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Purpose 

Eye movements limit our ability to record high quality optical coherence tomography (OCT) images from the retina, especially with long acquisition times and/or small field of view (FOV). This 
problem was solved by implementing a tracking scanning laser ophthalmoscope (SLO) to an optical frequency domain imaging (OFDI) system to record high quality in vivo images of the optic 
nerve head (ONH) and the pore structure of the lamina cribrosa. 

Fig. 2. Previously developed OFDI system was 
combined with a tracking SLO to minimize the eye 
movement artifacts in real-time in OCT imaging.  

     

Fig. 3. (Left) Frame is broken into 
strips and each strip is individually 
cross-correlated with the reference 
frame. The resulting eye motion 
signal is inverted to a correction 
signal and combined with the 
waveforms that drive the OCT 
galvanometer mirrors. (Right) The 
amplitude spectrum of typical eye 
motion during fixation. Beyond 10 
Hz the eye motion is less than 0.5 
arcmin (~2.4 um in human eye). 

   

Fig. 1. Overview of the information flow. Correction signals and 
OCT steering signals are combined to keep the scanning grid lock 
on target. The tracking validity signal is used to indicate B-scans 
that need to be rescanned because of tracking failures. 

OFDI 
 100 kHz swept-source 1050 nm 
 MZI for phase stabilization 
 Axial resolution 4.8 um 
 Lateral resolution 13.7 um 
 Sensitivity 99.5 dB 

SLO 
 840 nm SLD light source 
 512 ×512 pixels 
 4 degrees field of view 
 Frame rate 30 Hz 
 Custom designed FPGA 

Retinal tracking 
 Real-time analysis of SLO frame distortions  
 Eye motion is reported at a rate of 960 Hz 
 Motion signals inverted to correction signals 
 Real-time rescanning of B-scans when tracking fails 
 Saccade / tracking lock failure  detection 

A model eye with controlled movement was imaged 
to determine the accuracy of eye tracking. Residual 
motion correction in OCT B-scans was 98.4% at 1 
Hz (Fig. 4) decreasing to 50% at 32 Hz (Fig. 5). In a 
healthy subject with  horizontal eye motion of 6.8 
arcmin tracking reduced the motion to 0.32 arcmin 
(~1.6 um) excluding the saccade (Fig. 6).  

Fig. 5. The magnitude of motion correction as a function of 
frequency from a moving model eye. This establishes the 50% 
(3 dB) correction bandwidth which is just above 32 Hz. 

Fig. 4. Enface image of a stationary B-scan from the retina with and without 
tracking. The motion in the model eye was a 1 Hz sinusoidal wave that 
generated a ±12.4 arcmin movement of the artificial retina. Residual motion 
was 0.37 arcmin with tracking. Scale bar 0.5 deg. 

Fig. 8. C-scans extracted from different 
depths. Four datasets were 
compounded together via image 
registration to enhance the signal-to-
noise ratio (SNR). On the left of the 
figure, a B-scan is shown to illustrate at 
which depth each C-scan was taken.  

Fig. 6. Extracted eye motion from the  SLO video (blue) and 
measured residual eye motion from OCT B-scans after eye 
motion compensation (red). A large saccade at 3.7 seconds 
was not properly tracked and is shown as a peak.  

It is possible to obtain high quality OCT images from ONH and lamina cribrosa by compensating the eye motion during the measurements. In addition, the eye tracking  allowed the recording of 
multiple volumes from the exact same location thus making it possible to average entire 3D volumes together and enhance the signal-to-noise ratio. The quantification of pore structure 
parameters can be a useful indicator in detecting eye diseases like glaucoma at early stage.  

Conclusion 

Methods 

Factors limiting eye tracking 
 Latency (2.5 ms) decreases correction bandwidth 
 Vertical eye motion (strips have less pixels for overlapping)   
 Every frame has eye motion, including the reference frame 
 Ocular torsion is not corrected 

Fig. 7. Tracked enface images with 
tracking lock failure detection. (Left) 
The ONH imaged over a FOV of 
8.8°with tracking ON (Middle) The 
same dataset but the motion corrupted 
B-scans were removed with post-
processing. (Right) High quality OCT 
angiogram of the retina clearly showing 
the vasculature around the foveal 
avascular zone over an area of 2.0 x 2.0 
mm2. Eight tracked datasets from the 
same location were compounded 
together. 
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Results 
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