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░ ABSTRACT: Image mosaicing is the process of joining small images of the same scene which may be clicked at different 

times, with different cameras, or illumination variation and produce the image with bigger field of view. The leading contribution 

of the paper lies in the primary detection of features using SURF which completely works in the spatial domain. For image 

registration frequency based approach has been used. The proposed approach is global, has robustness to noise and is 

computationally efficient. 
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░ 1. INTRODUCTION 
   
 “Mosaic” originates from an Old Italian word “mosaico” 

which means a picture or pattern produced by arranging 

together small pieces of stone, tile, glass etc. The input images 

which are to be stitched can be two or more than that and is 

better understood from the geometric relationship between 

them [1, 2]. It has got many real time applications. Panorama 

is very common example which is used in our daily life. Image 

mosaicing algorithm is broadly divided into two categories: 

spatial domain based and frequency domain based. Spatial 

domain based is further classified into area based and feature 

based image mosaicing. So SURF (Speeded-Up Robust 

Features) algorithm implemented completely works in the 

spatial domain to generate the mosaiced image. In the 

proposed methodology the corresponding information or 

details in each individual image scenes in spatial and temporal 

domain can be combined to generate scene using images of 

smaller field of view. In frequency domain FFT (Fast Fourier 

Transform) approach has been used.  

 

░ 2. SURF (Speeded up Robust Features) 
 

SURF stands for Speeded-Up Robust Feature. In the year 2006 

it was first proposed by Herbert Bay and later came into 

vision. The feature detection process in SURF requires three 

steps: detection of features, description of the detected feature 

and last matching [2]. The flow chart of SURF is shown below 

in Figure 1. SURF focus is more on increasing the matching 

step [5]. The various applications like automatic object 

tracking, motion 

2.1 Interest Point Detection 
 

 

Figure: 1 Flow chart of SURF algorithm 

For the detection of interest point’s different detectors which 

are invariant to scale has been proposed which use the SURF 

approximation of the Hessian matrix. Set of feature point 

candidates is formed by applying the local maxima of Hessian 

determinant matrix to the scale space. Threshold value is fixed 

to take the decision. If the response is above our defined 

threshold value then that particular interest point is compared 

to its twenty-six pixels lying in the neighborhood. Based on 

the comparison we choose the feature point. If the extreme 

point detected is greater than all neighboring values, then it is 

a feature point [3]. It includes establishing integral images, 

Hessian matrix and scale space representation. 
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Establishing Integral images 

      For establishing integral image, a digital image is taken 

into consideration. Image is represented as I and for any point 

X in the image the coordinate is (x, y). So the integral image 

for the image I will be stated as shown in equation 1. 
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The integral image is utilized to increase the computation 

speed of box type convolution filter. An example is considered 

to understand the integral image concept in a better way is 

shown in Figure 2. 

 
Figure 2: Integral image 

In this figure an image I is convoluted with two-dimensional 

rectangular function, all the pixels get summed up within the 

rectangular area. In the terms of equation represented as: 

  DCBA                                                       (2) 

 

A, B, C, D are the four vertices of the rectangle and the 

integral image is calculated by just using the addition and 

subtraction operation but the size of the rectangular area is not 

involved. So computation speed is not dependent upon the box 

size, because the only operation involved in the procedure is 

addition [4]. So it is more convenient if the filter with big size 

is used. 

Hessian Matrix 

      Hessian matrix is used in SURF because it has got certain 

advantages. First the computation time taken by Hessian 

matrix is very less and second it gives better accuracy. The 

two parameters of the interest point are scale and location. 

Both are determined with the help of Hessian matrix. This 

algorithm depends on the concept of scale space theory. Local 

maxima are detected from Hessian matrix [6]. For the 

calculation of Hessian matrix an image I is considered and for 

any point x in the image I the coordinate is (x, y). So the 

Hessian matrix at σ and point x can be: 
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),( xLxx
 denotes the convolution between Gaussian second 

derivative as 
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and of the image I  in the x point and 

similarly all other ),( xLxy
, ),( xLyy

are denoted in the 

same way. Gaussian is replaced with approximations of box 

filters. This approximation replaces the second order 

derivative, and use of integral images speed up the evaluation 

process without considering the size of box filters into an 

account. The box filters with 9x9 pixels is shown below in 

Figure 3. 

