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ABSTRACT 

Medical technology with computer-aided diagnosis (CAD) is very useful and 
efficiency nowadays. In the Retinal Image Analysis project, we separate to three parts: 
The extraction of retinal blood vessels, the optic disc detecting and micro-aneurysms 
detecting.  

 

The extraction of retinal blood vessels:  
Extraction of retinal blood vessels is an important task of computer-aided diagnosis of 
medical technology for retinal. There have different filter to extract the vessels, but 
the Matched Filter is the simplest one to extract the vessel from the retinal image. 
Though the Retinal image of grayscale that easy to get the blood vessels.  

 

The optic disc detecting:  
For Optic Disc detection (OD) that is a major part of retinal and Optic disc also is an 
important anatomical feature of retinal. In our project, we are using two main step to 
implement the detection. That are OD vessel candidate detection and OD vessel 
candidate matching,  The first part OD vessel candidate detection is generate by our 
retinal blood vessels extraction, but have a little bit different because we want to the 
OD vessel candidate match become more accurate, so we make the OD Bessel 
candidate detection become more thinner. Then the OD vessel candidate matching is 
applied the OD vessel candidate detection by Vessel’s Directional Matched Filter 
(VDMF).   

 

Micro-aneurysms detecting: 
Micro-aneurysms detecting, it is the challenge part for this project, because it is 
difficult to detect micro-aneurysms by classifying haemorrhages since it is very small 
in the image and the area of micro-aneurysms is not much as well. For micro-
aneurysms detection mainly separated to two part: Micro-aneurysms detection, and 
fine Micro-aneurysms classification. The first part is according apply the filter to 
detect the micro-aneurysms, and the other one is according a feature table that have 
31 feature, to filter out the false micro-aneurysms. More detail and method we will 
fully discuss of the Chepter3.3. 
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CHAPTER 1. INTRODUCTION 

1.1 Retinal image analysis 
Retinal image analysis that is a technology for medical, it includes many technologies 
of digital image processing. And using different methods and algorithms to extract the 
part what you want to get it independently. And many important eye diseases and 
other diseases pathological changes will present themselves in the retina. Therefore it 
can aided user to detect different themselves such as age-related macular degeneration, 
diabetic retinopathy, and glaucoma. Later, we will discuss more. 

 

1.2 Project Motivation 
The first time to listen the topic of Retinal image analysis we feel that was a challenge 
work for us at that time, and feel that is very meaningful. Since the Retinal image 
analysis system is a computer-aided diagnosis (CAD) tool for medical used. And the 
other hand we also want to train our programming skill and improve it to finish 
different field programs, because we never done the similar program in the medical 
field before. Therefore, we are interested in this topic and chose this to our Final Year 
Project topic from our supervisor Bob Zhang. 

In order to understand the Retinal image analysis, we need know what is retinal blood 
vessel extraction , Optic disc Detection and Micro-aneurysms Detection and more 
details, it is necessary to do many testing and determine which method is fit to 
implement them. Therefore when we doing this project we have improve our 
knowledge in medical field and computer aided diagnosis tool knowledge at the same 
time. 

And the other hand, if the doctor want to get the result of retinal blood vessel 
extraction, Optic disc Detection and Micro-aneurysms Detection. It need to mark it 
manually by themselves. It is very inconvenient and wasted a lot of time for them. 
That is no good for doctor and patient. Since time is money for patient , this is better 
to diagnosis which disease who get it as fast as possible. Therefore, computer aided 
diagnosis is very important for everyone. This is the main motivation to push me to 
implement this project. 

 

1.3 Project Objective  
Retinal Image Analysis is a computer aided diagnosis tool for the retinal, it is 
including three functions of the Retinal Image Analysis those are: Retinal Blood 
Vessel Extraction, Optic Disc Detection, and Micro-aneurysms Detection. In this 
project objective is combines that three function into a system. For our searching, we 
cannot find other application that has included both of them. If the docter need to use 
three application to finish what he want to diagnosis that is very inconvenient. So we 
want to finish that to be convenient, efficient and simple for doctor diagnosis.  
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The system objective that is the doctor input one patient retinal image , and output the 
answer of Retinal Blood Vessel Extraction, Mark the Optic disc location and Mark the 
Micro-aneurysms locations. Moreover, if the doctor want to generate a part of 
function, it can run it individually and also user can finish all function at the same 
time.  

 

1.4 Report structure  
Chapter 2 briefly reviews the relation work of retinal blood vessel extraction, Optic 
disc detection and Micro-aneurysms. Chapter 3 presents the methodology of them and 
Chapter 4 present how to implement in Matlab. Chapter 5 present the results based on 
the propose method. Chapter6 present the evaluation of this system. Chapter7 will 
discussion some potential problems and some requirement of this system. Chapter8 
presents the Ethics and professional conduct of this system. Chapter 9 is the 
conclusion.  
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CHAPTER 2. Literature Survey/Related work  

2.1 Review of pass/reported work for Retinal blood vessel extraction 
In Retinal Blood vessel extraction, you can easy to find many implement to 
implement, and now I briefly describe a solution is based on multi-scale Line 
Detection. 

The flow of processing that as: 

Input Image → Perceptive Transform → Reducing Bright Lesions Using K-Means 
Clustering (df) → Multi-scale Line Detection → Thresholding → Output. 

In this method, the input image is require the green channel retinal image. The K-
Means Clustering method algorithm is follow 4 step:  
Step 1: defend the different scale. 
In this method we can defend three scales to implement, as: 

cv (0) = m − σ, cb (0) = m, cf (0) = m + σ.       (1) 

Here, m and s are the mean and standard deviation of the intensity matrix, 
respectively.  

 

Step 2: Calculate the new centroid for each cluster as: 

     (2) 

Step 3: If any of the centroids change their value, put n = n + 1 and go back to step 2, 
otherwise go to step 5. 

Step 5: After the clustering process, we use the final cf (the centroid of foreground 
pixels) to reduce the effects of the bright lesions as follows: 

dfp = cfp – Ip          (3) 

Where, Ip is the intensity of the pixel p in the perceptive image and dfp (difference 
from the centroid of the foreground cluster) is the value of p in the new plane df. 

After the Reducing Bright Lesions Using K-Means Clustering (df) the next stop is  
Multi-scale Line Detection and Thresholding. 

For Multi-scale Line Detection, There will not discuess so many information of that. 
The method of Multi-scale Line Detection that is Line and region averages at arbitrary 
orientations are obtained by convolution with kernels that compound the effects of bi-



Retinal Image Analysis 
 

13 of 56  21 May 2015 

linear interpolation, sampling and averaging. Indeed, in the formula of the basic line 
operator, S = L − N, when the line is on a curveted structure S takes a high value; 
otherwise it takes a value close to zero. 

The result of the whole method as 

 

Figure 1The first row are two original image of input, Second row are the result by multi-scale Line 
Detection.  

: 

2.2 Review of pass/reported work for Optic Disc detection 
For Optic Disc detection, many method of Optic Disc detection have been established 
already. In here, we briefly describe a method that is most popular of OD detection, 
actually, that method is also work in our project. 

The flow of processing that as: 

Input Image → grayscale image → Thresholding by threshold value→ Get OD 
candidate . 

Since Optic Disc is the highest intensity part for the retinal image. So that follow the 
below method that can get some OD candidate. 
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      (4) 

Where T is the Thresholding value, and the range is [0,1]. 

After the Threshold processing, the image will become binary image and get some 
OD candidate. And The result look like below :  

 

Figure 2 (a) original retinal image (b) after the thresholding by T 

The next part is determine which one is the true Optic Disc. That will be explain more 
detail in Chapter 3 - 3.2. 

 



Retinal Image Analysis 
 

15 of 56  21 May 2015 

CHAPTER 3. System Design 

3.1 Retinal blood vessel extraction 
For the retinal blood vessel extraction, this is an important step for retinal image 
analysis, so it is the first step of this project. And it can diagnosis and treatment of 
diabetic retinopathy and other disease, Moreover, the vessel extraction also be reuse 
for other two detection in this project. 

 

Thought the original retinal image (figure1), you can easy to find some thick blood 
vessel by your eyes, since the colour is different with background, but the thinner 
blood vessel is difficult to find. Actually The Retinal Blood Vessel Extraction is one 
of line detection problem of digital image processing, so there have many methods 
can be extract the blood vessel and proposed, and there have several main class to 
solution. One of the solution to vessel extraction is based on the filtering to achieve 
that get the blood vessel segmentation part, and combine the different part by different 
maximizing response to vessel–like image. Another one method is Mathematical 
morphology, the principle of method is applying the morphological operators. And 
Machine-Learning methods have been proposed as well, it have divided to two kind 
of method: supervised and unsupervised method. Supervised methods is using some 
image that exist some label information when do the vessel extraction, and depend on 
the label to decide that pixel is belongs to a vessel or not. Another one unsupervised 
methods that mean without any label information when the processing. 

