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Abstract 
Image registration is the process of transforming different sets of data into one coordinate system. Data may be 
multiple photographs, data from different sensors, from different times, or from different viewpoints. Registration is a 
fundamental task in image processing used to match two or more pictures taken, for example, at different times, from 
different sensors, or from different viewpoints. Virtually all large systems which evaluate images require the 
registration of images, or a closely related operation, as an intermediate step. Specific examples of systems where 
image registration is a significant component include matching a target with a real-time image of a scene for target 
recognition, monitoring global land usage using satellite images, matching stereo images to recover shape for 
autonomous navigation, and aligning images from different medical -modalities for diagnosis. This paper aims to 
present a review of recent as well as classic image registration methods. Image registration is the process of overlaying 
images (two or more) of the same scene taken at different times, from different viewpoints, and/or by different sensors. 
The registration geometrically aligns two images (the reference and sensed images).  
 

Keywords: A Survey, feature detection, feature matching, mapping function design, and image 
transformation and re-sampling. 
 

1. Introduction 

Image registration is the process of transforming different sets of data into one coordinate system. Data 
may be multiple photographs, data from different sensors, from different times, or from different 
viewpoints[1].One of the many tasks in current image processing is image registration, sometimes also 
called  matching. Image registration is a fundamental image processing technique in remote sensing 
application. It has been widely used in change detection, image fusion and other related areas. 
Image registration is the process of aligning two or more images of the same scene. This process involves 
designating one image as the reference (also called the fixed or base image), and applying spatial 
transformations to the others so that they align with the reference. A spatial transformation maps locations 
in one image to new locations in another image. The step of determining the correct spatial transformation 
parameters is key to the image registration process[8]. Image registration is often used as a preliminary step 
in other image processing applications. For example, you can use image registration to align satellite 
images or to align medical images captured with different diagnostic modalities (MRI and SPECT). Image 
registration allows you to compare common features in different images. For example, you might discover 
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how a river has migrated, how an area became flooded, or whether a tumor is visible in an MRI or SPECT 
image[4]. 
 
 

1. NEED  OF  IMAGE REGISTRATION IN IMAGE PROCESSING 
 

In this paper, we explore a  novel image registration methods. The image registration process will need 
to search a larger range for correspondences. A method that is often used to automatically extract intrinsic 
geometric information from reference images is image registration. It is basically an image processing 
operation to identify correspondences among a number of images [8].The intention of this seminar is to 
cover relevant approaches introduced until now and in this way we map the current development of 
registration techniques. Typically, registration is required in remote sensing (multispectral classification, 
environmental monitoring, change detection, image mosaicing, weather forecasting, creating super-
resolution images, integrating information into geographic information systems (GIS)), in medicine 
(combining computer tomography (CT) and NMR data to obtain more complete information about the 
patient, monitoring tumor growth, treatment verification, comparison of the patient’s data with anatomical 
atlases), in cartography (map updating), and in computer vision (target localization, automatic quality 
control), to name a few[1]. During the last decades, image acquisition devices have undergone rapid 
development and growing amount and diversity of obtained images invoked the research on automatic 
image registration. A comprehensive survey of image registration methods was published in 1992 by 
Brown[8]. The intention of this seminar is to cover relevant approaches introduced later and in this way 
map the current development of registration techniques[4].Here, I am trying to summarize main approaches 
and point out interesting parts of the registration methods. 

 
2. LITERATURE REVIEW 

 
 Because of its importance in various application areas as well as because of its complicated nature, image 
registration has been the topic of much recent research. The survey paper presented by B.K. Ghaffary, A.A. 
Sawchuk on image registration covers mainly the methods based on image correlation in “A survey of new 
techniques for image registration and mapping”[8]. The most exhaustive review of the general-purpose 
image registration methods is proposed by  L.G. Brown in “A survey of image registration techniques”[1]. 
The surface based registration methods in medical imaging are reviewed in “An algorithmic overview of 
surface registration techniques for medical imaging, Medical image Analysis” by M.A. Audette, F.P. 
Ferrie, T.M. Peters. 
 Volume-based registration is reviewed in “Volume image registration by template matching, Image and 
Vision Computing” by L. Ding, A. Goshtasby, M. Satter. The registration methods applied mainly in 
remote sensing are described and evaluated in “Registration techniques for multi-sensor remotely sensed 
imagery, Photogrammetric Engineering and Remote Sensing” by L.M.G. Fonseca, B.S. Manjunath, 
“Results of test on image matching of  ISPRS WG, ISPRS Journal of  Photogrammetric and Remote 
Sensing” by E. Gulch, “First evaluation of automatic image registration methods, Proceedings of the 
International Geoscience and Remote Sensing Symposium” by J. le Moigne. 

