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Abstract 

Compression of retinal and corneal images is essential for 
a tele-ophthalmology system in order to reduce 
transmission times. This study was designed to compare 
two methods of image compression and to determine the 
amount of compression that can be performed preserving 
the diagnostic information in a range of ophthalmic 
images. Six sets of five 1.36MB images were compressed 
through a range of compression ratios using JPEG and 
Wavelet algorithms. Analysis of theRMS error showed 
that this error was similar when images were compressed 
to 29KB, and slightly lower after Wavelet compression to 
I5KB images. Error was highest in corneal and slit lamp 
images, and lowest in retinal images. JPEG compression 
of retinal images to 29KB and corneal images to 60KB is 
recommended. 
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Introduction 
Photographic images form the basis of documenting 
ophthalmic diseases and disorders. Special cameras are 
used to photograph the retina, also known as the fundus 
(the inside back surface of the eye). Although they record 
the image on conventional 35mm photographic film or via 
a 35mm digital earner, these cameras have a flash system 
and optics designed to illuminate the retina. For most 
camera the patient's pupil must be dilated with drops; this 
allows the maximum amount of light to enter and leave the 
eye. In cases where a disturbance to the blood flow in the 
retina is suspected e.g. haemorrhaging, occlusions, or areas 
of non-perfusion, a fluorescent dye is injected into a vein 
in an arm. This dye is stimulated with a blue light as it 
travels through the retina vessels, and abnormalities in the 
blood flow are recorded. Variations in fundus cameras 
include the ability to capture wide angle images, and 
simultaneous stereo images. The later are used to visualise 
in stereo the 3-dimensional structures in the eye, such as 
the optic disk. 

A specialised microscope camera incorporating a fine slit 
of light is usually used to photograph the front of the eye. 
The thin beam, or slit, of light differentiates between clear 
and hazy tissue, and gives clues to abnormal topography of 
the cornea, iris, anterior chamber and trabecular mesh work. 

While these images are usually recorded in ophthalmic 
clinics, they are also crucial to telemedicine systems. 
Telemedicine has a potential to help deliver ophthalmic 

care to remote areas and developing countries. These areas 
are generally under-serviced with specialised ophthalmic 
care, and this is often associated with high incidences of 
eye disease. [9,10] The initial contact for eye 
examinations can be delegated to health care or technical 
staff trained in the use of imaging equipment. They would 
send images and other relevant information to a central or 
regional centre, where trained ophthalmic staff can provide 
diagnostic and clinical advice.[3] 

We have previously demonstrated that good quality images 
are over 1MB in size and that transmission times using 
standard telephone lines can be well over 30 minutes [ 11] 
In another study we compressed a set of retinal images 
with subtle abnormalities using JPEG (Joint Picture Expert 
Group) and wavelet algorithms. Four assessment methods 
were used for the study: (i) the RMS error between the 
compressed and original images, (ii) an assessment by 
ophthalmologists of image quality, (iii) an assessment by 
ophthalmologists of the images to determine what 
abnormalities, if any, could be detected, and (iv) the 
visibility of blood vessel branching. The results of all the 
assessment methods consistently showed that 29KB images 
were of sufficient quality for making a diagnosis. [ 4,5] 
Even images of about 15KB are still of acceptable quality, 
and would certainly be suitable when only interested in 
detecting gross features. 

There are only a few other reported studies on compression 
of retinal images. One of these compressed images of 
2MB, 3MB and 4MB images to 83KB, 125KB and 166KB 
respectively.[?] Another found that compression was not 
noticeable when compressing colour fundus and 
fluoroscein angiogram images using JPEG to compression 
ratios of 1:28 and 1:12 respectively. However, as image 
sizes are not given, it is not possible to compare data.[l] 
No data is available on the compression of corneal still 
images, although a study on a real-time video slit-lamp 
system concluded that 384 KB/second link provided 
sufficient bandwidth to allow assessment of the corneal 
surface. [8] 

Although a video image would help to diagnose some 
ocular disorders, the reality is that for many remote areas a 
9.6 KB/second line is all that is available. For this a video 
link is out of the question, and a store-and-forward system 
for still images provides an adequate alternative. 

