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NIH
NEI

• PIs: Tam, Cukras, Chew, Wong, Wiley, et al.

• Capabilities: multi- AOSLO+ICG, FDML-
based multimodal AO-OCT (Fall 2019) 

• Clinical focus: AMD, inherited retinal
diseases, hydroxychloroquine toxicity, RPE
stem cell therapies, clinical endpoints

FDA

• PIs: Hammer, Liu, Agrawal

• Capabilities: mAO, FDML-
based AO-OCT (Fall 2019)

• Focus: Glaucoma, AO
biomarkers, AO phantoms

UMD • PI: Saeedi

• Clinical focus: Glaucoma, blood flow

DC AO/OCT
Community

Dark-field and ICG AOSLO images
of human RPE cells (Tam et al.)

Minimum intensity SDOCT 
analysis of hydroxychloroquine 

toxicity (Cukras et al.)

Microglia, GC soma, and RPE cells taken with mAO
(Liu, Hammer et al.)

…growing AO and OCT capabilities and impact for clinical translation and regulatory science

Healthy (left) and enlarged glaucomatous 
GC soma (Liu, Saeedi et al.)
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How best to validate and standardize AO and OCT 
performance?

– ISO OCT standard is limited

– No clinical gold standards to compare to
• OCT is three-dimensional and not directly relatable to standard 

fundus imaging

• OCT angiography employs fundamentally different 
technological characteristics than dye angiography

• Unprecedented and exceptional capabilities in AO and OCT
– Other functional biomarkers (e.g., phase-based)

– AO provides uniquely high spatial resolution, coupled with dynamic 
and personalized imaging

Motivation
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Synthetic data sources

Phantoms

Model eyes

Synthetic images

Physical tools for imaging performance evaluation

Software tools associated with machine learning
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Phantom: basic concept
Precision test target

Imaging performance principles Known physical properties of tissue 
(geometry, dimensions, scattering/absorption)

+

PHANTOM: Physical model with controlled properties for 
tissue-relevant performance characterization

=
Baxi et al, JBO 2014Quantify image quality metrics

Compare devices
Track performance

Calibrate measurements
Access underlying physics

Streamline device development,
evaluation, regulation
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Commercially available OCT phantoms

Multi-parameter phantom
For measuring several important imaging performance metrics
www.ardenphotonics.com

Retina-like phantom
www.rowetechnical.com
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Phantoms for retinal OCT imaging
Improved macula phantoms

Lee et al, JBO 2015
Bowden lab, formerly Stanford Univ.

3D point spread function phantom
Agrawal et al, BOE 2012

Baxi et al, JBO 2014

Optic nerve head phantoms
Agrawal et al, IOVS 2016
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Multimodal AO photoreceptor phantom

0.6o
0.6o

Kedia et al, Optics Letters 2019

3D-printed cylinders 
encapsulated in silicone
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Model eyes

Courtesy of the Dubra Lab at Stanford 
University and Moondog Optics

OEMI-7
www.ocularinc.com

High-precision 
calibrated 
model eye

Model eye for
multimodal AO phantom

Kedia et al, Optics Letters 2019
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Model eye –OCT standard

ISO 16971:2015(E) Ophthalmic instruments — Optical coherence tomograph for the
posterior segment of the human eye
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Software-based synthetic image 
formation and usage

Data augmentation – manipulating and enriching 
existing image datasets to improve manual 
segmentation and algorithm training

Model-based data generation – creating images 
from scratch to investigate algorithm performance

Sina Farsiu, Duke Univ.
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Data augmentation for manual 
segmentation

14

Data augmentation for algorithm 
training

15

Model-based data generation
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Summary

• A number of non-clinical physical tools (phantoms and
model eyes) have been developed for AO and OCT 
imaging, mostly in prototype form

• Community consensus needed to identify most
important data to obtain with physical tools
– Imaging performance figures of merit
– Measurement accuracy
– System calibration during longitudinal studies
– Post-processing traceability

• Software-based synthetic image usage in AO and OCT 
is quite nascent; data augmentation has potential to 
enhance training of AI/deep learning algorithms


