
 

  

Abstract-Retinal fundus image is a widely used image modality 

to diagnose ocular diseases such as glaucoma, age

macular degeneration and diabetic retinopathy. 

number of fundus image databases available online. However, 

most of them are used for blood vessel extraction

localization, and hardly any have optic cup annotation

paper, we present a fundus image database with accurate 

annotation of both the optic disc and optic cup. 

are multiple images for the same subject, taking under different 

conditions, allowing repeatability study of automated 

segmentation algorithms. Currently, ACHIKO

images and is divided into two subsets for different 

The database is used to evaluate our work on cup

(CDR) measurement, which also demonstrates how the database 

can be used and assessed.  

 

I.    INTRODUCTION 

   Digital color fundus image has been widely used in recent 

years to diagnose various ocular diseases including glaucoma. 

The image contains precious information about the health of 

the optic nerve, macula and blood vessel

optic nerve can be observed from the enlargement of the optic 

cup, loss of retinal fiber layer and existence of peripapillary 

atrophy. The vertical cup-to-disc ratio (CDR) is one of the 

most important risk factors in the diagnosis of glaucoma [

It is defined as the ratio of the vertical cup diameter over the 

vertical disc diameter. The optic disc is the 

optic nerve connects to the retina. In a typical 2D fundus 

image, the optic disc is an elliptic region which is brighter 

than its surroundings. The disc has a deep excavation in the 

center called the optic cup. It is a cup

neural retinal tissues and normally white in color, as shown in 

Fig. 1. OC of a glaucomatous eye tends to grow over time due 

to persistently increased intraocular pr

grows, the neuroretinal rim located between the edge of the 

OD and the OC which contains optic nerve fibers becomes

smaller in area. If the neuroretinal rim is too thin, vision will 

be deteriorated. Thus, quantitative analysis o

cupping can be used to evaluate the progression of glaucoma. 

As more and more optic nerve fibers die, the 

larger with respect to the OD, which corresponds to an 
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Retinal fundus image is a widely used image modality 

to diagnose ocular diseases such as glaucoma, age-related 

macular degeneration and diabetic retinopathy. There are a 

fundus image databases available online. However, 

extraction and optic disc 

y any have optic cup annotation. In this 

, we present a fundus image database with accurate 

and optic cup. Besides, there 

are multiple images for the same subject, taking under different 

, allowing repeatability study of automated 

Currently, ACHIKO-I contains 179 

and is divided into two subsets for different purposes. 

database is used to evaluate our work on cup-to-disc ratio 

(CDR) measurement, which also demonstrates how the database 

 

Digital color fundus image has been widely used in recent 

ocular diseases including glaucoma. 

The image contains precious information about the health of 

blood vessels. Damage of the 

optic nerve can be observed from the enlargement of the optic 

tence of peripapillary 

ratio (CDR) is one of the 

in the diagnosis of glaucoma [1]. 

It is defined as the ratio of the vertical cup diameter over the 

is the location where the 

optic nerve connects to the retina. In a typical 2D fundus 

is an elliptic region which is brighter 

has a deep excavation in the 

center called the optic cup. It is a cup-like area devoid of 

ite in color, as shown in 

of a glaucomatous eye tends to grow over time due 

to persistently increased intraocular pressure. As the OC 

grows, the neuroretinal rim located between the edge of the 

which contains optic nerve fibers becomes 

smaller in area. If the neuroretinal rim is too thin, vision will 

be deteriorated. Thus, quantitative analysis of the optic disc 

cupping can be used to evaluate the progression of glaucoma. 

As more and more optic nerve fibers die, the OC becomes 

which corresponds to an 
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increased CDR value. For a normal subject, the CDR value is 

typically around 0.2 to 0.3. Typically, subjects with CDR 

value greater than 0.6 or 0.7 are suspected of having 

glaucoma and further testing is often

diagnosis [2].  