 

Figure 3 The original retinal image 
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In this project, we propose the method one, based on the filtering to achieve. Classical 
Matched Filter is a simple and the most famous method to use for the extraction 
(Below we will call this algorithm to MF), since it is simplicity and effectiveness. The 
flow chart of blood vessel extraction: 

 

Figure 4 Flow chart of proposed Vessel extraction approach and the process 

Before applied the MF, we need to find a colour channel that is the most highlight the 
blood vessel, since the original retinal image is not the most one to match that. In 
order to find the best one to apply, we compare RGB – red, green, blue three channels 
of the corresponding the original image, then we find the green one is the most 
highlight the blood vessel. So first of all, we need change the original retinal image to 
green channel before to apply the MF. 

 

Figure 5 compare the different colour channels, (a) The original retinal image (b) Corresponding 
red channel (c) Corresponding green channel (d) The corresponding blue channel 
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After the find colure channel which is the most highlight blood vessel, we can take 
back to our MF job. MF works is using the simply filtering and threshold the original 
image, and the image after MF that the cross-section of the vessel is very 
approximated the image by a Gaussian function, therefore MF can make use of the 
filter of Gaussian function to original image that can match the blood vessel structure, 
and do the extraction. 

The definition of MF as: 

 ( )
2

2

1, exp , for  , 2
22
xf x y m x T s y L
ssπ

⎛ ⎞
= − − ≤ ⋅ ≤⎜ ⎟

⎝ ⎠
    (5) 

Where s is the scale of the filter and m is defined as: 

( )( )2

2
1
2 2
exp /(2 )x
s s

Ts

Ts
m dx Ts

π
−

−
= ∫  

The value of ‘m’ is used to normalize the mean value of the filter to 0. 
After applied the filter the smooth the background of green channel of original retinal 
image can be removed. In the formula, L mean the length of the neighbourhood along 
the y-axis that is using to remove the noises and it depends on s, when the s is small, 
L is set relatively small, s is large the L also be large corresponding   And T is a 
constant and set it to be 3 because all the blood vessel area is under the Gaussian 
curve by [-3s, 3s]  

 

 

Figure 6 Response of MF to a Gaussian line cross-section and the ideal step edge. (a) MF filter (b) 
A Gaussina line cross-section and the ideal step edge of it (c) the response of MF’s filter 
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According to above chart, it presented the MF can response a well blood vessel 
response image from original image, then to Gaussian filter. Since MF have a simply 
structure, so it is very fast and effective to achieve the extraction. Therefore, that is 
the reason why we proposed MF method to implement.  

For the better extraction, single MF is not enough to extract blood vessel clearly. 
Therefore Multi-scale and Multi-direction of MF is necessary. The purpose of Multi-
scale and Multi-direction of MF is let thinner blood vessel also can be detected, 
furthermore, other blood vessel will not be effected and not add more noise in result. 

The multi-scale of MF is based on MF equation - (1) to modify, It is  

    (6) 

where si is the number of the filter scale and m will be revised to : 

 

The ‘m’ is same as equation(1) that used to smooth the background and remove it 
from the greenchannel retinal image. The L and T also same as before. In this project, 
we defind 3 different scale for a retinal image (figure 5), and each scale have 8 
directions response (figure 4). Totally, there will create 24 response for one retinal 
image. Accounding to each scale, we need to do a combination operation to mix the 
response on different scale by maximum value. After we have 3 response for different 
scale and need to combine them by maximumas value as well. 
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Figure 7 The response of 8 different directions in a same scale. 

 

 

Figure 8 One of the scale response that combine from 8 different directions by maximum value. 

After the combination scale part, it have some useless vessel and boundary in the 
result, so we need to remove that by mask. Because our purpose is extract the blood 
vessel be a binary image. Therefore threshold will be applied to remove noise and 
generate the binary image of the blood vessel extraction. 
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Figure 9 The final result of Retinal Blood vessel extraction.  
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3.2 Optic Disc detection   
In our project, we are using two main step to implement the detection. That are OD 
vessel candidate detection and OD vessel candidate matching. The flow chart of Optic 
Disc detection as below: 

 

Figure 10 The flow chart proposed method of Optic Disc detection. 

For OD candidate detection is based on the blood vessel extraction to find candidates. 
Therefore the first step of OD candidate detection is extract the blood vessel, as we 
mentioned the period (chapter 3 - 3.1) , we can apply the retinal image to multi- scale 
Gaussian filter for create the different scale and different direction response. In the 
actual implementation apply the multi-scale Gaussian filter fi(x, y) should be rotated 
to detect the vessels of different orientations. 

The formula of the that as below : 

 Ri(x, y) = fi(x, y) * im(x, y)       (7) 

where im(x, y) is a green channel image after normalize and “*” is mean convolution . 
Because it is the multi-scale Gaussian filter, it will generate several  different  Ri(x, 
y).So the scale production is defined as the product of filter responses at two scales i 
and j: 

P(x, y) = Ri(x, y)‧Rj(x, y)       (8) 

Where P(x, y) will use for OD candidate detection and matching. 

For OD candidate matching, one–pixel-wide center line of the vessel is necessary, so 
when we got the production P(x, y) which have been produced all of the multi-scale 
response, we need P(x, y) transform to one-pixel-wide center line first. we propose the 
morphological thinning method to implement that. The vessel’s directional is 
calculated by compare which responses have the maximum value and reture the 
corresponding orientation. And the vessel’s directional is the one-pixel-wide center 
line multiply with the map (figure 9 (b)). The vessel’s directional is the main part of 
OD candidate matching.   

 

Actually the Optic disc is not like the blood vessel that is distribution the different 
place in retinal. Therefore the OD detection we just care the approximated area for 
optic disc, and we just focus on that area and not interesting in other area when we are 
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processing. That have some advantage that can make the running time become shorter 
and more effective. Therefore we can use of the intensity feature of OD – OD has the 
highest pixel intensities in retinal image. Thus we try many times to know that the 
other part of retinal pixel intensities is less than 0.7 (for threshold calue) except the 
Optic disc. Therefore we can use this feature to remove the other that out of 
approximated OD area (figure 9 (c)).In addition, since the retinal image have different 
size, the area of eliminate the meaningless part should be noted. 

 

Figure 11 Compare the different after of process (a) Before one-pixel-wide center blood vessel 
extraction  (b) one-pixel-wide center line multiply with the map (c) After remove the useless part of 

(a)  

In order to detect the location of the optic disc, we propose to use the Vessel Direction 
Matched Filter (VDMF), we have used a 9x9 VDMF template (figure 10 and the each 
value of the VDMF is represent the 8 directions of blood vessel  responses. In fact, the 
9x9 VDMF template cannot fit the different size of the retinal image, in order to the 
VDMF can match the different size of retinal image, to re-size the VDMF template is 
necessary. We propose to use the bilinear interpolation to restructure the VDMF, and 
restructure into [61 21], [121 41], [181 61]. That three structure is summary from our 
testing. 

 

Figure 12 9 x 9 VDMF template 



Retinal Image Analysis 
 

23 of 56  21 May 2015 

Therefore, we apply OD part of one-pixel-wide center line withmap (figure 9(c)) to 
the different size of VDMF template, the answer will return the maximum pixel value. 
Actually the location of the maximum pixel value is the location of Optic disc. 

 

Figure 13(a) the location of maximum value by VDMF template (b) The final result of OD detection 



Retinal Image Analysis 
 

24 of 56  21 May 2015 

 

3.3 Micro-aneurysms detection 
Proposed method for Micro-aneurysms detection, it can separate to two levels in the 
processing step. That is Coarse Level and Fine Level. For the Coarse Level, it is 
detecting the all the possible micro-aneurysms candidate by Gaussian filter. And the 
Fine Level is the classification of micro-aneurysms, and follow some micro-
aneurysms feather to classify the possible micro-aneurysms is true or not. So you can 
think that the Coarse Level is the pre-processing works of Fine Level. And the flow 
chart of proposed method for mico-aneurysms as below: 

 

Figure 14 The flow chart proposed method of micro-aneurysms 

As mentioned above, Coarse Level works is to detect all the possible micro-
aneurysms candidates in a retinal image. Following the training data and extract a 
micro-aneurysms candidate (figure 13(a)) and the corresponding grayscale 
distributions shape (figure 13(b)) is very approximation the shape of Gaussian filter 
(figure 14 (a, b)), Thus we can use the Gaussian function to detect the micro-
aneurysms in retinal image  according to the similarity between the distributions of its 
grayscale. 