 
3. WORKING 

 
 

A. METHODOLOGY IN IMAGE REGISTRATION 
 

Image registration, as it was mentioned above, is widely used in remote sensing, medical imaging, 
computer vision etc. In general, its applications can be divided into four main groups according to the 
manner of the image acquisition [1][8]: 
 

1. Different  viewpoints (multi-view analysis): Images of the same scene are acquired from different 
viewpoints. The  
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aim is to gain larger a 2D view or a 3D representation of the scanned scene. Examples of applications: 
Remote sensing-mosaicing of images of the surveyed area. Computer vision-shape recovery (shape 
from stereo)[8]. 

 
2. Different times (multi-temporal analysis): Images of the same scene are acquired at different 

times, often on regular basis, and possibly under different conditions. The aim is to find and 
evaluate changes in the scene which appeared between the consecutive image acquisitions. 
Examples of applications:Remote sensing—monitoring of global land usage, landscape planning. 
Computer vision— automatic change detection for security monitoring, motion tracking[1][8]. 

 
3. 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. Examples of applications: 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[1]. 

 
4. 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 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. Examples of 
applications: Remote sensing--registration of aerial or satellite data into maps or other GIS 
(geographic information systems) layers. Computer vision--target template matching with real-
time images, automatic quality inspection[1]. 
 
 

 
B. IMAGE REGISTRATION STEPS 

 
Image registration process essentially consists of following steps as per the process: 
 

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. 
 

2. 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. 
 

3. 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. 
 

4. Image re-sampling 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. 
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Figure: Steps involved in Image Registration 

First, we have to decide what kind of features is appropriate for the given task. The features should 
be distinctive objects, which are frequently spread over the images and which are easily detectable. 
Usually, the physical interpretability of the features is demanded. The detected feature sets in the reference 
and sensed images must have enough common elements, even in situations when the images do not cover 
exactly the same scene or when there are object occlusions or other unexpected changes. The detection 
methods should have good localization accuracy and should not be sensitive to the assumed image  
degradation[1]. 
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 choice of the feature description and 
similarity measure has to consider these factors. 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 sufficiently stable so as not to be influenced by slight unexpected feature 
variations and noise. Single features without corresponding counterparts in the other image should not 
affect its performance[4]. 

The type of the mapping functions should be chosen according to the a priori known information 
about the acquisition process and expected image degradations. If no, a priori information is available the 
model should be flexible and general enough to handle all possible degradations which might appear. The 
accuracy of the feature detection method, the reliability of feature correspondence estimation, and the 
acceptable approximation error need to be considered too. Moreover, the decision about which differences 
between images have to be removed by registration has to be done. It is desirable not to remove the 
differences we are searching for if the aim is a change detection [8][3]. Finally, the choice of the 
appropriate type of re-sampling technique depends on the trade-off between the demanded accuracy of the 
interpolation and the computational complexity. 

 
4. TECHNIQUES 

 
Registration techniques 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 classification 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. 
 

A. 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][8]. 
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→ 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 first step of image registration is omitted. The methods 
belonging to this class will be covered in sections corresponding to the other registration steps. 

 
→ Feature-based methods : 

The second approach is based on the extraction of salient structures–features—in the images. 
Significant regions (forests, lakes, fields), lines (region boundaries, coastlines, roads, rivers) or points 
(region corners, line intersections, points on curves with high curvature) are understood as features here. 
They should be distinct, spread all over the image and efficiently detectable in both images. 

The comparability of feature sets in the sensed and reference images is assured by the invariance 
and accuracy of the feature detector and by the overlap criterion. In other words, the number of common 
elements of the detected sets of features should be sufficiently high, regardless of the change of image 
geometry, radiometric conditions, presence of additive noise, and of changes in the scanned scene. In 
contrast to the area-based methods, the feature-based ones do not work directly with image intensity values. 
The features represent information on higher level. This property makes feature-based methods suitable for 
situations when illumination changes are expected or multisensor analysis is demanded. The use of feature-
based methods is recommended if the images contain enough distinctive and easily detectable objects. This 
is usually the case of applications in remote sensing and computer vision. On the other hand, medical 
images are not so rich in such details and thus area-based methods are usually employed here[6]. 

 
B. 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. In the following paragraphs, the two major categories (area-based and feature-
based methods, respectively), are retained. 
 

