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PREPROCESSING METHOD FOR QUANTITATIVE ANALYSIS OF 

FUNDUS IMAGE, AND STORAGE DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to fundus image processing field, especially a 5 

preprocessing method for quantitative analysis of fundus image, and storage device.     

 

2. Description of the Prior Art  

Chronic diseases such as diabetes and hypertension have become serious social 

problems that endanger the health of the people and affect the quality of life. How to 10 

find a suitable way to realize the management of one's own health, so as to realize the 

prevention, monitoring and treatment of diseases is an inevitable requirement of the 

development of today's society. The fundus is the only non-invasive part of the human 

body where arteries, veins and capillaries can be directly observed. A large number of 

studies and clinical practices have shown that retinopathy, retinal vascular changes, and 15 

the condition and changes of the optic nerve head reflect to a certain extent People's 

health and the condition of atherosclerotic diseases caused by diabetic retinopathy and 

high blood pressure. 

However, due to different types of fundus cameras and their different working 

modes, camera viewing angles, and fixation points, the relative size, resolution, viewing 20 

angle, and fixation point structure of the obtained fundus images are different. Even if 

the same eye of the same subject is collected by different equipment or at different 

times, the fundus images obtained may be different due to different viewing angles and 

resolutions, which may make it impossible to achieve the comparison and index 

quantification of multiple examination images by individuals. It is also difficult to 25 
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quantitatively analyze, count or compare the retinopathy features, location, size, or blood 

vessel changes of fundus images collected by different people or the same person at 

different times or on different devices. At present, no relevant literature has noticed these 

problems or clearly pointed out how to solve this problem! Therefore, how to form 

comparable and meaningful quantitative indicators for the fundus images that are 5 

regularly screened and collected by a large number of subjects is very important. 

SUMMARY OF THE INVENTION 

Therefore, it is necessary to provide a preprocessing method for quantitative 

analysis of a fundus image so as to solve the problem that it is impossible to 

quantitatively analyze comparison and indexity of the fundus images acquired by 10 

examination on one people for many times or examination on different people due to the 

various acquired fundus images. The present invention is implemented by the specific 

technical solution as follows: 

A preprocessing method for quantitative analysis of a fundus image includes the 

steps: acquiring a to-be-processed fundus image; performing optic disk positioning on 15 

the to-be-processed fundus image; performing macular fovea positioning on the to-be-

processed image; and calculating a quantization parameter of a distance between a center 

of the macular fovea and a bitamporal edge of the optic disk.  

Further, the “performing optic disk positioning on the to-be-processed fundus 

image” further includes the steps: preprocessing the fundus image, wherein the 20 

preprocessing includes: green channel selection, median filtering, limited contrast 

enhancement and normalization processing of gray scale; extracting a binary vascular 

image from the preprocessed fundus image by an otsu algorithm and corroding the 

binary vascular image by a morphological method to obtain a main blood vessel; and 

performing parabolic fitting calculation on the main blood vessel, and positioning the 25 
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center of the optic disk and delineating the edge of the optical disk according to the 

calculation result. 

Further, the “performing macular fovea positioning on the to-be-processed image” 

further includes the steps: constructing a circle by taking the center of the optic disk as 

the center of the circle and by using a first preset radius value and a second preset radius 5 

value to form an annular area; and performing macular fovea positioning in the annular 

area according to the brightness feature of macula. 

Further, the “calculating a quantization parameter of a distance between a center of 

the macular fovea and a bitamporal edge of the optic disk”further includes the steps: 

according to the coordinates of the center of the optic disk and the coordinates of the 10 

macular fovea, determining whether the fundus image is a fundus image of a left eye or 

a right eye; according to the coordinates of the center of the optic disk, the radius of the 

optic disk and the delineated edge of the optic disk, acquiring the coordinates of each 

point of the bitamporal edge of the optic disk as well as each pixel point in the area of 

the optic disk and a gravity center or a center point of the optic disk; according to a 15 

connecting line from the gravity center or center point of the optic disk to the 

coordinates of the center point of the macular fovea and the coordinates of bitamporal 

edge points of the optic disk on the line, calculating or acquiring an absolute distance 

between the bitamporal of the optic disk and the center of the macular fovea; and 

according to the absolute distance and a diameter of the optic disk, calculating the 20 

quantization parameter.  

Further, the first preset radius value is twice the radius of the optic disk, and the 

second preset radius value is three times the radius of the optic disk.  

