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Abstract— Dental records are often used to identify victims of
massive disasters, where the conventional biometric features, e.g.,
face, fingerprint, iris, etc., are not available. Human identification
using dental records is to match an unidentified individual’s
postmortem radiographs against a set of identified antemortem
radiographs. This paper presents an efficient dental radiograph
registration algorithm using phase-based image matching for
human identification. The use of phase components in 2D (two-
dimensional) discrete Fourier transforms of dental radiograph
images makes possible to achieve highly robust image registration
and recognition. Experimental evaluation using a small database
of dental radiographs indicates that the proposed algorithm
exhibits efficient recognition performance for low-quality images.

I. INTRODUCTION

Biometric authentication has been playing an important
role in identifying individuals using their physiologica and
behavioral characteristics such as face, fingerprint, iris, etc.
On the other hand, when identifying victims of large-scale
disasters, eg., earthquake, fire disaster, tsunami, etc., the
conventional biometric traits may not be available. Addressing
this problem, dental records have been used in identifying
deceased individuals.

Human identification using dental radiographs, which is
called dental biometrics, is to match an unidentified individ-
ual’s postmortem (PM) radiographs against a set of identified
antemortem (AM) radiographs. Figure 1 shows an example
of dental radiograph, which is a periapical image around
molars. In forensic odontology, which is also called forensic
dentistry, a one-by-one comparison between the AM and
PM radiographs is done manually by forensic experts. Since
this task is extremely time consuming, the demand for the
automated dental identification system has increased [1].

Previous works of the automated dental radiograph identifi-
cation use the contours of the teeth and the shapes of the dental
work to compare between the AM and PM dental images
[1], [2], [3]. One of the difficult problems in feature-based
approach is that the matching performance is significantly
influenced by the image quality of radiographs. In many
cases, the contours of the teeth can not be extracted from
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Fig. 1. Example of dental radiograph, which is a periapical image around
molars.

the dental radiograph correctly, since the dental radiograph is
often blurred due to substantial noise, poor lighting, etc.

This paper presents an efficient algorithm for dental radio-
graph image registration using phase-based image matching —
an image matching technique using the phase components in
2D Discrete Fourier Transforms (DFTSs) of given images. The
technique has been successfully applied to sub-pixel image
registration tasks for computer vision applications [4], [5], [6]-

In our previous work [7], we have proposed a fingerprint
recognition algorithm using phase-based image matching,
which has aready been implemented in actual fingerprint
verification units [8]. We aso have proposed iris recognition
[9] and palmprint recognition [10] algorithms using phase-
based image matching.

In this paper, we demonstrate that the same techniqueis also
highly effective for dental biometrics. Experimental evaluation
using a set of dental radiographs taken before and after dental
treatment demonstrates efficient registration performance of
the proposed algorithm.

Il. PHASE-BASED IMAGE MATCHING

A. POC function

We introduce the principle of phase-based image matching
using the Phase-Only Correlation (POC) function (which is
sometimes called the “phase-correlation function”) [4], [5],

[6].
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Fig. 2. Example of image matching using the original POC function and the BLPOC function: (8) reference image f(n,n2), (b) input image g(n1,n2), (c)
original POC function rs4(n1,n2) and (d) BLPOC function rﬂlK? (n1,n2) with K1 /My = 0.1 and K2/M2 = 0.1.

Consider two N x N images, f(ni,n2) and g(ni,ns),
where we assume that the index ranges are n; =
—Ml,--- ,M1 (M1 >O) and Nog = —Mg,--- ,MQ (M2 >O)
for mathematical simplicity, and hence N; = 2M; + 1 and
Ny = 2Ms + 1. Let F(kq, ko) and G(k1, k2) denote the 2D
DFTs of the two images. F(k1, k2) is given by

F(ki, ko) = Y flna,no)Watmwizn
ni,n2
= Ap(ky, ky)e0r k), (1)
where k1 = *Ml,"' ,ML ko = 7M27"' 7M21

Wy, = ¢/, Wy, = ¢’%, and ¥, . de
notes 2%1:_1\/[1 Z%L_MQ. Ap(k1,k2) is amplitude and
Or(k1, ko) is phase. G(k1,k2) is defined in the same way.

