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Introduction

The eye fundus is the part of human body, where
microvasculature can be observed directly. The vascular
changes in the retina are useful for diagnosing
complications of diabetes, atherosclerosis, hypertension. A
lot of efforts are dedicated to automate the analysis of
retinal images. Among the problems of computerized
retinal analysisis detection of blood vessel tree. [1]

Blood vessel detection is difficult because of vessel
crossings, bifurcations, and vascular reflex — the bright
region in the center of the vessel. Sometimes it misleads
the vessel tracing algorithms causing them to lose the right
way. Vascular reflex is generally considered to be a
specular highlight [2], thus the color of its specular
component is similar to white. This indicates that the
vascular reflex might be separated from the vasculature in
some suitable color space [3].

While in many other medical images only greyscale
information is accessible [4][5], fundus images contain full
color information. Nonetheless, most of the studies so far
used the green (G) component of RGB color space for
blood vessel recognition with some using luminance (Y)
from YIQ color space [6]. However, the suitableness of
such choice and possible aternatives has not been
sufficiently explored yet.

In this study, we sought remedy to vascular reflex
degrading blood vessel detection performance by looking
for optimal linear combinations of RGB color space
components that could be used as the pre-processing stage
in existing blood vessel detection algorithms.

The paper is organized as follows: at first, the eye
fundus images used in the study are discussed, then the
methods used for experiments are explained, finally the
results of those experiments are given and the conclusions
made.

Eye fundusimages

The images from the freely available DRIVE
database [7] were used in our experiments. This database
was developed using the results of a screening program in
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the Netherlands and it is often used as the reference in
different studies analysing eye fundus images. The
database also includes images with blood vessels marked
manually by experts thus it is of great value in
development and testing of blood vessel detection
algorithms. The images are divided into training set (20
images, 3 with pathology) and test set (20 images, 4 with
pathology). The size of each image is 768x584 pixels.
About 12.5% of eye fundus pixels belong to blood vessels.

Fig. 1 shows an example of the blood vessel profile
with the vascular reflex. It can be seen that the vascular
reflex is present in the individual RGB components, but it
is decreased or even removed in various differences of
RGB components, indicating possibility to improve the
blood vessel detection by choosing the optimal color
combination.
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Fig. 1. Fragment of fundus image in RGB color space with blood
vessel dlice (@), green channel (b), channel difference G-B (c),
and vessel cross-section profile (d)



M ethods and Experiments

The search for optimal color combination in RGB
space can be mathematicaly formulated as the
optimisation problem of linear discriminant function:
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here 1.,1..l, - intengties of individual components (red,

green and blue) describing one pixel; a;, a,, as, — weights
of color components (to be defined); T — decision
threshold, BV — pixels belonging to blood vessel class,
BG — pixels belonging to background class.

The vector of optimal weights Ay Was found during

training procedure:
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here A, - average area under the receiver operating

characteristic (ROC) curve. ROC curve shows the
relationship between the true positives rate and false
positives rate when threshold T is varied between T, and

Trax. Thelarger A, the better classifier.

Three different criteria during training procedure
have been used to find the optimal color combinations. In
the first case, areas under ROC curves for al images of the
training set were calculated and average area was
maximized ("global" classification). In the second case, the
images have been divided into 40x40 pixel blocks and
average area under ROC curve for al blocks with at least 5
blood vessel pixels and at least 5 non-blood vessel pixels
has been maximized ("local" classification). In the third
case, the area under ROC curve for the whole training set
has been maximized ("superglobal” classification). In all
three cases simple threshold based classifiers exploiting
only the color combination values for the pixels being
classified were assumed. Simplex search by Nelder-Mead
agorithm was used to find the optimal weights agy in all
three training procedures. The process of training is
summarised in Fig. 2.
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Fig. 2. The simplified diagram of process of finding the optimal
color combination

The resulting optimized color combinations were
introduced as the pre-processing stage (see Fig. 3) and
have been compared with the green color according to the
blood vessel detection performance, achieved by two
different blood vessel detection methods: 1) segmentation
method [8] and 2) tracing method [9]. In case of
segmentation method, the threshold was chosen by the
algorithm automatically, while in case of the tracing
method the sensitivity parameter was fixed in the middle of
recommended interval — 1.5.
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Fig. 3. The smplified diagram of validating preprocessing stage
introduction in blood vessel detection algorithms

The performance of those methods was estimated by
sengitivity (proportion of correctly identified blood vessel
pixels), specificity (proportion of correctly identified non-
blood vessel pixels) and Mattews correlation coefficient
(considered useful when classes are of different sizes) [10]:

M = TP-TN-FP-FN (3
J@TP+ FPYTP + FN)TN + FP)TN + FN)

where TP, FP, TN and FN — numbers of true and
false positives, and true and false negatives. To rule out the
overfitting, those performance estimates were evaluated
using the testing set of the DRIV E database images.

