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CLAIMS

1. A retinal image analysis method including:

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

(i) 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;

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

(iif) 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;

(i) computer readable program code components configured for automatically
displaying an image comprising the one or more traced vessels;

(iiiy 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.
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(i) autoxnatically generating a trace image comprising the one or more
traced paths;
(i) automatically identifying a plurality of vessel segments which are
portions of said vesse
(iv) using the vessel segments to calculate automatically a plurality of
parameters characterizing the vessels; and
(v) outputting the plurality of parameters.
2. A method according to aky preceding claim in which the parameters
comprise parameters which descNpe a corresponding one of the vessel
segments, and comprise one of more of;
a mean width of the vessel segme
a value indicative of the variation in the width of the vessel segment along
at least part of the length of the vessel segme
the length of the vessel segment; and
the tortuosity of the vessel segment.

3. A retinal image analysis method according claim 1 or claim 2

comprising deriving a plurality of zones of the retinal iage, said step (iv)
including deriving one or more said parameters for any poxtions of the vessel
segments which lie within each of the zones.
4. A retinal image analysis method according to claim 3 in whidh the zones
encircle an optic disc region of the retinal image, and have different xespective

diameters.

5. A retinal image analysis method according to any preceding clajm

comprising identifying a group of said vessel segments which are portions of
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ingle vessel, and obtaining a parameter characterizing the group of vessel

6. A\retinal image analysis method according to claim 5 in which the group
of vessel segments include a root segment and a plurality of daughter segments,
and the parakpeters characterizing the group of vessel segments include one or
more of:
a branching\coefficient;
an asymmetniratio;
a junctional expopent deviation;
a branching angle \pdicative of the an average of the angles between the
extension direction of the dayghter segments and that of the root segment; and
an angular asymmetry vglue indicative of the variance in said angles.
7. A retinal image analysis method according to claim 5 when dependent
upon claim 3 or claim 4 in which the gtoup of vessel segments extend within one

of the zones.

8. A retinal image analysis method accoriing to any preceding claim further
including classifying vessels into veins and arteries.
9. A retinal image analysis method according claim 8 when dependent
upon claim 3 or claim 4, 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.

10. A retinal image analysis method according to any pxeceding claim
including an editing step of interacting with a user to edit the \trace image
produced in step (ii) and/or the vessel segments identified in step (iii)
and (v) being performed and/or repeated after said editing step.

11. A retinal image analysis method according to any preceding cl
including indicating any of said vessel segments which are determined in ste
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{v) to have a variance in their width above a threshold.

12. \ A retinal image analysis method including a step of obtaining user

annotation of features of the retinal image.

13. | image analysis method according to any preceding claim further
including genetating an estimate for future risk of cardiovascular disease using

the plurality of patameters.

14.  Aretinal image analysis system comprising:
a processor for:
(i) automatically trackyg one or more paths of one or more vessels of a
retinal image;
(i) automatically generating a trace image comprising the one or more
traced paths;
(iii) automatically identifying &\ plurality of vessel segments which are
portions of said vessels;
(iv) using the vessel segments to \calculate automatically a plurality of
parameters; and
(v) outputting the plurality of parameters.

15. A retinal image analysis system comprising:
(i) computer readable program code components configured for

automatically tracing one or more paths of one or mode vessels of a retinal

image;
(i) computer readable program code components\ configured for
automatically generating a trace image comprising the one or morg traced paths;
(i) computer readable program code components coRfigured for
automatically identifying a plurality of vessel segments which are portiogs of said
vessels;
(iv) computer readable program code components configured for
the vessel segments to calculate automatically a plurality of parameters; and

(v) computer readable program code components configured fo
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tputting the plurality of parameters.

A retinal image analysis method including:
aNtomatically tracing one or more paths of one or more vessels of a

16.

retinal image;
automxtically generating a trace image comprising one or more traced

paths;
automatically calculating a fractal capacity dimension of the trace image;
comparing thé\ calculated fractal capacity dimension with a benchmark
fractal capacity dimensign; and ' .
generating an estimate for future risk of vascular disease on the basis of
the comparison. '

17. A retinal image analysis method according to claim 16 including refining

the trace image to remove errors in the trace image and calculating a refined

fractal capacity dimension of the refined trace image.

18. A retinal image analysis method accogding to claim 16 or 17 in which the
fractal capacity dimension is a multifractal capagity dimension.

19. A retinal image analysis method according to\any of claim 16 to 18 which
further includes setting a radius of the optic disc of\the retinal image prior to

automatically tracing the retinal image.

20. A retinal image analysis method according to any of clajm 16 to 19 which
further includes, prior to automatically tracing the retinal image, cropping or
scaling the retinal image to minimise deleterious aspects of the retinal image and

enable retinal image comparisons.

21. A retinal image analysis method according to claim 17 which
includes repeating refining of the trace image if errors in the trace image re

after previous refining.
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2. A retinal image analysis method according to any of claim 16 to 21 which

futther includes, interrogating a data store and selecting diagnostic data based
on thy calculated refined fractal capacity dimension.

23. A Igtinal image analysis method according to claim 22 which further
includes, automatically generating a report including the selected diagnostic

data.

24.  Aretinal imagg analysis system comprising:
a processor for:
automatically tracihg one or more paths of one or more vessels of a

retinal image; |
automatically generatiny a trace image comprising one or more traced

paths;
automatically calculating a\fractal capacity dimension of the trace
image;
comparing the calculated fractal \¢apacity dimension with a benchmark
fractal capacity dimension; and
generating an estimate for future risk of vascular disease on the basis of

the comparison.

claim 24 whiéh further
tion with the processor

25. A retinal image analysis system according
comprises an output device coupled to be in communi

for displaying the trace image and a refined trace image.

26. A retinal image analysis system according to claim 24 which further
comprises a data store coupled fo be in communication with the\processor for

storing diagnostic data.

27. A retinal image analysis system according to claim 26 in whigh the
processor interrogates the data store and selects diagnostic data based or\the

calculated fractal capacity dimension.
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28%. A retinal image analysis system comprising:
computer readable program code components configured for

automatically tracing one or more paths of one or more vessels of a retinal
image;

computer readable program code components configured for
automatically\generating a trace image comprising one or more traced paths;

computek readable program code components configured for
automatically calcljating a fractal capacity dimension of the trace image;

computer reayable program code components configured for comparing
the calculated fractal \capacity dimension with a benchmark fractal capacity
dimension; and

computer readable program code components configured for generating
an estimate for future risk of vascular disease on the basis of the comparison.




