradigms and then classifying the input pattern according 
to the class of the paradigm that gives the closest match.  
    The recognition performance was 97% for the part of teeth missed the right-molar 
and back-teeth, 98.3% for the part of teeth missed the front-teeth  and 96.6% for the 
part of teeth missed the left-molar and back-teeth. 

4   Summary and Conclusions 

This paper propose a new biometric system for information encrypting of living peo-
ple using dental features. By PCA representation based on geometric features of teeth 
such as the size  and shape of the jaws, size of the teeth and teeth structure, our sys-
tem can be used to authenticate an individual’s identity by comparing a biometric 
reading from a person with a single stored template. This simulation demonstrates that 
PCA representation can solve a challenging problem such as a correct object recogni-
tion from the part shape in object recognition.  

Our system extracts PCA representation included only 100 principle components 
from image scaled to 30x30 image and individual identification was successfully 
produced over 96% recognition rates. This results can reflect the fact that the holistic 
analysis is important for individual identification based on geometric features of teeth 
such as the size  and shape of the jaws, size of the teeth and teeth structure. From the 
verification test with 300 person image of  upper jaw trained already, we showed 
99.3% recognition rates. It seems to be a erosion of detail shape of the jaws on the 
preprocessing caused by semi-automatic method with a teeth template. While we 
produced 100% recognition rates on the preprocessing by manual method in verifica-
tion test trained already, the result on the preprocessing by semi-automatic method 
showed  99.3% recognition rates. 

We suggest that in order to recognize the objects from the parts, the patterns within 
the scenes have to be holistic information reduced redundancy. In the future study we 
are planning to try individual identification on the preprocessing by automatic 
method.  
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