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CLAIMS 

 

1.  A retinal image analysis method including: 

(i)  automatically tracing one or more vessels of the retinal image; 

(ii) automatically displaying an image comprising the one or more traced vessels; 

(iii) using vessel segments to calculate automatically a plurality of parameters 

wherein the plurality of parameters comprise parameters associated with veins and/or 

arteries; and 

(iv) outputting the plurality of parameters; 

characterized in that the method further includes automatically classifying the 

traced vessels into veins and arteries based on intensity profiles in the form of histograms 

of pixel intensities for pixels lying on diameter lines along each of the traced vessels. 

 

2.  A method according to claim 1 in which a mean value of the top five most 

frequently occurring values is obtained for each of the histograms of pixel intensities for 

pixels lying on the diameter lines, wherein the mean values are clustered into two classes 

corresponding to vein and artery, respectively. 

 

3.  A method according to claim 2 further including using a majority voting system to 

classify said traced vessels as either veins or arteries based on the number of the 

diameter lines of which the corresponding mean values are labeled as veins and arteries 

respectively. 

 

4.  A method according to any preceding claim, wherein each vessel comprises a 

group of vessel segments including a root segment and a plurality of daughter segments 

connected to the root segment in a vessel binary tree in which at a plurality of branching 

points one of said vessel segments branches into two said daughter segments. 

 

5.  A method according to any preceding claim in which the parameters comprise 

parameters which describe a corresponding one of the vessel segments, and comprise 

one or more of: 

a mean width of the vessel segment; 

a value indicative of the variation in the width of the vessel segment along at least 

part of the length of the vessel segment; 

the length of the vessel segment; and 

the tortuosity of the vessel segment. 
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6.  A retinal image analysis method according to any one of claims 1-5 comprising 

deriving a plurality of zones of the retinal image, said step (iii) including deriving one or 

more said parameters for any portions of the vessel segments which lie within each of the 

zones. 

 

7.  A retinal image analysis method according to claim 6 in which the zones encircle 

an optic disc region of the retinal image, and have different respective diameters. 

 

8.  A retinal image analysis method according to any preceding claim in which the 

parameters comprising parameters characterizing the group of vessel segments include 

one or more of: 

a branching coefficient; 

an asymmetry ratio; 

a junctional exponent deviation; 

a branching angle indicative of the an average of the angles between the 

extension direction of the daughter segments and that of the root segment; 

an angular asymmetry value indicative of the variance in said angles. 

 

9.  A retinal image analysis method according to claim 6 or claim 7 in which the group 

of vessel segments extend within one of the zones. 

 

10.  A retinal image analysis method according claim 6 or claim 7, further including 

obtaining for at least one said zone a said parameter indicative of the width of a number 

of the widest veins or of the width of a number of the widest arteries in the zone. 

 

11.  A retinal image analysis method according to any preceding claim including an 

editing step of interacting with a user to edit the image displayed in step (ii) and/or the 

group of vessel segments, steps (iii) and (iv) being performed and/or repeated after said 

editing step. 

 

12.  A retinal image analysis method according to any preceding claim including 

indicating any of said vessel segments which are determined in step (iii) to have a 

variance in their width above a threshold. 
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13.  A retinal image analysis method according to any preceding claim further including 

generating an estimate for future risk of cardiovascular disease using the plurality of 

parameters. 

 

14.  A retinal image analysis system comprising: 

a processor for: 

(i)  automatically tracing one or more vessels of the retinal image; 

(ii)  automatically displaying an image comprising the one or more traced vessels; 

(iii)  using vessel segments to calculate automatically a plurality of parameters 

wherein the plurality of parameters comprise parameters associated with veins and/or 

arteries; and 

(iv) outputting the plurality of parameters; 

characterized in that the processor is further configured to automatically classify 

the traced vessels into veins and arteries based on intensity profiles in the form of 

histograms of pixel intensities for pixels lying on diameter lines along each of the 

traced vessels. 

 

15.  A retinal image analysis system comprising: 

(i)  computer readable program code components configured for automatically 

tracing (3) one or more vessels of the retinal image; 

(ii)  computer readable program code components configured for automatically 

displaying an image comprising the one or more traced vessels; 

(iii)  computer readable program code components configured for using vessel 

segments to calculate automatically a plurality of parameters wherein the plurality of 

parameters comprise parameters associated with veins and/or arteries; and 

(iv) computer readable program code components configured for outputting the 

plurality of parameters; 

characterized in that the computer readable program code is further configured 

to automatically classify the traced vessels into veins and arteries based on intensity 

profiles in the form of histograms of pixel intensities for pixels lying ondiameter lines along 

each of the traced vessels. 

 














