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Abstract—Closed/Open angle glaucoma classification is 
important for glaucoma diagnosis. RetCam is a new imaging 
modality that captures the image of iridocorneal angle for the 
classification. However, manual grading and analysis of the 
RetCam image is subjective and time consuming. In this paper, 
we propose a system for intelligent analysis of iridocorneal 
angle images, which can differentiate closed angle glaucoma 
from open angle glaucoma automatically. Two approaches are 
proposed for the classification and their performances are 
compared. The experimental results show promising results, 
especially the width based approach. 

I. INTRODUCTION 
LAUCOMA is an optic nerve disease resulting in loss 
of vision. It is often associated with increased pressure 
of fluid inside the eye. Glaucoma can be roughly 

divided into two main types: open angle glaucoma (OAG) 
and closed angle glaucoma (CAG). The iridocorneal angle 
between the iris and the cornea is the key to differentiate 
OAG and CAG. When the iridocorneal angle is open, it is 
OAG. When the iridocorneal angle is narrow or even closed, 
it is CAG. A more detailed explanation with description of 
the angle structures can be found in [1]. Here we briefly 
explain the reason that the iridocorneal angle is the key for 
the glaucoma diagnosis. As you know, the iris located 
between the cornea and the lens controls the amount of light 
entering the eye. The iris, cornea, and lens are bathed in a 
liquid called aqueous humor, which is continually produced 
by nearby tissues. It moves out of the eye via a drainage 
canal called the trabecular meshwork. Blocking of the canal 
would lead to the increased fluid pressure and a CAG. Thus, 
the iridocorneal angle is the key. 
 
OAG accounts for more than 90% of glaucoma patients. It is 
usually chronic and progresses gradually. OAG is a leading 
cause of blindness. It is particularly dangerous as it can 
progress gradually and go unnoticeable for years. CAG 
affects less than 10 percent of patients with glaucoma. It is 
often inherited and occurs more commonly in farsighted 
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elderly people. A CAG attack is usually acute, occurring 
when the drainage area is blocked. CAG must be treated 
quickly; otherwise, it may result in blindness within hours to 
days of the attack. As a result, it is critical to detect CAG in 
time to have proper treatment. Because of different causes 
and specific treatments for different types of glaucoma as 
well as the necessity of urgent treatment of CAG, it is 
important to determine the type of the glaucoma [2], which 
implies that it is essential to visualize the iridocorneal angle 
to make a correct diagnosis of the disease.   
 
Gonioscopy is an eye examination looking at the front part 
of the eye between the cornea and the iris. It is to visualize 
the structure of the angle including the trabecular meshwork. 
The trabecular meshwork is a key in assessing the angle. 
The angle is said to be open if the trabecular meshwork can 
be seen, otherwise, closed. Gonioscopy is considered as one 
of the most practical methods to assess the angle, however, 
it is subjective and difficult to quantify [1]. Moreover, it is 
not easy to operate as patients often blink their eyes, squeeze 
their eyelids together, and etc. The success of gonioscopy 
therefore requires considerable photographic skill and effort 
as well as a full knowledge of the angle structures [3].  
 
RetCam (Clarity Medical Systems, Inc., Pleasanton, CA) is a 
fundus camera traditionally been used to capture the image 
of retina. With some technical modifications, the camera can 
be used to capture the image of iridocorneal angle, iris, and 
corneal [3]. RetCam has some advantages compared with 
standard gonioscopy. In RetCam imaging, subjects are in a 
supine position on a bed or reclining chair. An advantage of 
this is that the patients cannot pull away from the camera 
lens’ tip, which is a common problem when using gonio 
lenses. The tip of the RetCam’s lens is smaller than the 
standard gonio lens and does not sit on the patient’s lower 
eyelid. Thus, patients are less likely to squeeze their eyelids 
shut and to struggle against the stimulus of a foreign object 
in their eyes. Because the illumination from the camera 
sweeps across their pupils, patients are also less likely to 
experience discomfort from the light’s intensity, so angle-
related artifact is minimal. According to doctors’ experience, 
patients undergoing imaging with the RetCam find the 
technique to be comfortable and noninvasive. As a 
summary, the RetCam makes goniography fast, easy, and 
effective.  
 
The new RetCam imaging modality enhances the use of the 
camera as a clinical, educational, and research tool. The 
accompany issue is how to grade these RetCam images. 
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Manual grading is currently adopted clinically. As we can 
see that manual grading of medical images is usually tedious 
and time consuming. This holds true for RetCam images as 
well. Moreover, the angle usually lies in a small portion in 
the RetCam image which makes the manual grading more 
difficult. Manual grading is often subjective by the grader 
and thus the reproducibility is a concern. To facilitate large-
scale clinical use, it is essential to have a precise, efficient 
system to grade the angle images automatically.  
 