To solve the above problem, a storage device is provided. The specific technical 

solution is as follows: 25 
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A storage device stores an instruction set. The instruction set is configured to 

perform: acquiring a to-be-processed fundus image; performing optic disk positioning on 

the to-be-processed fundus image; performing macular fovea positioning on the to-be-

processed image; and calculating a quantization parameter of a distance between a center 

of the macular fovea and a bitamporal edge of the optic disk. 5 

Further, the instruction set is further configured to perform: the“performing optic 

disk positioning on the to-be-processed fundus image” further includes the steps: 

preprocessing the fundus image, wherein the preprocessing includes: green channel 

selection, median filtering, limited contrast enhancement and normalization processing 

of gray scale; extracting a binary vascular image from the preprocessed fundus image by 10 

an otsu algorithm and corroding the binary vascular image by a morphological method 

to obtain a main blood vessel; and performing parabolic fitting calculation on the main 

blood vessel, and positioning the center of the optic disk and delineating the edge of the 

optical disk according to the calculation result. 

Further, the instruction set is further configured to perform: the “performing 15 

macular fovea positioning on the to-be-processed image” further includes the steps: 

constructing a circle by taking the center of the optic disk as the center of the circle and 

by using a preset radius value and a second preset radius value to form an annular area; 

and performing macular fovea positioning in the annular area according to the brightness 

feature of macula. 20 

Further, the instruction set is further configured to perform: the“calculating a 

quantization parameter of a distance between a center of the macular fovea and a 

bitamporal edge of the optic disk”further includes the steps: according to the coordinates 

of the center of the optic disk and the coordinates of the macular fovea, determining 

whether the fundus image is a fundus image of a left eye or a right eye; according to the 25 
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coordinates of the center of the optic disk, the radius of the optic disk and the delineated 

edge of the optic disk, acquiring the coordinates of each point of the bitamporal edge of 

the optic disk as well as each pixel point in the area of the optic disk and a gravity center 

or a center point of the optic disk; according to a connecting line from the gravity center 

or center point of the optic disk to the coordinates of the center point of the macular 5 

fovea and the coordinates of bitamporal edge points of the optic disk on the line, 

calculating or acquiring an absolute distance between the bitamporal of the optic disk 

and the center of the macular fovea; and according to the absolute distance and a 

diameter of the optic disk, calculating the quantization parameter. 

Further, the instruction set is further configured to perform: the first preset radius 10 

value is twice the radius of the optic disk, and the second preset radius value is three 

times the radius of the optic disk. 

The present invention has the following beneficial effects: the position and the 

boundary point of the optic disk and the position of the center point of the macular fovea 

of the to-be-processed fundus image are determined by acquiring the to-be-processed 15 

fundus image. The quantization parameter of the optic disk and the macular fovea is 

calculated. The quantization parameter includes the absolute distance between the 

bitamporal of the optic disk and the center of the macular fovea. Since the absolute 

distance value between the bitamporal of the optic disk and the center of the macular 

fovea of normal people is almost the same, the absolute distance value may be expressed 20 

quantitatively with mm number. Therefore, parameters of the subsequent quantitative 

analysis are acquired according to the acquired absolute distance between the bitamporal 

of the optic disk and the center of the macular fovea. The acquired data is converted 

from an absolute representation mode into a relative representation mode. meaningful 

and comparable data is formed through normalization processing. It is ensured that the 25 
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fundus images from different sources (the fundus images of different people or the same 

person in different periods) may form meaningful and comparable quantitative 

indicators, so that all fundus images are basically comparable and are favorable for 

feature extraction and comparison of the fundus images acquired by examining different 

people at different times, even with different cameras, or the same person at different 5 

times, even with different cameras, thereby analyzing and determining fundus health 

through the quantitative indicators to realize quantitative analysis. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of a pre-processing method for quantitative analysis of fundus 10 

images according to the specific embodiment; 

FIG. 2 is a schematic diagram of modules of a storage device according to a 

specific embodiment. 

 

Description of reference signs: 15 

200. Storage device. 

 

DETAILED DESCRIPTION OF THE INVENTION 

To describe the technical contents, the structural features, the achieved objective 

and effect in detail, the following id described in detail with reference to the specific 20 

embodiments and the accompanying drawings.  

Referring to FIG. 1, some terms in this embodiment are explained as follows: 

Optic disk: the full name is discus nervi optici, also called papilla of optic nerve. 

There is a light red disk-like structure with a diameter about 1.5 mm and a clear 
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boundary at about 3 mm from the macula of retina to the nose, called discus nervi optici, 

or optic disk for short. 

Macula lutea: at a distance of 0.35 cm from and slightly below the bitamporal of the 

optic disk and located at an optical center area of human eyes, is a projection point of a 

visual axis. The macular area is rich in lutein and is darker than the surrounding retina. A 5 

depression in the center of the macula lutea is called central fovea, which is a place with 

the sharpest vision. 

