Data-driven primal-dual methods for compressed
hyperspectral single pixel imaging
Séréna Hariga

INSA-Lyon, UCB Lyon 1, CNRS, Inserm, CREATIS UMR, 5220, U1294, F-69621, LYON, France

serena.hariga@creatis.insa-lyon.fr

We address joint reconstruction and hyperspectral unmixing from compressed single-pixel measurements
under a linear mixing model with known spectral signatures. The measurements are acquired using a single-pixel

camera [1] and consist of M compressive measurements over B spectral bands, forming the matrix Y € RE*M
The acquisition process is modeled as a Poisson distribution
Y ~P(aSAHT), (1)

where S € REXP contains the spectral signatures of the P materials, A € RP*Y denotes the corresponding
abundance maps over N spatial pixels, H € RM*V is the measurement matrix, and o > 0 represents the
illumination intensity.

Instead of performing spatial reconstruction and spectral unmixing sequentially, we adopt a joint formulation
that directly estimates the abundance maps from the compressed measurements. The proposed approach is
formulated as the solution of the following optimization problem

argmin KL(Y,aSAH ") + AR(A) + 1o 1)rxn (A), (2)
AERP XN
where KL denotes the Kullback—Leibler divergence associated with the Poisson noise model, R is a spatial
regularization term on the abundance maps with A the regularization parameter, and ¢[g 1j7x~ enforces physically
meaningful abundance constraints.

The resulting inverse problem is solved using a primal-dual optimization algorithm [2], explored under differ-
ent regularization strategies. The first relies on total variation (TV), promoting piecewise-constant abundance
map reconstructions. The second follows a plug-and-play (PnP) framework, in which a neural-network-based
denoiser is incorporated as an implicit prior. Furthermore, we introduce a plug-and-train (PnT) approach based
on an unrolled primal-dual architecture, where the denoiser parameters are learned in a supervised manner.
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Figure 1: Abundance map reconstruction using different approaches with o = 20 photons and M = £ mea-
surements. Results show that learning-based regularization, particularly our plug-and-train (PnT) strategy,
outperforms both model-based priors such as TV and the plug-and-play (PnP) approach. The proposed PnT
method also slightly outperforms the supervised PinvNet approach [1].
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