Results

The color combinations, optimal for blood vessel
detection “globally”, “locally” and “superglobally” are
shownin Table 1.

Table 1. Optimal weights of RGB color components for the three
training procedures

Color Coefficientsfor color Average

combination intensities area

Red Green Blue under

ROC

curve
“Global” -0.1053 | 0.5265 | -0.3682 0.7503
“Loca” -0.0512 | 0.7565 | -0.1923 0.8375
“Superglobal” -0.0085 | 0.4685 | -0.4458 0.6606

The “superglobal” color combination is essentially
equivalent to the difference between green and blue color
intensities.
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Fig. 4. Example ROC curves (for green color and color

combination optimized for “globa” classification) of the first

image from DRIVE database training set
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Fig. 5. ROC curves (for green color and color combination
optimized for “superglobal” classification) of the images from

DRIVE database training set

Fig. 4 and Fig. 5 compare the sample ROC curves for
green color and color combination optimized for “global”
and “superglobal” classification, respectfully. It can be
seen that in both cases the ROC curve of the optimal color
combination is above the ROC curve of the green channel,
illustrating its superiority for blood vessel detection when
no information about neighboring pixelsis used.

Fig. 6 illustrates the results of blood vessel tree
detection using segmentation based method [8] without
image preprocessing and with the proposed optimal
preprocessing schemes. It can be observed that the method
using the optimized color combinations finds additional
true blood vessels that were not found by the same method
using the green channel alone.
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Fig. 6. Origina image (&) and results of vessel detection using
different color combinations: green channel (b), optimized for
“global” classification (c), optimized for “local” classification (d)

The following tables compare blood vessel detection
results in terms of sengitivity and specificity on testing set
of images from DRIVE database.

Table 2 shows performance of segmentation
algorithm using different color combinations for test set of
DRIVE database. It can be seen that in this case the use of
“local” color combination results in both higher sensitivity
and higher specificity and use of “globa” and
“superglobal” color combinations results in higher
sensitivity and lower specificity. It can aso be noted that

Mattews correlation coefficient using “local” and “global”
color combinations is higher than without such
preprocessing.

Table 2. Average performance indexes of blood vessel detection
in test set of DRIV E database with segmentation algorithm using
different color combinations

Color Sensitivity Specificity MCC
combination
Green channel 63.26% 97.20% 63.14%
“Local” 63.75% 97.34% 64.00%
“Global” 67.93% 96.70% 64.30%
“Superglobal” 72.31% 95.23% 62.06%

Table 3 shows performance of tracing agorithm
using different color combinations for test set of DRIVE
database. It can be seen that in this case the use of “local”
color combination results in slightly lower sensitivity and
specificity (the difference of means of sensitivity,
specificity and MCC were found to be statistically
insignificant with significance level 0.05) while use of
“global” and “superglobal” color combinations results in
significantly lower sensitivity and specificity values.

Table 3. Average performance indexes of blood vessel detection
in test set of DRIVE database with tracing algorithm using
different color combinations
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Color Sensitivity Specificity MCC
combination
Green channel 69.77% 95.21% 60.14%
“Local” 69.59% 95.12% 59.64%
“Global” 69.43% 93.16% 53.20%
“Superglobal” 67.56% 90.97% 47.82%
Conclusions

Linear RGB color combinations optimal for
classification of pixels of eye fundus images have been
found. It has been shown that the use of color combination
optimized for “local” classification instead of green color
improves results of the segmentation algorithm and retains
the quality of results of tracing algorithm. On the other
hand, color combinations optimized for “global” and
“superglobal” classification improve the sensitivity of
segmentation algorithm at the price of specificity. Those
results indicate the suitableness of use of optimized color
combinations even in case of blood vessel detection
methods developed for use with green channel only. We
expect that the results would be similar for images made
using different fundus cameras.

The results of this study indicate possibility of
developing blood vessel detection algorithms that would
combine advantages of different color combinations.
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Most of the studies so far have used the green component of RGB for blood vessel recognition in eye fundus images with some
using luminance. However, the suitableness of such choice and possible adternatives have not been sufficiently explored. We aimed to
find the linear color combinations that would be optimal for classification of the eye fundus image pixels. It has been shown that the use
of color combination optimized for “local” classification instead of green color improves results of the segmentation algorithm and
retains the quality of results of tracing algorithm, while color combinations optimized for “global” and “superglobal” classification
improve the sensitivity of segmentation algorithm at the price of specificity. The results indicate possibility of developing blood vessel
detection algorithms that would combine advantages of different color combinations. 111. 6, bibl. 10 (in English; summaries in English,
Russian and Lithuanian).