 

Figure 15(a) Detected micro-aneurysms from the retinal image by docter (b) is the mesh plot result 
of (a).  
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Figure 16 (a)(b) are mesh plot results of the Gaussian function with different scale factor 

And the Gaussian function formula as below: 

     (9) 

Where parameter “sigma” is the scale factor. And the distribution of this Gaussian 
function show in  Figure 14. 

Our project is proposed a method that is measure the degree of match between the 
Gaussian function and grayscale distribution of micro-aneurysms, it’s call Correlation 
Coefficient. If the  Gaussian function and grayscale distribution of micro-aneurysms 
is match, the correlation coefficient will be high value and vice versa. And the range 
of correlation coefficient is between 0 to 1. 

The used correlation coefficient function defined as below: 

     (10) 

where the bar above of A,B are the  mean value.  

In Figure 15 show the different corresponding correlation coefficient results of Figure 
13(a).As you seen, different scale factor (sigma) will have different result. For make 
the different kernel to match the different kind of micro-aneurysms, the sigma need to 
change. For example, Figure 13(a) is applied the Gaussian filter with different two 
scale factor, one is smaller scale factor and other one larger, and the result is in Figure 
15. You can see the corresponding correlation is the left one more than right one. 
Therefore the scale factor just effect the Gaussian kernels but the kernels will not be 
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following the scale larger to larger and smaller to smaller. So our purpose is using the 
different scale factor to generate the maximum value of correlation coefficient. 

 

       

0.6871(a)      0.4349(b) 

Figure 17 corresponding correlation coefficient value of Figure 13(a) by different scale of Gaussian 
function.  

According to above information from correlation coefficient, we can start to build the 
different Gaussian kernel by 5 scale factor (sigma), they are 1.1, 1.2, 1.3, 1.4, 1.5. 
Therefore, it will generate 5 responses after by Gaussian function seem like the 3 
scale responses of blood vessel extraction. Then will compare the each pixel from fix 
response and get the maximum value to be candidate and selected it to combine be a 
final response. The retinal image and the corresponding final response show as Figure 
16. In Figure 16(b) there have a brighter spots that mean it have a higher value of 
correlation coefficient. Thus this candidate is more likely to be classify to true micro-
aneurysms. 

     

(a)                         (b) 

Figure 18 (a) The retinal image for input (b) final response of (a). 

In the last step of Coarse-level. It will figure out some possible micro-aneurysms 
candidate. Since it is impossible of all the candidate is the true micro-aneurysms.and 
as above information, Have a higher coefficient and therefore are more likely to be 
true micro-aneurysms. Therefore we following this feature. Set the threshold value 
was 0.6 in order to segment. After the threshold function that will be become a binary 
and that will be used for labelling. Below is the result after the thresholding for value 
0.6.   
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Figure 19 The final response after the thresholding for value 0.6 

When the coarse-level has finished the thresholding, coarse-level was almost finished. 
Then we will go to the Fine-Level candidate classification. In Fine level micro-
aneurysm candidate classification is according to the candidate response we generated 
by the coarse level final response and detect out the true micro-aneurysms following a 
31 feature table. 

 Some of the features in the below table require some of calculation to get the value  
like the features 5-11 - ISC, Idarkest, Imatch, Ilesion. Now we describe how to calculate the 
values here. Firstly ISC is the value by removed the background value from Igreen, the 
background value is generated as Ibg. The result of Igreen – Ibg which is ISC shown as 
Figure.18. In order to form the Imatch, we applied the morphological operation located 
on 12 lines which is created the structure using length of 9 pixels and rotated at 15 
degrees. Then generated the last response by taking the maximum pixel values will 
show the blood vessels, after the subtraction from ISC to the last response, the Ilesion has 
been generated for keeping those microaneurysms and removed the structures. Based 
on Ilesion, the Gaussian filter is applied to it to improve the contrast of it and using the  
h_size = [11 11] and the sigma = 1. The result will be Imatch and shown as Figure.19.  

 

Figure 20 Sub-band image ISC obtained by Igreen – Ibg 
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Figure 21 Match image Imatch , and enhancing its result with a Gaussian filter (h_size = [11 11] and 
the sigma = 1) 

 

For the feature table that should applied all the possible candidate that from Coarse 
Level, So we need to build up a discrimination table for all 31 feature values to 
determinate the true microaneurysm. We use total 50 images from the training 
database to build up this table from different features, which is save the maximum and 
minimum for each features. Based on our experiment on our training database, the 
result built from 50 retinal images has been formed in Table 2. The discrimination 
table can remove the false microaneurysms if one of the feature value from the 
candidate is greater than the maximum value or lower than the minimum value in the 
table for corresponding feature values.  
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Review the processing of  micro-aneurysms detection processing as below: 

    

The original retinal Image   Final response by Gaussian fucation 

      of different 5 scales. 

 

 

  

After the thresholding and the          

Threshold velue is 0.6 

 

    

    Final result of MA detection 

Discrimination table 

of different Feature 
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Table 1: Feature Description 

Feature	  Number	   Feature	  Description	  

1	   The	  area	   a 	  of	  the	  candidate.	  Micro-‐aneurysms	  have	  a	  small	  
area	  compared	  to	  other	  objects	  in	  the	  retina.	  

2	   The	  perimeter	   p 	  of	   the	  candidate.	  Micro-‐aneurysms	  have	  a	  
small	  perimeter	  compared	  to	  other	  objects	  in	  the	  retina.	  

3	   The	   aspect	   ratio	   wlr = 	  where	   l 	  and	  w 	  are	   the	   major	   and	  
minor	   axis	   lengths	   of	   the	   candidate.	   For	   a	   true	   micro-‐
aneurysm	  its	  major	  and	  minor	  axis	  should	  be	  quite	  similar.	  

4	   The	   circularity	   ( ) .4 2pac ⋅⋅= π 	  True	   micro-‐aneurysms	   are	  
circular	  in	  shape.	  

5	   The	  total	  intensity	   greeni 	  of	  the	  candidate	  in greenI .	  True	  micro-‐
aneurysms	  have	  higher	  intensities.	  

6	   The	  total	  intensity	   SCi 	  of	  the	  candidate	  in SCI .	  
7	   The	  average	  intensity	  of	   ,greeni 	   .aim greengreen = 	  
8	   The	  average	  intensity	  of	   ,SCi 	   .aim SCSC = 	  
9	   The	   normalized	   intensity	   in	   ,greenI 	   ( ) ( )xiNI greengreen −⋅= σ1 	  

where	  σ 	  and	   x 	  are	   the	   standard	   deviation	   and	  mean	   pixel	  
value	  of	   .bgI 	  

10	   The	  normalized	  intensity	  in	   ,SCI 	   ( ) ( ).1 xiNI SCSC −⋅= σ 	  
11	   The	   normalized	   average	   intensity	   in	   ,greenI 	  

( ) ( ).1 xmNM greengreen −⋅= σ 	  
12	   The	   normalized	   average	   intensity	   in ,SCI 	  

( ) ( ).1 xmNM SCSC −⋅= σ 	  
13	   The	  intensity	  of	   darkestI 	  in matchI .	  
14	   The	   compactness	   ( )∑ −= nddv i

2 	  where	   id 	  is	   the	  
distance	   of	   each	   boundary	   pixel	   of	   the	   candidate	   to	   its	  
center,	   d	   is	   the	   mean	   of	   all	   these	   distances	   and	   n	   is	   the	  
number	   of	   boundary	   pixels.	   True	   micro-‐aneurysms	   are	  
compact.	  

15	   The	   difference	   between	   the	   average	   pixel	   values	   of	   the	  
candidate	  and	  a	  circular	  region	  (no	  including	  the	  candidate)	  
centered	   on	   it	   in	   the	   red	   channel	   (RGB	   color	   space).	   The	  
circular	  region	  is	  calculated	  by	  dilating	  the	  candidate	  with	  a	  
disk	   of	   radius	   6.	   Since	   micro-‐aneurysms	   have	   a	   Gaussian	  
distribution	   when	   examining	   its	   grayscale	   values,	   the	  
contrast	  of	  the	  micro-‐aneurysm	  with	  its	  background	  should	  
be	  high.	  

16	  –	  18	   Repeat	  feature	  15	  but	  in	  the	  green	  channel,	  blue	  channel	  and	  
hue	  channel	  from	  the	  HSI	  colour	  space.	  

