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ABSTRACT: Image registration is the process [4] of transforming the different sets of data into one coordinate system.
Registration is necessary in order to be able to compare or integrate the data obtained from different measurements such as
different viewpoints, different times, different sensors etc. Image Registration is a crucial step in all image analysis tasks in
which the final information is gained from the combination of various data sources, change detection, and multichannel
image restoration .It geometrically aligns two images-the reference and sensed images. One of the applications of image
registration is Corner detection. Corners determine the contours characteristics of the target image, and the number of
corners is far smaller than the number of image pixels, thus can be a good feature for image registration. By considering the
algorithm speed and registration accuracy of the image registration, we can make the registration more efficient and for that
Harris Corner detection and other methods are used. In paper, there is implementation of improved affine transformation for
the better efficiency of the image registration. With this implementation improved results of Peak to Signal Noise Ratio

(PSNR) and Root Mean Square Error (RMSE) are also achieved.
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1. INTRODUCTION

Image registration [1] is the process of transforming the
different sets of data into one coordinate system.
Registration is necessary in order to be able to compare or
integrate the data obtained from different measurements
such as different viewpoints, different times, different
sensors etc. Image Registration is a crucial step in all image
analysis tasks in which the final information is gained from
the combination of various data sources like in image fusion,
change detection, and multichannel image restoration .It
geometrically aligns two images—the reference and sensed
images. The present differences between images are
introduced due to different imaging conditions, detection,
and multichannel image restoration. Registration is required
in remote sensing (environmental monitoring, change,
weather forecasting, creating super-resolution images,
integrating information into geographic information systems
(GIS), in medicine to obtain the complete information about
the patient, monitoring tumor growth, treatment verification
[1]. Image registration can be divided into main three groups
according to the manner of image acquisition:

1. Different viewpoints: Images of the same scene
are acquired from different viewpoints.

2. Different times: Images of the same scene are
acquired at different times, often on regular basis,
and possibly under different conditions. Examples:
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maps from satellite images, remote sensing,
monitoring of the tumor growth.

Different sensors: Images of the same scene are
acquired by different sensors. The aim is to
Integrate of information obtained from different to
gain detailed scene presentation. Examples:
offering better spatial resolution in Medical
imaging for combination of sensors recording the
anatomical body structure like magnetic resonance
image (MRI).

There are two main methods for image registration [1].

* Area Based methods: Area based methods are
correlation like methods. These methods deal
with the images without attempting to detect
salient objects, have given correlation
techniques of image registration. Windows of
predefined size or even entire images are used
for the correspondence estimation. Available
area based methods are: correlation-like
methods, Fourier methods, Mutual information
methods and optimization methods.

* Feature Based methods: Significant regions
(forests and fields), lines (region boundaries,
coastlines (road, lakes, mountains, rivers) or
points (region corners, line intersections, points
or curves with high curvature) are features here.
They should be distinct, spread all over the
image and efficiently detectable. They are
expected to be stable in time to stay at fixed
positions during the whole experiment.
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Figure 1.1: Image Registration Workflow

The image registration workflow is illustrated in Figure
1.1. Overall, the process takes the form of a global
optimization or search algorithm. In this iterative process,
the application starts with a source and target image (also
known as the reference and sensed images). The purpose
of the program is to find a way to transform the source image
to align with the target, although the opposite mapping may
also be computed using the same registration procedure. In
either case, one image is held constant while the other is
repeatedly transformed until it matches the former image.

1.2 Affine Transformations

As noted previously, the image registration system used in
this thesis is only concerned with global rigid
transformations such as translation, scaling, and rotation.
These operations are categorized as affine transformations
because they preserve both the co linearity relation between
points and the ratios of distances of points along a line. This
means that any points that were collinear before the
transformation will remain so after the transformation, and
that all distance ratios will be maintained following the
transformation. The main task of our image registration
program is to detect these affine transformations in order to
build a coherent mapping between the source and target
images. In order to construct a mathematical relationship
between the two images, it is necessary to have an
appropriate means of controlling and representing the
transformation operations. Because the affine
transformations are global in nature, they can be
encapsulated in structures referred to as transformation
matrices, which are applied to each pixel location in an
image to compute the desired transformation effect using
matrix multiplication. This technique is commonly used in
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image processing and computer graphics and in our
implementation takes the form of equation 1.1 which can
be simplified into equation 1.2.

x’ A B E||lx
v |=|C D Fl||y (1.1)
1 0 0 1|1
x’ B A Bl|x . E
y| |c D|ly| |F (1.2)

In both equation 1.1 and 1.2, the symbols x* and y’
represent the new pixel locations we wish to compute while
x and y represent the current pixel location in the image.
The symbols A, B, C, D, E, and F are the transformation
factors or coefficients that describe the amount of translation,
rotation, and scaling. To explain the exact nature of these
coefficients and the how matrix mathematics are used in
image transformation, we will further elaborate on what we
mean by translation, rotation, and scaling and how a matrix
convolution is composed to execute these operations.

