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Image Registration and Restoration from
Multiple degraded colour images
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Abstract- Today most of the smartphones like iPhone
encompasses a distinctive feature of capturing pictures in
Panorama read, have you ever ever thought what this system is?
this can be the results of image restoration, and this half is
technically known as image mosaicing. This paper aims to gift a
review of recent still as classic image registration strategies.
Image registration is that the method of positioning 2 or
additional pictures of an equivalent scene taken at totally
different times, from totally different viewpoints, and/or by
totally different sensors. This method involves designating one
image because the reference (also known as the reference image
or

the

mounted

image),

and

applying

geometric

transformations to the opposite pictures so they align with the
reference. taken at totally different times, from totally different
viewpoints, and/or by totally different sensors.
Index Terms-- Image registration; Image Restoration`; Feature
detection; Feature matching; Mapping function; Resampling;
co-ordinate system, correspondence.

I. INTRODUCTION
Image registration is that the method of overlaying 2 or
additional pictures of an equivalent scene taken at totally
different times, from totally different viewpoints, and/or by
totally different sensors. It geometrically aligns 2
pictures—the reference and detected images. Image
registration could be a crucial step altogether image analysis
tasks during which the nal info is gained from the mix of
assorted knowledge sources like in image fusion,
modification detection, and multichannel image restoration.
Typically, registration is needed in remote sensing
(multispectral classication, environmental observation,
modification detection, image mosaicing, meteorology,
making super-resolution pictures, group action info into
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geographic info systems (GIS)), in drugs (combining pc
picturing (CT) and NMR knowledge to get additional
complete info regarding the patient, observation growth
growth, treatment verication, comparison of the patient’s
knowledge with anatomical atlases), in making (map
updating), and in pc vision (target localization, automatic
quality control), to call many. The intention of our article is to
hide relevant approaches introduced later and during this
method map the present development of registration
techniques.
II. IMAGE REGISTRATION METHODOLOGY
In general, its (image registration) applications can be
divided into four main groups according to the manner of the
image acquisition:
Different viewpoints (multiview analysis). Images of the
same scene are acquired from different viewpoints. The aim
is to gain larger a 2D view or a 3D representation of the
scanned scene. For example Remote sensing—mosaicing of
images of the surveyed area. Computer vision—shape
recovery (shape from stereo).
Different times (multitemporal analysis). Images of the same
scene are acquired at different times, often on regular basis,
and possibly under different conditions. The aim is to nd
and evaluate changes in the scene which appeared between
the consecutive image acquisitions. For example Remote
sensing—monitoring of global land usage, landscape
planning. Computer vision—automatic change detection for
security
monitoring,
motion
tracking.
Medical
imaging—monitoring of the healing therapy, monitoring of
the tumor evolution.
Different sensors (multimodal analysis). Images of the same
scene are acquired by different sensors. The aim is to
integrate the information obtained from different source
streams to gain more complex and detailed scene
representation. For example Remote sensing—fusion of
information from sensors with different characteristics like
panchromatic images, offering better spatial resolution,
color/multispectral images with better spectral resolution, or
radar images independent of cloud cover and solar
illumination. Medical imaging—combination of sensors
recording the anatomical body structure like magnetic
resonance image (MRI), ultrasound or CT with sensors
monitoring functional and metabolic body activities like
positron emission tomography (PET), single photon emission
computed tomography (SPECT) or magnetic resonance
spectroscopy (MRS).
Scene to model registration. Images of a scene and a model of
the scene are registered. The model can be a computer
representation of the scene, for instance maps or digital
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elevation models (DEM) in GIS, another scene with similar
content (another patient), ‘average’ specimen, etc. The aim is
to localize the acquired image in the scene/model and/or to
compare them. For example Remote sensing—registration of
aerial or satellite data into maps or other GIS layers. Medical
imaging— comparison of the patient’s image with digital
anatomical atlases, specimen classication.
Though there is no universal registration method but the
majority of the registration methods consists of the following
four steps (see Fig. 1):
 Feature detection. Salient and distinctive objects
(closed-boundary regions, edges, contours, line
intersections, corners, etc.) are manually or,
preferably, automatically detected. For further
processing, these features can be represented by
their point representatives (centers of gravity, line
endings, distinctive points), which are called control
points (CPs) in the literature.
 Feature matching. In this step, the correspondence
between the features detected in the sensed image
and those detected in the reference image is
established. Various feature descriptors and
similarity measures along with spatial relationships
among the features are used for that purpose.
 Transform model estimation. The type and
parameters of the so-called mapping functions,
aligning the sensed image with the reference image,
are estimated. The parameters of the mapping
functions are computed by means of the established
feature correspondence.
 Image resampling and transformation. The sensed
image is transformed by means of the mapping
functions. Image values in non-integer coordinates
are computed by the appropriate interpolation
technique.
After certain complexities in feature detection in an ideal case,
the algorithm should be able to detect the same features in all
projections of the scene regardless of the particular image
deformation.

