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Abstract--- This paper aims to survey of Image Registration 

techniques for Satellite Images. Image Registration is a 

process of arranging two images (references and sense 

images) of the same scene taken at different times, from 

different sensors, and/or different viewpoints into a common 

coordinate system. They can be classified according to their 

nature (area based and feature based) and four basic steps of 

image registration procedures: feature detection, feature 

matching, and transform model estimation and image 

transformation and Resampling. There are different errors 

like localization errors, alignment errors, matching errors, 

are main challenges of image registration. To minimize error 

methods like Correlation like methods, Fourier transfer 

methods etc. are used for image registration. 
 
Keywords: Image Registration, feature detection, feature 

matching, transform model estimation, image transformation 

and resampling. 

I. INTRODUCTION  

Image Registration is a process of aligning two images of the 

same scene taken at different times, from different 
viewpoints, and/or different sensors (references and sense 

images) into a common coordinate system[7]. It 

geometrically aligns two images—the reference and sensed 
images.  

The present differences between images are 
introduced due to different imaging conditions. 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 change detection, image 

fusion, and multichannel image restoration. Registration is 

required in remote sensing(multispectral classification, 
change detection, environmental monitoring, weather 

forecasting, image mosaicing, creating super resolution 

image, integrating information into geographical 
information(GIS)), in medicine (combining computer 

tomography(CT), and Nuclear magnetic resonance (NMR) 
data to obtain more complete information about the patient, 

treatment verification, monitoring tumor growth, comparison 

of patient data with anatomical atlases), in computer 
vision(target localization, automatic quality control) and in 

cartography (map updating). 

II. IMAGE REGISTRATION METHODOLOGY [7] 

Image registration is widely used in remote sensing, 

computer vision, medical imaging etc. In general, according 

to the manner of the image acquisition and its applications it 

can be divided into four main categories: 

Multiview analysis: In this images of the same scene are 

acquired from different viewpoints. The aim behind this 

methodology is to gain larger a 2D view or a 3D 

representation of the scanned scene. 
 

 
Fig. 1: Image Registration 

Examples:  Remote sensing (mosaicing of images of the 

surveyed area), Computer vision (shape recovery stereo). 

Multitemporal analysis:  In this images of the same scene are 

acquired at different times and possibly under different 

conditions. The aim behind this is to find and evaluate 

changes in the scene which appeared between the 

consecutive image-acquisitions. 

Examples: Remote sensing (monitoring of global land usage, 

landscape planning), Computer vision (automatic change 

detection for security monitor-ing, motion tracking), Medical 

imaging (monitoring of the healing therapy, monitoring of 

the tumor evolution). 

Multimodal analysis: In this images of the same scene are 

acquired by different sensors. The aim behind this is to 

integrate the information obtained from different source 

streams to represent more complex and detailed scene. 

Examples: 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 (magnetic resonance image (MRI), ultrasound or CT 

positron emission tomography (PET), single photon emission 

computed tomography (SPECT) or magnetic resonance 

spectroscopy (MRS)). 

Scene to model registration:  In this images of a scene and a 

model of the scene are registered. The model may 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 behind this is to localize the acquired image in the 

scene/model and/or to compare them. 

Examples: Remote sensing (registration of aerial or satellite 

data into maps or other GIS layers), Computer vision (target 

template matching with real-time images, automatic quality 

inspection), Medical imaging (comparison of the patient‟s 
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image with digital anatomical atlases, specimen 

classification). 

III. TYPES OF SENSORS [16] 

Sensor type is roughly divided into two categories 

1) Optical sensor: It observes visible lights and infrared rays. 

2) Microwave sensor: It receives microwaves, which is 

longer wavelengths than visible lights & infrared rays and in 

this type of sensor observation is not affected by day, night 

or weather. 

IV. SATELLITE SENSOR SPECIFICATIONS [13, 14] 

 CARTOSAT-1 IKONOS 

Developer ISRO GeoEye 

Resolution 2.5m 

0.82m 

panchromatic; 

3.2 m 

multispectral 

Launch Date May 5, 2005 Sep 24 ,1999 

Launch 

Location 

Sriharikota, 

India 
California, USA 

Nominal 

Altitude 
617.99 km 681 km 

Orbits Per 

Day 
15 14.7 

V. TYPES OF IMAGES [15] 
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VI. STEPS OF IMAGE REGISTRATION [7, 8]  

The registration methods consist of four steps: 

