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Abstract— Image registration is a process of aligning two or 

more images of the same scene taken from different 

viewpoints, at different times, and/or by the different 

sensors. Image registration is a key process in various fields 

like remote sensing, medical imaging, computer vision and 

cartography. Image registration procedure consists of four 

basic steps: feature detection, feature matching, 

transformation model estimation and image transformation 

and resampling. Automatic image registration is still a 

challenging task, particularly for remote sensing images. 

This paper aims to provide a comprehensive review of 

existing image registration techniques along with their 

advantages and limitations. 
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I. INTRODUCTION 

Image Registration is a process of overlaying two or more 

images of the same scene taken at different times from 

different viewpoints, and/or using different sensors [1]. It 

geometrically aligns two images-the reference and sensed 

images. Image registration has been widely used in many 

fields such as computer vision, pattern matching, medical 

image analysis, and remote sensing image processing. 

Conventional image registration techniques involve manual 

selection of control points (CPs) that are used to estimate the 

geometric transformation model that provides a mapping 

function between sensed image and reference image. The 

drawback is that conventional methods are less accurate, 

less robust and more laborious task. An automatic image 

registration technique which can solve the pitfalls of 

conventional methods is required to achieve an accurate 

match and to obtain precise geometric correction. 

 Automatic image registration is still a challenge 

due to the presence of particular difficulties within the 

remote sensing field. The difficulties involved mainly 

include both geometric deformations (translation effect, 

rotation and scale distortion and viewpoint difference) and 

radiometric discrepancies (illumination change and sensor 

and spectral content difference) [6]. Image registration 

methods can be broadly classified into two categories: 

intensity-based and feature-based methods. Feature-based 

methods initially extract salient features and then match 

them using similarity measures to establish the geometric 

correspondence between two images. This approach is fast 

and robust to noises and complex geometric distortions. 

Feature points are distinctive points such as points, lines, 

edges, corners, blobs, T-Junctions etc. it is necessary that 

feature points are invariant to rotation, scaling, translation 

and illumination change. 

 There are several issues in Automatic Image 

Registration such as 1. Scale variance: This occurs when 

images have different scale value or if they have different 

size. 2. Rotation variance: This issue occurs when images 

are rotated by different angles. 3. Blur Variance: This occurs 

when images are differently blurred. 4: Illumination 

variance: when images having different illumination. 5: 

Affine variance: when images are differently scaled, rotated 

and translated. These issues can be resolved by auto 

transformation of images by using different methods and 

techniques. 

 
Fig. 1: Image Registration [8] 

II. STEPS OF AUTOMATIC IMAGE REGISTRATION [1, 7] 

The main phases/steps in image registration are: 

A. Feature Detection: 

Features are salient and distinctive objects such as points, 

Corners, edges, regions etc. These objects are termed as 

control points which are considered to be starting point or 

main primitive for image registration. Different approaches 

for corner detection includes Harris corner detector, The 

Wang and Brady detector, SUSAN detector, Forstner 

detector etc. For edge detection, most commonly used 

methods are Laplacian edge detection, Canny edge 

detection, Sobel edge detection and Haar wavelet transform. 

B. Feature Matching: 

This step matches and establishes the correspondences 

between features detected in the reference image and sensed 

image. Many feature descriptors and similarity measures 

techniques are available for feature matching. Feature 

matching methods are classified into two major categories: 

area-based and feature-based methods.  

 Area-Based methods are sometimes called 

correlation like or template matching methods. Classical 

area-based methods include cross-correlation, normalized 

cross correlation, sequential similarity detection algorithm. 

If the images were acquired under varying conditions or 

they are corrupted by frequency-dependent noise, then 

Fourier methods are preferred against the correlation-like 
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methods. One more area-based method is Mutual 

information (MI) methods. Mutual Information methods 

represent the leading technique in multimodal registration. 

Registration of multimodal images, is a difficult task, but 

often necessary to solve, especially in medical imaging. MI 

is a measure of statistical dependency between two data sets 

and is particularly suited to register images acquired with 

different modalities. 