Fig. 1. Four steps of image registration: top row—feature detection
(corners were used as the features in this case). Middle
row—feature matching by invariant descriptors (the corresponding
pairs are marked by numbers). Bottom left—transform model
estimation exploiting the established correspondence. Bottom
right—image resampling and transformation using appropriate
interpolation technique.

In the feature matching step, problems caused by an incorrect
feature detection or by image degradations can arise.
Physically corresponding features can be dissimilar due to
the different imaging conditions and/or due to the different
spectral sensitivity of the sensors. The feature descriptors
should be invariant to the assumed degradations.
Simultaneously, they have to be discriminable enough to be
able to distinguish among different features as well as
sufciently stable so as not to be inuenced by slight
unexpected feature variations and noise.
The type of the mapping functions should be chosen
according to the a priori known information about the
acquisition process and expected image degradations. Finally,
the choice of the appropriate type of resampling technique
depends on the trade-off between the demanded accuracy of
the interpolation and the computational complexity. The
nearest-neighbor or bilinear interpolation are sufcient in
most cases; however, some applications require more precise
methods.
Registration methods can be categorized with respect to
various criteria. The ones usually used are the application
area, dimensionality of data, type and complexity of assumed
image deformations, computational cost, and the essential
ideas of the registration algorithm. Here, the classication
according to the essential ideas is chosen, considering the
decomposition of the registration into the described four
steps. The techniques exceeding this four-step framework are
covered according to their major contribution.
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III. FEATURE DETECTION
Formerly, the features were objects manually selected by an
expert. During an automation of this registration step, two
main approaches to feature understanding have been formed.
3.1. Area-based methods: Area-based methods put emphasis
rather on the feature matching step than on their detection. No
features are detected in these approaches so the rst step of
image registration is omitted. The methods belonging to this
class will be covered in sections corresponding to the other
registration steps.
3.2. Feature-based methods : The second approach is based
on the extraction of salient structures–features—in the
images. Signicant regions (forests, lakes, elds), lines
(region boundaries, coastlines, roads, rivers) or points (region
corners, line intersections, points on curves with high
curvature) are understood as features here.
Region features. The region-like features can be the
projections of general high contrast closed-boundary regions
of an appropriate size [32], water reservoirs, and lakes [29],
buildings [30], forests [25], urban areas [28] or shadows [26].
Line features. The line features can be the representations of
general line segments [27], object contours [28], coastal lines,
roads or elongated anatomic structures in medical imaging.
Point features. The point features group consists of methods
working with line intersections, road crossings [29],
centroids of water regions, oil and gas pads, high variance
points [31], local curvature etc.
IV. FEATURE MATCHING
The detected features in the reference and sensed images can
be matched by means of the image intensity values in their
close neighborhoods, the feature spatial distribution, or the
feature symbolic description. Some methods, while looking
for the feature correspondence, simultaneously estimate the
parameters of mapping functions and thus merge the second
and third registration steps. There are two major categories:
4.1. Area-based methods
Area-based methods, sometimes called correlation-like
methods or template matching [59] merge the feature
detection step with the matching part. These methods deal
with the images without attempting to detect salient objects.
Several authors proposed to use circular shape of the window
for mutually rotated images. However, the comparability of
such simple-shaped windows is violated too if more
complicated geometric deformations (similarity, perspective
transforms, etc.) are present between images.