 
Fig. 2: Steps of Image Registration 

A. Feature Detection:  

Feature detection is a low-level image processing operation 
which is usually performed on an image as first operation, 
and examines every pixel to see if there is a feature present at 
that pixel.  
Salient and distinctive objects like closed boundary regions, 
edges, contours, line intersection, corners etc. are detected. 
Features can be represented by their point representatives 
like centers of gravities, line ending, and distinctive points 
which are also called control points. 
Significant regions(forests, lakes, fields), lines(region 
boundaries, roads, rivers) or points(line intersections, region 
corners, points on curves with high curvatures) are used as 
features. The regions are often represented by their center of 
gravity, which are invariant with respect of rotation, scaling, 
and skewing. The region features are detected by means of 
segmentation method. Lines are expressed by pairs of line 
ends or middle points. Standard edge detection methods, like 
canny detector or detector based on the Laplacian of 
Gaussian are employed for line feature detection. The point 
is expressed by line intersection, centroid of closed boundary 
region or local modulus maxima of the wavelet transform. 
The first order derivative and second order derivative are 
used for point detection. 

B. Feature Matching:  

The relevance between the features detected in the sensed 

image and those detected in The detected features in the 

reference and senses images can be matched by means of the 

image intensity values in their close neighborhoods, the 

feature spatial distribution, or the matching merge the feature 

detection step with the matching part. 

Fourier Transfer methods: if an acceleration speed is needed 

or if the images were acquired under conditions and they are 

corrupted by frequency dependent noise, then Fourier 

methods are preferable. They exploit the Fourier 

representation of the images in the frequency domain. 

C. Transform Model Estimation:  

The type and parameters of the so-called mapping functions 

after aligning the sensed image with the reference image are 

estimated. The parameters of the mapping function are 

computed by means of the established feature 

correspondence. 

 
Fig. 3: Four steps of Image Registration (Top row: feature 

detection, middle row: feature matching, bottom left: 

transform model estimation, bottom right: image resampling 

and transformation) 

http://en.wikipedia.org/wiki/Image_processing
http://en.wikipedia.org/wiki/Pixel
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Types of mapping function: 

1) Global mapping: it use all control points for 

estimating one set of the mapping function 

parameter valid for the entire image.  

2) Local mapping: it treats the image as a composition 

of patches and the function parameters depend on 

the location of their support in the image.  

Image Resampling and Transformation: The sensed image is 

transformed by means of mapping function. 

Using the appropriate interpolation technique image values 

in non-integer coordinates is computed. 

The transformation can be forward or backward. Each pixel 

from the sensed image can be directly transformed using the 

estimated mapping function. This approach is called forward 

method. It„s complicated to implement, as it can produce 

holes and/or overlaps in the output image (due to the 

discretization and rounding). 

The registered image data from the sensed images are 

determined using the coordinated of the target pixel and the 

inverse of the estimated mapping function. The image 

interpolation takes place in the sensed image which neither 

holes nor overlaps can occur in the output image. The nearest 

neighbor function, the bilinear and bicubic function, 

quadratic splines, Gaussian, higher order B-splines methods 

used interplant. 

VII. METHODS OF REGISTRATION [7, 8]  

 Curve methods: Generate sequence of corresponding 

points to be registered and search for corresponding 

“open” curves manually, and then registered two-

dimensional projection radiographies. Corresponding 

open curves are matched by searching for the optimal fit 

of the local curvatures in the two cures. 

 Correlation methods: It is useful for registration of mono 

modal images. This technique can estimate large 

translation, scaling, and rotation of images by an 

extension of phase correlation technique. 

 Steerable Pyramid Transform [1]: It is used for 

producing multi resolution levels of reference and sensed 

images. 

 SIFT Algorithm [1, 2]: it is used to extract feature points 

that can deal with large variation of scale, rotation and 

illumination between images.

The  scale  space  of  an image is  defined  as  a function  L 

(x , y , σ) which  is  produced from  the  convolution  of  a  

variable-scale  Gaussian  G(x , y , σ) with an input image I ( 

x , y) : 
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 Sobel operator [6]: It ips used for detecting edge from 

referenced and sensed image as feature points and 

consist of following 3*3 mask.


The gradient magnitude is given by:  

| |  √        

Typically, an approximate magnitude is computed 

using:  

| |  |  |  |  | 
 Canny Edge detector[3]: It is used to detect edge as 

feature and it consist of following steps;

1) Smoothing image with Gaussian filter;  

2) Calculating the gradient magnitude and direction 

by the finite difference of the first-order partial 

derivatives;  

3) Non-maxima suppression for amplitude of the 

gradient;  

4) Detecting and connecting the edge by double 

threshold algorithm 

 Harris corner Detector [3,4]: It is used to detect corner 

from the sensed and reference image as feature point and 

consist of following steps;

1) For each pixel (x,y) in gray image J, calculate the 

correlation matrix M. 

