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Abstract

This paper proposes an efficient dental radiograph
registration algorithm using Phase-Only Correlation
(POC). The use of phase components in 2D (two-
dimensional) discrete Fourier transforms of dental ra-
diograph images makes it possible to achieve highly
robust image registration and recognition. The pro-
posed algorithm finds correspondence points between
two images using the sub-pixel correspondence search
using POC and corrects nonlinear distortion based on
the Thin-Plate Spline (TPS) model. Experimental eval-
uation using a dental radiograph database indicates
that the proposed algorithm exhibits efficient recogni-
tion performance even for distorted radiographs.

1 Introduction

Dental radiographs have been used for detecting
small changes of internal bone structures, monitoring
disease progression, planning and guiding dental treat-
ment, etc. For these purposes, radiographs acquired
from subjects over short or long periods of time have
to be compared after image registration [3]. The accu-
racy of dental radiograph registration is important for
an accurate Computer-Aided Diagnosis (CAD).

There is nonlinear distortion between dental radio-
graphs captured from the same person, since the posi-
tions of the X-ray tube and the imaging plate are set
manually by a dentist. There are some works on den-
tal radiograph registration [7, 6, 9]. The reported algo-
rithms deal with only rigid body transformation caused
by positional relationship between the X-ray tube and
the imaging plate. For accurate dental radiograph regis-
tration, nonlinear distortion should be corrected.

Addressing this problem, we propose an efficient
algorithm for dental radiograph image registration us-
ing Phase-Only Correlation (POC). The proposed algo-
rithm employs (i) high-accuracy image matching tech-
nique using POC for rotation and displacement align-
ment and (ii) sub-pixel correspondence search tech-
nique using POC for parameter estimation of Thin-Plate
Spline (TPS) model. The use of POC technique makes
it possible to achieve fully automatic and high-accuracy
image registration even for distorted radiographs. Ex-
perimental evaluation using a set of dental radiographs
taken before and after dental treatment demonstrates ef-
ficient registration performance of the proposed algo-
rithm.

2 Phase-Only Correlation

2.1 Phase-only correlation function

We introduce the principle of a Phase-Only Corre-
lation (POC) function (which is sometimes called the
“phase-correlation function”) [5, 12, 13].

Consider two N1×N2 images, f(n1, n2) and
g(n1, n2), where we assume that the index ranges
are n1 = −M1, · · · , M1 (M1 > 0) and n2 =
−M2, · · · , M2 (M2 > 0) for mathematical simplicity,
and hence N1 = 2M1 + 1 and N2 = 2M2 + 1. Let
F (k1, k2) and G(k1, k2) denote the 2D DFTs of the two
images. F (k1, k2) is given by

F (k1, k2) =
∑

n1,n2

f(n1, n2)W k1n1
N1

W k2n2
N2

= AF (k1, k2)ejθF (k1,k2), (1)

where k1 = −M1, · · · , M1, k2 = −M2, · · · , M2,
WN1 = e−j 2π

N1 , WN2 = e−j 2π
N2 , and

∑
n1,n2

denotes
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∑M1
n1=−M1

∑M2
n2=−M2

. AF (k1, k2) is amplitude and
θF (k1, k2) is phase. G(k1, k2) is defined in the same
way. The cross-phase spectrum RFG(k1, k2) is given
by

RFG(k1, k2) =
F (k1, k2)G(k1, k2)
|F (k1, k2)G(k1, k2)|

= ejθ(k1,k2), (2)

where G(k1, k2) is the complex conjugate of G(k1, k2)
and θ(k1, k2) denotes the phase difference θF (k1, k2)−
θG(k1, k2). The POC function rfg(n1, n2) is the 2D
Inverse DFT (2D IDFT) of RFG(k1, k2) and is given
by

rfg(n1, n2) =
1

N1N2

∑

k1,k2

RFG(k1, k2)

W−k1n1
N1

W−k2n2
N2

, (3)

where
∑

k1,k2
denotes

∑M1
k1=−M1

∑M2
k2=−M2

. When
two images are similar, their POC function gives a dis-
tinct 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 lo-
cation of the peak shows the translational displacement
between the images.

2.2 Phase-based image matching

Listed below are key features of the phase-based im-
age matching using POC function, which are used in
this paper.
(A) Translational displacement estimation

We have proposed a high-accuracy translational dis-
placement estimation method, which employs (i) an an-
alytical function fitting technique to estimate the sub-
pixel position of the correlation peak, (ii) a windowing
technique to eliminate the effect of periodicity in 2D
DFT, and (iii) a spectrum weighting technique to reduce
the effect of aliasing and noise [12].
(B) Sub-pixel correspondence search

We have developed an efficient method of sub-pixel
correspondence matching, which employs (i) a coarse-
to-fine strategy using image pyramids for robust corre-
spondence search and (ii) a sub-pixel window alignment
technique for finding a pair of corresponding points
with sub-pixel displacement accuracy [8].
(C) Rotation angle estimation

We have extended the POC-based image matching to
the registration for images including translation, rota-
tion and scaling simultaneously [12]. In this paper, we
focus on the rotation alignment using the POC-based
image matching. We employ the polar mapping of the
amplitude spectrum to transform the image rotation into

image translation. The rotation angle is estimated by
detecting the corresponding translational displacements
by the above technique.
(D) Similarity evaluation

We have developed a similarity evaluation technique
using Band-Limited Phase-Only Correlation (BLPOC)
function [4]. The idea to improve the similarity evalu-
ation performance is to eliminate meaningless high fre-
quency components in the calculation of cross-phase
spectrum RFG depending on the inherent frequency
components of images.