This measure of similarity is computed for window pairs
from the sensed and reference images and its maximum is
searched.
Recently big interest in the area of multimodal registration
has been paid to the correlation ratio based methods. In
opposite to classical CC, this similarity measure can handle
intensity differences between images due to the usage of
different sensors—multimodal images.
4.1.2. Fourier methods
If an acceleration of the computational speed is needed or if
the images were acquired under varying conditions or they
are corrupted by frequency-dependent noise, then Fourier
methods are preferred rather than the correlation-like
methods. The phase correlation method is based on the
Fourier Shift Theorem [25] and was originally proposed for
the registration of translated images. It computes the
cross-power spectrum of the sensed and reference images and
looks for the location of the peak in its inverse.

The method shows strong robustness against the correlated
and frequency dependent noise and non-uniform, time
varying illumination disturbances. The computational time
savings are more signicant if the images, which are to be
registered, are large.
4.1.3. Mutual information methods
The mutual information (MI) methods are the last group of
the area-based methods to be reviewed here. They have
appeared recently and represent the leading technique in
multimodal registration. Registration of multimodal images
is the difcult task, but often necessary to solve, especially in
medical imaging. The comparison of anatomical and
functional images of the patient’s body can lead to a
diagnosis, which would be impossible to gain otherwise.
The MI, originating from the information theory, is a measure
of statistical dependency between two data sets and it is
particularly suitable for registration of images from different
modalities. MI between two random variables X and Y is
given by

Where
represents
entropy of random variable and PðXÞ is the probability
distribution of X. The method is based on the maximization
of MI (Fig. 2) Often the speed up of the registration is
implemented, exploiting the coarse-to-ne resolution
strategy (the pyramidal approach).

4.1.1. Correlation-like methods
The classical representative of the area-based methods is the
normalized CC and its modications.

3686
ISSN: 2278 – 1323

All Rights Reserved © 2014 IJARCET

International Journal of Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 3 Issue 11, November 2014
Goshtasby in Ref. [28] described the registration based on the
graph matching algorithm. He was evaluating the number of
features in the sensed image that, after the particular
transformation, fall within a given range next to the features
in the reference image. The transformation parameters with
the highest score were then set as a valid estimate.
4.2.2. Methods using invariant descriptors
As an alternative to the methods exploiting the spatial
relations, the correspondence of features can be estimated
using their description, preferably invariant to the expected
image deformation (see Fig. 3).

Fig. 2. Mutual information: MI criterion (bottom row) computed in
the neighborhood of point P between new and old photographs of
the mosaic (top row). Maximum of MI shows the correct matching
position (point A). Point B indicates the false matching position
selected previously by the human operator. The mistake was caused
by poor image quality and by complex nature of the image
degradations.

4.1.4. Optimization methods
Finding the minimum of dissimilarity measure (penalty
function) or the maximum of similarity measure is a
multidimensional optimization problem, where the number
of dimensions corresponds to the degrees of freedom of the
expected geometrical transformation. The only method
yielding global extreme solution is an exhaustive search over
the entire image. Although it is computationally demanding,
it is often used if only translations are to be estimated.
4.2. Feature-based methods
We assume that two sets of features in the reference and
sensed images represented by the CPs (points themselves,
end points or centers of line features, centers of gravity of
regions, etc.) have been detected. The aim is to nd the
pairwise correspondence between them using their spatial
relations or various descriptors of features.
4.2.1. Methods using spatial relations
Methods based primarily on the spatial relations among the
features are usually applied if detected features are
ambiguous or if their neighborhoods are locally distorted.
The information about the distance between the CPs and
about their spatial distribution is exploited.

Fig. 3. Feature-based method using invariant descriptors: in these
two satellite images, control points (corners) were matched using
invariants based on complex moments [56]. The numbers identify
corresponding CP’s. The bottom image shows the registration
result.

