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Regularization parameter estimation for non-negative hyperspectral image deconvolution: supplementary material

This document is a supplementary material aiming at evaluating the performances of the proposed MDC and MCC for different types of hyperspectral images. Also, it gives an application of these approaches on real data.

I. SIMULATION EXAMPLES

These simulations aim at investigating the behavior of the MDC and MCC for different types of hyperspectral images. In particular, we address the following questions:

-What are the performances of the 2 criteria? -Does the estimated regularization parameters reflect the very nature (peaky or smooth) of the hyperspectral images to recover?

D. Discussion

The analysis of the results shows that MDC always performs better than MCC. Also, the corresponding MSEs are more stable (smooth) than those of MCC. This is due to the multiple maximum problem of MCC which renders the MSE behavior a bit erratic.

The non-negativity constraint really matters when the image includes many zeros. Increasing the number of points on which the positivity constraint is active, will also increase the folding of the response surface resulting in an accurate regularization parameter estimation. When the number of zeros is low, the non-negativity constraint is no longer relevant and the corresponding MDC and MCC are not very efficient. It may even happen that, for high SNR, the unconstrained deconvolution (associated MDC and MCC) yields better solutions. See in the supplementary material, example 5 (which is a kind of worst-case scenario) for SNR > 30 dB.

Finally, the estimated regularization parameters with MDC (associated to non-negative deconvolution) is linked to the nature of the image to recover. Spatially (resp. spectrally) smooth images yield large values of µ s (resp. µ λ ). Conversely, spatially (resp. spectrally) peaky images yield low values of µ s (resp. µ λ ). It corresponds to what intuition suggests. This is another evidence of the interest of MDC.

II. REAL-WORLD EXAMPLE A. Data acquisition

The example provided here corresponds to an image of bacterial biosensors using hyperspectral fluorescence microscopy. A bacterial biosensor is a genetically modified bacteria which reacts to a stressing element (here iron, Fe) by producing a fluorescent protein (GFP). The hyperspectral fluorescence images will give indications of the Fe spatial concentration. This hyperspectral image is size is (512 × 512 × 16) and the pixel size is 0.117 µm along each dimention. The 16 wavelengths are ranging from 455nm to 605nm. It was obtained by Carl Zeiss Bio-Rad confocal microscope. The PSF of the microscope is evaluated according to [START_REF] Zhang | Gaussian approximations of fluorescence microscope point-spread function models[END_REF] as a function of the imaging parameters (excitation wavelength, emission wavelength, numerical aperture and pixel size). This results in a 7 × 7 Gaussian approximation of the PSF.

B. Results

Figure 13 shows the raw data (upper row), the restored data with the regularization parameters estimated by MCC (middle row) and the restored data with the regularization parameters estimated by MDC (lower row). Figure 14 and 15 are two parts selected from figure 13. It should be noted that this data cube includes both peaky and smooth parts along the spectral dimension; this makes the choice of a global spectral regularization parameter not obvious. A large regularization parameter will over-smooth the peaky part while a low regularization parameter will under-regularize the smooth part.

Both results show an improved resolution. However looking carefully at the results of MCC, reveals that the spectral regularization parameter is over estimated. This results in a spectral over-smoothing which makes some high intensity patterns of bacteria remaining on adjacent spectral bands (see for example Fig. 14(b)). This is less visible for MDC. 
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 13467891012 Fig. 1: Abundance maps and endmembers of example 2.

  Fig. 13: Results of the non-negative deconvolution problem using MCC and MDC