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 
Abstract—Structures of eye bottom were extracted using 

multiscale texture gradient method and color characteristics of 
macular zone and vessels were verified in CIELAB scale. The 
difference of average values of L*, a* and b* coordinates of CIE 
(International Commision of Illumination) scale in patients with 
diabetes and healthy volunteers was compared. The average value of 
L* in diabetic patients exceeded such one in the group of practically 
healthy persons by 2.71 times (P < 0.05), while the value of a* index 
was reduced by 3.8 times when compared with control one 
(P < 0.05). b* index exceeded such one in the control group by 12.4 
times (P < 0.05). The integrated index on color difference (ΔE) 
exceeded control value by 2.87 times (P < 0.05). More pronounced 
differences with ΔE were followed by a shorter period of MA 
appearance with a correlation level at -0.56 (P < 0.05). The 
specificity of diagnostics raised by 2.17 times (P < 0.05) and negative 
prognostic index exceeded such one determined with the expert 
method by 2.26 times (P < 0.05). 
 

Keywords—Diabetic retinopathy, multiscale texture gradient, 
color spectrum analysis.  

I. INTRODUCTION 

 OLOR is an informative feature in the diagnosis of many 
diseases. Creating a local feature based on color metrics is 

an important task of identifying a pathological object. At 
present, therse are no clear guidelines for the protocol of 
information methods for detecting pathology on laparoscopic 
images, which should be performed in real time and in a short 
period of time. Therefore, methods that have proven effective 
in other scientific fields should be tried. 

The development of vessel microaneurisms (MA) is 
regarded as the earliest manifestation of diabetic retinopathy 
(DR) [1], [2]. The small size of MA, along with the similar 
color of neighboring tissue, complicates the approach for DR 
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diagnostics based on MA verification [2]. That is why the 
early diagnostics of DR is still actual for the ophthalmology 
[1], [3].  

We assumed that in the course of retinal inflammation 
development, free radicals can cause depigmentation of retinal 
tissue [4], [5]. Hence, evaluation of the color in macula zone 
with the indirect comparison with the other zones of eye 
bottom, which are free from such pigment, might be helpful 
for the verification of early signs of DR precipitation.  

An earlier informational system on the analysis of color 
characteristics of biological surfaces was developed. It was 
used for the early caries diagnostics [6], [7]. Also, it was 
explored with the purpose of the checking up the level of 
pigment in patients with diabetes mellitus. The color of the 
vessel trunk identified at the eye bottom was used as a color 
standard for the comparison with the color spectrum of the 
macular zone. Such a decision was justified by a more stable 
state of hemoglobin to the action of free radicals at retinal 
tissue and presumably minimal deterioration of hemoglobin 
color. That is why reliable extraction of vessel trunk was 
performed using a multiscale gradient method [1]. Hence, the 
present work aimed to evaluate the principal possibility of the 
diagnostics of early stage of DR on the basis of comparative 
color characteristics of the macular zone with such one of the 
vessel trunk. Also, we compared the effectiveness of early DR 
diagnostics with the expert diagnostics, which based on the 
verification of MA. 

II. MATERIALS AND METHODS 

17 apparently healthy volunteers (the mean age 33.2 + 3.5 
years old) and 52 insulin-depended patients who had second 
type of diabetes (the mean age 30.6 + 3.3 years old) were 
under observation. 

All subjects provided written consent to research 
conduction. All investigations were performed in accordance 
with ethical demands of commission on ethics at Odesa 
National Medical University (ONMedU Animal Care and 
Ethics Committee, 2008/84). 

When selecting a control group, the following criteria were 
met: intraocular pressure less than 21 mm Hg, preserved 
visual acuity, unchanged perimeter of vision and the absence 
of eye diseases and neurological disorders. For diabetics, the 
criteria were as follows: intraocular pressure less than 21 mm 
Hg, well-corrected visual acuity (more than 7/10), as well as 
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the absence of signs of proliferative retinopathy, established 
by fluoroangiography [1].  