In this paper, we present a closed angle glaucoma detection 
system, which extracts features from RetCam images and 
detects closed angles automatically. In Section I, we have 
given an introduction of the background and motivation for 
the system. In Section II, we introduce the system and 
methods in details. Section III shows the experimental 
results, followed by the conclusions in the last section. 

II. METHOD 
Before introducing the proposed system, we first introduce 
the RetCam images. In RetCam imaging, the doctors 
examine four different sides of the eye including: inferior, 
superior, nasal and temporal side. Fig. 1 shows four typical 
RetCam images from the four sides of the eye. In these 
images, the inner black area is the pupil. The yellowish area 
surrounding the pupil is the iris. The whitish area is the 
cornea. The angle which is of our interest is located at the 
boundary between the iris and the cornea. Similar to 
gonioscopy, an iridocorneal angle is considered as open if 
the trabecular meshwork can be seen in the RetCam image, 
otherwise, closed.  

 

    
                      (a)                                         (b) 

 

    
(c)  (d) 

                           
Fig. 1 Sample RetCam Images 

 

We propose a system for automatic analysis of the angle 
images for glaucoma diagnosis. The system will be verified 
using a RetCam image database collected in Singapore. Fig. 
2 shows the architecture of the RetCam image analysis 
system. It contains the following main steps: edge detection, 

arc detection and closed angle glaucoma detection. The edge 
detection is a preprocessing for the arc detection. The arc 
detection is to locate the boundary between different angle 
structures. The last step would tell whether an angle is open 
or closed for a basic grading.  

 

 
Fig. 2 Architecture of the RetCam Image Analysis System 

 

A. Edge Detection 
The edge detection is to find the candidate region of interest. 
The Canny edge [4] is applied. The edges close to black 
pixels are excluded as they are not of our interest. Fig. 3 
shows the output of edge detection for the sample images in 
Fig. 2. From these output, we observe noise, false edges, 
broken edges, and etc. Thus, further processing is necessary. 

 

   
                   (a)                                               (b) 

 

    
                    (c)                                               (d) 

 
Fig. 3 Edges of Sample Images 

B. Arc Detection 
From our observation, the edges in the angle area are 
approximately in an arc shape, i.e., part of a circle. Thus, we 
apply arc detection algorithms to detect true arcs, remove 
false arcs, and connect broken edges.  
 
The task here is to detect a known shape arc with unknown 
parameters including location and radius of the arc. Hough 
transform is suitable for solving such a problem [5]. Since 
the edges are approximately part of a circle, a circular 
Hough transform is applied. Different from Hough 
transform for line detection, circular Hough transform has 
three unknowns instead of two: the locations of centre in the 
2D coordinates and the radius. The output of the Hough 
transform is an accumulator, where the local maxima 



 
 

 

correspond to centres of the arcs. The algorithm for circular 
Hough transform can be summarized as follows [6]: 

1) Find the edge points. 
2) For each edge point, draw a circle with center in the 

edge point with radius r and increment all 
coordinates that the perimeter of the circle passes 
through in the accumulator. 

3) Find one or several local maxima in the 
accumulator. 

In the application here, we put some constraints on the three 
unknowns to reduce the computational load. E.g., restrict the 
range of the radius r based on prior knowledge. We also 
need to exclude false arcs as the RetCam image may contain 
other structures. Fig. 3(d) is an example with a false arc (the 
right side arc) which is from other structures instead of the 
angle. In such a scenario, we can exclude it as it locates far 
away from the inner true arc. Detect the local maxima that 
corresponds to arc centre in the accumulator map is not easy. 
In our detection, we only accept local maxima greater than 
an empirically determined threshold. Moreover, the relative 
locations of the detected local maxima should satisfy the 
following conditions: For images of the inferior and superior 
side of the eye, the coordinates of the local maxima should 
differ more in the vertical direction than horizontal, for 
images of the nasal and temporal side of the eye, the 
coordinates should differ more in the horizontal than 
vertical. Otherwise, the one with lower value in the 
accumulator is excluded. Fig. 4 shows part of accumulator 
map of Hough transform output. In the accumulator map, we 
use ‘*’ to denote the local maxima we detected. 
 

    
(a) Two  peaks               (b) Two peaks        

 

    
                 (c) Single peak              (d) Single peak 

       
  Fig. 4 Accumulator of Hough transform and the 
corresponding local maxima with (a) (b) from RetCam 
images clinically graded as open angle and (c) (d) from 
RetCam images clinically graded as closed angle.  

C. Closed Angle Glaucoma Detection 
After locating the angle area in the arc detection, we can 
now tell whether the angle is closed or open. Here, we 
propose two approaches to differentiate closed angle from 
open angle. 
 
Arc Amount Based Approach 
When an angle is closed or nearly closed, the two rays of the 
angle would be overlapping in the RetCam image. In term of 
the arcs, we would be able to detect one arc only. Our idea is 
verified by the output from the sample images. The results 
from Fig. 3 and Fig. 4 suggest that Fig. 2 (a) and (b) are 
from open angle while the rest two are from closed angle. It 
is consistent with clinical grading of the images. We classify 
it as OAG if we can detect two or more arcs from the 
RetCam image, otherwise, CAG.  
 