An otsu algorithm: also called a maximum between-cluster variance method, also 

called: OTSU, which is an efficient algorithm for binarizing images proposed by 

Japanese scholar OTSU in 1979. The original image is divided into foreground and 10 

background images mainly by a threshold. Foreground: n1, csum and m1 are configured 

to represent the number of points, mass moment and average gray scale of the 

foreground under the current threshold. Background: n2, sum-csum and m2 are 

configured to represent the number of points, mass moment and average gray scale of 

the background under the current threshold. The background should be the most 15 

different from the background. The key lies in how to choose the standard to measure 

the difference. In the otsu algorithm, the standard of measuring the difference is the 

maximum between-cluster variance. In the program, the between-cluster variance is 

expressed by sb and the maximum between-cluster variance is expressed by fmax. 

Corrosion operation in morphological operation: corrosion is a process of 20 

eliminating boundary points and shrinking the boundary inward, and may be used to 

eliminate small and meaningless objects. Algorithm of corrosion: a structural element for 

each pixel of the image is scanned by a structural element of 3x3. The structural element 

and a binary image covered with the structural element are subjected to “and” operation. 

If both are 1, the pixel of the result image is 1. Otherwise, it is 0. Result: the binary 25 
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image is reduced by one circle. 

In the embodiment, a preprocessing method for quantitative analysis of a fundus 

image may be applied to a storage device. In the embodiment, a storage device may be a 

smart phone, a tablet computer, a desktop PC, a notebook computer, a PDA, etc. 

In the embodiment, a preprocessing method for quantitative analysis of the fundus 5 

image is specifically implemented as follows: 

step S101: a to-be-processed fundus image is acquired. The step S101 may adopt 

the following method: a fundus image uploaded locally is acquired, or a fundus image 

uploaded by a remote fundus image acquisition terminal is acquired, or a fundus image 

is acquired from a server, specifically, a fundus image of an examinee is acquired by a 10 

fundus camera, the fundus image corresponding to the examinee is uploaded to a storage 

device for processing, or a fundus image of an examinee may be directly input, or 

fundus images of different subjects may be acquired through the cloud, wherein there are 

various ways to acquire the fundus images without any restrictions. 

After the to-be-processed fundus image is acquired, the step S102 is performed: the 15 

to-be-processed fundus image is subjected to optic disk positioning. The step S102 may 

adopt the following method: the fundus image is preprocessed, wherein the 

preprocessing includes: green channel selection, median filtering, limited contrast 

enhancement and normalization processing of gray scale; a binary vascular image is 

extracted from the preprocessed fundus image by an otsu algorithm and the binary 20 

vascular image is corroded by a morphological method to obtain a main blood vessel; 

and the main blood vessel is subjected to parabolic fitting calculation, and the center of 

the optic disk is positioned and the edge of the optical disk is delineated according to the 

calculation result 

 25 
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The to-be-examined fundus image is subjected to green channel selection, median 

filtering, limited contrast enhancement and normalization processing of gray scale. By 

preprocessing the fundus image, the redundant background in the fundus image may be 

removed and the noise may be effectively removed, which is more beneficial to the 

subsequent fundus image analysis. In any color fundus image, under a blue channel, 5 

there is more noise and useful information is basically lost; and under a red channel, two 

spots are more prominent and information such as dark hemangioma, hemangioma 

capillanisum and the like are more lost. Therefore, in the embodiment, a green channel is 

selected for the to-be-examined color fundus image, thereby retaining and highlighting 

the fundus blood vessels maximally.  10 

To remove the noise and retain the boundary information well, in this embodiment, 

the fundus image under the green channel is subjected to median filtering to remove 

noise. 

To achieve better blood vessel extraction effect, the denoised image is subjected to 

contrast enhancement. In this embodiment, a limited contrast enhancement method 15 

CLAHE is used to avoid over-brightness after image enhancement. Finally, 

normalization processing is performed, so that pixel values of all pixel points in one 

image fall between 0 and 1. 

A binary vascular image is extracted from the preprocessed fundus image by an 

otsu algorithm and the binary vascular image is corroded by a morphological method to 20 

obtain a main blood vessel, which may adopt the following method: a threshold of the 

preprocessed fundus image is calculated by the otsu method, and a pixel with a grayscale 

greater than the threshold is identified as a blood vessel according to the following 

formula; and 

 25 
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a structural element is constructed according to a diameter of the optic disk being 

1/8 to 1/5 of a width of the image and a width of the main blood vessel being 1/4 of the 

diameter of the optic disk, and the extracted blood vessel is subjected to corrosion 

operation by the structural element to remove fine blood vessels to obtain the main blood 

vessel. 5 

After the main blood vessel is obtained, the main blood vessel is subjected to 

parabolic fitting calculation, and a center of the optic disk is positioned according to the 

calculation result, which may adopt the following method: a coordinate system is 

established with the upper left corner of the fundus image as an original point, a 

horizontal direction as an X axis and a vertical direction as a Y axis; 10 

each pixel point in the main blood vessel is mapped as coordinates of the 

coordinate system; 

as shown in the following formula, the main blood vessel is subjected to parabolic 

fitting according to a least square method, parameters of the parabola are determined, 

and a vertex of the parabola is calculated; and 15 

 

 

whether the vertex of the parabola falls in the original fundus image is determined, 

if the vertex of the parabola falls in the original fundus image, the vertex of the parabola 

is defined as the center of the optic disk, the coordinates are (ODXX, ODYY), and the 20 

edge of the optic disk is delineated, so that the diameter of the optic disk is acquired 

automatically or semi-automatically, and the diameter ODD of the optic disk is 

described according to the number of the pixels. 