The cross-phase spectrum R (k1, k) is given by
F(ky, k)G (K1, k2) (i ks).
|F(k1, k2) Gk, k2)|

where G(k1, k2) is the complex conjugate of G(k1, k2) and
0(k1, ko) denotes the phase difference 0 g (k1, ko) —0c (K1, k2).
The POC function r¢4(ni,n2) is the 2D Inverse DFT (2D
IDFT) of Rpqg(k1, ko) and is given by

1
N1No

Rpg(ki, ko) =

2

> Reglky, ko) Wy wglenz, - (3)
k1,k2

ng(nlan@) =

where 37, denotes Y3 ST When two im-

ages are similar, their POC function gives adistinct sharp peak.
When two images are not similar, the peak drops significantly.
The height of the peak gives a good similarity measure for
image matching, and the location of the peak shows the
trandational displacement between the images.

B. Band-limited POC function

We modify the definition of POC function to have a BLPOC
(Band-Limited Phase-Only Correlation) function [7] dedicated
to biometric authentication task. The idea to improve the
matching performance is to eliminate meaningless high fre-
guency components in the calculation of cross-phase spectrum
Rrq depending on the inherent frequency components of
images. Assume that the ranges of the inherent frequency band
aegvenby ky = —Ky,--- , Ky and ke = — Ko, -+, Ko,
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where 0<K1<M; and 0<K,<M,. Thus, the effective size
of frequency spectrum is given by L, = 2K; + 1 and
Lo = 2K, + 1. The BLPOC function is given by

1
K1 K _
rfgl *(n1,m2) = L

"Ripa (k. ko)W kg —hanz
Z FG( 1 2) L1 Lo )

2 kr ke
4
where nq = —Kq,--- K1, n9g =—-Ky, -+, Ko, and Z;hk?
denotes 301, STK2 . Note that the maximum value
of the correlation peak of the BLPOC function is aways
normalized to 1 and does not depend on L, and L.

Figure 2 shows an example of genuine matching using the
original POC function r, and the BLPOC function 7.
The BLPOC function provides the higher correlation peak and
better discrimination capability than that of the origina POC
function.

C. Rotation angle estimation

The phase-based image matching technique mentioned
above can be extended to the registration for images including
trandation, rotation and scaling simultaneously [5]. In this
paper, we focus on the rotation alignment using the phase-
based image matching. We employ the polar mapping of
the amplitude spectrum to transform the image rotation into
image tranglation. The rotation angle is estimated by detecting
the corresponding translationa displacements by the above
technique. We summarize the procedure for estimating the
rotation angle 6 as follows (see [5] for detailed discussions).

1) Caculate 2D DFTsof f(n1,n2) and g(n1,n2) to obtain
F(k’l, k?g) and G(k‘l, k?g)

2) Calculate amplitude spectra |F (k1, ko)| and |G (k1, k)|
(Fig. 3 (b)). In generd, most energy is concentrated
in low-frequency domain. Hence, we use /|F(k1, k2)|

|G(k‘1, k2)| in stead of |F’(l€17 k?g)l and |G(k‘1, k2)|
(Fig. 3 (¢)).

3) Caculate the polar mappings
G p(l1,12)| (Fig. 3 (d)).

4) Estimate the image displacement between |F'p(ly,1s)]
and |Gp(ly,12)| using the pesk location of the BLPOC
function /212, | (n1,72) to obtain 6.

‘Fp(ll,l2)| and
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Fig. 3. Rotation angle estimation using phase-based image matching: (a) the
registered image and the input image, (b) amplitude spectra of the images, (c)
square root of the amplitude spectra, and (d) polar mappings of the amplitude.

I1l. DENTAL REGISTRATION ALGORITHM

In this section, we present a dental registration algorithm
using the POC function. The proposed agorithm consists
of the four steps: (i) image enhancement, (ii) rotation and
displacement alignment, (iii) common region extraction and
(iv) denta matching. Steps (iii) and (iv) are for evaluating the
registration performance.

