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The detection and monitoring of retinal diseases is essential for preventing and minimizing vision loss. The adaptive optics (AO) scanning 
laser ophthalmoscope (AOSLO), a laser imaging system, allows us to obtain high-resolution images of the retina by collecting AO corrected 
light reflected from the retina. Each collected image shows only a small portion of the retina.  To show larger regions of the retina we form 
mosaics by putting together individual images, like constructing a jigsaw puzzle. The current protocol forms these mosaics using images 
from twenty five videos. During each video, the subject fixates at one of twenty five retinal locations. When combining the images from the 
videos, it is difficult to make them match accurately and this creates imperfections in the mosaics. This project investigates different 
protocols for collecting data.  Four methods were analyzed; three used a fixed grid as a fixation target and one used a moving fixation 
target.  The project goal is to determine which protocol results in the retinal mosaics that are more accurate and easy to construct. 

The adaptive optics scanning laser ophthalmoscope was used to obtain ~1.5 x 1.4 degrees 
images of the retina.  To analyze different protocols we used data obtained from previous 
imaging sessions using a different protocol and imaging sessions conducted with new 
protocols. The data that we used from previous imaging sessions was used for analyzing 
protocols A and B.  Protocol A consisted of data obtained by having the subject fixate at one 
of twenty-five points on the target.  For every point on the target, a twenty second video 
was captured and ten images were registered and summed.  Protocol B involved a total of 
ten videos where the subject gazed across given points on the target.  For Protocols C and 
D we designed a square target with horizontal lines.  The target was designed to allow the 
subject to gaze across the target easily. In protocol C the subject was instructed to pan 
across the horizontal lines 1-11 at a specific rate. Protocol D involved a commercially 
available laser pointer moving across the the lines and the subject was instructed to follow 
it. This protocol was designed to combine protocols A and B by combining the fixation point 
and the movement of the eye across the target.  Both protocols C and D were designed to 
gain one continuous video with the purpose of minimizing the effect of change in reflectivity 
of photoreceptors due to time difference in which the images are captured.  
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Figure 4. Protocol A- The mosaic shows a drastic change in the 
brightness and the edges between individual pictures are prominent.  
Constructing the mosaic was difficult because there was no 
correlation between images.

Figure 5. Protocol B- The mosaic shows noticeable differences in images 
of different videos.  It shows a good foveal region because there were 
many videos taken at that region.  However, when constructing the 
mosaic, images taken from the same video formed parts of the mosaic 
difficult to connect with images from different videos. 
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Figure 6. Protocol C-  The mosaic shows uniform brightness and the 
edges between pictures are not prominent.  The similarities 
between pictures were easy to find making the construction of the 
mosaic easier. However, the subject had difficulties gazing across 
the lines of the target and we did not obtain good images of the 
foveal region because there was not enough data taken at that 
location.  

Figure 7. Protocol D-  The mosaic shows uniform brightness and the 
edges between pictures are not prominent. The similarities between 
pictures were easy to find.  The subject was able to fixate well and the 
subject found it easy to move across the target following the laser.  
Fixation on the central region was minimal; therefore, we did not obtain a 
good image of the foveal region as with protocol C.
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Subjectively, the best results were given by Protocol D.  This protocol allows the subject to fixate well and it minimizes the effect of 
change in reflectivity of photoreceptors due to time difference in which the images were captured. It also allows us to match common 
features of neighboring frames more accurately.  This creates a mosaic that is uniform in brightness, that has less visible edges,  and 
easy to construct.   

Adaptive Optics Scanning Laser Ophthalmoscope (AOSLO)

Fixation Targets

Figure 2. This is the instrument used to capture the 
photoreceptor images.  AOSLO is the only instrument currently 
capable of capturing microscopic images of the living retina 
using a non-invasive technique.  The pixel resolution of the 
images obtained are 512x525 pixels over a 1.5x1.4 degrees field 
of view.  At this resolution photoreceptors as small as 2-3 
microns can be seen in the retinal images. 
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Figure 3. Fundus picture 
with aligned mosaic.

Figure 1. Protocol targets used in imaging 