Digital images of eye bottom are characterized by low 
contrast of structures and heterogeneous illumination being 
most bright in the center of the image [3], [8]. With the aim of 
diminishing of mentioned aberrations, we used the contrast - 
limited adaptive histogram equalization (CLAHE) technology, 
which proved to be valid for the increasing contrast of vessels 
of eye bottom and permitted to increase the contrast by 1,7 - 3 
times [3], [8]. The multiscale textural gradient for the 
extraction of vessels [1] was undertaken as a next step. It was 
critically important for the consequent evaluation of “blood 
color” with color of the macular zone. 

A. Multiscale Texture Gradient Method  

The multiscale texture gradient (MTG) method was 
developed for detecting image objects with blurred borders. It 
showed very satisfactory results both when implementing for 
automatic detection of microneurisms and soft exudates in 
fundus images [1] and when fragmenting blurry frames of a 
video sequence [9]. 

The central idea of the method was the transition from the 
RGB image space to the space of texture gradients. The 
transition was carried out as follows – in each pixel of the 
image, the K  color gradients were calculated, each of which 
was obtained along the direction of the vector, determined by 
the polar angle   /k k K ,  0 ,k K , relative to the 

horizontal. 
The value of the gradient along the k -th direction was 

determined according to the expression: 
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color gradient between two adjacent pixels of the k -th vector, 
, ,r g b  – is the corresponding color intensities of the RGB 

model, n  – is the length of the vector, i.e. the number of 
pixels on which the gradient k  is calculated. 

In (1), following the general ideas of [10] and [11], the 

analytical weight coefficient iC  was introduced. It served for 

increasing the relative role of the local gradient in the vicinity 
of the considered pixel [1]: 
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 along all K directions is 

larger than the threshold value     b , then the flag “1” 

is assigned to the considered pixel (i.e., the belonging to the 
object boundary is set up). 

It was necessary to increase (scale) the width where texture 
gradients were calculated just for the applicability of the 
method for low sharpness images [1]. Then, in the general 
case, it is more efficient to use MTG: 
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Here m  – is a color gradient calculated according to the 

algorithm described above along vectors length of m n  
pixels. m - is a weight factor for the corresponding scale 

level. The values of the coefficients obey the rule 

1      ... ...m M , where M  - is the maximum scale 

level of the method. 
All characteristics which have been gained in RGB color 

scale were transferred into CIELAB scale in accordance with 
working algorithm [6], [7]. Later on, the CIE scale permitted 
to evaluate coordinates of L*, a* and b*. The amount of white 
color rising was informative as an index of depigmentation 
[5]-[7]. 

Diagnostic effectiveness was assessed by determining 
sensitivity, specificity, and prognostic positive and negative 
indicators [5]. 

Research results were statistically processed, applying the 
ANOVA method and the Newman-Keuls test. 

 

 

Fig. 1 MTG-based extraction of zones for comparative color analysis: before (a) and after (b) method application. The fundus scan (a) obtained 
by I-Phone 7 with a help of D-Eye retinal imaging system 
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III. RESULTS AND DISCUSSION 

The results on the application of MTG method for the 
vessel visualization are presented at Fig. 1. The next 
parameters of textural gradient were used: K = 6, n = 4, M = 2, 
Δb = 34. Zones for color analysis, which included vessel and 
macular ones, were identified (Fig. 1).  

The lightness index (L*) in the macular zone of patients 
with diabetes was greater when compared with the normal 
value (Fig. 2). Thus the average value of L* in diabetic 
patients exceeded this value in the control group (practically 
healthy persons) by 2.71 times (P < 0.05). At the same time 
value of a* index was reduced by 3.8 times when compared 
with the control one (P < 0.05). b* index of CIELAB scale 
exceeded this value in the control group by 12.4 times (P < 
0.05). The integrated index on color difference (ΔE) exceeded 
control value by 2.87 times (P < 0.05) (Fig. 2). Hence, gained 
data are in favor of the increased lightness in the macular zone 
in patients with diabetes, and such effect is developed on 
behalf of diminution of red and blue colors along with rising 
of green and yellow colors. The increasing of integral color 
difference in comparison with the control data is observed at 
the same time. 
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Fig. 2 CIELAB scale data in patients with diabetes (M+m). Ordinate- 
the difference between macular and arterial trunk (relative units); 

abscissa- indices of CIELAB scale. Notes: # - P < 0.05 in comparison 
with the data in control group (ANOVA+ Newman- Keuls test) 

 
Investigation of eye bottom of patients with diabetes in one 

year from the moment of color differences investigations 
revealed the appearance of MA in 11 patients (Fig. 3). The 
coefficient of correlation “r” between dynamics of MA 
appearance and value of ΔE was -0,56 (P < 0.05). 
Correspondently, more pronounced differences with ΔE were 
followed by a shorter period of MA appearance. 