After the optic disk is positioned, the step S103 is performed: the to-be-processed 

fundus image is subjected to macular fovea positioning. The step S103 may adopt the 25 

following method: a circle is constructed by taking the center of the optic disk as the 
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center of the circle and by using a first preset radius value and a second preset radius 

value to form an annular area; and the annular area is subjected to macular fovea 

positioning according to the brightness feature of macula. 

According to a position relationship between the macula and the optic disk, a 

distance between the macular fovea and the center of the optic disk is generally 2 to 3 5 

times the size of ODD. Therefore, in this embodiment, preferably, a first circle is 

constructed by taking the center of the optic disk as the center of the circle and a size 2 

times that of ODD as the radius; a second circle is constructed by taking the center of the 

optic disk as the center of the circle and a size 3 times that of ODD as the radius; an 

annular area formed between the two circles is defined as a mask area; and then in the 10 

mask area, the fovea is positioned according to the characteristic that the fovea has the 

lowest brightness to acquire the coordinates MX and MY of the fovea. In a preferred 

manner, the position of the fovea is detected by a local directional contrast method; and 

finally, a macular area is fitted circularly with the fovea as a circle center according to 

the brightness information. 15 

Each pixel point in the candidate area is scanned by a sliding window with a preset 

size; and 

an evaluation formula is constructed according to the fact that the macular area is 

the darkest area in the fundus image and the macular fovea does not contain any blood 

vessels, wherein 20 

the evaluation formula is shown as follows: 

 

 is a score value corresponding to the number (not zero) of the blood vessel 

pixel points in a vascular distribution diagram in any window, and  is a 

brightness score in any window. In the embodiment, in the fundus image, the darkest 25 
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part corresponds to the brightness score in the formula, and the part not containing the 

blood vessels corresponds to the number score of the blood vessel pixel points in the 

formula. 

In the embodiment, each pixel point in the candidate area is scanned by a sliding 

window with a size being the diameter of the optic disk/4*the diameter of the optic 5 

disk/4 (that is, (ODD/4)*(ODD/4)). 

In the embodiment,  is acquired by performing normalization processing 

on the maximum score in all the windows; and 

 is acquired by calculating a brightness average value of all the pixel 

points in the windows and performing normalization processing by 255. 10 

An evaluation value of each sliding window is calculated, and a center pixel point 

corresponding to the sliding window with the minimum evaluation value is selected as 

the macular fovea; and a circle is delineated by taking the macular fovea as a circle 

center and the diameter of the optic disk as a diameter, and an area surrounded by the 

circle is set as a macular area. 15 

After the center or gravity center of the optic disk, the edge line of the optic disk 

and the center of the macular fovea are positioned, the step S104 is performed: a 

quantization parameter of a distance between the center of the macular fovea and the 

bitamporal edge of the optic disk is calculated. The step S104 may adopt the following 

method: according to the coordinates of the center of the optic disk and the coordinates 20 

of the macular fovea, whether the fundus image is a fundus image of a left eye or a right 

eye is determined; according to the coordinates of the center of the optic disk, the radius 

of the optic disk and the delineated edge of the optic disk, the coordinates of each point 

of the bitamporal edge of the optic disk as well as each pixel point in the area of the 

optic disk and a gravity center or a center point of the optic disk are acquired; according 25 
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to a connecting line from the gravity center or center point of the optic disk to the 

coordinates of the center point of the macular fovea and the coordinates of bitamporal 

edge points of the optic disk on the line, an absolute distance between the bitamporal of 

the optic disk and the center of the macular fovea are calculated or acquired; and 

according to the absolute distance and a diameter of the optic disk, the quantization 5 

parameter is calculated. 

a. According to the determined coordinates of the center of the optic disk and 

coordinates of the macular fovea, whether the fundus image is a fundus image of a left 

eye or a right eye is automatically determined according to the following: 

                    Formula 1 10 

wherein flag is a left eye/right eye marker, representing the right eye when it is 0 

and representing the left eye when it is 1. 

b. The coordinates (ODX, ODY) of the bitamporal of the optic disk are calculated 

according to the coordinates of the center of the optic disk and the radius of the optic 

disk; and an absolute distance between the bitamporal of the optic disk and the macular 15 

fovea is calculated according to the coordinates of the bitamporal of the optic disk and 

the coordinates of the macular fovea, and an Euclidean distance between the bitamporal 

of the optic disk and the macular fovea in the fundus image is calculated according to the 

following formula to serve as the absolute distance between the bitamporal of the optic 

disk and the macular fovea in the image: 20 

           Formula 2          

wherein all coordinate values take the pixel of the upper left corner of the fundus 

image as an original point. 

c. The distance between the macular fovea and the bitamporal edge of the optic disk 
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is about 3 mm, so according to the acquired absolute distance between the bitamporal of 

the optic disk and the macular fovea, a standard d for the subsequent quantitative 

analysis is acquired according to the following formula: 

                      Formula 3        

In this embodiment, the acquired data is converted from an absolute representation 5 

mode into a relative representation mode by taking d as a ruler. 