19	  –	  22	   The	   average	  Gaussian	   filter	   response	   of	   greenI 	  with	   =σ 1,	   2,	  
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4,	  and	  8.	  
23	  –	  26	   The	   standard	   deviation	   response	   of	   greenI 	  after	   Gaussian	  

filtering	  with	   =σ 1,	  2,	  4,	  and	  8.	  
27	  –	  29	   The	  maximum,	  minimum	  and	  average	  correlation	  coefficient	  

of	   the	   candidate.	   Candidates	   with	   a	   higher	   coefficient	   are	  
more	  likely	  to	  be	  true	  micro-‐aneurysms.	  

30	   The	   major	   axis	   length	   of	   the	   candidate.	   Generally,	   micro-‐
aneurysms	   do	   not	   have	   a	   significant	   major	   or	   minor	   axis	  
length.	  

31	   The	  minor	  axis	  length	  of	  the	  candidate.	  

 

Table 2:  The discrimination table of different MA features. 

Feature 
Number 

Min. Max. Feature 
Number 

Min. Max. 

1 2 109 17 -27.1471 6.368521 
2 2 113.0122 18 -0.01944 0.002723 
3 1 5.618986 19 27.66061 179.0988 
4 0.090521 6.283185 20 0.01962 8.292589 
5 58 10676 21 30.81245 180.773 
6 338 19451 22 0.044188 6.747434 
7 25.17241 177.0417 23 36.00843 182.7637 
8 104.8125 221.9348 24 0.003416 3.00799 
9 -0.31038 203.8908 25 37.95791 183.7483 
10 6.138524 448.9355 26 0.009462 1.797795 
11 -1.15234 0.921628 27 0.106603 0.785072 
12 0.164831 5.08576 28 0 0.547187 
13 7 255 29 0.053335 0.658546 
14 0 3.743681 30 2.309401 29.53404 
15 -31.368 2.863946 31 1.154701 14.09998 
16 8 35.37533    
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CHAPTER 4. Implementation  

4.1 Programming Language 
Nowadays, there are many programming languages we can choose to implement 
different project. For example, C++ and Java are very popular programming 
languages. When we start this project first time, we plan using the Java to implement 
that, but it need so many plus-in library and it is very trouble for development. 
Therefore we decide to use Matlab to implement because it provides a good platform 
for implement digital image processing. There have many processing function build in 
in Matlab. 

 Moreover, it is faster than other language when it is processing the big data in a big 
array, Compare with other programming languages, we choose to use Matlab to 
implement this project.  

4.2 Coding 

4.2.1 Function of blood vessel extraction: 
 

 % Input the original image and take out green channel of the image 
    originalImage = imread(fileName); 
    greenChannel = originalImage(:, :, 2); 
    greenChannel = im2double(greenChannel); 
  
    % Generate the mask image 
    imageSize = size(originalImage); 
    imageWidth = imageSize(1); 
    imageHeight = imageSize(2); 
    mask = generateMask(greenChannel, imageWidth, imageHeight); 
  
    % Display the mask image 
    mask = bwmorph(mask, 'diag'); 
  
  
    % Make three different kernel of Zero mean Gaussian filter and 
filtered the  
    % green Channel of the Image 
    numberOfDirection = 8; 
    for i = 0 : numberOfDirection - 1  
        matchFilterKernel1(:,:,i+1) = zeroMeanGaussian(17, 1.5, 
i*pi/8); 
        matchFilterKernel2(:,:,i+1) = zeroMeanGaussian(13, 1.1, 
i*pi/8); 
        matchFilterKernel3(:,:,i+1) = zeroMeanGaussian(9, 0.9, 
i*pi/8); 
        matchFilterResponse1(:,:,i+1) = conv2(greenChannel, 
matchFilterKernel1(:,:,i+1), 'same'); 
        matchFilterResponse2(:,:,i+1) = conv2(greenChannel, 
matchFilterKernel2(:,:,i+1), 'same'); 
        matchFilterResponse3(:,:,i+1) = conv2(greenChannel, 
matchFilterKernel3(:,:,i+1), 'same'); 
    end 
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    % Find the largest pixel value of each pixel from of each 
response 
    largestTemp = matchFilterResponse1(:,:,1) > 
matchFilterResponse1(:,:,2); 
    resultRes1 = matchFilterResponse1(:,:,1) .* largestTemp + 
matchFilterResponse1(:,:,2) .* not(largestTemp); 
    largestTemp = matchFilterResponse2(:,:,1) > 
matchFilterResponse2(:,:,2); 
    resultRes2 = matchFilterResponse2(:,:,1) .* largestTemp + 
matchFilterResponse2(:,:,2) .* not(largestTemp); 
    largestTemp = matchFilterResponse3(:,:,1) > 
matchFilterResponse3(:,:,2); 
    resultRes3 = matchFilterResponse3(:,:,1) .* largestTemp + 
matchFilterResponse3(:,:,2) .* not(largestTemp); 
  
    for i = 3 : numberOfDirection 
        largestTemp = resultRes1 > matchFilterResponse1(:,:,i); 
        resultRes1 = resultRes1 .* largestTemp + 
matchFilterResponse1(:,:,i) .* not(largestTemp); 
        largestTemp = resultRes2 > matchFilterResponse2(:,:,i); 
        resultRes2 = resultRes2 .* largestTemp + 
matchFilterResponse2(:,:,i) .* not(largestTemp); 
        largestTemp = resultRes3 > matchFilterResponse3(:,:,i); 
        resultRes3 = resultRes3 .* largestTemp + 
matchFilterResponse3(:,:,i) .* not(largestTemp); 
    end 
  
  
    % Delete the useless part by mask 
    resultRes1(find(mask == 0)) = 0; 
    resultRes2(find(mask == 0)) = 0; 
    resultRes3(find(mask == 0)) = 0; 
     
    % Transfer the varible type of pixel value 
    binRes1 = uint8(resultRes1 .* 255); 
    binRes2 = uint8(resultRes2 .* 255); 
    binRes3 = uint8(resultRes3 .* 255); 
     
    % Thresholding the 3 responses from different scale and remove 
the 
    % noise 
    binRes1 = binRes1 > 55; 
    binRes1 = delNoise(binRes1); 
    binRes2 = binRes2 > 48; 
    binRes2 = delNoise(binRes2); 
    binRes3 = binRes3 > 25; 
    binRes1 = delNoise(binRes1); 
  
    % Final response for vessel extraction 
    vesselResponse = binRes1 | binRes2 | binRes3; 
    vesselResponse = bwareaopen(vesselResponse, 60); 
    vesselResponse = delNoise(vesselResponse); 
 

4.2.1.1 Zero Mean Gaussian  
function h = zeroMeanGaussian(n, sigma, theta) 
half_n = (n-1) / 2; 
row = 1; 
for y = half_n :-1: -half_n 
    col = 1; 
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    for x = -half_n : half_n 
        % 2-D Gaussian built from 1-D Gaussian and copy to one of the 
dimension 
        u = [x * cos(theta) + y * sin(theta); y * cos(theta) - x * 
sin(theta)]; 
        if abs(u(1))>3.5*ceil(sigma) 
            h(row,col) = 0; 
        elseif abs(u(2))> (n-1) / 2 
            h(row,col) = 0; 
        else 
        h(row,col) = gauss(u(2), sigma); 
        end 
        col = col + 1; 
    end 
    row = row + 1; 
end 
  
% Make the kernel zero mean 
kernel_mean = mean(h(:)); 
for row = 1 : n 
    for col = 1 : n 
        h(row,col) = h(row,col) - kernel_mean; 
    end 
end 
return 
  
% Function "gauss.m": 
function y = gauss(x,std) 
y = -exp(-.5*(x/std)^2) / (sqrt(2*pi)*std); 

 

4.2.2 Function of Optic disc detection: 

 

    vesselResponse = generateVessel(fileName); 
  
    % Input the original image and take out green channel of the 
image 
    originalImage = imread(fileName); 
    greenChannel = originalImage(:, :, 2); 
    greenChannel = im2double(greenChannel); 
    imageSize = size(originalImage); 
    imageWidth = imageSize(1); 
    imageHeight = imageSize(2); 
  