 

 

 

    (a) x direction               (b) y direction                   (c) xy direction 

Figure 3: Box Filters with 9x9 pixels 

 

An approximate Hessian matrix determinant represented as det 

(Happrox) is given in equation: 

      2)()det( xyyyxxapprox DwDDH 
                                             (4) 

xxD represents the approximate value of the convolution 

between Gaussian second derivative and the image I  in the x 

point and others in a similar way as per directions given. 

Weight w is taken 0.9 and it is decided as per Forbenius norm.  

0.9 is standard value which is kept same for any box sizes and 

does not differ with the size of boxes [7]. The box type filters 

are used to build the image pyramid. The use of integral 

images and box filters prevents from iteratively applying the 

same filter to the previous filter layer output instead any filter 

size can be directly applied to the original image but at the 

same speed. The first layer will be the output of box filters 

with 9x9 pixels with the scale of 1.2. For other filter sixes of 

9x9, 15x15, 21x21, the scale size will also increase 

accordingly. Thus for the new octaves, the filter size increases 

and gets double. 

       Next for the localization of interest points local maximum 

suppression is applied. And it is applied to 3x3x3 of its 

neighborhood shown in Figure 4. In the first level the extrema 

points are compared among all the other eight neighbors, 

similarly compared to its all neighbors above and neighbors 

below. So all the relations between the octaves, levels, 

neighborhood are shown in the Figure. 4. Scale space 

interpolation is achieved by taking the maxima of the 

determinant of the Hessian matrix. 
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Figure 4: Non maximum suppression of 3x3x3 neighborhood of 3 octaves 

having 3 levels 

 

Scale Space Representation 

      Continuous sampling of scale  is required in SURF. The 

scale is divided into number of octaves. Further octaves are 

divided into different intervals or in the other way say levels. 

The filter size is given by: 

9

2.1
)1interval2(3  OctaveFilterSize  (5)                                                     

Where octaves represents layers and interval means within that 

particular layer what is the image sequence number. So  

sampling of scale in SURF is given by:  
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2.2 Interest Point descriptor 
 

Interest point detected in the previous step needs to be 

properly descripted.  The need of description is to provide a 

robust and unique detail for detected interest points. Entire 

description process is divided into two steps Orientation 

Assignment and Sum of Haar wavelet responses. 

Orientation Assignment 

      For description SURF uses Haar wavelet responses. The 

descriptors of SURF are rotation invariant. Around the interest 

point the area of 6s is considered and within this region the 

orientation is calculated. Here the s represents the same scale 

which was used at the time of detecting the interest point. For 

orientation the Haar wavelet responses are calculated 

respectively in the x direction and y direction. In all total only 

six operation are involved in any x or y direction. After all the 

responses of wavelets are calculated they are represented in 

space as vectors. In space along the abscissa the horizontal 

response is represented and along the ordinate vertical 

response is represented [8]. The sum of all responses falling in 

the window covering area of 60 degree decides the dominant 

orientation direction shown in Figure 5. The new vector is 

generated when horizontal and vertical both responses are 

added up. So the vector which is longest becomes orientation 

which will be unique for the interest point. 

 
 

Figure 5:  HAAR wavelet response within are of 60 degree 

 

Sum of HAAR wavelet responses 

      For extracting the descriptor, window size is chosen as 

20s, where s is scale. The entire area is divided into small 

square sub regions of size 4x4, for every sub region the feature 

are computed for 5x5 uniformly spaced sample points like 

shown in Figure 6. dx represents Haar wavelet response 

horizontally and dy represents Haar wavelet response 

vertically. For the feature vector, set of entries is created by 

summing up dx and dy in every 4x4 sub region. |dx| and |dy| 

are also calculated which represents the sum of absolute values 

of dx and dy respectively for change in polarity of intensity 

[9]. The vector v is calculated for every sub region of 4x4 

given by equation 8 below. For 4x4 sub regions in all total 

length of the vector will be 64. 

          |||| dydxdydxv                                  (8) 

 

Figure 6:  20s divided into 4x4 sub regions, each sub region sampled 

further at 5x5 sample points 
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For different pattern of intensities the responses of Haar 

wavelet are also different shown in Figure 7. These responses 

of wavelet are robust towards illumination changes and for 

being invariant towards contrast descriptors which are 

normalized to unit vector [10]. 

 

Figure 7:  Sum of HAAR wavelet response for different intensity pattern 

░ 3. PROPOSED METHOD 

 
The corresponding information in each individual image 

scenes in spatial and temporal domain is combined to generate 

scene using images of smaller field of view. The proposed 

method, presents an efficient robust image mosaicing 

technique based on SURF. The flowchart of proposed method 

is shown below in Figure 8. 