This study was designed to include the wide range of 
images that are necessary to diagnose a range of anterior 
and posterior eye conditions. These would need to be 
compressed for transmission as part of a complete 
telemedicine system. 
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Methods 
Photographic slides were selected from patients at the 
Lions Eye Institute. To cover a range of conditions that are 
normally photographed in an ophthalmic clinic, six 
different sets of slides were selected, with five slides in 
each set; see table 1. Figures 1 to 6 shows some of the 
images used. Diabetic, fluoroscein angiogram (FA), and 
age- related macular degeneration (ARMD) slides were 
taken with a Zeiss FF4 or Canon 60UVI fundus camera, 
the glaucoma patients with a Nidek 3Dx simultaneous 
stereo camera, and the slit lamp slides with a Zeiss SL40 
slit lamp camera. Some of the corneal images were taken 
with the slit- lamp camera, and the others with a standard 
Nikon camera with a 105mm macro lens. 

Pupils were dilated for all of the retinal images, and a 
fluoroscein dye was injected intravenously for the 
fluoroscein angiograms. Both these procedures are 
standard in ophthalmic photography. Black and white film 
was used for fluoroscein angiography; colour film for all 
the other photography. 

The slides were digitised using a Polaroid SprintScan 35 at 
625 dots per inch and 24 bit colour; the resultant images 
were 772 by 600 pixels (1.36MB) in size. 

Images were compressed using custom written software. 
JPEG compression was performed at ten Q (or quality) 
levels: 10, 20, 30, 40, 50, 60, 70, 80,90 and 100. A Q of 
10 results in the highest compression ie. the smallest 
images, although the final image size could not be 
predicted. JPEG is a relatively common image 
compression format, available in most imaging 
programmes. The algorithm breaks the image up into 8 by 
8 pixel blocks, and converts the spatial information into the 
frequency domain. This is sampled (quantised), with lower 
frequency information preserved more than higher 
frequency information. The amount of compression 
depends on how much of the high frequency information is 
discarded; the final coding process compresses the 
remaining information. 

An Antonini-type[2] algorithm was used for wavelet 
compression, and each colour channel was compressed 
separately. Unlike JPEG compression, the size of the 
compression image can be set; compression ratios of 1: 10 
through 1: 100 were performed on each channel. The 
wavelet algorithm also converts the image into the 
frequency domain. Band pass and low pass filters operate 
on the rows and then the columns, which produces 
information on the vertical, horizontal and diagonal detail 
on the image. Quantising and coding steps follow. 

Our previous study on retinal images showed similar 
results for the four assessment methods used. Furthermore, 
as three of the methods were both subjective and time 
consuming, it was decided to assess images only by 
calculating RMS error between the original and 
compressed images. Each of the original and compressed 
images was broken into its three colour channels (red, 
green and blue; RGB) and another custom programme 
compared the images by calculating theRMS error.[5] 

Category 
Glaucoma 

Cornea 

Diabetic 

FA* 

Slit lamp 

ARMDt 
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Description 
Stereo slides of patients with moderate to 
severe optic disk cupping 
Slides showing (i) blunt trauma, (ii) & (iii) 
corneal scarring, (iv) severe haemorrhaging 
and pooling of blood in the conjunctiva, and 
(v) trachoma. 
Three patients with low level of retinopathy, 
one with retinal haemorrhaging requiring 
laser treatment, and another with treated 
retinopathy 
Monochrome negatives of patients with ( i) 
distorted blood vessels indicating pre
macular fibrosis, (ii) normal retina, (iii) 
diabetes, (iv) diabetes with a number of 
spots of hypo-fluorescence, and (v) 
diabetes. 
Slides showing (i) trauma to the iris, (ii) 
debris on a contact lens, (iii) the 'angle' 
using a gonio-lens, (iv) multi-slit image of 
nodular corneal dystrophy, and(v) an intra
ocular lens. 
Patients with early stage ARMD to end 
stage (blind eye) ARMD 

Table 1: Categories of slides used in the study. 
t ARMD: Age related macular degeneration. 

* Fluoroscein angiogram 

Results 
Figures 7 and 8 are plots of RMS error versus image size 
after JPEG or wavelet compression for each of the groups 
of the images. The mean RMS error +1- the standard 
deviation for each of the three colour channels is shown. 
Standard X and Y axis are used for each group of images 
to enable comparison of the data. 