    % Make three different kernel of FDOG and filtered the green 
Channel of the Image 
    numberOfDirection = 8; 
    for i = 0 : numberOfDirection - 1  
        matchFilterKernel1(:,:,i+1) = zeroMeanGaussian(17, 1.5, 
i*pi/8); 
        matchFilterKernel2(:,:,i+1) = zeroMeanGaussian(13, 1.1, 
i*pi/8); 
        matchFilterKernel3(:,:,i+1) = zeroMeanGaussian(9, 0.9, 
i*pi/8); 
        matchFilterResponse1(:,:,i+1) = conv2(greenChannel, 
matchFilterKernel1(:,:,i+1), 'same'); 
        matchFilterResponse2(:,:,i+1) = conv2(greenChannel, 
matchFilterKernel2(:,:,i+1), 'same'); 
        matchFilterResponse3(:,:,i+1) = conv2(greenChannel, 
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matchFilterKernel3(:,:,i+1), 'same'); 
    end 
  
    % find the max value of the each and index each response 
    temp = zeros(3,8); 
    final_response = zeros(imageWidth, imageHeight); 
    vessel_ori = zeros(imageWidth,imageHeight); 
  
    for row = 1 : imageWidth 
        for col = 1 : imageHeight 
            for scale = 1 : 3 
                if (scale == 1)  
                    tempScale = matchFilterResponse1; 
                else if (scale == 2) 
                        tempScale = matchFilterResponse2; 
                    else  
                        tempScale = matchFilterResponse3; 
                    end 
                end 
  
                for response = 1 : 8 
                 temp(scale ,response) = tempScale(row,col,response); 
                end 
            end 
            temping = max(temp); 
            [maxOfResp,index] = max(temping); 
            final_response(row,col) = maxOfResp; 
            vessel_ori(row,col) = index; 
        end 
    end 
  
    % Threshold the green channel in order to find the OD area since 
the 
    % fact that OD area has the higher intensity 
    bw = uint8(greenChannel.*255) > 180; 
    [L, num] = bwlabel(bw); 
     
    % If the thresholding response cannot generate the OD area 
according to 
    % the original image brightness issue, adjust the brightness of 
the 
    % green channel 
    if num <= 2 
        limits = stretchlim(greenChannel, 0.001); 
        greenChannel = imadjust(greenChannel, limits, []); 
        bw = uint8(greenChannel.*255) > 160; 
        [L, num] = bwlabel(bw); 
    end 
     
    % According to the different size of the input, define different 
size 
    % for the OD area 
    greenChannel = originalImage(:,:,2); 
    greenChannel = im2double(greenChannel); 
    if(imageWidth > 1300 && imageHeight > 1300) 
        range = 250; 
        valMax = 15000; 
    elseif(imageWidth > 1000 && imageHeight > 1000) 
        range = 200; 
        valMax = 10000; 
    else 
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        range = 150; 
        valMax = 5100; 
    end 
     
    % Find the biggest object after label the OD area 
    count_pixels_per_obj = sum(bsxfun(@eq,L(:),1:num)); 
    [val,ind] = max(count_pixels_per_obj); 
    biggest_obj = (L==ind); 
    while val > valMax 
        count_pixels_per_obj(ind) = 0; 
        [val,ind] = max(count_pixels_per_obj); 
        biggest_obj = (L==ind); 
    end 
    s  = regionprops(biggest_obj, 'centroid'); 
    centroids = cat(1, s.Centroid); 
    OD_Mask = zeros(imageWidth, imageHeight); 
  
    % If the range of the OD area is out of broundary, revise the 
range  
    while(((centroids(:,2)-range) < 0) || ((centroids(:,2)+range) > 
imageWidth) || ((centroids(:,1)-range) < 0) || ((centroids(:,1)+range) 
> imageHeight)) 
        range = range - 10; 
        disp('range-10'); 
    end 
  
    % Create the mask of OD to discard the useless area in the 
retinal 
    % image 
    OD_Mask(int16(centroids(:,2)-range)+1:int16(centroids(:,2)+range), 
int16(centroids(:,1)-range)+1:int16(centroids(:,1)+range)) = 1; 
  
    % Product of the vessel response and the directional map, and use 
the 
    % mask to discard the unused area 
    thinRes = bwmorph(vesselResponse, 'thin', Inf); 
    thinRes = thinRes .* vessel_ori; 
    for row = 1 : imageWidth 
        for col = 1 : imageHeight 
            if (OD_Mask(row,col) ~= 1) 
                thinRes(row,col) = 0; 
            end 
       end 
    end 
  
    % Defind 9 x 9 VDMF template 
    VDMF = [7 6 6 6 1 4 4 4 3; 
            8 7 6 6 1 4 4 3 2; 
            8 8 7 6 1 4 3 2 2; 
            8 8 8 7 1 3 2 2 2; 
            5 5 5 5 1 5 5 5 5; 
            2 2 2 3 1 7 8 8 8; 
            2 2 3 4 1 7 8 8 8; 
            2 3 4 4 1 6 7 8 8; 
            2 3 4 4 1 6 6 7 8]; 
     
    % Revise the VDMF to different size in order to fit the different 
size 
    % of the retinal image by using bilinear interpolation 
    vdmf_small = imresize(VDMF, [61 21], 'bilinear'); 
    vdmf_large = imresize(VDMF, [121 41], 'bilinear'); 
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    vdmf_large1 = imresize(VDMF, [181 61], 'bilinear'); 
    [x,y] = meshgrid(1:9,1:9); 
    [xl,yl] = meshgrid(1:0.0665:9,1:0.2:9); 
     
    % Convolution is applied to the thinning vessel response to find 
the OD 
    % location 
    vdmf_interp2 = interp2(x,y,VDMF,xl,yl); 
    vdmf_response1 = conv2(thinRes, VDMF, 'same'); 
    vdmf_response2 = conv2(thinRes, vdmf_small, 'same'); 
    vdmf_response3 = conv2(thinRes, vdmf_large, 'same'); 
    vdmf_response4 = conv2(thinRes, vdmf_large1, 'same'); 
    vdmf_response5 = conv2(thinRes, vdmf_interp2, 'same'); 
    grayscale = rgb2gray(originalImage); 
     
    % Compare the pixel value of the candidates, finding the largest 
pixel 
    % value to be the true OD location 
    [val, ind] = max(vdmf_response1); 
    [val1, ind1] = max(max(vdmf_response1)); 
    ind1 
    ind(ind1) 
    OD_location(2) = ind1; 
    OD_location(1) = ind(ind1); 
    [val, ind] = max(vdmf_response2); 
    [val1, ind1] = max(max(vdmf_response2)); 
    ind1 
    ind(ind1) 
    if grayscale(OD_location(1),OD_location(2)) < 
grayscale(ind(ind1),ind1) 
        OD_location(2) = ind1; 
        OD_location(1) = ind(ind1); 
    end 
    [val, ind] = max(vdmf_response3); 
    [val1, ind1] = max(max(vdmf_response3)); 
    ind1 
    ind(ind1) 
    if grayscale(OD_location(1),OD_location(2)) < 
grayscale(ind(ind1),ind1) 
        OD_location(2) = ind1; 
        OD_location(1) = ind(ind1); 
    end 
    [val, ind] = max(vdmf_response4); 
    [val1, ind1] = max(max(vdmf_response4)); 
    ind1 
    ind(ind1) 
    if grayscale(OD_location(1),OD_location(2)) < 
grayscale(ind(ind1),ind1) 
        OD_location(2) = ind1; 
        OD_location(1) = ind(ind1); 
    end 
    [val, ind] = max(vdmf_response5); 
    [val1, ind1] = max(max(vdmf_response5)); 
    ind1 
    ind(ind1) 
    if grayscale(OD_location(1),OD_location(2)) < 
grayscale(ind(ind1),ind1) 
        OD_location(2) = ind1; 
        OD_location(1) = ind(ind1); 
    end 
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4.2.3 Function of Micro-aneurysms:  
%------------------------------------------------------------% 
    % This part for generate the 'max_Resp1' 
%------------------------------------------------------------% 
    for l = 0:49 

mask = bwselect(im2bw(Im(:,:,1), 20/255), 400, 400); 
        im = Im(:,:,2); 
        [row col] = size(im); 
        mask = bwmorph(mask, 'erode', 3); 
        im(find(mask == 0)) = 0; 
        I_bg = medfilt2(im, [15 15]); 
  
        scales1 = ones(row, col); 
         
        max_Resp1 = -1 * ones(row, col); 
        icounter = 1; 
        for sigma = 1.1 : 0.1 : 1.5 
            dim = round(9*sigma); 
            b = fspecial('gaussian', dim, sigma); 
            b = b - mean2(b); 
            if(~any(b(:))) 
                continue; 
            end 

            fun = @(x) corr2_revised_2(x, fspecial('gaussian', 
dim, sigma)); 
            Resp = nlfilter(im, [dim dim], fun); 
            save(strcat('D:\image_', num2str(l), 
'_resp',num2str(icounter), '_training.mat'),'Resp'); 
  
