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ABSTRACT 

Many retinal diseases causing blindness as Diabetic retinopathy (DR), 

Retinopathy of prematurity (ROP),glaucoma etc relay on fundus images for diagnosis, 

staging’s treatment. A montage obtained by compositing different images of the same  

retina taken from different projections yields a better view of the underlying features. 

The paper documents an attempt to mosaic retinal images using an efficient hierarchal 

mosaicing algorithm. A new method for pair wise retinal image registration is  

followed by alignment of the image pair by two different feature detection and 

matching methods- Harris corner detector and Scale Invarient Feature Transform 

(SIFT) respectively. 

 

KEYWORDS:  Mosaicing , Homography 

INTRODUCTION 

Reinal diseases, such as Glaucoma, Macular Degeneration, hard exudates, cotton 

wool spots, haemorrhages micro aneurysms and retinopathies due to hypertension, 

diabetes and prematurity are becoming increasingly prevalent. All the aforementioned 

potential causes of blindness can be treated with laser photocoagulation but with a 

very low success rate of below 50% for both the first treatment and the possible re-

treatments [1][3].  

It is found that a composite image can not only help for the diagnosis and 

interventional planning but also can be used as a spatial map for the laser guidance 

system during treatment[4][6]. The study aims to automate the creation of a large 

mosaic of the maximum retina from a set of images acquired by a camera at different 

projections. The mosaic captures the maximum available information from all the 

regions that have been imaged. Such mosaics can facilitate both ROP diagnosis and 

staging rapidly deteriorating cases that can be helped by surgical interventions . 
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METHOD 

      The first involves registering an image pair and later extracting features that can 

be either vessel bifurcation or by point feature detection method.  we can see that only 

two images can be stitched by vessel bifurcation method in the history[8][9], as a 

result in this paper point feature detection method is adopted. Recently there are many 

methods to perform interest point detection/description schemes, which have made a 

good progress in image mosaicing. The two feature detectors are Harris corner 

detector and SIFT. The main flow of the mosacing operation is as shown in the Fig 1. 

The method to perform the mosaicing of retinal images taken in wide field of view, 

using feature detectors and descriptors, is summarised below.  

 

 

 

 

 

 

 

 

 

Fig. 1. Various stages involved in implementing the proposed work. 

Feature Detection  

     The feature detection and feature matching stages of image registration can be 

divided into two approaches, namely area-based and feature-based. Area-based 

methods of feature detection put emphasis on the matching of the features themselves 

rather than on their detection [2][9]. These methods are not considered here; instead 

feature-based methods is used. There are several types of features available for 

detection in images. Primarily, the choice of which feature is to be used is dependent 

on the application being undertaken. To select the feature points we have choosen 

Harris Corner Detector and SIFT algorithm which selects the feature points for the 

matching purpose. 

 

 

 

Feature detection 

Matching/ 
alignment 

Projective 
transformation 
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Harris corner detector 

 Harris corner detector is used to find local features in image. The Harris 

corner detector is a popular interest point detector due to its strong invariance to: 

rotation, scale, illumination variation and image noise. The Harris corner detector is 

based on local auto-correlation function of a signal that measures local changes of 

signal with patches shifted by in indifferent directions. The various stages of an Harris 

corner detector is as shown in Fig 2. This algorithm has 3 steps which are as 

follows[17][18].  
a. Apply Corner Detectors 

      This step takes as input the image and typically a few parameters required by the 

corner operator.  Corner operator is applied to obtain a corner. Step output is corner 

maps. Since, for each) input image pixel, corner operator is applied to obtain a corner 

measure. Corner map has the same geometry as input image and can be considered as 

a version of input image. 

      b.   Apply threshold on corner map 

      At this point the corner map holds numerous local maximums that have 

comparatively small corners measures that are not true corners. To avoid considering 

these points as corners, corner map is usually applied with threshold. All values in 

corner map under threshold are set to zero. 

     c.    Non maximal values suppression 

Threshold corner map contains only non-zero values around the local maximums that 

need to be marked as corner points. To locate the local maximums, non maximal 

suppression is applied. For every point in threshold corner map, non-maximal 

suppression sets the corner measure to zero, but only if its corner measure is not larger 

than the corner measure of all points within a definite space. After non-maximal  

suppression is applied, the corners are simply the non zero points remaining in the 

corner map. 

 
Fig 2. Various stages in harris corner detection algorithm 



JIARM VOLUME 1           ISSUE 6             (JULY 2013)       ISSN : 2320 – 5083 
 

437 
www.jiarm.com 

 Matching by correlation: 

  once the feature points of the two image is detected separately the next step is 

perform the matching operation, the best match of w(x,y) in f(x,y) is the location of the 

maximum value in the resulting correlation image when we treat w(x,y) as a spatial 

filter and compute the sum of products (or a normalized version of it) for each 

location of w in f. Therefore, we created 101 by 101 pixel windows for each corner in 

the referenced image, computed the correlation at each point in the unreferenced 

image, and extracted maximum values in both directions--from and to the 

unreferenced image. The correlation at a point can be computed [12] as equation (1),  

 =                                                          (1) 

2.1.2 SIFT 

SIFT is a local descriptor to characterize local gradient information. SIFT 

descriptor is a sparse feature representation that consists of both feature extraction and 

detection[15].  

Features that SIFT algorithm detects represent minimums and maximums in a scale 

pace for these difference-of- Gaussian images. At each of these minimums and 

maximums, a comprehensive model is fitted to determine location, scale and contrast, 

during which some features are discarded, based on measures of their (in) stability. 

Once stable feature has been detected, its dominant gradient orientation is obtained, 

and a key-point descriptor vector is formed from a grid of gradient histograms, 

constructed from the neighbourhood feature gradients. Key-point matching is 

performed using a nearest-neighbor indexing method, followed by a Hough transform. 