3.1 Feature Detection using SURF 

 

The leading contribution of the proposed work lies in the 

primary detection of features using SURF feature detector and 

descriptor. This step plays an important role as it detects the 

robust features and then describes the detected features further 

for matching purpose [11].  

 

 

Figure 8: Flowchart of proposed method 

            It depends on the concept of scale space theory. 

Hessian matrix is used in SURF which is used for the 

detection of local maxima. The hessian matrix of any image I 

for any point x can be calculated as: 
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derivative as 
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 and of the image I in the x point and 

similarly all other ),( xLxy
, ),( xLyy

 are denoted in the 

same way. Gaussian filters are replaced with the box filters to 

increase the computation speed. An approximate Hessian 

matrix determinant represented as det (Happrox) is given in 

equation 6.2 below: 

      2)()det( xyyyxxapprox DwDDH                                            (10)                                            

The weight w is taken 0.9 which determines the response for 

each and every point. For the localization of extreme points 

local maximum suppression is applied. The extrema points are 

compared among all the other eight neighbors becomes the 

interest points, similarly compared to its all neighbors above 

and neighbors below.   

3.2 FFT based Image registration 

 

     This approach has been used for the registration of images.  

It finds the transformation parameters for the registration of 

images [12]. The Fourier method differs from other 

registration strategies because they search for the optimal 

match according to information in the frequency domain. In 

this method instead of standard correlation, phase correlation 

is used for converting from Cartesian into log-polar space. 

Applying phase correlation to a pair of images produces the 

third image. The third image which is generated contains a 

single peak which is the highest peak. The location of this 

peak decides the translation offset between both the input 

images. In phase correlation method Fast Fourier transform is 

used [15]. FFT used computes the cross correlation between 

two images. The procedure followed is as: 

a) Applying window function (like Hamming window) to 

improve the edge effects, but this is optional. 

b) Then 2D Fast Fourier Transform is implemented over the 

one image and similarly the complex conjugate of 2D Fast 

Fourier Transform over the other image. 
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c) The output generated from both images are multiplied with 

each other and divided with the absolute values. It is done in 

order to calculate the cross power spectrum. 

 

Figure 9:  IFFT of Cross Power Spectrum 

d) Lastly do the IFFT (Inverse Fast Fourier Transform) of the 

result obtained from step 3 and then location of the peak is 

determined . 

e) The location of the peak, corresponds to the relative offset 

between the images as shown in Figure 9. 

3.3 RANSAC for Homographic Computation 

     It is a method to estimate the parameters of a particular 

model, from a set of data containing large amount of outliers. 

It is an iterative, non-deterministic algorithm which uses least-

squares method to estimate model parameters [16]. The input 

data of the algorithm is a set of observed data values and a 

mathematical model that will be matched to the data set and 

few parameters. RANSAC is an iterative process which 

iteratively selects a subset from the given data. The steps of 

the RANSAC algorithm are as follows:    

1. Randomly N data items have been selected which detect the 

parameters of model. 

2. Next parameter x is solved. 

3. Now from N data items, the data items which fits the model 

with the above solved parameter x are separated and see 

whether they fit with the user defined tolerance. Let tolerance 

be K. 

4. If the value of K is large, success is achieved and the 

process stops. 

5. Otherwise the steps from 1 to 4 are repeated. 

The advantage of this particular method is that the percentage 

of outliers which can be handled by RANSAC can be larger 

than 50% of the whole data set. One disadvantage of this 

algorithm is that for computing the parameters there is no 

bound on time, in case when there is limited iterations, it may 

not give the optimal results. 

 

3.4 Warping and Blending 

 In image warping the input images which are to be mosaiced 

are warped together with the use of geometric transformation. 

In this points to points are matched without the change of 

colors. It is the process of mapping of positions from the plane 

of first image to the plane of second image. Warping is used 

for creative purposes as well as any kind of image distortion 

can be corrected with the use of warping. Warping is used in 

many cases like when there is illumination variation between 

images, or when images are distorted due to some or other 

reason. Image blending is the method which is applied at the 

very last step to make the mosaiced image more attractive. In 

this thesis work alpha blending technique is used. With the 

help of image blending, the seam line is removed making 

image seamless. In this the gray levels of the image which 

falls around the boundary of seam line or stitching line is 

modified, so that a smooth transition is obtained between the 

joined images and the blended image is originated. 