In the embodiment, if hard exudation has been detected and an Euclidean distance 

Di from each hard exudation to the macular fovea has been calculated, normalization 

processing may be performed according to the formula 1 at this time. Based on this, a 

standard minimum distance from the hard exudation to the macular fovea in the fundus 10 

image is acquired. 

                                          Formula 4 

Meanwhile, according to the personal information of the examinee of the 

previously acquired fundus image and the left and right eye information of the picture, 

the previous fundus image of the same eye of the examinee and the minimum distance 15 

from the corresponding hard exudation to the macular fovea may be acquired from the 

original fundus image, so that two successive examinations may be compared. 

The position and the boundary point of the optic disk and the position of the center 

point of the macular fovea of the to-be-processed fundus image are determined by 

acquiring the to-be-processed fundus image. The quantization parameter of the optic 20 

disk and the macular fovea is calculated. The quantization parameter includes the 

absolute distance between the bitamporal of the optic disk and the center of the macular 

fovea. Since the absolute distance value between the bitamporal of the optic disk and the 

center of the macular fovea of normal people is almost the same, the absolute distance 

value may be expressed quantitatively with mm number. Therefore, parameters of the 25 
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subsequent quantitative analysis are acquired according to the acquired absolute distance 

between the bitamporal of the optic disk and the center of the macular fovea. The 

acquired data is converted from an absolute representation mode into a relative 

representation mode. meaningful and comparable data is formed through normalization 

processing. It is ensured that the fundus images from different sources (the fundus 5 

images of different people or the same person in different periods) may form meaningful 

and comparable quantitative indicators, so that all fundus images are basically 

comparable and are favorable for feature extraction and comparison of the fundus 

images acquired by examining different people at different times, even with different 

cameras, or the same person at different times, even with different cameras, thereby 10 

analyzing and determining fundus health through the quantitative indicators to realize 

quantitative analysis. 

Referring to FIG. 2, in the embodiment, a storage device 200 is specifically 

implemented as follows: 

a storage device 200 stores an instruction set. The instruction set is configured to 15 

perform: a to-be-processed fundus image is acquired; the to-be-processed fundus image 

is subjected to optic disk positioning; the to-be-processed image is subjected to macular 

fovea positioning; and a quantization parameter of a distance between a center of the 

macular fovea and a bitamporal edge of the optic disk is calculated. The following 

method may be adopted: a fundus image of an examineeis acquired by a fundus camera, 20 

the fundus image corresponding to the examinee is uploaded to the storage device 200 

for processing, or a fundus image of an examineemay be directly input, or fundus images 

of different subjects may be acquired through the cloud, wherein there are various ways 

to acquire the fundus images without any restrictions. 

The instruction set is further configured to perform: the“performing optic disk 25 
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positioning on the to-be-processed fundus image” further includes the steps: the fundus 

image is preprocessed, wherein the preprocessing includes: green channel selection, 

median filtering, limited contrast enhancement and normalization processing of gray 

scale; a binary vascular image is extracted from the preprocessed fundus image by an 

otsu algorithm and the binary vascular image is corroded by a morphological method to 5 

obtain a main blood vessel; and the main blood vessel is subjected to parabolic fitting 

calculation, the center of the optic disk is positioned and the edge of the optical disk is 

delineated according to the calculation result. 

 

The to-be-examined fundus image is subjected to green channel selection, median 10 

filtering, limited contrast enhancement and normalization processing of gray scale. by 

preprocessing the fundus image, the redundant background in the fundus image may be 

removed and the noise may be effectively removed, which is more beneficial to the 

subsequent fundus image analysis. In any color fundus image, under a blue channel, 

there is more noise and useful information is basically lost; and under a red channel, two 15 

spots are more prominent and information such as dark hemangioma, hemangioma 

capillanisum and the like are more lost. Therefore, in the embodiment, a green channel is 

selected for the to-be-examined color fundus image, thereby retaining and highlighting 

the fundus blood vessels maximally. 

To remove the noise and retain the boundary information well, in this embodiment, 20 

the fundus image under the green channel is subjected to median filtering to remove 

noise. 