2.1.2.1 Nerest Neighbour Distance ratio  

All the keypoint descriptors will not be completely same due to differences in 

the image which alter the values of descriptors. The best match for each key point is 

found by identifying its nearest neighbour in the database of keypoints from images. 

The nearest neighbour is defined as the keypoint with minimum Euclidean distance 

for the invariant descriptor vector. Euclidean distance is the most popular and basic 

method for calculating the distance between two points or two vectors. This is the 

method used for matching in original SIFT algorithm. The Euclidean distance 

between vectors xs and yt [13]is given by  
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dst =                                                 (2) 

, it would be useful to have a way to discard features that do not have any good match 

to the database. A global threshold on distance to the closest feature does not perform 

well, as some descriptors are much more discriminative than others.  

A more effective measure is obtained by comparing the distance of the closest 

neighbour to that of the second-closest neighbour. This measure performs well 

because correct matches need to have the closest neighbour significantly closer than 

the closest incorrect match to achieve reliable matching,  all matches in which the 

distance ratio is greater than 0.6 shall be rejected, which according to Lowe eliminates 

90% of the false matches while discarding less than 5% of the correct matches. 

2.2. RANSAC 

A well-established algorithm is the RANSAC procedure (Random Sampling 

Consensus)[12], first presented by Fischler and Bolles. In the RANSAC procedure, a 

new paradigm for fitting experimental data to a model was presented. Rather than 

using all data, and optimising the fit of a model to that data using a procedure such as 

least squares, the RANSAC procedure uses a small set of data to form a model, which 

is then tested for consistency against the rest of the data[6]. The advantage of this 

approach is that spurious data can be more easily identified and removed from the 

data pool. In the application of a RANSAC procedure to control point matching, the 

advantage is that points, which do not have a match, can be identified and removed 

from the calculation.  

The basic algorithm is summarized as follows: 

A six-parameter transformation (Mikhail et al., 2001) was used as a model[3].                                  

X = a0 + a1x + a2y                                                                 3) 

Y = b0 + b1x + b2y                                                               (4) 

Where X, Y is the coordinate in the referenced image and x, y is the coordinate in the 

unreferenced image. 

RANSAC with a six-parameter transformation is executed in six steps: 

1. since there are six unknown parameters (a0, a1, a2, b0, b1, b2), we need six equations 

to solve for the unknowns. Because one point pair gives two equations, we randomly 

select three points from matched point samples. 

2. Calculate six parameters (a0, a1, a2, b0, b1, b2) from randomly chosen point pairs. 
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3. Compute every pair of points in the second image using a six-parameter 

transformation of the points in the first image. 

4. Determine the sum of squared error between the estimated points and original 

points in second image. 

5. If the error for each point is less than the tunable threshold (we used 30 square 

pixels), the points are inliers. Otherwise, they are outliers. 

6. Repeat steps (1-5) N times as in equation (5)[12] 

N =                                                                    (5) 

where e is the probability that a point is an outlier, S is the number of points in a 

sample, N is the number of iterations, and p is the desired probability in a good 

sample. The transformation that produces the most inliers is the best model and the 

inliers are the corresponding points in both images. 

 

 

 
 

Fig 3. Stages in RANSAC 

 

2.3. Mapping Estimation:  

Even if overlapping regions of image pairs can be related with homographies, 

a bilinear transformation is used to project the image. It transforms a point x = (x, y)> 

of an input image to a point = ( , )> in the anchor/reference image IA coordinate 

system [16][5]. The geometrical relationship between the anchor image IA and all its 
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surrounding images is known. In a first step, all images Ii are warped into the spatial 

domain of the anchor image IA forming a new image as shown in fig 4. With all 

images mapped into the same coordinate system, the images are combined to form a 

single high resolution retinal image. 

 

 
      Fig 4 Example graph of the connected images after pairwise matching. 

RESULT 

The proposed technique is applied to a patient database with retinal images 

showing various pathologies. The images were taken with a high resolution digital 

camera. Fig. 5.a and Fig .5.b represents the matching features points, obtained by 

Harris Corner Detector and SIFT of the two retinal images respectively. Fig 6.a and 

Fig 6.b Represents the mosaiced fund us image of the two input for Harris Corner 

Detector and SIFT. Since seven field view of retina images are taken, the above steps 

are carried out for all the seven images. Fig 7 shows the final mosaiced image of five 

field view of fund us image for Harris Corner detector.    
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Fig. 5.a shows the matching features of two input images by Harris Corner Detector 

 

 
Fig. 5.b shows the matching features of two input images by SIFT 

 

 
 

Fig. 6.a.  mosaiced image from two fund us image using Harris Corner Detector 

 

 
 

Fig. 6.b.   mosaiced image from two fund us image using SIFT 
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Fig. 7 Final mosaiced fund us image from 5 images using Harris Corner Detector 

 

Table 1: Result comparison 

methods No of interested point 

extracted 

Key points matches Time taken to display 

the mosaic image in 

seconds 

Harris corner 

detector 

617 58 4.8181 

SIFT  211 11 11.9247 

 

CONCLUSION 

In this paper, an attempt is made to mosaic the retinal images using image processing. 

Harris corner detector and SIFT were use as a feature detector. From the obtained 

result it is found that more number of points were detected by Harris corner detection 

which helped in the matching of the features between two images. From table.1 we 

conclude that harris corner detector is best compared to SIFT. Since RANSAC 

algorithm is used only the inliers were selected from the putative matches. In this 

work seven field view of fund us image were taken, in those images five funds us 

images are mosaiced successfully. In the future, our focus will be on improving the 

fusion mechanism by applying the blending method to the mosaiced image  
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