(i) Image enhancement

First step is the enhancement of radiograph image to allow
accurate radiograph image processing, since these images are
often blurred due to substantial noise, poor lighting, etc. In our
proposed agorithm, we improve the image quality by using
local area contrast enhancement [11]. Figure 4 (b) shows the
enhanced images, f.(n1,n2) and g.(n1,n2), of the registered
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Fig. 4. Example of dental radiograph registration and matching using the
proposed algorithm: (a) the registered image and the input image, (b) enhanced
images, (c) rotation-normalized images, (d) normalized images, and (€)
extracted common regions.

image f(n1,n2) and the input image g(n1, n2), respectively.
(i) Rotation and displacement alignment

We need to normalize rotation and displacement between
fe(n1,n2) and g.(ni,n2) in order to perform the high-
accuracy dental radiograph matching. We estimate the rotation
angle 6 by using the technique described in Sect. 11-C. Using
6, we obtain a rotation-normalized image g.¢(n1,n2) (Fig. 4
(c)). Then, we dign the translational displacement between
fe(ni,ne) and gep(n1,n2) using the peak location of the
BLPOC function r{ 152 (ny, ny), where K1 /My = Ky /M, =
0.5. Thus, we have normalized versions of the registered image
and the input image as shown in Fig. 4 (d), which are denoted




Fig. 5. Examples of dental radiographs in our database: the left-hand images
are taken before dental treatment and the right-hand images are taken after
dental treatment.

by f/(nla Tlg) and gl(nla Tlg)-
(iii) Common region extraction

Next step is to extract the overlapped region (intersection)
of the two images f'(n1,n2) and g’(n1,n2). This process
improves the accuracy of dental matching, since the non-
overlapped areas of the two images become the uncorrelated
noise components in the BLPOC function. In order to detect
the effective areas in the registered image f’(n1,n2) and the
input image ¢’(n1,n2), we examine the nq-axis projection
and the ny-axis projection of pixd values. Only the common
effective image areas, f”(n1,n2) and ¢g”’(n1,n2), with the
same size are extracted for the succeeding image matching
step (Fig. 4 (€)).
(iv) Matching

We calculate the BLPOC function rX:52 (n,,n,) between
the two extracted images f”'(ni,n2) and ¢”(nq1,n2), and
evaluate the matching score, where K1 /M; = Ko/Ms = 0.1.
The matching score is the highest peak value of the BLPOC
function r;(,}glﬁz (n1,n2).

IV. EXPERIMENT

This section describes a set of experiments using the dental
radiograph database for evaluating dental matching perfor-
mance of the proposed algorithm.

In this experiment, we use denta radiographs taken before
and after dental treatment in stead of AM and PM radiographs.
Our database consists of 50 images (367 x 485 pixels) with
25 subjects and 2 different images of each dental radiograph.
Figure 5 shows some examples of the denta radiographs in
this database.

The registration performance of the proposed agorithm is
evaluated by identifying the subjects in order to perform the
guantitative evaluation. In this experiment, 25 subjects after
dental treatment are matched to the 25 subjects before dental
treatment. Figure 6 shows the cumulative match curve of the
proposed algorithm, which is sometimes used for evaluating
the performance of the identification system. Using the top-
1 radiograph, the recognition accuracy is 80% (=20/25). The
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Fig. 6. Cumulative match curve of the proposed agorithm.

recognition accuracy reaches 100 % when the top-5 radio-
graphs are used. Asis observed in this experimental result, the
proposed agorithm is useful for matching low-quality dental
radiographs.

V. CONCLUSION

This paper proposed a dental radiograph registration algo-
rithm using the phase-based image matching. Experimental
performance evaluation demonstrates efficient performance of
our proposed agorithm for low-quality dental radiographs.
For our future work, we aim to develop a dental identifica-
tion system using phase-based image matching and evaluate
the performance of the developed system using large-scale
database of AM and PM denta radiographs.
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