The estimation of the effectiveness of the developed method 
of DR diagnostics revealed that sensitivity exceeded the 
effectiveness of expert diagnostics not-significantly (P < 
0.05), while specificity was significantly higher, by 2.17 times 
(P < 0.05) (Table I). Negative prognostic index raised 
substantially when compared with this value determined with 
expert method, by 2.26 times (P < 0.05), while rising of the 
positive prognostic index was not significant (P > 0.05) (Table 
I). Hence, developed method significantly reduced the number 
of false-positive diagnoses, while the reduction of false 
negative diagnoses was less pronounced. Thus, gained data are 

in favor for the informative significance of the color difference 
between macular zone and vessels (arterial trunk) as a 
diagnostic index for DR. Also gained data point on the 
diabetes-induced loosing of pigment in macular zone, which is 
in correspondence with other authors’ data [12], [13]. Thus, 
our data revealed that the reduction of a* index of CIELAB 
scale is in favor of the increasing of green channel 
contribution while the contribution of the red channel was 
reduced. At the same time, the increased contribution from the 
yellow channel with reciprocal decrease of contribution from 
the blue channel is supposed as a result of increase of the b* 
index [8], [14]. Taking into consideration that the absorption 
model of the colored retina [3] is in favor of the greater 
significance of blue color as a melanin marker, the registered 
reduction of blue color contribution stressed the reduced role 
of melanin in retina color determination in patients with 
diabetes. Meanwhile, an established decrease of red channel 
contribution supports the decreased role of melanin in retina 
color determination. Mentioned changes are in good 
correlation with the ability of pigments to be washed out from 
their color by free radicals, an effect which manifested as 
spectral characteristic changes [5]. 

 
TABLE I 

RESULTS OF EXPERT DIAGNOSTICS OF DR AND DIAGNOSTICS USING THE 

DEVELOPED METHOD (%) 

 Expert diagnostics 
Diagnostics with 

developed method 
Sensitivity (%) (n = 52) 39 (75.0) 46 (88.5) 

Specificity (%) (n = 17) 6 (35.3) 13 (76.5)* 

Positive prognostic index (%) 78.0 92.0 

Negative prognostic index (%) 31.6 76.5* 

Notes: * – P < 0.05 when compared with expert diagnostics (“z” criteria on 
comparison two proportions was used). 

 

 

Fig. 3. Correlation between integral color difference (ΔE) and time of 
appearance of MA in patients with the second type of diabetes. 

Notes: ordinate – ΔE (relative units), abscissa – the time from the 
moment of diagnostics of color differences (months). Marks 

(rhombs) – patients with newly appeared MA. The regression trend is 
presented as the declined line 

 
It should be stressed that the appearance of MA, as first and 

robust signs of DR [1]-[3], might be the result of more deep 
development of pathological process with degeneration of 
pericytes due to free radicals cytotoxic action. Established 
color changes are observed earlier than MA appearance and 
deserve attention for further estimation as the first indicative 
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manifestation of DR.  

IV.  CONCLUSIONS 

1) The effective diagnostics on the loosing of pigment in the 
macular zone is possible to perform based on comparison 
of color characteristics in the CIELAB scale of the 
macular zone and neighboring vessel trunks. 

2) Patients suffered from DR display the raise of the 
lightness in the macular zone in green-yellow bandwidth 
along with the decreasing it in the red one. 

3) Established deteriorations of the color of eye bottom 
structures predicted the appearance of MA as the most 
reliable markers for DR development (correlation 
coefficient r = -0.56). 
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