 Feature-based methods include methods using 

spatial relations. These methods are usually applied if 

detected features are ambiguous or if their neighborhoods 

are locally distorted. A large group of registration methods 

is based on the relaxation approach, as one of the solutions 

to the consistent labeling problem (CLP): to label each 

feature from the sensed image with the label of a feature 

from the reference image, so it is consistent with the 

labeling given to the other feature pairs. This method can 

handle shifted images and it tolerates local image 

distortions.  

C. Transformation Model Estimate: 

In this step the type and parameters of the mapping 

functions are estimated to align the sensed image with the 

reference image. The parameters of the mapping functions 

are computed by means of the established feature 

correspondence. Image registration techniques can also be 

classified on the basis of nature of transformation. 

Transformation can be divided into various types such as 

rigid, non-rigid, affine, projective, curved, etc. affine 

transformation is the global model used for registration 

transformation. 

D. 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. 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 sufficient in 

most cases, but also quadratic splines, cubic B-splines, 

higher-order B-splines are applied in some cases.   

 
Fig. 2: The four main steps needed to register two images: 

(1) Feature detection (corners were used in this example) 

(2) Feature matching using invariant descriptors (a 

correspondence is represented by the same pair number),(3) 

Transformation estimation, (4) Image Resampling[1] 

III. FEATURE DETECTION AND MATCHING METHODS [2,3,8] 

Feature points are distinctive points such as lines, edges, 

corners, blobs, T-Junctions etc. The most valuable property 

of an interest (feature) point detector is its repeatability, 

which expresses the reliability of a detector for finding the 

same physical interest points under different viewing 

conditions. SIFT, PCA-SIFT and SURF are the three 

different approaches for feature point detection and 

matching.      

A. SIFT (Scale Invariant Feature Transform): 

SIFT algorithm is robust to scale, rotation and change in 

illumination. In order to achieve scale invariance SIFT uses 

a DoG (Difference of Gaussian) function to do convolution 

on an image. It obtains different scale images by changing
 . Then it subtracts the images which are adjacent in the 

same resolution to get a DoG pyramid. The DoG function is 

a kind of an improvement of a Gauss-Laplace algorithm. 

 SIFT compares each point with its adjacent 26 

pixels, which is the sum of eight adjacent pixels in the same 

layer  and nine pixels in the upper and lower adjacent layers. 

If the point is minimum or maximum, the location and scale 

of this point are recorded. Therefore, SIFT gets all extreme 

points of DoG scale-space and locates extreme points 

exactly. 

 In the scale of each key points, SIFT computes the 

gradient strength and direction of every neighborhood. 

According to gradient directions, SIFT votes in histogram 

for every neighborhood, and uses the summations as the 

gradient strengths of a key point. The main direction of this 

key point is defined as the direction whose gradient strength 

is maximal. Then, SIFT uses the key point as a center to 

choose an adjacent 16*16 region. After the region is chosen, 

SIFT divides this region into 4*4 sub-regions, and sums the 

gradient strength in each sub-region. SIFT uses eight 

directions in each sub-region to generate an eight-

dimensional vector. Therefore, SIFT gets a 128 dimensional 

feature description from 16 sub-regions, according to a 

certain order.    

B. PCA-SIFT (Principal Component Analysis Sift): 

PCA-SIFT is an effective and widely used data 

dimensionality reduction technique. PCA-SIFT uses PCA to 

replace the gradient histogram method in SIFT. Its 

description procedure can be divided into two sub-steps: 

projection matrix generating and descriptor establishing. It 

makes a new vector significantly smaller than a standard 

SIFT vector. 

 In the procedure of projecting high-dimension to 

low-dimension, an input vector has horizontal and vertical 

gradient mappings of a 41*41 region around the key point, 

whose dimensionality is 2*39*39=3042. After the 

projection matrix is generated, the descriptor of PCA-SIFT 

can be computed. 

C. SURF (Speeded Up Robust Features): 

In feature detection, SURF is faster than SIFT which is the 

main requirement of the today’s real time application. It is 

the robust interest point detector and descriptor. SURF 

detector is mainly based on the approximated Hessian 

Matrix. SURF descriptor gives a distribution of Haar-

wavelet responses within the interest point neighborhood. 
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SURF descriptor has low dimensionality which reduces the 

computation time. SURF is better than previously used 

schemes with respect to repeatability, distinctiveness, 

robustness and speed. SURF uses the integral images and 

box filters which improves the speed of detection in SURF. 