3 Dental Radiograph Registration Algo-
rithm

In this section, we present a dental radiograph reg-
istration algorithm using POC. The proposed algorithm
consists of 4 steps: (i) image enhancement, (ii) rotation
and displacement alignment, (iii) distortion correction
and (iv) matching.
(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 algorithm, we employ the
contrast enhancement techniques using local area con-
trast enhancement [10] and morphological filters [11].
Figure 1 (b) shows the enhanced images, fe(n1, n2) and
ge(n1, n2), of the registered image f(n1, n2) and the
input image g(n1, n2), respectively.
(ii) Rotation and displacement alignment

We normalize rotation and displacement between
the enhanced images fe(n1, n2) and ge(n1, n2). We
first estimate the rotation angle θ by using POC tech-
nique described in Sec 2.2 (C). Using θ, we obtain a
rotation-normalized image geθ(n1, n2). Then, we align
the translational displacement between fe(n1, n2) and
geθ(n1, n2) using the peak location of the BLPOC func-
tion. Thus, we have normalized versions of the regis-
tered image and the input image as shown in Fig. 1 (c),
which are denoted by f ′(n1, n2) and g′(n1, n2).
(iii) Distortion correction

We correct the projective distortion between two im-
ages. We first obtain the landmark points in f ′(n1, n2)
using the Harris corner detector [2] as shown in Fig. 2
(a). Next, we find the points in g ′(n1, n2) which cor-
respond to the feature points in f ′(n1, n2) using the
sub-pixel correspondence search using POC technique
as shown in Fig. 2 (b). According to correspondence
between f ′(n1, n2) and g′(n1, n2), we estimate param-
eters of the non-rigid body transformation, where we
employ This-Plate Spline (TPS) model [1] to correct
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Figure 1. Example of dental radiograph
registration: (a) the registered image and
the input image, (b) the enhanced images,
(c) the normalized images and (d) images
after distortion correction.

nonlinear distortion. Figure 1 (e) shows the distortion-
corrected images f ′′(n1, n2) and g′′(n1, n2).
(iv) Matching

This step is for quantitative evaluation of the pro-
posed algorithm. The overlapped region of the two
images f ′′(n1, n2) and g′′(n1, n2) to improve the ac-
curacy of dental radiograph matching, since the non-
overlapped areas of the two images become the uncor-
related noise components in the BLPOC function. In
order to detect the effective areas in f ′′(n1, n2) and
g′′(n1, n2), we examine the n1-axis projection and the
n2-axis projection of pixel values. To evaluate the
matching score, we calculate the BLPOC function be-
tween two images f ′′(n1, n2) and g′′(n1, n2). The
matching score is the highest peak value of the BLPOC
function.

(a)

(b)

Figure 2. Example of distortion correc-
tion: (a) normalized images and landmark
points on the registered image and (b)
corresponding points between images.

4 Experiments

This section describes a set of experiments using the
dental radiograph database for evaluating registration
performance of the proposed algorithm. In this experi-
ment, we use dental radiographs taken before and after
dental treatment. Our database consists of 500 images
(367×485 pixels) with 250 subjects and 2 different im-
ages of each dental radiograph.

We compare three algorithms: the proposed reg-
istration algorithm without distortion correction (A),
with distortion correction using projective transforma-
tion (B) and with distortion correction using TPS trans-
formation (C). The registration performance of the pro-
posed algorithm is evaluated by identifying the sub-
jects in order to perform the quantitative evaluation.
In this experiment, 250 subjects after dental treatment
are matched to the 250 subjects before dental treatment.
Figure 3 shows the cumulative match curve of the pro-
posed algorithm, which is used for evaluating the per-
formance of the identification system. Using the top-1
radiograph, the recognition accuracy of (C) is 82.8%
(=207/250) while that of (A) is 69.6% (=174/250) and
that of (B) is 76.8% (=192/250). Figure 4 shows exam-
ples of registration results and the subtraction image. As
is observed in this experimental result, the proposed al-
gorithm is useful for matching low-quality and distorted
dental radiographs.
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Figure 4. Examples of registration results: (a) registered image f(n1, n2), (b) input image
g(n1, n2), (c) aligned image using the algorithm (A), (d) aligned image using the algorithm (B),
(e) aligned image using the algorithm (C) and (f) subtraction image between (a) and (e) (the
values on images (c), (d) and (e) show matching scores).
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Figure 3. Cumulative match curve.

5 Conclusion

This paper proposed a medical image registration
algorithm using Phase-Only Correlation for distorted
dental radiographs. Experimental evaluation demon-
strates efficient performance of our proposed algorithm.
For our future work, we will develop a Computer-Aided
Diagnosis (CAD) system for dental treatment using the
proposed algorithm.
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