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Abstract: Selection of clinical image of the fundus and fundus fluoresce in angiography (fundus fluoresce in 
angiography, FFA) image as the research object, using image segmentation method on diabetic retinopathy 
(Diabetic Retinopathy, DR) vascular processing and analysis, in order to improve clinical diagnostic accuracy and 
efficiency. The experimental results show that image processing and analysis methods for normal retinal images and 
image segmentation are relatively complete vascular lesions and the image of the fundus and fundus fluoresce in 
angiography (Fundus Fluoresce in Angiography FFA) images as compared to the more detailed and clear, precision 
is improved obviously. As the eye fundus blood vessel lesions in the early discovery, early diagnosis and further 
therapy provides a new theoretical basis. 
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INTRODUCTION 

 
As reference (Li, 2007), the number of world’s 

adult diabetic reaches two hundred forty-six million; 
this number will be more than three hundred and eighty 
million as expected until 2025. And the number for 
Chinese diabetic has reached forty million, which takes 
up 16% of the world’s diabetic and ranks the second for 
the prevalence. With the deepening of diabetes 
researches, medical scientists have found that diabetic 
retinopathy turning into the most serious ocular micro 
vascular complications is one of the world’s major 
causes of blindness and its incidence is related to 
diabetes’ duration, genetic factors and glycemic control 
conditions. World Health Organization reports that, the 
risk of diabetic blindness is 25 times higher than the 
non-diabetic patients. Medical experts point out that 
through the early diagnosis and general check for 
fundus’ periodicity, almost 90% of the blindness or 
visual impairment caused by diabetes can be avoided 
completely (Li, 2007). 

Diabetic Retinopathy (DR) is one of the serious 
complications of diabetes (Li, 2007). Now, we mainly 
rely on fundus image and fundus fluoresces in 
angiography images to do clinical diagnosis and staging 
(Zhang, 1997; Wang et al., 2005, 2006; Wang and Li, 
2003; Zhang and Liu, 2002). Image Processing is an 
interdisciplinary technology which contains math, 
computer and information technology (Yao and Chen, 
2010; Zhang, 2005; Yang et al., 2005; Li, 2009) and 
analyzing and processing on retinal blood vessels can 
help the qualitative analysis and quantitative 

measurement for retinopathy and distinguish the normal 
and abnormal ones, thus, it increased the advantages of 
fundus examination greatly. 

Combined with a group of patients with diabetic 
retinopathy fundus and Fundus Fluoresce in 
Angiography (FFA) images for Tianjin First Central 
Hospital’s ophthalmology, this study uses the retinal 
images as the objects and combines information and 
medical technology and uses modern Image Processing 
Technology to process and analyze fundus image and to 
increase the efficiency and precision of clinical 
diagnosis, which provides further theoretical foundation 
for the further treatment of diabetic retinopathy. 
 

PROCESSING METHOD OF DIABETIC 
RETINOPATHY VASCULAR IMAGE 

 
Literature (Chaudhuri et al., 1989) showed that 

vessel width gradually changed, curvature was small and 
the Gauss curve to approximate expression for the cross 
section of intensity profile in the retinal fundus images 
in. This study used the matched filtering method of the 
literature (Chaudhuri et al., 1989) and the vascular 
segment for monospaced straight segments, the retinal 
vessel image to enhance the pretreatment to enhance 
vascular image effect. 
 
The main vessel segmentation: After the retinal 
vascular images are enhanced and pretreated, its main 
blood vessel must been extracted. In this study, the 
method based on the optimal entropy (Huang and 
Zhang, 2006) is used to extract enhanced better main 
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blood vessels in retinal images. And the image gray 
value range is set to {0, 1, 1, L-1}, segmentation 
threshold is set to t, the target O and background B obey 
different probability distribution, i.e: 
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, p = ni/(N × M), the pixel number 

of the gray value  i is ni, the size of the image is N × M. 
By Shannon entropy concept, the probability 

distribution related to entropy of goals O and 
background B are respectively defined: 
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When ψ(t) achieves to the maximum value, the gray 

level t is the optimal threshold value t * i.e., 
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Transition region extractionL: On the retinal vessel 
image enhancement, small diameter or low-contrast 
vascular changes are small and the gray changes 
basically in the target O between and background B. If 
using the traditional global thresholding method, it could 
be recognized as background (Otsu, 1979; Chaudhuri et 
al., 1989; Li, 2009) and they usually will not be 
segmented. In view of this, the double threshold 
transition region extraction method combines a 
distributed genetic algorithm with the Otsu method and 
uses its resistance to early, fast convergence and Otsu 
optimal threshold extraction ability for the enhanced 
vascular image segmentation, segmentation of the final 
vessel (Otsu, 1979; Chaudhuri et al., 1989; Li et al., 
2009). 
 