░ 4. RESULTS AND DISCUSSION 
The images used for obtaining the results are clicked from 

Canon camera. The model of camera used is Canon EOS 

600D. Considered two sets of images and each contains pair of 

image. These results are obtained from the implementation of 

work in MATLAB Software. In obtaining these results, 

particularly we have used MATLAB version R2013a. This 

MATLAB is executed over laptop with following 

configuration as AMD Dual-Core Processor E-350 (1.6 GHz), 

with windows 7 Home Basic (64-bit), memory of 2 GB.             

Set A:  
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Figure 10: Input Image 1 (Upper is Right Portion) and Input image 2 

(Lower is left Portion) 

 

Figure 11: Result of SURF algorithm 

 

Figure 12: Result of Proposed method 

 

Set B: 

   
 

 

Figure 13:  Input Image 1 (Upper is Right Portion) and Input image 2 

(Lower is left Portion) 

 

Figure 14: Result of SURF algorithm 

 

Figure 15:  Result of Proposed method 

     The Figure 10 of set A and 13 of set B is the mosaiced 

image which is obtained after the implementation of SURF 

algorithm. In this figure there is a seam line which is very 

lightly visible to our eyes, which is highlighted and circled 

with red color. Figure 11 and 14 shows the mosaiced image 

from proposed method in which there is no seam line visible 

which is obtained lastly by applying alpha blending technique. 

It purely blends the two images into each other. 

4.1 Performance Evaluation 

      There are certain image quality metrics or performance 

metrics based on which the quality of image is determined. 
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The performance metrics based on which evaluation has been 

done are: PSNR (Peak Signal to Noise Ratio), RMSE (Root 

Mean Square error), SSIM (Structural Similarity Index 

Measurement), MI (Mutual Information), NAE (Normalize 

Absolute Error) and Run or computation time. 

1. PSNR (Peak Signal to Noise Ratio) 

It is Peak Signal to Noise Ratio. It is a measure to represent 

the quality of image in terms of signal to noise ratio. It is the 

calculation which is done between the one reference image 

and other the processed image. PSNR value should be high. 

PSNR is calculated from the formula as given in the below 

equation: 

          
MSE

R
PSNR

2

10log10                                    (11)                                                     

Where, R represents the maximum range in the input image 

data type. 

2. SSIM (Structural Similarity Index Measurement) 

      It is the method to measure the similarity between the two 

images. It is a quality measure. It is based on basically three 

terms contrast, luminance and structural terms. It is 

combination of all these three terms. So SSIM is given as: 
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Where µx, µy, σx, σy and σxy  represents the means, standard 

deviation and cross covariance for any image say (x ,y).  

3. MI (Mutual Information) 

      It is a metric which measures the asymmetry between two 

images. M and N are two images, so mutual information 

between both can be calculated as: 

      ),()()( NMHNHMHMI                               (13) 

M (i, j) is the mutual information of one image and N (i, j) is 

for the other image. H(M) denotes entropy for M (i, j) image. 

Similarly H(N) denotes entropy for N (i, j) image and H (M, N) 

is the joined entropy between both images M (i, j) and N (i, j). 

4. NAE (Normalize Absolute Error) 

     It is a quality measure, which can be calculated as: 
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Where, A is the image based on ground truth and B is the 

mosaiced image. All this performance metrics are shown 

together in the Table 1. There is comparison between the 

SURF and the proposed method. It shows that the proposed 

method is superior then existing SURF as they have better 

performance metrics. 

░ Table 1: Performance Analysis of SURF and Proposed 

Method 

Parameters SURF Proposed 

Method 

Computational Time 11.04 (sec) 7.09 (sec) 

PSNR 39.30 42.50 

RMSE 3.67 2.29 

SSIM 1.014 0.993 

MI 1.30 1.49 

NAE 0.155 0.130 

 

░ 5.  CONCLUSION 

       The corresponding information in each individual image 

in spatial domain and time domain is combined to generate 

scene using smaller field of view. For image registration 

Frequency based approach has been used. This approach is 

global and robustness to noise. This has better computational 

time compared to the SURF. It is so because of the shift 

property of the Fourier Transform and also with the use of Fast 

Fourier Transform. This registration technique differs from 

other methods because they search for the optimal match 

thoroughly. In the blending step alpha blending is applied 

which completely merges two images into each other not 

allowing any seam line to occur.  The entire research work has 

been done on two input images, which can be done even on 

multiple images, in which reducing the computation time will 

be challenging. It can also be done on videos or instead of 

taking simple 3D images cylindrical images or spherical 

images can be taken into consideration. In the proposed 

methodology where FFT based registration is done only on 

two images, same technique can be done for panorama 

generation considering videos. 
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