 In the description phase, SURF first divides the 

neighborhood region of each extreme point into a number of 

4*4 square sub-regions. Then it computes a Haar wavelet 

response of each sub-region. Each response has a four- 

dimensional vector. Each key point is described with a 64-

dimensional feature description of all sub-regions. 

IV. TRANSFORMATION MODEL ESTIMATION 

After obtaining the set of matched feature points (CPs), our 

next step is to design the mapping function which is used to 

align the sensed image with the reference image. Images 

may be geometrically distorted because of the lens or the 

irregular movement of the sensor during image capture. 

Geometric transformations are performed on the images to 

eliminate the geometric distortions occurred during image 

capture. Transformation model can be divided into two 

broad categories: global mapping model and local mapping 

model. Global mapping model use all CPs for estimating the 

parameters of the mapping function valid for the entire 

image. On the other hand, local mapping function treat the 

image as a composition of patches and the function 

parameters depend on the location of their support in the 

image. Interpolating functions exactly map the sensed image 

CPs on the reference image CPs, whereas approximating 

techniques try to find the best trade-off between the 

accuracy of the final mapping and other requirements 

imposed on the character of the mapping function. 

A. Affine Transformation [5]: 

An affine transformation is an important class of linear 2D 

geometric transformations which maps pixel intensity values 

located at position (x, y), in an input image into new 

position (x’, y’) in an output image by applying a linear 

combination of  translation, rotation , scaling and/or 

shearing operations.  

 Affine transformation is the most commonly used 

registration transformation which is sufficient to match two 

images of a scene taken from the same viewing angle but 

from different positions. It is a global transformation which 

is rigid. Affine transformation preserves the straight lines, 

but angles and lengths are not preserved. 
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B. Interpolation: 

Interpolation is the process of determining the values of a 

function at positions lying between its samples. The 

interpolation itself is usually realized via convolution of the 

image with an interpolation kernel. B. Zitova and J. Flusser 

have reviewed that most generally used interpolation 

techniques are bilinear interpolation and nearest neighbor 

interpolation. 

 The rounding of calculated coordinates (x’, y’) to 

their nearest integers is a strategy known as Zero-order or 

nearest neighbor interpolation. Each interpolated output 

pixel is assigned the value of nearest sample point in the 

input image.  

 The bilinear transform is used in digital signal 

processing and discrete-time control theory to transform 

continuous time system representations to discrete time and 

vice versa. It is also known as first order interpolation. 

There are many more interpolation schemes such as 

quadratic splines, Thin plate splines (TPS), cubic B-splines, 

etc. 

V. IMAGE RESAMPLING AND TRANSFORMATION 

The Sensed image is transformed using the mapping 

function constructed in the previous step for registration. 

The transformation can be realized in a forward or backward 

manner [1]. Each pixel from the sensed image can be 

directly transformed using the estimated mapping function.  

This approach, called a forward method, is complicated to 

implement, as it can produce holes in the output image. 

Hence, the backward approach is usually chosen. The 

registered image data from the sensed image are determined 

using the coordinates of the target pixel and the inverse of 

the estimated mapping function and then we finally generate 

the output registered image. 

VI. CONCLUSION   

Image registration is used as a key process in various 

applications such as image fusion, change detection, remote 

sensing and many other areas. This paper provides a survey 

of various techniques available for automatic image 

registration. Although a lot of work has been done, 

automatic image registration is still an open problem. 

Among various feature detection and matching algorithms, 

SURF is found more robust and accurate algorithm. SURF 

is scale and rotation invariant feature detector and 

descriptor. SURF is faster than SIFT and PCA-SIFT.SURF 

uses the integral images, which reduces the number of 

operations require for simple box convolutions, independent 

of the chosen scale and improves the speed and accuracy. 

Affine transformation is the general model used to transform 

the images to generate the final registered image. 

Interpolation techniques are used to remove the holes and/or 

overlaps in the output image. 
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