• Otsu dual threshold method:  Assuming a 

threshold value for t1 and t2 and the image gray 
value is set for the background C0, transition zone 
C1 and target C2. They correspond to the probability 

of the occurrence of Otsu (1979) can be expressed 
as: 
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And the corresponding average gray value of U0, 
U1, U2, respectively are: 
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Cluster variance among C0, C1 and C2 can be 
expressed as:  
 

)()()( 210),(
2

2

2

1

2

021 UUWUUWUUWtt TTTB +−− ++=σ
  (12) 

 
When it reached the maximum value, the threshold 
t1 and t2 are the demand for the optimal 
segmentation threshold, expressed as T1 and T2: 
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The pixel between T1 and T2 in image gray value is 
to extract the transition zone. 
 

• Transition region extraction based on 
distributed genetic algorithm: Distributed genetic 
algorithm in parallel genetic algorithm divides 
population into several group, at the same time 
independently operates genetic. Compared with the 
simple genetic algorithm, it can overcome the 
“early” and quickly find the global optimal solution 
(Fan et al., 2002). Migration strategy of parallel 
genetic algorithm is the introduction of a new 
genetic operator. It makes the population progeny 
carrying other populations of excellent individual 
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through the migrates method. One can keep the 
population diversity in genetic inbreeding 
coefficient, avoid harm; on the other hand can 
accelerate better individual in the group 
communication, improve the convergence speed 
and accuracy, compared with single population 
need only a small amount of calculation can reach 
the same performance (Fan et al., 2002). 
 
Distributed genetic algorithm based on migration 
strategy is Otsu transition region extraction. This is 
actually to find the optimal threshold in Otsu T1 
and T2 by distributed genetic algorithm multi 
population evolution. The algorithm combining 
process and implementation steps are as follows: 

 
o To initialize the population: Because Otsu 

solving two parameters are the threshold of t1 and 
t2 and its range for the image gray 0~255 integers, 
the initial population uses binary coding mode, 
with randomly generated 16 binary string to 
initialize the chromosome, among the top 8 t1, the   
after 8 t2. In the evolutionary process, population 
number Np remained unchanged, in each 
population size (chromosome number) Nc remain 
unchanged. 

o Calculating the degree of adaptation: Fitness is 
used to assess each chromosome performance. This 
chromosome representation is to be solving 
threshold t1 and t2. The t1 and t2 in Otsu are selected 
by calculating the maximum between-cluster 
variance to achieve, while taking into account the 
between-cluster variance constant σB (t1, t2) is non-
negative, so the construction of fitness function is 
f(i) = c σB(t1, t2) is. Where C is any normal number 
in c = 1, to ensure the adaptation degree f(i) 
constant positive. Based on computational 
efficiency considerations, it is taken the smallest 
positive integer 1. So Otsu transition region will 
extract into a distributed genetic algorithm which 
has the largest fitness chromosome search. 

o Genetic manipulation for each population alone: 
Genetic operators includes selection, crossover and 
mutation. Every group selection operation uses 
roulette wheel method selection of offspring; 
crossover and mutation operations use two-point 
crossover and two variants. Intersection and 
variation points randomly generate and were 
located in chromosome 8 before and after 8. Cross 
rate Pc chooses greater probability in favor of 
population evolution, mutation rate of Pm selects 
small probability in favor of the best individual 
preservation. 

o Determine the migration condition, if satisfied, 
population each other interactive migration. 
Migration strategy for a variety of group selection 

the best individual is sent to other populations and 
receiving the other populations of excellent 
individual and their individual fitness arrangement, 
out of the worst individual. Migration frequency 
for each evolutionary generation migration time. 

o Determine the termination rule, if satisfied, then 
the program is terminated, or turn to step (2) and 
the beginning of the next generation. Termination 
rules for a given one of the largest number of Ng, 
algorithm evolving algebra to Ng termination. 
 

Vascular regional characteristics: Literature 
(Mendonca and Campilho, 2006; Ricci and Perfetti, 
2007) demonstrated based on the optimal entropy 
segmentation of vascular mainly vascular enhancement 
image after the main blood vessels, for small vessels 
and not very well separated and extracted from the 
transition zone not only contains many small vessels 
and peripheral blood vessels, but also contains part of 
the background noise of debris. In order to make the 
transition zone of vascular and noise pieces well apart, 
the main blood vessels as the entire vascular network 
trunk, through regional connectivity judgment, namely 
when the transition zone around 3 × 3 the pixel 
neighborhood window has a corresponding pixel in the 
main vascular images mainly vascular pixel, the pixel 
judging as the blood vessels, so the cycle to traverse the 
entire image transition region, until the decision is 
completed. In this way, the transition zone is located in 
the main blood vessels around the small vessels of the 
decision and a transition zone in separate and the main 
blood vessels without connectivity noise debris was 
cleared. 

