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Abstract – An image registration technique based on
feed forward neural network and Fourier Transform is
developed and presented. In the proposed scheme, the
spectrums of the acquired images are computed, the 
Fourier coefficients within a selected central window of 
each spectrum are extracted and fed as inputs to the
neural network. The feed forward neural network is 
implemented to estimate the transformation, defined in
terms of the translation, rotation and magnification
parameters, to align the corresponding images. This
approach does not estimate the various registration
parameters separately.  They are estimated
simultaneously leading to a better-optimized set of
registration parameters.  The approach is successful and 
yields better results than another Fourier based
registration technique. The approach is validated on 2D 
images. However, it can be easily extended to 3-D
application.
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I. INTRODUCTION
Image registration is the process of determining the

geometrical transformation that brings two sets of data into
coincidence in the same coordinate system.  Thus, the
registration techniques can be implemented to integrate
complementary information acquired by different imaging
modalities. That is, anatomical structures (in modalities
such as MRI and x-Ray CT) would be of great importance
in the analysis of functional images that lack recognizable
structural information (in modalities such as PET and
SPECT).  Different techniques were developed and
presented in the literature [1-3].  Similarly, the registration
of images acquired by the same imaging modality brings the
corresponding information into coincidence so that the same
features visible in both images overlap and at the same time
the differences (for example a tumor that has grown or
shrunk) are readily apparent.   For example, MRI is
currently one of the fastest developing medical imaging
modality, and is applied to an increasingly number of
different medical diagnostic situations. Acquisition of the
same anatomical region offers opportunities to monitor
changes in a particular Region Of Interest (ROI) over time. 
That is, it makes possible to investigate, for instance, how a
patient responds to a particular treatment and allow medical

practitioners to monitor the progress of a tumor over time.
Furthermore, since the positioning of the patient in the same
position during different acquisition sessions is practically
impossible, the geometric alignment of the acquired images
in the same coordinate system is required so that similar
features are overlaid on each other. Consequently, the
analysis of the corresponding images is facilitated for better
diagnostic purposes.

Various registration techniques based on Fourier
Transform have been proposed [5-8]. They are based on the
following three properties: shifting (translation), rotation
and scaling properties [4]. While some researches propose
registration techniques that estimate the rotation and 
translation parameters using an iterative approach and cross 
correlation analysis [5] or by estimating the cross
correlation at various increments of the registration
parameters [6], other researches extend these approaches to
include a magnification in the overall transformation using
the correlation as a similarity metric [7] or its variant the
phase correlation [8]. These properties were implemented
to decouple the various registration parameters, estimate
each parameter separately and form the overall 
transformation to align the corresponding spatial images.

In this work, a registration technique based on Fourier
transform and a feed forward neural network is developed
to estimate the registration parameters to align medical
images acquired by the same modality.  The proposed
approach is validated by registering 2-D images. However,
it can be easily extended to align 3-D images.

II. METHOD 
The proposed approach does not decouple all the

registration parameters from each other. They are estimated
simultaneously. Consequently, that would lead to a better
optimum value than if they are estimated separately.  The
overall transformation between the two images is given by:
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Where 2x ( , ) and2x 2y 1x ( , ) are the spatial
coordinates of a corresponding pixel in the transformed and
the original images, respectively. The orthogonal 2 by 2 
rotation matrix is defined in terms of an angle 
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image registration. The 2 by 2 magnification matrix M is 
defined in terms of  and  along the x and y-axes,
respectively.   However, warping along other directions
(such as xy direction) can be taken into account by filling
the appropriate zero values. The vector

xM yM

xt  ( , ) defines
the translation parameters along the x and y axes.  However,
this approach can be easily extended to 3-D image
registration. That is, the transformation is parameterized in 
terms of a rotation matrix defined by the three Euler angles
( , , ), a 3 by 3 magnification matrix (Mx, My and Mz)
and  a translation vector  ( ) [10,11].

xt yt
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The approach is described as follows: the spectrums of
the images to be registered are computed using Fourier
Transform. Then, a square window is selected and is 
centered at the origin of each spectrum (zero frequency).
The corresponding Fourier coefficients within the selected
window are extracted and fed as input to a feed forward
neural network. The outputs of the neural network are the
estimated parameters of the overall transformation required
to align the two images. A block diagram of the registration
approach is illustrated in Figure 1.