As expected, image size after JPEG compression varied. 
This is plotted in Figure 9, showing that image 
compression for a given Q-value was highest in ARMD 
and diabetic images, and least in cornea, slit lamp and 
glaucoma images. 

Using interpolation -and extrapolation in a few cases- of 
the plots of RMS error, theRMS error for both methods of 
compression for all images was calculated for an image 
size of 29KB and an image size of 15KB. These image 
sizes were those recommended in our previous study to be 
compression for JPEG and wavelet respectively. 

The RMS error for all of the colours and all of the images 
are shown in Figures 10 and 11. As the FA images were 
monochrome, only a single set of data for JPEG 
compression and another for wavelet compression is 
plotted. Of note is that as the FA images were reduced to 
one colour channel, the final image size after wavelet 
compression was about one third that the other images. 

Compression of JPEG images with Q= 100 produced a 
images sized about 300KB, and low RMS error values. In 
order to optimise the visualisation of the data on the 
graphs, these points were not plotted and the X-axes were 
scaled for image sizes 0 to 150KB. 
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Figure 1: Retina showing severe signs of ARMD; the 
eye is probably blind. 

Figure 3: External image of a cornea showing a scar in 
the superior half. 

Figure 5: Retinal images··of a diabetic patient. 
Haemorrhaging and abnornial vessels can be seen. 

Figure 2: Fluoroscein angiogram of a eye already 
treated with laser. 

Figure 4: Stereo pair of an optic disk. The eye has 
glaucoma as can be diagnosed from the disk cupping. 

Figure 6: Slit lamp image of an eye with blunt trauma 
and rupture of the iris. 
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Figure 7 (a to h): Plots of RMS error versus image size for JPEG and Wavelet compression of diabetic, slit lamp, 
ARMD and corneal images 
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Figure 8 (a to b): Plots of RMS error versus image size for JPEG and Wavelet compression of glaucoma and 
fluoroscein angiogram images. As the fluoroscein angiogram images were monochrome, only a single colour 

channel was analysed. 
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Figure 9: The affect of different Q values on compression of the six groups of images. 
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RMS Error@ 29kB - JPEG versus Wavelet- Red Channel 
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Figure ll: RMS error for JPEG and wavelet compression of the original images to lSkB. Plots of error for the red 
channel only are shown; those for the green and blue channels are similar. As the FA images were monochrome, 
they are plotted with the data of the red channel. Sl-SS: slit lamp images, Cl -CS: cornea images, Al-AS: ARMD 

images, Dl-DS: diabetic images, Gl-GS: glaucoma images, Fl-FS: tluoroscein angiogram images. 
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Figure 12: Histograms of a typical retinal image (left) and corneal image (right), showing that most image 
information in the retinal image is in the green channel and some the blue channel, while the image information is 

spread more evenly across the three colour channels in the cornea image. 
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Discussion 

This study has investigated JPEG and wavelet compression 
of a wide range of ophthalmic images. The plots of RMS 
error versus image size (figures 7 and 8) show that in most 
cases there is not difference in the RMS error for the three 
colour channels, although in many cases the largest error is 
found in the blue channel. There is a lower variation in 
RMS error after JPEG compression, and the error is also 
lowest in the diabetic and ARMD images. This latter result 
can be expected because the images in these two sets have 
the least variation. On the other hand, the corneal and slit 
lamp images are extremely varied, and these also show a 
wider range of RMS error between the images. In these 
two sets of images the RMS error is also the highest. 

Figures lO and 11 show the relative RMS error at two 
specific images sizes: 15KB and 29KB. Only the red 
channel is plotted; the data from the blue and green 
channels are similar. They show that there is similarity 
between the amount of RMS error after JPEG or wavelet 
compression; if it is high after JPEG compression it is also 
high after wavelet compression. Image CS is a good 
example of this. Regression analysis of theRMS error of 
JPEG versus wavelet compression gave the following 
values ofR2

: 0.91 (red channel; l5KB images), 0.98 
(green), 0.94 (blue), 0.88 (red channel; 29KB images), 
0.98 (green), and 0.96 (blue). 

In most cases JPEG compression resulted in a higher RMS 
error than after wavelet compression for the 15KB images. 
However, for 29KB images the difference between the two 
types of compression is less clear. 