            Resp_new = Resp; 
            Resp_new(find(Resp > 0)) = 0; 
            Resp_new = -Resp_new; 
            max_Resp = max(max_Resp1, Resp_new); 
            scales1(find(max_Resp ~= max_Resp1)) = icounter;             
            max_Resp1 = max_Resp; 
            icounter = icounter + 1; 
        end 

 
[a,b] = ParseInputs(varargin{:}); 
  
a = a - mean2(a); 
b = b - mean2(b); 
  
if(~any(a(:))) 
    r = 0; 
else 
    r = sum(sum(a.*b))/sqrt(sum(sum(a.*a))*sum(sum(b.*b))); 
end 
  
%-------------------------------------------------------- 
function [A,B] = ParseInputs(varargin) 
  
iptchecknargin(2,2,nargin, mfilename); 
  
A = varargin{1}; 
B = varargin{2}; 
  
iptcheckinput(A, {'logical' 'numeric'}, {'real'}, mfilename, 'A', 1); 
iptcheckinput(B, {'logical' 'numeric'}, {'real'}, mfilename, 'B', 2); 
  
if any(size(A)~=size(B)) 
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    messageId = 'Images:corr2:notSameSize'; 
    message1 = 'A and B must be the same size.'; 
    error(messageId, '%s', message1); 
end 
  
if (~isa(A,'double')) 
    A = double(A); 
end 
  
if (~isa(B,'double')) 
    B = double(B); 
end 
 
     
%------------------------------------------------------------% 

 

Function of Generate MA 

  Im_name = strcat(fileName); 
    originalImage = imread(Im_name); 
  
    pat = 't[a-z]*'; 
    imageType = regexpi(Im_name,pat,'match'); 
    imageNum = strsplit(fileName, '\'); 
    imageNum = imageNum{9}; 
    imageNum = sscanf(imageNum, '%*5c%u%*c'); 
    maxResponseFileName = sprintf('image_%d_Resp_Scales_%s.mat', 
imageNum, imageType{3}); 
    maxResponseFileName = fullfile(curDir, 'Resp', 
maxResponseFileName); 
    load(maxResponseFileName); 
    MA = max_Resp1 > 0.6; 
    radius = 10; 
    [L,num] = bwlabel(MA); 
    i = 1; 
    imageSize = size(originalImage); 
    imageWidth = imageSize(2); 
    imageHeight = imageSize(1); 
    range = uint16(radius/2); 
     
    % Declare output argurment 
    MA_response = Inf; 
     
    for i = 1 : num    
  
        disp(sprintf('Computing Canindate No.%d', i)); 
        [L,num] = bwlabel(MA); 
        tempMa = (L == i); 
  
        % 1st feature - Area 
        measurements = regionprops(L == i, 'Area','Perimeter'); 
        area = measurements.Area; 
        if(area < featureTable(1,1) || area > featureTable(1,2) || 
area<=1) 
            continue; 
        end 
  
        % 2nd %featureLabel - Perimeter 
        perimeter = measurements.Perimeter; 
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        if(perimeter < featureTable(2,1) || perimeter > 
featureTable(2,2)) 
            continue; 
        end 
  
        % 3rd %featureLabel - Aspect ratio 
        measurements = regionprops(tempMa ,'MajorAxisLength', 
'MinorAxisLength'); 
        aspect_ratio = (measurements.MajorAxisLength) / 
(measurements.MinorAxisLength); 
        if(aspect_ratio < featureTable(3,1) || aspect_ratio > 
featureTable(3,2)) 
            continue; 
        end 
  
  
        % 4th feature - Circularity, (4*pi*a)/p^2 
        circularity = (4*pi*area)/(perimeter^2); 
        if(circularity < featureTable(4,1) || circularity > 
featureTable(4,2)) 
            continue; 
        end 
  
  
        % 5th feature - total intensity of igreen 
        Igreen = originalImage(:,:,2); 
        Igreen = uint8(mat2gray(Igreen) * 255); 
        igreen = Igreen; 
        igreen(find(tempMa==0)) = 0; 
        igreen = sum(igreen(:)); 
        if(igreen < featureTable(5,1) || igreen > featureTable(5,2)) 
            continue; 
        end 
  
        % 6th feature - total intensity of isc 
        mask = generateMask(Igreen, imageHeight, imageWidth); 
        mask = bwmorph(mask, 'diag'); 
        Ibg = medfilt2(Igreen, [25 25]); 
        ISC = double(Igreen) - double(Ibg); 
        ISC(find(mask == 0)) = 0; % Use your mask to remove the non-
retinal parts. 
        ISC = -ISC; 
        ISC  = mat2gray(ISC); 
        ISC = uint8(ISC  * 255); 
        iSC = ISC; 
        iSC(find(tempMa == 0)) = 0; 
        iSC = sum(iSC(:)); 
        if(iSC < featureTable(6,1) || iSC > featureTable(6,2)) 
            continue; 
        end 
  
        % 7th feature - average intesity of igreen, mgreen = 
igreen/area 
        mgreen = igreen/area; 
        if(mgreen < featureTable(7,1) || mgreen > featureTable(7,2)) 
            continue; 
        end 
  
        % 8th feature - average intensity of iSC , mSC = iSC/area 
        mSC = iSC/area; 
        if(mSC < featureTable(8,1) || mSC > featureTable(8,2)) 
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            continue; 
        end 
  
  
        % 9th feature - normalized intensity in Igreen, NIgreen 
        x = mean(Ibg(:)); 
        o = std2(Ibg); 
        NIgreen = (1/o)*(igreen-x); 
        if(NIgreen < featureTable(9,1) || NIgreen > featureTable(9,2)) 
            continue; 
        end 
  
        % 10th feature - normalized intensity in ISC, NISC 
        NISC = (1/o)*(iSC-x); 
        if(NISC < featureTable(10,1) || NISC > featureTable(10,2)) 
            continue; 
        end 
  
        % 11th feature - normalized average intensity in Igreen, 
NMgreen 
        NMgreen = (1/o)*(mgreen-x); 
        if(NMgreen < featureTable(11,1) || NMgreen > 
featureTable(11,2)) 
            continue; 
        end 
  
         
        % 12th feature - normalized average intensity in ISC, NMSC 
        NMSC = (1/o)*(mSC-x); 
        if(NMSC < featureTable(12,1) || NMSC > featureTable(12,2)) 
            continue; 
        end 
  
  
        % 13th feature - intensity Idarkest in Imatch 
        measurements = regionprops(tempMa, 'Centroid'); %get the 
center candidate 
        get_Ma_x = measurements.Centroid(1); 
        get_Ma_y = measurements.Centroid(2); 
            yStart = get_Ma_y - range; 
            yEnd = get_Ma_y + range; 
            xStart = get_Ma_x - range; 
            xEnd = get_Ma_x + range; 
        line_length = 9; 
        deg = 15; 
        se1 = strel('line',line_length,0*deg); 
        imop1 = imopen(ISC, se1); 
        se2 = strel('line',line_length,1*deg); 
        imop2 = imopen(ISC, se2); 
        se3 = strel('line',line_length,2*deg); 
        imop3 = imopen(ISC, se3); 
        se4 = strel('line',line_length,3*deg); 
        imop4 = imopen(ISC, se4); 
        se5 = strel('line',line_length,4*deg); 
        imop5 = imopen(ISC, se5); 
        se6 = strel('line',line_length,5*deg); 
        imop6 = imopen(ISC, se6); 
        se7 = strel('line',line_length,6*deg); 
        imop7 = imopen(ISC, se7); 
        se8 = strel('line',line_length,7*deg); 
        imop8 = imopen(ISC, se8); 
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        se9 = strel('line',line_length,8*deg); 
        imop9 = imopen(ISC, se9); 
        se10 = strel('line',line_length,9*deg); 
        imop10 = imopen(ISC, se10); 
        se11 = strel('line',line_length,10*deg); 
        imop11 = imopen(ISC, se11); 
        se12 = strel('line',line_length,11*deg); 
        imop12 = imopen(ISC, se12); 
  
        Resp = imop1; 
        for icount = 1 : 11 
            Resp = max(Resp, eval(['imop', num2str(icount + 1)])); 
        end 
  
        Iles = double(ISC) - double(Resp); 
        h = fspecial('gaussian', [11 11], 1); 
        Imatch = imfilter(Iles,h,'same'); 
        Imatch = uint8(mat2gray(Imatch) * 255); 
        idarkest = Imatch(uint16(get_Ma_y),uint16(get_Ma_x)); 
        if(idarkest < featureTable(13,1) || idarkest > 
featureTable(13,2)) 
            continue; 
        end 
  