To achieve better blood vessel extraction effect, the denoised image is subjected to 

contrast enhancement. In this embodiment, a limited contrast enhancement method 

CLAHE is used to avoid over-brightness after image enhancement. Finally, 25 
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normalization processing is performed, so that pixel values of all pixel points in one 

image fall between 0 and 1. 

A binary vascular image is extracted from the preprocessed fundus image by an 

otsu algorithm and the binary vascular image is corroded by a morphological method to 

obtain a main blood vessel, The following method may be adopted: a threshold of the 5 

preprocessed fundus image is calculated by the otsu method, and a pixel with a grayscale 

greater than the threshold is identified as a blood vessel according to the following 

formula; and 

 

a structural element is constructed according to a diameter of the optic disk being 10 

1/8 to 1/5 of a width of the image and a width of the main blood vessel being 1/4 of the 

diameter of the optic disk, and the extracted blood vessel is subjected to corrosion 

operation by the structural element to remove fine blood vessels to obtain the main blood 

vessel. 

After the main blood vessel is obtained, the main blood vessel is subjected to 15 

parabolic fitting calculation, and a center of the optic disk is positioned according to the 

calculation result, which may adopt the following method: a coordinate system is 

established with the upper left corner of the fundus image as an original point, a 

horizontal direction as an X axis and a vertical direction as a Y axis; 

each pixel point in the main blood vessel is mapped as coordinates of the 20 

coordinate system; 

as shown in the following formula, the main blood vessel is subjected to parabolic 

fitting according to a least square method, parameters of the parabola are determined, 

and a vertex of the parabola is calculated; and 

 25 

 



 18

whether the vertex of the parabola falls in the original fundus image is determined, 

if the vertex of the parabola falls in the original fundus image, the vertex of the parabola 

is defined as the center of the optic disk, the coordinates are (ODXX, ODYY), and the 

edge of the optic disk is delineated, so that the diameter of the optic disk is acquired 

automatically or semi-automatically, and the diameter ODD of the optic disk is 5 

described according to the number of the pixels. 

The instruction set is further configured to perform: the “performing macular fovea 

positioning on the to-be-processed image” further includes the steps: a circle is 

constructed by taking the center of the optic disk as the center of the circle and by using 

a preset radius value and a second preset radius value to form an annular area; and 10 

macular fovea positioning is performed in the annular area according to the brightness 

feature of macula. 

According to a position relationship between the macula and the optic disk, a 

distance between the macular fovea and the center of the optic disk is generally 2 to 3 

times the size of ODD. Therefore, in this embodiment, preferably, a first circle is 15 

constructed by taking the center of the optic disk as the center of the circle and a size 2 

times that of ODD as the radius; a second circle is constructed by taking the center of the 

optic disk as the center of the circle and a size 3 times that of ODD as the radius; an 

annular area formed between the two circles is defined as a mask area; and then in the 

mask area, the fovea is positioned according to the characteristic that the fovea has the 20 

lowest brightness to acquire the coordinates MX and MY of the fovea. In a preferred 

manner, the position of the fovea is detected by a local directional contrast method; and 

finally, the macular area is fitted circularly with the fovea as a circle center according to 

the brightness information. 

Each pixel point in the candidate area is scanned by a sliding window with a preset 25 



 19

size; and 

an evaluation formula is constructed according to the fact that the macular area is 

the darkest area in the fundus image and the macular fovea does not contain any blood 

vessels, wherein 

the evaluation formula is shown as follows: 5 

 

 is a score value corresponding to the number (not zero) of the blood vessel 

pixel points in a vascular distribution diagram in any window, and  is a 

brightness score in any window. In the embodiment, in the fundus image, the darkest 

part corresponds to the brightness score in the formula, and the part not containing the 10 

blood vessels corresponds to the number score of the blood vessel pixel points in the 

formula. 

In the embodiment, each pixel point in the candidate area is scanned by a sliding 

window with a size being the diameter of the optic disk/4*the diameter of the optic 

disk/4 (that is, (ODD/4)*(ODD/4)). 15 

In the embodiment,  is acquired by performing normalization processing 

on the maximum score in all the windows; and 

 is acquired by calculating a brightness average value of all the pixel 

points in the windows and performing normalization processing by 255. 

An evaluation value of each sliding window is calculated, and a center pixel point 20 

corresponding to the sliding window with the minimum evaluation value is selected as 

the macular fovea; and a circle is delineated by taking the macular fovea as a circle 

center and the diameter of the optic disk as a diameter, and an area surrounded by the 

circle is set as a macular area. 