Translation Example[1]

Rotation example [1]

Scaling example [1]

1.3 Image Registration Applications

Registration is required in a many fields such as remote
sensing, Multi-spectral classification, environmental
monitoring, image moseying, weather forecasting, creating
super resolution images, integrating information in to
geographical information system (GIS). In medical image
analysis, to study tumor, in functional magnetic resonance
imaging many magnetic resonance (MR) images are taken
of the brain in quick succession and need to be registered
to a high resolution anatomic images which in turn registered
with an atlas image. Other application includes labeling and
segmentation. In computer vision, target localization,
automatic quality control, shape reconstruction, motion
tracking, stereo mapping, character recognition etc.
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2. PRESENT WORK

Image registration algorithms attempt to recover the
transformation parameters that describe a mapping of one
image onto another, where both images are of the same scene.
One of the primary uses of registration is to account for the
transformations that result from the image acquisition process,
so that differences in the underlying scene can be discovered.
For example, once images are aligned with respect to each
other they may be subtracted, revealing differences in the
scene. Registration is an important pre-processing step that
enables the use of satellite images for environmental studies
and the use of sequences of radiology images for studying
the progression of medical pathology. A variety of image
registration techniques have been used for successfully
registering images that are unoccluded. In an unoccluded
image all of the pixels are valid and are candidates to
participate in the registration process. In contrast, partially
occluded images contain invalid pixels that should not
participate in the registration. If these invalid pixels contribute
information to the registration process as if they were valid,
a false registration may be produced. In satellite images of
land features, clouds frequently occlude parts of the scene.
Techniques exist for identifying cloud pixels as invalid
(occluded) portions of the image. Unoccluded images may
be considered a subset of partially occluded images. Due to
the diversity of images to be registered and due to various
type of degradations it is impossible to design a universal
method applicable to all registration tasks. This is one of the
most fundamental issues underlying the design of image
analysis. Every method has its pros and cons. Hence it is very
important to find the best method or the best possible
combination of methods to a registration task. I studied the
various techniques and methods of image registration in depth
and in current work describe them, their pros and cons, and
their best possible application.

2.1 Problem Formulation

During the process of image registration, the major problem
called corner clustering occurred which resulted in
increasing false matches as matching the feature point. But
by considering the algorithm speed and registration accuracy
of the image registration, the improved Harris Corner
detection method effectively avoided this problem occurred
during the corner detection process. After that, fine matching
can be achieved, two pairs of optimal matching corner were
selected from matched corners as control points of affine
transformation, thus, affine transformation model could be
obtained and the registered image was performed affine
transformation in order to releasing image registration. The
main aim of this thesis work is to achieve:

* Improved PSNR (peak signal to noise ratio)

* Reduced MSE (mean square error).
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2.2 Objective of the Work
(1) Study all the techniques of the image registration.

(2) Study the various methods of the Corner detection in
the Image Registration.

(3) Improving the Affine transformation

2.3 Proposed Algorithm Steps

Step I: Take the two medical images.
Step II: Load the image first and then load the second image.

Step 1II: Apply feature detection algorithm. There are
various feature detection algorithms but in our work of
image registration, Improved Harris Corner Detection
method has been used. This method has following
characteristics:

(a) Harris Operator has been proved to be the best
corner detection algorithm.

(b) The method extracts point features by the first order
image gradient.

(c) Itcalculates square matrix of the average gradient
of each pixel.

(d) Then the feature points are extracted by analyzing
the values.

Step 1IV: Apply feature matching algorithm: In this
algorithm, the correlation techniques are used to determine
corresponding matching position between two images. This
algorithm has the following characteristics:

(a) The cross-correlation coefficient for each pair from
both the images is calculated.

(b) The corner pairs whose absolute value of
correlation coefficient is greater than a threshold,
is find out, which are selected as control points

Step V: Calculation of transformation parameters: In this
step, the various affine transformation parameters can be
calculated by the coordinates of control points.

Step VI: Apply minimal search algorithm: The minimal
search algorithm choose the minimal part of the image that
has to be rotated, translated in order to register the image.

Step VII: Affine Transformation applied: In this step, affine
transformation is applied to the part of the image selected
by minimal search algorithm. Only pixels of the minimal
part are transformed and rotated.