Fig. 1.Sample color fundus image with optic 

measurement highlighted,  

 

   There are several retinal image databases available publicly. 

The STARE [3] and DRIVE

used for blood vessel extraction. The gold standard 

vasculatures are available for both databases. Besides, the 

STARE database can also be used for optic disc localization 

and segmentation.  

  The MESSIDOR database 

database are designed for analysis of diabetic retinopathy.

The first one provides both the retinopathy grade and risk of 

macula edema by medical experts.

84 images with mild signs of diabetic retinopathy and 5 

normal images. It also has some elliptical optic disc 

segmentations. 

The ARIA database and RIM

testing optic disc segmentation algorithms. 

database also contains manual outlines of vessels and the 

location of the fovea. There are 5

optic disc for each image in the RIM

gold standard is obtained by taking the average radius in 8 

different directions. 

The only existing database designed for glaucoma analysis 

is ORIGA-light [7]. It contains 

segmentations. Clinical diagnosis

Moreover, imaging cues of glaucoma such as peripapillary 

atrophy, disc haemorrhage, notching and retinal nerve fiber 

layer defect are annotated for each image.  

  In this paper, we present a specially designed retinal fundus 

image database. The database 

other databases. Firstly, it aims at benchmarking of the optic 

etinal Fundus Image Database 
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increased CDR value. For a normal subject, the CDR value is 

0.2 to 0.3. Typically, subjects with CDR 

value greater than 0.6 or 0.7 are suspected of having 

glaucoma and further testing is often needed to make the 

       
image with optic disc, cup and CDR 

several retinal image databases available publicly. 

and DRIVE [4] databases are commonly 

used for blood vessel extraction. The gold standard 

vasculatures are available for both databases. Besides, the 

STARE database can also be used for optic disc localization 

 [5] and the DIARETDB1 [6] 

database are designed for analysis of diabetic retinopathy. 

The first one provides both the retinopathy grade and risk of 

macula edema by medical experts. The second one contains 

84 images with mild signs of diabetic retinopathy and 5 

s. It also has some elliptical optic disc 

The ARIA database and RIM-ONE database are useful for 

testing optic disc segmentation algorithms. The ARIA 

database also contains manual outlines of vessels and the 

location of the fovea. There are 5 manual markings of the 

optic disc for each image in the RIM-ONE database. A final 

gold standard is obtained by taking the average radius in 8 

The only existing database designed for glaucoma analysis 

It contains both optic disc and optic cup 

segmentations. Clinical diagnosis data is also available. 

Moreover, imaging cues of glaucoma such as peripapillary 

atrophy, disc haemorrhage, notching and retinal nerve fiber 

layer defect are annotated for each image.     

specially designed retinal fundus 

The database has a few differences from 

other databases. Firstly, it aims at benchmarking of the optic 

atabase and its 
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disc and optic cup segmentation rather than glaucoma 

diagnosis. Secondly, multiple images are taken for each 

subject under specified conditions, providing the opportunity 

of repeatability test. Finally, OCT images are available for 

some of the images and cross modality analysis could be 

carried out. The summary of fundus image databases is 

shown in Table I.  

 
TABLE I 

SUMMARY OF FUNDUS IMAGE DATDABASES 

Database Name 
Number 

of Images 
Primary Usage 

Messidor 1200 
-Diabetic Retinopathy 

-Macula Edema 

STARE 402 
-Blood Vessel Extraction 

-Optic Disc Localization 

DRIVE 40 
-Diabetic Retinopathy 

-Blood Vessel Extraction 

IMAGERET 89 
-Diabetic Retinopathy 

-Optic Disc Segmentation 

RIM-ONE 169 -Optic Disc Segmentation 

ARIA 212 

-AMD 

-Diabetic Retinopathy 

-Optic Disc Segmentation 

ORIGA-light 650 

-Glaucoma 

-Optic Disc Segmentation 

-Optic Cup Segmentation 

ACHIKO-I 179 

-Optic Disc Segmentation 

-Optic Cup Segmentation 

-Repeatability Study 

-Cross Modality Study 

 