The instruction set is further configured to perform: the“calculating a quantization 25 
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parameter of a distance between the optic disk and the macular fovea”further includes 

the steps: according to the coordinates of the center of the optic disk and the coordinates 

of the macular fovea, whether the fundus image is a fundus image of a left eye or a right 

eye is determined; according to the coordinates of the center of the optic disk, the radius 

of the optic disk and the delineated edge of the optic disk, the coordinates of each point 5 

of the bitamporal edge of the optic disk as well as each pixel point in the area of the 

optic disk and a gravity center or a center point of the optic disk are acquired; according 

to a connecting line from the gravity center or center point of the optic disk to the 

coordinates of the center point of the macular fovea and the coordinates of bitamporal 

edge points of the optic disk on the line, an absolute distance between the bitamporal of 10 

the optic disk and the center of the macular fovea is calculated or acquired; and 

according to the absolute distance and a diameter of the optic disk, the quantization 

parameter is calculated. 

a. According to the determined coordinates of the center of the optic disk and 

coordinates of the macular fovea, whether the fundus image is a fundus image of a left 15 

eye or a right eye is automatically determined according to the following: 

                    Formula 1 

wherein flag is a left eye/right eye marker, representing the right eye when it is 0 

and representing the left eye when it is 1. 

b. The coordinates (ODX, ODY) of the bitamporal of the optic disk are calculated 20 

according to the coordinates of the center of the optic disk and the radius of the optic 

disk; and an absolute distance between the bitamporal of the optic disk and the macular 

fovea is calculated according to the coordinates of the bitamporal of the optic disk and 

the coordinates of the macular fovea, and an Euclidean distance between the bitamporal 
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of the optic disk and the macular fovea in the fundus image is calculated according to the 

following formula to serve as the absolute distance between the center of the optic disk 

and the macular fovea in the image: 

           Formula 2          

wherein all coordinate values take the pixel of the upper left corner of the fundus 5 

image as an original point. 

c. The distance between the macular fovea and the bitamporal edge of the optic disk 

is about 3 mm, so according to the acquired absolute distance between the bitamporal of 

the optic disk and the macular fovea, a standard d for the subsequent quantitative 

analysis is acquired according to the following formula: 10 

                      Formula 3        

In this embodiment, the acquired data is converted from an absolute representation 

mode into a relative representation mode by taking d as a ruler. 

In the embodiment, if hard exudation has been detected and an Euclidean distance 

Di from each hard exudation to the macular fovea has been calculated, normalization 15 

processing may be performed according to the formula 1 at this time. Based on this, a 

standard minimum distance from the hard exudation to the macular fovea in the fundus 

image is acquired. 

                                          Formula 4 

Meanwhile, according to the personal information of the examinee of the 20 

previously acquired fundus image and the left and right eye information of the picture, 

the previous fundus image of the same eye of the examinee and the minimum distance 

from the corresponding hard exudation to the macular fovea may be acquired from the 

original fundus image, so that two successive examinations may be compared to make 

the screening determination result of macular edema. 25 
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The instruction set is further configured to perform: the first preset radius value is 

twice the radius of the optic disk, and the second preset radius value is three times the 

radius of the optic disk. 

The position and the boundary point of the optic disk and the position of the center 

point of the macular fovea of the to-be-processed fundus image are determined by 5 

acquiring the to-be-processed fundus image by the storage device 200. The quantization 

parameter of the optic disk and the macular fovea is calculated. The quantization 

parameter includes the absolute distance between the bitamporal of the optic disk and 

the center of the macular fovea. Since the absolute distance value between the 

bitamporal of the optic disk and the center of the macular fovea of normal people is 10 

almost the same, the absolute distance value may be expressed quantitatively with mm 

number. Therefore, parameters of the subsequent quantitative analysis are acquired 

according to the acquired absolute distance between the bitamporal of the optic disk and 

the center of the macular fovea. The acquired data is converted from an absolute 

representation mode into a relative representation mode. meaningful and comparable 15 

data is formed through normalization processing. It is ensured that the fundus images 

from different sources (the fundus images of different people or the same person in 

different periods) may form meaningful and comparable quantitative indicators, so that 

all fundus images are basically comparable and are favorable for feature extraction and 

comparison of the fundus images acquired by examining different people at different 20 

times, even with different cameras, or the same person at different times, even with 

different cameras, thereby analyzing and determining fundus health through the 

quantitative indicators to realize quantitative analysis. 

It should be noted that although the foregoing embodiments have been described 

herein, the scope of patent protection of the present invention is not limited thereby. 25 
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Therefore, based on the innovative concept of the present invention, changes and 

modifications to the embodiments described herein, or equivalent structures or 

equivalent process transformations made by using the description and drawings of the 

present invention, directly or indirectly apply the above technical solutions. In other 

related technical fields, they are all included in the scope of patent protection of the 5 

present invention.  
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WHAT IS CLAIMED IS 

1. A preprocessing method for quantitative analysis of fundus image, wherein the 

step includes, acquiring a to-be-processed fundus image; performing optic disk 

positioning on the to-be-processed fundus image; performing macular fovea positioning 

on the to-be-processed image; and calculating a quantization parameter of a distance 5 

between a center of the macular fovea and a bitamporal edge of the optic disk. 