 Figure 1: block diagram of the registration approach.

  Figure 2 illustrates the neural network implemented in
this work. It consists of an input layer, a hidden layer and an
output layer. The input layer depends on the selected
window. For example, it consists of 64 neurons for an 8 by 
8 window. Each neuron in the input layer corresponds to
one Fourier coefficient extracted from the central window

of the FFT image. The hidden layer consists of 40 neurons
since the tests have shown that this number is more
appropriate. Sigmoid transfer functions were deployed in
the hidden layer neurons i.e. the output is calculated
according:
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where “net1” is the “net input”. The number of neurons in
the output layer is equal to number of parameters to be 
estimated. Linear functions characterize the output layer 
neurons i.e. they are given in matrix form as: 
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Figure 2 Structure of the Neural Network

The neural network is trained to estimate the 
corresponding weights between the different layers.  In this
regard, an image dataset consisting of 27 MR images is 
selected. Each image is transformed to the coordinate
system of the second modality using a set of pre-specified
transformations covering the span or range of possible
transformations for the particular application. This set
depends on the range and the increment (fine or coarse)
associated with each parameter. The generated sets of pair
of images are used to train the network using Levenberg-
Marquardt method with gradient descent learning functions
[12]. The training phase begins by initializing randomly the
weights of the network (W0).  Then, the weights (w) and
biases are updated according to the Levenberg-Marquardt 
optimization:

1]2[w (4)
TJ)IJTJ(w (5)

where  is the Hessian matrix,  is the gradient,   J is
the Jacobian matrix with respect to the weights, 

2

 is the 
parameter that controls the stability and the rate of 
convergence (adaptive value), I is the identity matrix and 

 is defined as the errors between the desired output and
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the corresponding computed values.  The parameter  is 
adjusted according to the result obtained each iteration i.e. it 
is multiplied by a value  if the result leads to an 
increased . On the other hand, it is divided by  if the 
results lead to a reduced value of .  Thus, the weight vector
W is updated in the direction opposite to the estimated
gradient. This procedure is repeated until the MSE function
is minimal and the weight vector approaches an optimal
value.

The time to accomplish the training depends on the
window size and the increment of each parameter. Even 
though, the training phase is lengthy, the registration phase
consists merely of computing the FFT, extracting the central
window and feeding it to the neural network.

III. RESULTS
   Having trained the neural network and estimated the 
corresponding weights between the different layers, the next
step is to evaluate the performance of the proposed
registration approach and study the precision of the
registration.  In this regard, MRI images were selected
from a group of images that do not belong to the training
data set. Each image is transformed from its coordinate
system to the coordinate system of the second modality
using a predefined transformation. Figure 3 shows a typical
original (3-a) and transformed images (3-b). The pre-
specified parameters of the transformation were = 25 ,
Mx=1.2, My=1.2, ax= 5 pixels, and ay = 5 pixels.

 (a) (b)
  Figure 3: a- Original Image, b- Transformed Image

Then, an 8 by 8 window is defined and the
corresponding 64 Fourier coefficients were fed to the neural
network to recover the original parameters. Using the
Fourier-Neural network based approach, the optimized
parameters were: ,99.4tt yx 199.1MM yx ,

. It is clear that this approach is successful in
estimating the transformation parameters.  Similar results 
are obtained with the other experiments.