II.   METHODOLOGY    

A.    Data Source 

   The database is constructed from retinal fundus images 

collected in two studies and is classified into two subsets 

accordingly. The first study is designed to carry out system 

repeatability test, which is defined as the variation in 

measurements taken by a single person or instrument on the 

same item and under the same conditions. The study was 

carried out on 9 individuals for both left and right eyes on a 

Topcon NW8 with Nikon D80 backing. All images are 

macula-centered and were captured using autofocus and 

autocapture. There are three settings in the image capturing 

process. Each subject was taken three continuous shots in one 

session using neutral flash settings, three continuous shots 

with varying flash settings in one session and three shots at 

different times of a day using neutral flash settings, 

respectively. There are 151 images in the first subset of the 

database after taking out 11 conditions from 2 individuals. 

The second subset of the database consists of 28 fundus 

images from 14 individuals, one right eye image and one left 

eye image for each person. These images were taken using a 

Topcon OCT-2000 camera. In addition to normal fundus 

images, OCT scans available for each eye. Optic disc and 

optic cup segmentations are available for both fundus images 

and OCT images, allowing cross modality validation of the 

tests.   

   The images in the first subset were taken under strict 

conditions. The three continuous shots of an individual were 

strictly taken within an hour. The images taken using three 

different flash settings were also taken in one single session. 

The flash compensation varies by about 40% for two adjacent 

flash levels. Sample images for different flash settings are 

shown in Fig. 2. The last experiment collected an image for 

each subject at morning, noon and afternoon, respectively, of 

a day. Age and degree of myopia were also collected for each 

individual. In addition, heart rate and blood pressure before 

and after the shot were recorded. The ACHIKO-I database 

contains 179 images in total. The minimum CDR is 0.33 and 

the maximum CDR is 0.7. The average CDR for each eye is 

0.52. The database is summarized in Table II. 

 
TABLE II 

SUMMARY OF ACHIKO-I DATDABASE 

Division    

Parameters    
Subset 1 Subset 2 

# of images 151 28 

# of subjects 9 14 

# of left eye images 74 14 

# of right eye images 77 14 

Heart pulse Yes No 

Blood pressure Yes No 

Degree of myopia Yes No 

OCT ground truth No Yes 

 

Fig. 2. Fundus image of the same individual with flash setting of -2, 0 and +2 respectively from left to right. 

 



  

 

Fig. 3. Optic disc boundary demarcation and polynomial spine fitting 

B.    Dataset and Ground Truth 

   The database was graded using Azimut
TM

, an in-house 

developed grading software. The software allows graders to 

mark feature points of the optic disc and optic cup, which will 

be fitted into a smooth contour. To demarcate the boundary of 

the optic disc or optic cup, 6 to 10 feature points are marked 

along the boundary. To get the complete set of boundary 

points, a polynomial spline fitting is carried out. 

 

                                                                                             (1)  

where 
lξξ ,...,1  are the break intervals and jic represents the 

local polynomial coefficients of its l pieces.  

   The grading process and result of polynomial spline fitting 

is illustrated in Fig. 3.  

   In the second subset, another annotation of the optic disc, 

optic cup and cup-to-disc ratio based on OCT scans is 

available. It can be used as an independent set of ground truth 

or as a benchmarking set. An example of the second subset is 

shown in Fig. 4. To compare the manual grading and its 

corresponding OCT grading, we analyzed the correlation of 

these two groups of CDRs. Two images are taken out of the 

study as no CDR was produced by OCT for both images. The 

reason is that blood vessels block the cross section of the optic 

nerve head and no excavation was detected. The Pearson 

correlation coefficient is 0.926, indicating a high accuracy for 

the manual grading in two dimensional images.  

