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Abstract— Image registration is a process of overlaying two 

or more images of the same scene taken from different 

viewpoints, at different times, and/or by different sensors. 

Image registration is a key process in various fields like 

remote sensing, medical imaging, computer vision and 

cartography. Image registration process 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. 

Auto-transformation of satellite images is a crucial step in 

Automatic image registration.  SURF is the fastest algorithm 

for feature detection and feature matching. RANSAC 

algorithm is used for autotransformation of satellite images 

and finally generates the registered image. This paper shows 

the results of feature detection and feature matching using 

SURF and final registered image obtained by RANSAC. 
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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- reference image 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.  

Automatic image registration techniques resolve the pitfalls 

of conventional methods and provide accuracy in the final 

registered image and more robust to scale, rotation and 

illumination changes in satellite images.  

Automatic image registration is highly required in 

remote sensing area. Remote sensing applications handle a 

large volume of satellite data/images to generate high 

quality registered data/image. There is a high possibility of 

presence of outliers or noise in the satellite images. Some 

powerful method/technique is required to remove the 

outliers from the satellite images and accurately estimating 

the transformation function parameters to generate a high 

quality registered image. RANSAC is one such algorithm 

which not only removes the outliers but also provides a 

good estimation of transformation function. RANSAC 

performs the auto-transformation of images and generates 

the final registered image.  

Autotransformation of images is a crucial step in 

automatic image registration. Autotransformation resolves 

various issues like scale variance, rotation variance, blur 

variance, illumination variance and affine variance which 

may exist in different satellite images.  

II. STEPS OF AUTOMATIC IMAGE REGISTRATION[1, 2] 

The main phases/steps in image registration are: 

A. Feature detection: 

This is the first step in image registration which extracts 

features like edges, points, corners, blobs etc. These features 

are also called control points. Features are salient and 

distinctive objects such as points, Corners, edges, regions 

etc. Various 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: 

After feature detection, next step is to match these control 

points using similarity metrics. 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.  

Mutual Information  is also area-based method and it is 

widely used in   multimodal registration. Feature-based 

methods include methods using spatial relations. Feature-

based methods are preferred over area-based methods. 

C. Transformation model estimate: 

After finding the corresponding pairs, next step is to find the 

transformation function which is used to align the sensed 

image and reference image.  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. 

D. Image Resampling and Transformation: 

After finding the transformation function. The images are 

transformed and generate the final registered image. If some 

hole/gap generates in the final image then various 

interpolation techniques are used to remove the holes/gaps. 

III. ALGORITHMS USED FOR IMAGE REGISTRATION[2,3,6] 

A. Surf(Speeded Up Robust Features): 

SURF is used for feature extraction and matching in image 

registration. SURF is faster than other proposed schemes. 

SURF’s detector and descriptor are rotation and scale 

invariant. SURF’s detector is mainly based on approximated 

Hessian matrix and the descriptor computes Haar wavelet 
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responses within the neighborhood of interest points. Its 

implementation is divided into three main steps: interest 

point detection, establishing feature vectors, feature vector 

matching. 

For interest point detection SURF uses integral 

images and box filters as an approximation of Gaussian 

smoothing. The advantage of this approximation is that it 

makes easier the process of convolving the box filters with 

integral images. Use of integral images reduces the number 

of operations and also reduces the computation time which 

makes SURF three times faster than SIFT.  

1) Detector Based on Hessian Matrix 

SURF uses the Hessian based matrix to detect the interest 

points. The Hessian matrix ℋ(X, σ) in X for a point X=(x, 

y) of an image I, at scale σ is defined as follows:   

 
Where Lxx(X,σ) is the convolution of the Gaussian 

second order derivative with the image I in point X and 

similarly for Lxy(X,σ) and Lyy(X,σ). The Gaussian second 

order partial derivative box filters of Dyy and Dxy  are shown 

in Fig. 1.  

 
Fig. 1: Gaussian second order partial derivative:Lyy and 

Lxy 

SURF’s interest point detector analyze the scale 

space by increasing the filter size. Therefore, it eliminates 

the need to reduce the image size, but instead different scale 

box filters are applied directly on the original image.  

 
Fig. 2: The image size is not reduced and filter size grows at 

each layer. 

2) Surf Descriptor: 

SURF’s descriptor is invariant to rotation, it calculates the 

Haar wavelet responses in x and y direction as shown in Fig. 

3.  

 
Fig. 3: Haar wavelet response in x and y direction. 

A circular region of size 6s is created around the 

interest points and the dominant direction is estimated by 

calculating the sum of all responses within a sliding 

orientation window of angle 60 degrees. The horizontal and 

vertical responses are summed up within the window. The 

longest vector is selected as the orientation to the interest 

point. 

To generate the descriptor, a square window of size 

20s is created around the interest point and it is divided 

regularly into 4 X 4 sub-regions. The Haar wavelet 

responses are calculated for each sub-region. Therefore 

SURF uses a descriptor of 64 dimension and reduces the 

computation time.  

B. Ransac(Random Sample Consensus Algorithm)[ 5,7] 

RANSAC algorithm is used to remove outliers present in the 

image and generates a pruned set of control points which are 

used for the estimation of transformation function. After that 

the transformation model is applied on the images to 

generate the final registered image. RANSAC algorithm is 

summarized as follows: 

 Select randomly the minimum number of points 

required to determine the model parameters. 

 Solve for the parameters of the model. 

 Determine how many points from the set of all 

points fit with a predefined tolerance. 

 If the number of inliers exceeds a predefined 

threshold value, re-estimate the model parameters. 

 Otherwise, repeat steps 1 through 4. 

IV. PROPOSED WORK FLOW 

In proposed system, feature points detection and matching is 

done by using SURF. RANSAC is used to remove 

outliers/noise present in the image and it will also transform 

the images and generates the final registered image. 

V. EXPERIMENTS AND RESULTS 

We have implemented our proposed system in OpenCV 

2.4.9 and Visual studio 2012. SURF is used to extract 

features of different satellite images. Fig. 5, 6, 7 and 8 

shows the output of feature detection using SURF. Fig. 9 

and Fig. 10 show that SURF is scale invariant and rotation 

invariant. Fig. 11 and Fig. 12 shows the final registered 

image. 

Fig. 5: Edge detection of image1 
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Fig. 6: Edge detection of image2 

Fig. 7: Key point detection of different scale images. 

 
Fig. 8: Key point detection of images using SURF 

 
Fig. 9: Feature matching (scale invariance) 

 
Fig. 10: Feature matching (rotation invariance) 

 
Fig. 11: Final registered image1 

 
Fig.12: Final registered image2. 
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VI. CONCLUSION   

Automatic Image registration is highly desirable in remote 

sensing world where large volume of satellite data is 

collected to generate the final output. SURF is a robust 

algorithm for feature detection and matching. SURF uses 

integral images and box filters which helps in reducing the 

computation time. Therefore, SURF is three times faster 

than SIFT. RANSAC is a robust estimator which removes 

the outliers present in the images and also estimate good 

transformation model which aligns the images and generate 

the final registered image.  
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