999.24

A. Effect of the window’s size
Having the spectrums of the original and transformed

images, adequate amount of spectral coefficients should be
taken to provide the necessary information required to
estimate the registration parameters. This is dependent on
the size of the central window overlaid on the
corresponding Fourier spectrums. In this context, a number

of experiments were performed for various windows’ sizes.
In each experiment, the previous image dataset (27 MRI
images) is used to train the neural network. Each
experiment corresponds to a different size of the central
window.  The outlined training and registration procedures
in the previous section were performed. Having estimated
the registration parameters, the precision of the registration
was evaluated by comparing the recovered parameters with
the pre-specified transformation. In this regard, the
corresponding residuals were computed and plotted versus
the number of Fourier coefficients corresponding to the size
of the window.  Figure 4 shows the dependence of the
residuals on the window’s size. It is evident that the error 
decreases as the size of the window increases until it
reaches a plateau.   The plateau could be related to the
increments of the parameters during the training procedure.

Figure 4: dependence of the precision of registration on the
window’s size. 

Figure 5:  the effect of noise on the precision of the
registration

B.  Effect of noise 
In this regard, each pixel in the original and

transformed images is perturbed randomly and
independently by Gaussian measurement error. After the
neural network is trained on the noisy images and the
corresponding weights are estimated, the precision of the 
registration is evaluated using the proposed approach on
images other than the training data set.   Figure 5 depicts the
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dependence of the residuals  ( ), tx (pixels) and ty
(pixels) on the noise. It is evident that as the Signal-to-
Noise-Ratio (SNR) increases, the precision of registration is
improved. It yields acceptable results with Low SNR.
C.  Residuals of point landmarks

  The proposed approach can be evaluated quantitatively
by studying the residuals of corresponding point landmarks
in both images along x ( x), y ( y) directions as well as the 
residuals in distance ( d). In a similar fashion, a
comparison with another FFT-based approach can be
performed.  A description of the letter approach is found in
[8]. It can be summarized as follows: First, the power
spectrums of the two images are computed. According to
the shift property, the resulting spectrum images are related
only by rotation and magnification parameters.  Then, the
Fourier spectrums of the original spatial images are 
converted from rectangular coordinates to polar coordinates
( , ). Thus, the rotation and magnification are reduced into
shifting along their corresponding axes. These two
parameters are estimated using the phase correlation
technique and couple derived relations. Having rotated and
scaled one image with respect to the other, the translation 
can be estimated using the phase correlation technique.

Having identified the corresponding pairs of point
landmarks in both images, the Neural-FFT and FFT-based
approaches were performed to register the images shown in
Figure 3. Table 1 and 2 show the residuals x, y and d of
the corresponding point landmarks after registration was
performed. Clearly, the precision of the registration is much
better using the proposed Neural-FFT based approach than
the FFT-based approach. That is clearly observed by the 
smaller residuals in distance for each of the four point
landmarks. Thus, the developed approach leads to the
estimation of the registration parameters with a very good
precision.

TABLE 1
RESIDUALS USING THE NEURAL NETWORK_-FFT APPROCH 

Marker
ID

x
(Pixel)

y
(Pixel)

d
(Pixel)

1 0.058 0.056 0.081
2 0.024 0.036 0.043
3 0.101 0.129 0.164
4 0.032 0.056 0.065

TABLE 2
 RESIDUALS USING AN FFT- BASED APPROACH

Unlike the previous Fourier based image registration
technique, The FFT- Neural network based approach
assumes that the magnification could be different along 
different directions. The magnification matrix indicates that

a total of 4 parameters could be defined. Similarly, 9
parameters can be defined to perform a 3-D registration of
two data sets [9-10].  Furthermore, the developed approach
allows all parameters to be varied simultaneously to 
estimate the registration parameters.  That could lead to a
better optimum set of the parameters of the overall
transformation.  Having trained the network, the developed
approach requires to perform FFT to align the two images
involved.

IV. CONCLUSION
In this work, an approach based on Fourier Transform

and feed forward neural network to align medical images is
developed and introduced.  This approach is compared with
another based Fourier transform approach by studying the
residuals of the corresponding pair of point landmarks in
both images. The results show that the registration is very
successful with a very good precision. Its performance is 
better than the other FFT-based approach. The precision
could be related to the increments (of the registration
parameters) associated with the training procedure of the
neural network.
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