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Purpose: Hyperspectral retinal imaging may improve our understanding of retinal 

pathologies by exploiting tissue specific differences in spectral reflection. The challenges 

are to develop imaging technology and data analysis tools which respect the underlying 

physical generation of the hyperspectral signal and maximally exploit the full 

dimensionality of the data to uncover clinically relevant spectral signatures. 

Methods: A fundus camera fitted with a computed tomography (snap-shot) imaging 

spectrometer (Reichert Ophthalmic Instruments prototype) acquired complete spatial-

spectral image cubes in 3 ms with 76 spectral bands from 420 to 720 nm, eliminating 

motion artifacts and pixel misregistration, from two patients with large soft and hard 

drusen, respectively. The method was previously validated for retinal oximetry 

(Humayun M, Bearman G et al. Snapshot hyperspectral imaging in ophthalmology. J 

Biomed Optics 12, 2007). 

We performed non-negative matrix factorization (NMF) on matrices (X) of size NxL, 

where N is the number of pixels in the image and L the number of bands. NMF assumes 

the linear model X=AS subject to A>0, S>0, where X is the hyperspectral data, A is 

matrix of abundance images and S are the constituent spectra. Unlike principal 

component analysis, NMF imposes positivity constraints on the spectra and abundance 

images, consistent with physical reality. The only free parameter was the number (5) of 

spectral sources. 

Results: Green channel images, abundance images and recovered spectra for soft and 

hard drusen (Fig) show remarkably accurate drusen capture and de-selection of blood 

vessels, suggesting that the spectra are specific for the two types of drusen. 

Conclusions: Unsupervised multivariate methods which impose physically realistic 

positivity constraints on the mixing process have recovered spectral profiles that identify 

and differentiate soft and hard drusen. The significantly different spectra recovered for 

the two types suggest that they are generated by physically meaningful differences in 

these drusen and their biochemical environments.     
 



 