Step VIII: Resampling: After determining the transformation
parameters, the registration image needs to be re-sampled.

Step IX: Output the final registered image.
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2.4 Affine Transformation Model Calculation
and Interpolation

Formula (1) is the general form of two-dimensional affine
transformation. Where, (x’, y’) and (x, y) are the two images
pixel coordinates respectively. It is obvious that there are four
unknowns in the model, as long as the coordinates of four
points (v1(x1’, y17), v2(x2’, y2°), il(x1, y1), i2(x2, ¥2)) is
known, these parameters can be calculated. Here, v1, v2 is
the point of the reference image, il, i2 is the point of the
registered image, formula (2) is the expansion expression
of formula (1), The affine transformation parameters can
be calculated by coordinates of control points, and then,
geometric transformation may be conducted for registered
image; finally, image registration is accomplished. in the
process of image geometric transformation, because
transformed coordinate is not an integer, or no mapping
point exists between the target image and the original image,
the color values of these points can be obtained by
interpolation. Common interpolation methods include:
nearest neighbor interpolation, bilinear interpolation and
bicubic interpolation. Computational complexity and
interpolation effect are taken into account, so the simulation
experiment adopts bilinear interpolation. The following are
the advantages of the proposed work:

* Improved efficiency

e Reduced Root Mean Square Error (RMSE)

* Increased Peak to Signal Noise Ratio (PSNR)
e Improved quality of the image.

*  Higher registration accuracy.

e Low computational complexity

3. RESULTS AND DISCUSSIONS

To see the qualitatively as well as quantitatively performance
of the proposed algorithm, some experiments are conducted
on several medical images and satellite images. The images
are registered using affine transformation method. The
effectiveness of this approach has been justified using
different medical and satellite images. The results are
compared qualitatively (visually) as well as quantitatively
using quality measures. The figures from Figure 3.1 and
3.2 shows the different images which consists of original
images and registered images. The values of quality metrics
of image registration algorithms are shown in Table 3.1 for
various test images. The four quality metrics are used to
evaluate the performance for image registration algorithm:
Root Mean Square Error (RMSE), Entropy, Standard
deviation and Quality. The values for RMSE should be lower
for better results. Results from both GUI and Tables, it can
be proved that the values of proposed method for all quality
metrics are better. The proposed Method outperforms the
previous method in terms of RMSE as well as in terms of
visual quality and increase the quality to a great extent.
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Testing on Medical Images

RMSE 029215

Entropy 12374

Standard Deviation se8

Quality 058854
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Figure 3.1: Result of Improved Affine Transformation on
Medical Images

For Satellite Images

Figure 3.2: Result of Applying Improved Affine
Transformation on Satellite Images

Table 3.1:
Results of Applying Proposed Method on Satellite and
Medical Images

Images RMSE Entropy Standard  Quality
Deviation

Satellite.bmp 0.28128 15.4289 547981  1.0854

(Satellite Image)

CT.JPEG 0.29215 12.374 59.8 0.8854

It is seen that the proposed method can be used for both
Medical as well as the Satellite images. Operation for the
both the cases give the better RMSE, entropy, standard
deviation and quality parameter.

4. CONCLUSION AND FUTURE SCOPE

In this paper, the various image registration methods are
studied and analyzed, the existing advantages and
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disadvantages of these methods. On this basis, to solve the
research problems, an improved comer detection method
based on Harris model is proposed and applied for automatic
Image registration. This method effectively avoids comer
clustering phenomenon occurs during the comer detection
process, thus the comer points detected distribute more
reasonably, and the image registration become faster. The
experiments also showed the effect of image registration is
Satisfactory, and reaches a reasonable match. The
experimental results show that aerial images and satellite
images achieve a very good automatic registration by
adopting corner neighborhood correlation matching and affine
transformation. This method can achieve a better registration
for two or more images which have the difference of rotating,
scaling, shifting and different field of view. Compared with
the traditional image registration methods, it is simple, low
computational complexity; good real time, no manual
operation under optimal parameters conditions, stable and
reliable. Thus, in future studies, image registration should be
committed to good edge detection algorithm and the
automatic selection of various parameters optimization.
Selecting the control points forms an important aspect of
image registration. Thus it becomes necessary to select these
control points as accurately as possible. Any error in this
placing of points affects the final registration result.

The result obtained on implementing the proposed
algorithm is very encouraging and comparable with the
existing algorithms. It can be deduced that minimal search
algorithm combined with affine transformation is a
successful registration measure for many applications and
it can undoubtedly be adapted and extended to aid in many
more problems. In future studies, we can improve the
minimal search algorithm for complex structure images of
CT and MRI and best results can be found out.
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