→ Area-based methods: 
Area-based methods, sometimes called correlation-like methods or template matching [2] merge 

the feature detection step with the matching part. These methods deal with the images without attempting to 
detect salient objects. Windows of predefined size or even entire images are used for the correspondence 
estimation during the second registration step, [3][4][6]. The limitations of the area-based methods 
originate in their basic idea. Firstly, the rectangular window, which is most often used, suits the registration 
of images which locally differ only by a translation. If images are deformed by more complex 
transformations, this type of the window is not able to cover the same parts of the scene in the reference 
and sensed images (the rectangle can be transformed to some other shape) [4]. 

Another disadvantage of the area-based methods refers to the ‘remarkableness’ of the window 
content. There is high probability that a window containing a smooth area without any prominent details 
will be matched incorrectly with other smooth areas in the reference image due to its non-saliency. The 
features for registration should be preferably detected in distinctive parts of the image. Classical area-based 
methods like cross-correlation (CC) exploit for matching directly image intensities, without any structural 
analysis. Consequently, they are sensitive to the intensity changes, introduced for instance by noise, 
varying illumination, and/or by using different sensor types. 
Correlation-like methods: The classical representative of the area-based methods is the normalized CC and 
its modifications [7]. 
 

→ Feature-based methods: It assumes 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 find the pair wise correspondence between them 
using their spatial relations or various descriptors of features. 
 

→ 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 neighbourhoods are 
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locally distorted. The information about the distance between the CPs and about their spatial 
distribution is exploited. 
 

→ 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 . Area-based methods are preferably applied when the 
images have not many prominent details and the distinctive information is provided by gray-
levels/colors rather than by local shapes and structure. Area-based methods have two principal 
limitations. Reference and sensed images must have somehow ‘similar’ intensity functions, either 
identical (and then correlation-like methods can be used) or at least statistically dependent (this 
typically occurs in multimodal registration)[5].  

Feature-based matching methods are typically applied when the local structural 
information is more significant than the information carried by the image intensities. They allow 
to register images of completely different nature (like aerial photograph and map) and can handle 
complex between-image distortions. The common drawback of the feature-based methods is that 
the respective features might be hard to detect and/or unstable in time[1]. 

 
C. 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  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[5]. Models of mapping functions can be divided into two broad 
categories according to the amount of image data they use as their support. Global models use all CPs for 
estimating one set of the mapping function parameters valid for the entire image. On the other hand, the 
local mapping functions treat the image as a composition of  patches and the function parameters depend on 
the location of their support in the image. 
 

• 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. 

x                    
 

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 affine Transform. 

u = a0 + a1x + a2y 
v = b0+ b1x + b2y 

which can map a parallelogram onto a square. This model is defined by three non-collinear CPs, preserves 
straight lines and straight line parallelism[1]. 
 

• 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. The 
weighted least square and weighted mean methods  gain the ability to register images locally by 
introducing the slight variation to the original least square method. The local methods called piecewise 
linear mapping and piecewise cubic mapping, together with the Akima’s quintic approach, apply the 
combination of the CP-based image triangulation and of the collection of local mapping functions each 
valid within one triangle. These approaches belong to the group of the interpolating methods[1][8]. 
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D. Image re-sampling 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 
[5]. 

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[1]. 

Several survey papers on re-sampling techniques have been published in the last years. A detailed 
investigation and comparison of methods was carried out for 2D images and for 3D data. Most recently, 
Thevenaz et al. have proposed a different approach to image re-sampling. Unlike the other methods, their 
re-sampling functions do not necessarily interpolate the image gray-levels. They rather interpolate values 
calculated as certain functions of the gray-levels[1][8]. 

 
5. APPLICATION 

Image registration has applications in remote sensing (cartography updating), and computer vision. 
Due to the vast applications to which image registration can be applied, it is impossible to develop a 
general method that is optimized for all uses. As per the application area appropriate Image Registration 
techniques can be used. 

Medical image registration (for data of the same patient taken at different points in time such as change 
detection or tumor monitoring) often additionally involves elastic (also known as non-rigid) registration to 
cope with deformation of the subject (due to breathing, anatomical changes). 

It is also used in astrophotography to align images taken of space. Using control points (automatically 
or manually entered), the computer performs transformations on one image to make major features align 
with a second image. 

 
 
6. CONCLUSION 

 
Image registration is essential part of panchromatic image creation. There are many different 

techniques that can be implemented in real time and run on embedded devices like cameras and camera-
phones. Image registration is a fundamental image processing technique in remote sensing application. It 
has been widely used in change detection, and other related areas. 
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