 
THE EXPERIMENTAL RESULTS AND 

ANALYSIS 
 

This group of patients ages from 40 to 70, 30 of 
them are diabetic retinopathy patients with 60 eyes, 16 
males and 14 females and the history of diabetes for 
them are more than 10 years, after using international 
standard vision chart to check the corrected visual 
acuity of patients, their visual acuity was 0.1~1.0, the 
average visual acuity was 0.50. The patients all have 
fundus image and Fundus Fluoresce in Angiography 
(FFA) images. The Topcon.TRC.50DX fundus camera 
system was used. Use currently experts-recommended 
international clinical diabetic retinopathy classification 
to classify the retinopathy. Fundus image properties are 
used in the experiment shown in Table 1. 

We use Pentium-IV computer in the experiment 
with the CPU of 2.600 GHz and the Memory of 512M 
along with MATLAB simulation software to divide and 
extract the retinal vascular from 120 clinical acquired 
fundus images and FFA images. 



Table 1: The 
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Fig. 2: Comparison of different methods using ROC curve 
 
Table 2: Comparing data for the accuracy of different processing 

methods 

Method 

Accuracy 
----------------------------------------------------------
Pvessel Pbackground Pall 

Hoover 0.0700 0.8563 0.9265 
Fundus image 0.0825 0.8476 0.9297 
This method 0.0835 0.8460 0.9293 
FFA image 0.0943 0.8511 0.9375 
 
segmentation true positive when compared with Hoover 
segmentation, color images of fundus and fundus 
fluoresce in angiography images. Thus, when the 
segmentation error probability is the same, the segment 
method in this study can divide more real vessels. In 
addition, seen from Fig. 2, the method in this study’s 
AUC approaches 1 more when compared with other 
segment methods, which further shows that this 
segment method improved the process and analysis 
property for retinal blood vessel segmentation. Use the 
above method to make image segment precision test for 
120 clinical retinal vessels, we see that based on model 
of retinal blood vessels, through constructing image 
normalized gradient vector divergence, extracting 
vascular centerline and use different directional 
laplacian to focus on high/low contract vessels and 
make this as the prior knowledge for random walk 
model can achieve the detailed segment for low 
contract, weak border’s retinal vessels, which proved 
the effectiveness of the vessel segment method.  

Table 2 is the accuracy data of different 
segmentation results. From the data in Table 2 can be 
seen that the method proposed in this study in the 
vascular pixel accuracy and the accuracy is higher than 
Hoover algorithm and clinical color fundus images, but 
present with clinical and fundus fluoresce in 
angiography image accuracy compared to still have 
certain difference, but the two accuracy approaching the 
size, but the fundus fluoresce in angiography image in 
the vasculature of the correctly extracted ones is 
superior to the method proposed in this study.  

CONCLUSION 
 

Diabetic retinopathy is a vascular abnormal caused 
by diabetes, thus result in the change of abnormal 
retinal ischemia. Seen from clinical fundus: a series of 
retinal changes such as retinal capillary hemangioma, 
hard exudates, cotton wool spots, retinal capillary and 
small artery atresia, neovascularization and fibrous 
proliferation, retinal detachment, they can lead to 
severe breaks of visual function (Zhang and Zhao, 
2006). Diabetic retinopathy clinical diagnosis is based 
on ophthalmoscopy fundus and Fundus Fluoresce in 
Angiography (FFA). We can decide the next checking 
steps based on fundus and whether FFA image displays 
retinal perfusion and angiogenesis, including drug 
therapy and laser photocoagulation and the vitreous 
body should be cut when fibrous proliferation happens.  

However, the FFA Check cannot display all the 
vascular lesions clearly no matter for the drugs or laser 
treatment, the direction and the treatment effect is not 
good enough and patients’ visual function cannot be 
greatly improved. This study did some research on the 
theory and application on the method of segmentation 
of retinal blood vessel images. From the effect of 
segmentation we see that this method can divide and 
process the image of retinal vascular more clearly and 
in details, thus improved the precision greatly. So, 
using this method to process and analyze the retinal 
vascular can help ophthalmologist find the disease 
earlier and make the early decision, which provides a 
new idea for treatment of diabetic retinopathy study and 
finding earlier therapy methods in order to eliminate the 
disease in the bud, recover the visual function of 
patients and help improve their life quality. 
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