2) Estimate the comer score of the corresponding 

pixels. 

 Set the CRF threshold to limit the number of 

extracted comers. 

 Euclidian Distance [1,2]: it is used to find feature point 

pairs (correspondence from feature points of reference 

image to feature points of sensed image).

Euclidian distance between two points P1 and p2 with 

coordinates (x1, y1) and (x2, y2) respectively can be given by; 

ED=√(     )
  (     )

  

 RANSAC Algorithm [1]: it is used to remove false 

matching pair and consists of following steps.

1) Choose a model. 

2) Determine the minimal number of points needed to 

specify the model. 

3) Define a threshold on the inlier count. 

4) Fit the model to a randomly selected minimal 

subset 

5) Apply the transformation to the complete set of 

points and count inliers. 

6) If the number of inliers exceeds the threshold, flag 

the fit as good and stop. 

7) Otherwise repeat steps 4 to 6.  

 Wavelet based methods [5,9]: 

 It is an intermediate representation between Fourier and 

spatial representation. It can be performed in two ways: 

1) Selecting wavelet coefficients by selection rules 

such as maximum absolute wavelet coefficient in 

the multi-spectral images and the high resolution 

image for each band.   
2) Replacing partial wavelet coefficient of the high-
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resolution image with these of multi-spectral low-
resolution image.  

 
Fig. 4: Wavelet Decomposition 

 
Fig. 5: 2-level and 4-level Decomposition 

Decompose the image recursively into four sets of the 
coefficients (LL, HL, LH, HH) by filtering the image 
successively with two filters, a low-pass filter L and a high 
pass filter H, both working along with rows and columns 
(Fig. 4). Wavelet is also decomposing into multiple levels 
(Fig. 5). 

 Affine transform [3]:The affine transformation 

parameters can be calculated by coordinates of control 

points, and then geometrically transformation may be 

conducted for registered image.
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Where, (x‟,y‟) and (x,y) are two images pixel 

coordinates; s indicates scaling factor;   indicates 

rotation angle;           indicates horizontal and 

vertical translation respectively.  

 Soft computing based methods[8]:  
1. Artificial Neural Networks: It is a mathematical model 

or computational model based on biological neural 

networks. It consists of an interconnected group of 

artificial neurons and process information using a 

connectionist approach to computation. It„s a 

computational structure that is composed of a number 

of single processors connected through set of links, 

which have some weight associated them.  

2. Genetic Algorithm: It is a search technique used in 

computing to find exact or approximate solution to 

optimization and search problems. Traditionally 

solutions are represented in binary as 0s and 1s. In each 

generation, the fitness of every individual in the 

population is evaluated; multiple individuals are 

stochastically selected from the current population.  

3. Fuzzy sets: Fuzzy sets are sets whose elements have 

degrees of membership. It permits the gradual 

assessment of the membership of elements in a set; this 

is described with the aid of a membership function 

valued in the real unit interval [0, 1].  

VIII. EVALUATION OF IR ACCURACY [7]  

1) Localization error: Displacement of the control point 

coordinates due to their inaccuracy detection is called 

localization error. Being an intrinsic error of the 

detection method, the localization error cannot be 

measured directly on the given image. It can be reduced 

by selecting an “optimal” feature detection algorithm 

for the given data but usually there is trade-off between 

the number of detected control point candidates and the 

mean localization error. 

2) Matching error: it is measured by the number of false 

matches when establishing the correspondence between 

control point candidates. False match can be identified 

by consistency check, where two different matching 

methods are applied to the same set of the control point 

candidates.  In each step, we exclude one pair from the 

set of control points and calculate the mapping 

parameters (translation vector and rotation angle of 

instance). Then check how well the excluded points are 

mapped one to the other by this model. If their 

displacement is below a given threshold, they are 

accepted as a valid control point pair.  

3) Alignment error: the difference between the mapping 

model used for registration and the actual between 

image geometric distortions. Alignment error is always 

present in practice because of two different reasons. 

The type of the chosen mapping model may not 

correspond to the actual distortion and/or the 

parameters of the model were not calculated precisely. 

It can be measure by mean square error at control point. 

Another approach to estimation of alignment accuracy 

is consistency check using multiple cues. Here, the 

image registered by the method under investigation is 

compared (by a proper metric in the image space) with 

the same image registered by another comparative 

method. 
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