  
        % 14th feature 
        o = i; 
        bound_pix = bwboundaries(MA); 
        n_edgepix = length(bound_pix{o}); 
        cent = regionprops(L, 'Centroid'); 
        r_bound = bound_pix{o}(:,1); 
        c_bound = bound_pix{o}(:,2); 
        x = r_bound - cent(o).Centroid(2); 
        y = c_bound - cent(o).Centroid(1); 
        d_bar = mean(sqrt(x.^2 + y.^2)); 
        d_j = sqrt(x.^2 + y.^2); 
        v = sqrt(sum((d_j - d_bar).^2) / n_edgepix); 
        if(v < featureTable(14,1) || v > featureTable(14,2)) 
            continue; 
        end 
  
        % 15th feature 
        idx = find(L==i); 
        I_red = originalImage(:,:,1); 
        I_red = uint8(mat2gray(I_red) * 255); 
        se = strel('disk',6);  
        dilate_cand = imdilate(L==o, se); 
        n_omega = length(idx); 
        idy = find(dilate_cand == 1); 
        n_theta = length(idy) - n_omega; 
        rd = ((1/n_omega)*sum(I_red(idx))) - 
((1/n_theta)*(sum(I_red(idy)) - sum(I_red(idx)))); 
        if(rd < featureTable(15,1) || rd > featureTable(15,2)) 
            continue; 
        end 
         
  
        % 16th feature 
        gd = ((1/n_omega)*sum(Igreen(idx))) - 
((1/n_theta)*(sum(Igreen(idy)) - sum(Igreen(idx)))); 
        if(gd < featureTable(16,1) || gd > featureTable(16,2)) 
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            continue; 
        end 
  
  
        % 17th feature 
        I_blue = originalImage(:,:,3); 
        I_blue = uint8(mat2gray(I_blue) * 255); 
        bd = ((1/n_omega)*sum(I_blue(idx))) - 
((1/n_theta)*(sum(I_blue(idy)) - sum(I_blue(idx)))); 
        if(bd < featureTable(17,1) || bd > featureTable(17,2)) 
            continue; 
        end 
  
  
        % 18th feature 
        image_hsv = rgb2hsv(originalImage); 
        I_hue = image_hsv(:,:,1); 
        hd = ((1/n_omega)*sum(I_hue(idx))) - 
((1/n_theta)*(sum(I_hue(idy)) - sum(I_hue(idx)))); 
        if(hd < featureTable(18,1) || hd > featureTable(18,2)) 
            continue; 
        end 
  
  
        % 19th feature - average gaussian filter response of Igreen 
for o = 1 
        sigma = 1; 
        h1 = fspecial('gaussian', [round(6*sigma), round(6*sigma)], 
sigma); 
        response_1 = filter2(h1, Igreen); 
        response_1(find(tempMa == 0)) = 0; 
        average_1 = sum(response_1(:)) / (sum(tempMa(:))); 
        if(average_1 < featureTable(19,1) || average_1 > 
featureTable(19,2)) 
            continue; 
        end 
  
        % 20th feature - average gaussian filter response of Igreen 
for o = 2 
        sigma = 2; 
        h2 = fspecial('gaussian', [round(6*sigma), round(6*sigma)], 
sigma); 
        response_2 = filter2(h2, Igreen); 
        response_2(find(tempMa==0)) = 0; 
        average_2 = sum(response_2(:)) /(sum(tempMa(:))); 
        if(average_2 < featureTable(20,1) || average_2 > 
featureTable(20,2)) 
            continue; 
        end 
  
        % 21th feature - average gaussian filter response of Igreen 
for o = 4 
        sigma = 4; 
        h3 = fspecial('gaussian', [round(6*sigma), round(6*sigma)], 
sigma); 
        response_3 = filter2(h3, Igreen); 
        response_3(find(tempMa==0)) = 0; 
        average_3 = sum(response_3(:)) /(sum(tempMa(:))); 
        if(average_3 < featureTable(21,1) || average_3 > 
featureTable(21,2)) 
            continue; 
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        end 
  
        % 22th feature - average gaussian filter response of Igreen 
for o = 8 
        sigma = 8; 
        h4 = fspecial('gaussian', [round(6*sigma), round(6*sigma)], 
sigma); 
        response_4 = filter2(h4, Igreen); 
        response_4(find(tempMa==0)) = 0; 
        average_4 = sum(response_4(:)) /(sum(tempMa(:))); 
        if(average_4 < featureTable(22,1) || average_4 > 
featureTable(22,2)) 
            continue; 
        end 
  
         
        % 23th feature - standard deviation response of Igreen after 
Gaussian filtering with o = 1 
        std_1 = std2(response_1); 
        if(std_1 < featureTable(23,1) || std_1 > featureTable(23,2)) 
            continue; 
        end 
  
        % 24th feature - standard deviation response of Igreen after 
Gaussian filtering with o = 2  
        std_2 = std2(response_2); 
        if(std_2 < featureTable(24,1) || std_2 > featureTable(24,2)) 
            continue; 
        end 
  
         
        % 25th feature - standard deviation response of Igreen after 
Gaussian filtering with o = 4 
        std_3 = std2(response_3); 
        if(std_3 < featureTable(25,1) || std_3 > featureTable(25,2)) 
            continue; 
        end 
  
         
        % 26th feature - standard deviation response of Igreen after 
Gaussian filtering with o = 8 
        std_4 = std2(response_4); 
        if(std_4 < featureTable(26,1) || std_4 > featureTable(26,2)) 
            continue; 
        end 
  
        % 27th feature - The maximun correlation coefficient of the 
candidate. 
        max_coe = max(max(max_Resp1(yStart:yEnd,xStart:xEnd))); 
        if(max_coe < featureTable(27,1) || max_coe > 
featureTable(27,2)) 
            continue; 
        end 
  
        % 28th feature - The minimum correlation coefficient of the 
candidate. 
        min_coe = max_Resp1(yStart:yEnd,xStart:xEnd); 
        min_coe(~min_coe) = nan; 
        min_coe = min(min(min_coe)); 
        if(min_coe < featureTable(28,1) || min_coe > 
featureTable(28,2)) 
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            continue; 
        end             
  
        % 29th feature - The average correlation coefficient of the 
candidate. 
        average_coe = (max_coe + min_coe) /2; 
        if(average_coe < featureTable(29,1) || average_coe > 
featureTable(29,2)) 
            continue; 
        end 
  
        % 30th feature - major axis length of the candidate 
        measurements = regionprops(tempMa ,'MajorAxisLength', 
'MinorAxisLength'); 
        majorAxis = measurements.MajorAxisLength; 
        if(majorAxis < featureTable(30,1) || majorAxis > 
featureTable(30,2)) 
            continue; 
        end 
  
        % 31th feature - major axis length of the candidate 
        minorAxis = measurements.MinorAxisLength; 
        if(minorAxis < featureTable(31,1) || minorAxis > 
featureTable(31,2)) 
            continue; 
        else 
            if(count_table == 0) 
                count_table = 1; 
                MA_response(count_table,1) = get_Ma_x; 
                MA_response(count_table,2) = get_Ma_y; 
                count_table = count_table + 1; 
            else 
                MA_response(count_table,1) = get_Ma_x; 
                MA_response(count_table,2) = get_Ma_y; 
                count_table = count_table + 1; 
            end 
        end 
    end 
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CHAPTER 5. Testing 

For the testing part, we tested 5 image in each one processing (There include different 
size and different brightness images), Then collected the tested data for two point, that 
includes the accurate and the running time.  

Below of the retinal image and the result of the three function. 

Input the original retinal image: 

 

Result of Retinal Blood Vessel Extraction: 
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Result of Optic disc detection: 

 

Result of Micro-aneurysms detection: 

 

For the testing part there have the three function to test, therefore that is the collect the 
different function information after the statistics. 

In Retinal Blood Vessel Extraction 5 image both can extract the blood vessel and the 
results are acceptable. The average of running time is around 3 seconds. 
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In Optic Disc detection, 5 image both can detect the optic disc, but one of the 
detection that mark the location is near the optic disc boundary. But I think it also 
acceptable, and the running time is around 6 to 8 seconds. 

In Micro-aneurysms detection: 4 of 5 can detect the micro-aneurysms, other one 
cannot detect any thing in that image, and the result also can acceptable, but the 
running time is become longer because it have so many things to calculate. That 
around 30 seconds for small and middle size image, around 50 seconds for the large 
image.  
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CHAPTER 6. Evaluation 

In my opinion, there are many parts in our project that we could improve the result to 
check it is correct or not. Therefore we check that all of our functions accuracy is 
around 75% to 80% and the result is acceptable but the medical professionals or 
doctor would want to get as higher accuracy as possible that they will not confuse that 
is right or not. 