The description should fulll several conditions. The most
important ones are invariance (the descriptions of the
corresponding features from the reference and sensed image
have to be the same), uniqueness (two different features
should have different descriptions), stability (the description
of a feature which is slightly deformed in an unknown
manner should be close to the description of the original
feature), and independence (if the feature description is a
vector, its elements should be functionally independent).
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However, usually not all these conditions have to (or can) be
satised simultaneously and it is necessary to nd an
appropriate trade-off.
V. TRANSFORM MODEL ESTIMATION
After the feature correspondence has been established the
mapping function is constructed. It should transform the
sensed image to overlay it over the reference one. The
correspondence of the CPs from the sensed and reference
images together with the fact that the corresponding CP pairs
should be as close as possible after the sensed image
transformation are employed in the mapping function design.
The task to be solved consists of choosing the type of the
mapping function (see Fig. 4) and its parameter estimation.
The type of the mapping function should correspond to the
assumed geometric deformation of the sensed image, to the
method of image acquisition (e.g. scanner dependent
distortions and errors) and to the required accuracy of the
registration (the analysis of error for rigid-body point-based
registration was introduced in Ref. [26]).

Fig. 4. Examples of various mapping functions: similarity transform
(top left), afne transform (top right), perspective projection
(bottom left), and elastic transform (bottom right).

From another point of view, mapping functions can be
categorized according to the accuracy of overlaying of the
CPs used for computation of the parameters. Interpolating
functions map the sensed image CPs on the reference image
CPs exactly, whereas approximating functions try to nd the
best trade-off between the accuracy of the nal mapping and
other requirements imposed on the character of the mapping
function. Since the CP coordinates are usually supposed not
to be precise, the approximation model is more common.
5.1. Global mapping models
One of the most frequently used global models uses bivariate
polynomials of low degrees. Similarity transform is the
simplest model—it consists of rotation, translation and
scaling only

This model is often called ‘shape-preserving mapping’
because it preserves angles and curvatures and is
unambiguously determined by two CPs.
Slightly more general but still linear model is an afne
transform

Which can map a parallelogram onto a square. This model is
dened by three non-collinear CPs, preserves straight lines
and straight line parallelism.
5.2. Local mapping models
However, a global polynomial mapping cannot properly
handle images deformed locally. This happens, for instance,
in medical imaging and in airborne imaging. The least square
technique averages out the local geometric distortion equally
over the entire image which is not desirable. Local areas of
the image should be registered with the available information
about the local geometric distortion in mind. Like by using
radial basis function:

Radial basis functions are representatives of the group of
global mapping methods but they are able to handle even
locally varying geometric distortions. The resulting mapping
function has a form of a linear combination of translated
radially symmetric function plus a low-degree polynomial
and similarly for v.
VI. IMAGE RESAMPLING AND TRANSFORMATION
The mapping functions constructed during the previous step
are used to transform the sensed image and thus to register the
images. The transformation can be realized in a forward or
backward manner. Each pixel from the sensed image can be
directly transformed using the estimated mapping functions.
This approach, called a forward method, is complicated to
implement, as it can produce holes and/or overlaps in the
output image (due to the discretization and rounding). Hence,
the backward approach is usually chosen. The registered
image data from the sensed image are determined using the
coordinates of the target pixel (the same coordinate system as
of the reference image) and the inverse of the estimated
mapping function. The image interpolation takes place in the
sensed image on the regular grid. In this way neither holes
nor overlaps can occur in the output image.
The interpolation itself is usually realized via convolution of
the image with an interpolation kernel. An optimal
interpolant—2D sinc function—is hard to implement in
practice because of its innite extent. Thus, many simpler
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interpolants of bounded support have been investigated in the
literature.

basis functions, the rst problem is generally unsolvable due
to its nature. Since the between-image deformations can be
arbitrary, we cannot use any automatic matching method.
Another conceptual question here is how can we distinguish
between image deformations and real changes of the scene.

The nearest neighbor function, the bilinear and bicubic
functions (see Fig. 5), quadratic splines [13], cubic B-splines
[15], higher-order B-splines [16], Catmull–Rom cardinal
splines [17], Gaussians [22], and truncated sinc functions [25] In multimodal registration, MI technique has become a
belong to the most commonly used interpolants.
standard reference, mainly in medical imaging. However,
being an area-based technique, the MI has principal
limitations.
In the future, the idea of an ultimate registration method, able
to recognize the type of given task and to decide by itself
about the most appropriate solution, can motivate the
development of expert systems. They will be based on the
combination of various approaches, looking for consensus of
particular results.
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