2. A preprocessing method for quantitative analysis of fundus image according to 

claim 1, wherein the “performing optic disk positioning on the to-be-processed fundus 

image” further includes the steps: preprocessing the fundus image, wherein the 

preprocessing includes: green channel selection, median filtering, limited contrast 10 

enhancement and normalization processing of gray scale; extracting a binary vascular 

image from the preprocessed fundus image by an otsu algorithm and corroding the 

binary vascular image by a morphological method to obtain a main blood vessel; and 

performing parabolic fitting calculation on the main blood vessel, and positioning the 

center of the optic disk and delineating the edge of the optical disk according to the 15 

calculation result. 

3. A preprocessing method for quantitative analysis of fundus image according to 

claim 1, wherein the “performing macular fovea positioning on the to-be-processed 

image” further includes the steps: constructing a circle by taking the center of the optic 

disk as the center of the circle and by using a first preset radius value and a second preset 20 

radius value to form an annular area; and performing macular fovea positioning in the 

annular area according to the brightness feature of macula. 

4. A preprocessing method for quantitative analysis of fundus image according to 

claim 2, wherein the “calculating a quantization parameter of a distance between a center 

of the macular fovea and a bitamporal edge of the optic disk”further includes the steps: 25 
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according to the coordinates of the center of the optic disk and the coordinates of the 

macular fovea, determining whether the fundus image is a fundus image of a left eye or 

a right eye; according to the coordinates of the center of the optic disk, the radius of the 

optic disk and the delineated edge of the optic disk, acquiring the coordinates of each 

point of the bitamporal edge of the optic disk as well as each pixel point in the area of 5 

the optic disk and a gravity center or a center point of the optic disk; according to a 

connecting line from the gravity center or center point of the optic disk to the 

coordinates of the center point of the macular fovea and the coordinates of bitamporal 

edge points of the optic disk on the line, calculating or acquiring an absolute distance 

between the bitamporal of the optic disk and the center of the macular fovea; and 10 

according to the absolute distance and a diameter of the optic disk, calculating the 

quantization parameter. 

5. A preprocessing method for quantitative analysis of fundus image according to 

claim 1, wherein the first preset radius value is twice the radius of the optic disk, and the 

second preset radius value is three times the radius of the optic disk. 15 

6. A storage device stores an instruction set, wherein the instruction set is 

configured to perform: acquiring a to-be-processed fundus image; performing optic disk 

positioning on the to-be-processed fundus image; performing macular fovea positioning 

on the to-be-processed image; and calculating a quantization parameter of a distance 

between a center of the macular fovea and a bitamporal edge of the optic disk. 20 

7.A storage device according to claim 6, wherein the instruction set is further 

configured to perform: the “performing optic disk positioning on the to-be-processed 

fundus image” further includes the steps: preprocessing the fundus image, wherein the 

preprocessing includes: green channel selection, median filtering, limited contrast 

enhancement and normalization processing of gray scale; extracting a binary vascular 25 
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image from the preprocessed fundus image by an otsu algorithm and corroding the 

binary vascular image by a morphological method to obtain a main blood vessel; and 

performing parabolic fitting calculation on the main blood vessel, and positioning the 

center of the optic disk and delineating the edge of the optical disk according to the 

calculation result. 5 

8. A storage device according to claim 6, wherein the instruction set is further 

configured to perform: the “performing macular fovea positioning on the to-be-

processed image” further includes the steps: constructing a circle by taking the center of 

the optic disk as the center of the circle and by using a first preset radius value and a 

second preset radius value to form an annular area; and performing macular fovea 10 

positioning in the annular area according to the brightness feature of macula. 

9. A storage device according to claim 7, wherein the instruction set is further 

configured to perform: the “calculating a quantization parameter of a distance between a 

center of the macular fovea and a bitamporal edge of the optic disk” further includes the 

steps: according to the coordinates of the center of the optic disk and the coordinates of 15 

the macular fovea, determining whether the fundus image is a fundus image of a left eye 

or a right eye; according to the coordinates of the center of the optic disk, the radius of 

the optic disk and the delineated edge of the optic disk, acquiring the coordinates of each 

point of the bitamporal edge of the optic disk as well as each pixel point in the area of 

the optic disk and a gravity center or a center point of the optic disk; according to a 20 

connecting line from the gravity center or center point of the optic disk to the 

coordinates of the center point of the macular fovea and the coordinates of bitamporal 

edge points of the optic disk on the line, calculating or acquiring an absolute distance 

between the bitamporal of the optic disk and the center of the macular fovea; and 

according to the absolute distance and a diameter of the optic disk, calculating the 25 
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quantization parameter. 

10. A storage device according to claim 6, wherein the instruction set is further 

configured to perform: the first preset radius value is twice the radius of the optic disk, 

and the second preset radius value is three times the radius of the optic disk. 

 5 