For the Blood Vessel extraction, out result is good when the brightness and intensity 
is normal of the retinal image. Some of the retinal image of input is very dark or very 
bright that cannot see clearly and it is hard to extract although we have normalized the 
intensity to a standard brightness. And some of the image the edge of the optic disc 
the shape is really closed to the Gaussian shape and our result will be included the 
edge of the optic disc, this problem also cause the result not perfect enough. 

For the optic disc detection, the accuracy of the detection is around 80% and it also 
can be accept. Moreover we still have some issue that we hard to fix and it is similar 
as vessel extraction, the brightness and intensity of retinal image will affect the 
accuracy of the result for OD detection directly. 

For the microaneurysm detection, the accuracy of the detection is around 80% as well. 
As above we said that we choose threshold value 0.6 after the microaneurysm Coarse 
Level final response, therefore some of the candidates will be discarded if those 
intensity is not high enough. In order to filter out more false microaneurysms, we 
tested different threshold values and 0.6 is best value for our proposed method.  
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CHAPTER 7. Discussion 

In conclusion, we will talk about mainly three parts, it is the input image requirement, 
processing running time and the future work. 

7.1 Image Requirement 
To implement the Retinal image analysis, there are some requirement of image. The 
colour retinal image is necessary, although we always use the grayscale and green 
channel to processing, for micro-aneurysms detection, some of the MA feature is exist 
in different colour band. And the blood vessel detection and Optic disc detection, the 
brightness and intensity avoid too bright or too dark is better. 

 

7.2 Running Time 
For the Running Time of vessel extraction and Optic disc detection. In my opinion, it 
is good for that since it can finished in less than 10 seconds. But in micro-aneurysms 
detection. Since the Coarse Level need to find the correlation coefficient between  
Gaussian function and grayscale for each pixel, and after the 5 scale response that we 
need to combine by maximum, that need a very long time to run. As experiment to 
work, we need around 30 to 40 min for one retinal image. And the Fine Level we 
need to process all the possible candidate by discrimination table. Therefore it also 
need a few min to process, but I think the running of Fine Level, it can be acceptable. 

 

7.3 Future work 
Because of the time limitation of the project, we cannot develop all the functions 
perfectly. In the future work, we may focus on the running time of MA detection, 
because it need the long time for processing and we also want to improve the 
accuracy of them. There have a hard question we need a long time to study and find 
the solution. In MA fine Level classification. We use the 0.6 threshold to figure out a 
part of false MA by coarse level. But 0.6 threshold may too high that may figure out 
some true MA, if we want to improve the accuracy, we need to make the value of 
threshold to 0.4 or smaller. At that time, it will have so many candidate that more than 
0.6 threshold. Than the running time will become so long for processing. So that is a 
big issue for us to optimize that.  
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CHAPTER 8. Ethics and Professional Conduct 

In this system, Micro-aneurysms need the big data to train a feature table that can 
make the system to match which one is the true Micro-aneurysms. In the training 
processing, we are using 50 patient’s retinal image to train, but it is not enough to 
make our system to become more accurate. At that time, big data is the important part 
for it. 

Nowadays, big data is very popular because big data is a very important part for 
training a system and it can improve the system very much. Therefore, many different 
companies try to collect user’s data as big as possible. Moreover, they collect the big 
data become more easily because internet can help user easy to upload their personal 
data. And in my opinion, there have some basic principles that about the big data 
ethics should be follows: 

(a) Confidentiality 

(b) Transparency 

(c) Conservation  

In our system, it is following this three main point. For confidentiality, we make sure 
the personal information of pliant have been deleted, we just use the retinal image to 
train our system.  

For transparency, if we need to extend the system or improve accurate, we may need 
to collect more data for that. And we make sure that just for improve the system and 
will not use for other purpose (for example: sell).   

For conservation, we store the data in our hard disk now. Because we have not many 
data, but we guarantee if we need to extend the system, we will rent a high security 
server to store the big data and make sure that won’t be steal. 
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CHAPTER 9. Conclusions 

In conclusion, we will talk about mainly three parts, the major accomplishments of 
our project and the key features, what kind of problems which is not been resolved yet 
and the questions that we were not answered yet in the project. 

The major accomplishments of our project list as below: 

� Extract the retinal blood vessel image of the corresponding retina. 

� Detect the location of the optic disc of the corresponding retina. 

� Detect the most possible microaneurysms of the corresponding retina. 

There are some of the problems we still not resolved yet in our project, included some 
answers on those unresolved questions separate into several parts below: 

 

Retinal blood vessel extraction: 

In Retinal blood vessel extraction, we can extract almost retina images that the 
brightness is normally, that mean the brightness is not too high or too dark. For those 
unusual image may be extract a good result for extraction. 

Now, we discuss two solution to fix above issues, one is adjust and normalize the 
image brightness to unify. And the other one is revise the Match Filter.  

For the first one of solution, we have done in our project. As our experiment, we find 
an image from training database  that brightness is very well with Match Filter. So we 
do the adjustment and normalize follow this image brightness. In Matlab, we using 
the  imadjust to implement that. 

And for the second one of solution, that is revised the Match filter. In our project, we 
used the multi-scale match filter to extraction the blood vessel from 3 scale and 8 
directions. But it is not the prefect one to implement that. By some research, we can 
revise Match filter to MF-FDOG (Match Filter with first-order derivation of the 
Gaussian),and the formula as below : 

    (11) 

The MF-FDOG is better match the blood vessel extraction because it can disease a lot 
of noise. Since the time is limited, so that solution we have not implement to our 
project. 
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Optic Disc detection: 

The above mentioned blood vessel extraction issue also appeared in the OD detection 
as well. Since the OD detection is based on the vessel extraction to implement, that 
the above problem may be effect the OD detection accuracy. 

So both of the two solution also is work for OD detection, and there have an external 
it also can fix those problem. Since OD detection depend on the VDMF to figure out 
the maximum value from the area of OD candidate. So we can change the VDMF 
template to let it fit our result of vessel extraction.  

Microaneurysm detection: 

The feature discrimination table is generated by the true microaneurysms which is 
detected and marked by the doctor and provided, therefore the problem would be the 
process before the feature generation. The microaneurysm candidate detection would 
have a big reasonability on this issue. We generate the possible candidates by using 
the Gaussian function with 5 different scale and 8 different directions. After checked 
the issue, the problem would be after the Gaussian function as well, the next step will 
be applied the threshold. If the value of thresholding higher, the possible candidates 
will be got lesser, and if the value lower, the response will be got more candidates. 
After the possible candidates generated, all the candidates will be passed to the 
classification which is generated all the feature value, therefore a modification before 
the classification on the possible candidates would be useful for getting the specific 
value. If the modification of the candidates could be make those true microaneurysms 
much specific on the 31 features, no need to get all of them specific but some of them 
would be really useful since our proposed method is choose the candidates as the true 
microaneurysms if the candidate’s 31 feature value are all inside the discrimination 
table, that’s mean it can be go through the process until the end. Therefore the 
modification of the possible candidates for example maybe region growing would be 
good if those values could be specific. 

The above solutions for different tasks still not have any experiments yet, therefore 
we just wonder it maybe fit for getting a better result on it. Finally, the project was 
processed almost one year, we worked on it day by day and month by month. We 
hope that the project would really become a useful CAD or tools for the medical 
professionals and we would like to improve all the issue stated above if we still have a 
chance to work for this project. 

 

System and User interface: 

For our system, that is combine above three function to one system, since the running 
time of MA detection is a little bit long, thus we don’t want to process a same image 
twice time. So when we finished a function it will display in UI and save the result to 
your hard disk automate. And the next time we run this function from the same image 
that will load the result that it stored. This can let the user save the running time and 
more efficient.  
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CHAPTER 11. Appendix 

11.1 User Manual  
When you execute our system, you can see the GUI as follow the below picture: 

  

as you can see the meun bar, there have 4 option you can use. From right to left,first 
one is open the retinal image (that better is the .jpg image), and the second is the hand 
option, when you zoon in and zoon out the image, you can use this function to pull the 
image go to the area you want to see. Then the last two is the zoom in and zoom out 
function. 
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First of all, you need to open a image for processing. After you open image, you can 
see a area that will display the image. Just like below picture: 

 

Now you can use other function that also will display in the image area. 

And the last function is “Generate all”, that mean you can display all the image into 
the display area. Therefore you can use the zoom in, zoom out function for different 
area to finish the comparison.  

  