The level of RMS error is higher than that calculated in our 
previous study. In that study the images were all of the 
retina, and had very few abnormalities. To a novice they 
would all look very similar. However, in this study the 
images were very varied with a more spatial and colour 
variation, even within each set. In an image with little 
variation in colour or detail, compression is less prone to 
error. Figure 12 plots the colour information in a typical 
retinal and a typical corneal image in the forms of 
histograms. The colour information is distributed relatively 
evenly across most of the pixel intensity values in the 
cornea image. However, in the retinal image, the 
information is concentrated in a number of very high 
peaks: peaks of low intensity red, green and blue, and a 
high intensity peak for red. In two cases these peaks extend 
beyond the limits of the graph: the low intensity blue peak 
is at 42,000, and the high intensity red peak is at 180,000. 
Most of the image information is in the green channel and 
some in the l.Jlue channel. 

This difference between images is also reflected in the final 
image size after JPEG compression as shown in Figure 9. 
JPEG compression uses a Q value, and for a given Q value 
JPEG compresses images with least colour and spatial 
variation better than those with much variation. 

Not shown in the results is the time taken for compression. 
JPEG compression, as performed by the software used by 
the this study, took only a couple of seconds per image. 
Wavelet compression on the other hand required a few 
minutes per image. Further work is required to determine if 
this can be improved. 

However, as noted in our previous study, JPEG 
compression can be found in most imaging programmes 
and can also be viewed by internet browsers. Furthermore, 
as the RMS error after JPEG compression is about the 
same, or not much higher than after wavelet compression, 
JPEG still should remain the preferred method of 
compression of ophthalmic images. The only variation 
from our previous study is that the RMS error has been 
found to be significantly higher for some of the images in 
this study. 

Monochrome images, such as the FA images used in this 
study, may require other methods of compression to 
optimise the compressed size. JPEG images by definition 
have high resolution; even grey-scale images must be 
converted into a colour. Therefore, although 256 level 
grey-scale images have relatively little colour information 
when compared to the potential for 16 million colours in a 
JPEG image, this advantage is lost when compressing with 
JPEG. On the other hand, wavelet compression operates on 
each colour separately, and potentially the compressed 
image size of a monochrome image is one third that of a 
full colour image; only one colour channel need be 
compressed. 

This factor has important implications for fluoroscein 
angiography; for this a sequence of image is recorded, 
sometimes up to 20. Normally all these images are 
presented to the clinician for assessment and diagnosis. 
However, in a telemedicine system, one may be 
discouraged from sending the whole sequence, merely 
because there are so many images. However, if only a few 
are selected by inexperience personnel, an important 
element in the sequence may not be sent. If image 
compression ofF A images can be reduced to one third, 
using wavelet rather than JPEG compression, then three 
times as many images can be sent without increasing the 
volume of data to be transmitted. 

Further work is needed on corneal and slit lamp images to 
determine if RMS errors of 6 or higher decrease the 
diagnostic quality of the images. 

Another set of images that can also be investigated are 
those used in photo-refraction and the detection of squint. 
It is anticipated that these images can be compressed more 
than those presented in this paper. 

A limitation of this study is that objective analysis of 
compressed medical images has been shown to be poorly 
correlated with subjective assessment. In this study only a 
simple RMS was used to assess the images, even though 
the decision to use this approach was based on our earlier 
work [5] showing little difference between methods of 
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assessment of retinal images. Future studies will be 
required to assess subjectively the compression of various 
types of ophthalmic images included in this current study. 

Conclusions 

1. The use of JPEG for the compression of colour corneal 
and retinal images is recommended over wavelet 
compression because: 

a. JPEG compression is widely available and 
commonly used for other applications, and 

b. the errors generated by JPEG compression are 
insignificantly different from those after wavelet 
compression. 

2. 1.36MB retinal images can be compressed by JPEG to 
about 30KB to retain the diagnostic information. 

3. Corneal and slit-lamp images have significantly higher 
error than retinal images when compressed to 29KB. 
Compression of 1.36MB images to about 60KB is 
recommended until further investigation determines if 
compression to a smaller image size decreases the 
diagnostic quality. 

4. Monochrome images can be compressed to about 30KB 
using JPEG, but these can be compressed potentially to 
one third that size by another method. 

5. Further subjective assessment of these images is 
required to confirm the objective findings of this study. 
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