M. Haramroc, B. Maposac, /I. EreaeBuuioc, A. JlykomsiBuuyc. KoMOMHAnMM KOMIIOHEHTOB LBETOBBIX IPOCTPAHCTB,
ONTHMAJIbHbIE /ISl PACNIO3HABAHUS KPOBSIHBLIX COCYI0B B M300pPa’keHMsIX 04€4HOI0 JHA // DJEeKTPOHUKA W 3IeKTPOTeXHHKA. —
Kaynac: Texuosorusi, 2009. — Ne 3(91). — C. 53-56.

Iloka B OOJBIIMHCTBE MCCIEAOBAHMN AJISI PACHO3HABAHUSI KPOBSHBIX COCYIOB B M300paKEHUSIX OYEYHOTO JHA HCIIOIb30BANCSA
3eIEHBIH KOMITOHEHT I[BETHOTO mpocTpaHcTBa RGB. B ocTanpHEIX ciiydasx HCIIONB30Balach SPKOCTh IBeTa. OMHAKO, NPHTOJHOCTH
9TOTO BBIOOpa M BO3MOJKHBIE aJbTEPHATHBEI IOKa €IE He OBUIM JOCTATOYHO MCCIEIOBAaHBL. B 3TOH craThe MBI cTpeMuMcs HaifTh
JIMHEeHHble KOMOWHAIMM I[BETOB, KOTOPHIE OBUIM OBl ONTHMAJIBbHBIMH IS KJIAcCH(UKAIUM IMHUKCENeH M300paKeHUH OYEYHOTO IHA.
Oxazanock, 4T0 UCIIOIH30BAHUE [[BETHOH KOMONHAINH, ONITHUMU3UPOBAHHON IS «IOKAIBHOW> KIIaCCH(UKALINH, YIIydIIaeT pe3yIbTaThl
paboThI MCCIEIOBAHHOIO ANrOPHUTMA CETMEHTAIMU M MOIJIEPKHBAET KAauecTBO alropuTMa TpaccupoBaHus. L[BeTHble KOMOMHALUH,
OITUMHU3MPOBAHHbBIE JUIS <TJIO0AIBHON» M «CBEPXII00aIbHOM» KinacCU(HUKALMA B CBOIO OYepelb YBEIMYUBAIOT YyBCTBUTEIBLHOCTD
aJITOPUTMA CETMEHTALUH 32 CUET CIIEUU(PUIHOCTH. DTU PE3yNbTAThI O3BOJISIOT HAAEATHCS, YTO €CTh BO3MOXKHOCTh CO3JaTh alTOPUTMBI
U1 PAacIO3HABAaHUSI KPOBSHBIX COCYJOB, KOTOPBIE HCIOIB30BAIM OBl MPEUMYIIECTBA HEKOTOPHIX IIBETHBIX KoMOuHanuid. 1. 6, 6ubs.
10 (na aHrNMiicKOM s3bIKe; pedepaThl Ha aHTTTMHCKOM, PYCCKOM M JIUTOBCKOM 513.).

M. Patasius, V. Marozas, D. Jegelevi€ius, A. LukoSevi¢ius. Optimalios spalvy erdvés komponenty kombinacijos kraujagysiéms
aptikti akiesdugno vaizduose // Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 3(91) . — P. 53-56.
Kraujagysléms aptikti daugumoje tyrimuy iki siol naudojamas zalias RGB spalvy erdvés komponentas. Kitais atvejais naudojamas
skaistis. Tatiau tokio pasirinkimo tikslingumas ir galimos alternatyvos dar nebuvo reikiamai isnagrinéta. Siame straipsnyje siekiama
rasti tiesines spavu kombinacijas, kurios optimaliai tikty akies dugno vaizdy pikseliams klasifikuoti. Paaiskéjo, kad spalvu
kombinacijos, optimizuotos , lokaliai“ klasifikacijai, pagerina isbandyto segmentavimo algoritmo darbo rezultatus ir islaiko trasavimo
algoritmo rezultaty kokybe. O , globaliai“ ir ,superglobaliai“ klasifikacijai optimizuotos spalvy kombinacijos padidina segmentavimo
agoritmo jautruma specifiskumo saskaita. Sie rezultatai leidzia tikétis, kad imanoma sukurti kraujagysliy radimo agoritmus,
isnaudojancius skirtingu spalvy kombinacijuy pranasumus.ll. 6, bibl. 10 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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