Angle Width Based Approach 
The second approach is inspired by the fact that angle width 
is a key factor to evaluate the angle by the doctors. Based on 
this, we compute the width of the angle. In the RetCam 
image, the angle width is the distance between the most 
inner and outer arcs. For example, the angle width for the 
case in Fig. 3 (b) is the distance between the two major arcs; 
the angle width for the cases in Fig. 3 (c) is only one pixel as 
there is only one arc. In order to compute the angle width, 
the strongest arc is obtained from the arc detection. Then, 
the surrounding area of the arc is considered as the region of 
interest. A closing process is applied to so that the angle 
width can be measured. As the angle width varies often 
along the arc; the mean angle width is used. Then, it is 
compared with a threshold to determine the angle type. If the 
mean width is greater than the threshold, it is considered as 
OAG, otherwise, CAG.  

III. EXPERIMENTAL RESULTS 
 
The RetCam image analysis system is tested in the eye 
studies at the Singapore Eye Research Institute (SERI). 
SERI is the national research institute for ophthalmic and 
vision research in Singapore, serving as the research 
institute of the Singapore National Eye Centre. SERI housed 
the state-of-the-art equipments and facilities with dedicated 
team of clinical staff and research scientists drawn from 
leading institutions around the world.  
 
A collection of 1866 images from 99 patients is collected at 
SERI, which includes 1083 images from 54 patient eyes 
with OAG and 783 images from 45 patient eyes with CAG. 
For each patient eye, the examination is done on all the four 
sides of the eye, i.e., inferior, superior, nasal and temporal. 
For each side, multiple images are taken. For each image, 
we can make a classification of closed or open angle by the 
above mentioned two approaches. However, as four sides of 
each patient eye are examined with multiple images, the 
decision of open/closed angle glaucoma for each patient eye 
can be made by combining the results from all four sides of 
images. In our experiments, we first look at the performance 



 
 

 

if the diagnosis is based on a single image for each eye. 
Then we look at the performance if the diagnosis is based on 
all the images captured on each eye. In the second case, a 
patient eye is said to have OAG if more than half of the 
images of that eye suggest OAG, otherwise, CAG. 
 
The output of the system is compared with decisions based 
on manual grading to compute the accuracies. The results 
are summarized as follows. Table I shows the specificity 
(the percentage of OAG classified as OAG) and the 
sensitivity (the percentage of CAG classified as CAG) for 
1866 images if the diagnosis is made from individual image 
by the two approaches. Table II shows the specificity and 
the sensitivity for 99 patient eyes if the diagnosis is made 
from a combination of all images from each patient eye.  
 

Table I specificity and sensitivity based on individual image 
 Specificity Sensitivity 
Arc Amount 69.6% 75.5% 
Angle Width 78.6% 81.9% 

 
Table II specificity and sensitivity based on all images of each 

patient eye 
 Specificity Sensitivity 
Arc Amount 83.3% 86.7% 
Angle Width 92.6% 97.8% 

  
As we can see from the results, the width based approach 
performs better. A possible reason is that variation from one 
image to another would require variant sensitivity in the 
edge detection. However, it is difficult to achieve that 
perfectly. Thus, the intermittent edges appear and affect the 
detection of arcs sometimes. The computing of mean angle 
width in the width based approach is less affected by the 
intermittent edges and thus the width based approach 
performs better. For the width based approach, an 
empirically selected threshold is used to make the decision. 
It is necessary to know how the threshold selection affects 
the performance.  
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Fig. 5 Sensitivity and specificity versus threshold for 
diagnosis based on individual image 
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Fig. 6   Sensitivity and specificity versus threshold for diagnosis 
based on all images from each patient eye 

Fig. 5 and Fig. 6 show how the sensitivity (solid line) and 
specificity (dash line) change when the threshold is changed 
for the diagnosis based on individual image and multiple 
images, respectively. This gives the overall picture of the 
performance of the width based approach. From the figures, 
we observe that a threshold around 7 is good for minimizing 
the overall error. However, a lower or higher threshold may 
be used, depending on the clinically requirements on the 
sensitivity and specificity. Another observation is that by 
combining multiple images from four sides of the eye, the 
performance of the system is improved. Thus, the doctors 
can make a more confident diagnosis by combining the 
results from multiple images. 

IV. CONCLUSIONS 

We propose an intelligent system for the analysis of RetCam 
images for automatic closed/open angle classification. The 
algorithms show promising & encouraging results. More 
images would be included to evaluate the performance of the 
system. Further analysis of the angle would be done to 
improve the performance as well as to identify eye structures 
for more advanced grading to tell the degree of closure and 
potential to become closed.  
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