  

C.    Proposed Evaluation Measurement 

We defined several performance measures to evaluate 

algorithms on the database. The overlapping error can be used 

to evaluate the performance of optic disc and optic 

segmentation. 
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where S represents the segmentation and GT represents the 

ground truth segmentation provided in the database. This 

performance metric indicates how well the segmented result 

matches with the ground truth, where 1m =0 indicates perfect 

match of the segmented result with the ground truth and 1m

=1 indicates no overlap. 

To evaluate the accuracy of vertical CDR detection, we 

introduce the mean CDR error (ME) and mean absolute CDR 

error (MAE).  
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where ∆���� � ����� � ������ , �����  is the vertical 

CDR of the testing algorithm and ������  is the vertical 

CDR of the ground truth segmentation. 

A ME value of close to 0 means that the test is likely to be 

systematically unbiased. However, it has no other meaning of 

how the performance is. The MAE metric is more stringent 

than ME as it takes out the effect of the sign. A smaller MAE 

means that overall performance of the method is better. As 

described in [8], the CDR estimations by the same observer 

can vary by as much as 0.15 over time, which can be used as a 

baseline standard for intra-observer variability.  

For the repeatability test, we define a repeatability error 

metric as follows: 

�� � �∑ ��
 ��	��������� �� 
�
!                                (5) 

where ���"������� is the average vertical CDR of all images for 

subject i (one eye in this case), #$ is the standard deviation of 

CDRs, and n is the total number of subjects.  
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Fig. 4. Left: Manually marked optic disc and cup from fundus image; Middle: OCT scan of the optic nerve head; Right: Optic disc and cup translated 

from OCT. 

 



  

 
Fig. 5. Correlation analysis of manually marked CDR by Azimut and OCT 

CDR 

 

   By definition, RE is the root mean square value of the 

coefficient of variances. Therefore, a smaller RE represents a 

better repeatability. 

 

III.   RESULTS AND DISCUSSION 

We implemented our previous work on CDR measurement 

[9] and tested it in ACHIKO-I database. The RE values for 

various test conditions is summarized in Table III. We can see 

that RE is smallest when taking three images continuously in 

one session. It is reasonable as images are most similar when 

taken at the same time and under the same condition. On the 

other hand, RE is largest when images are taken under 

different flash levels. As we can see from Fig. 2, it is harder to 

identify the optic cup boundary as flash level increases. 

Moreover, we can draw the same conclusion based on the 

MAE metric. 

To analyze the testing result on subset 2 of the ACHIKI-I 

database, we calculate two pairs of ME and MAE metrics with 

OCT CDR and Azimut graded CDR as the gold standard 

respectively. In addition, we also benchmarked Azimut 

graded CDR and OCT CDR, which produces a pair of 

reference ME and MAE values. The results are summariezed 

in Table IV. We can see that the testing result on subset 2 is 

not biased using either manual CDR or OCT CDR as the 

ground truth. Moreover, the MAE values are well within the 

intra-observer variability.  

  

 
TABLE III 

COMPARISON OF RESULTS FOR CDR MEASUREMENT ON SBSET I 

Settings     

Metrics    
RE ME MAE 

Continuous 3 0.130 -0.109 0.133 

1 day 3 shots 0.169 -0.135 0.148 

Varying flash levels 0.210 -0.115 0.155 

All 0.177 -0.119 0.145 

 

 

TABLE IV 

COMPARISON OF TESTING RESULTS ON SUBSET II 

Settings     

Metrics    
OCT Azimut Azimut-OCT 

ME -0.005 -0.042 0.037 

MAE 0.112 0.109 0.066 

 

 

 

IV.   Future Work 

 

  ACHIKO-I database provides a well designed procedure to 

test system repeatability and cross modality validation. We 

plan to increase the number of images with ground truth 

segmentation in the future. We also intend to collect 

evaluation results of different algorithms and use them as 

baselines for benchmarking. In addition, we will spend effort 

in implementing an online version of the database.   
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