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Fast, Frugal Image Reconstruction with a Dual Disperser Hyperspectral
Imager.
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Recently we demonstrated the reconstruction of a hyperspectral datacube with 110 wavelength bands from 10
camera acquisitions [1]. The implementation of this scheme, similarly to compressed sensing, relies on spatial-
spectral correlations within the scene. A digital micro-mirror device (DMD) provides programmable spatial-
spectral filtering, and is optimized to improve both the speed and accuracy of the reconstruction. Contrary to
widespread approaches based on compressed sensing with a single disperser, our dual disperser architecture, illus-
trated in Figure 1a, allows straightforward access the panchromatic image and simpler reconstruction algorithms.
In particular, we harnessed the panchromatic image to develop a simple edge-preserving quadratic regularization,
which is faster than `1 regularization and does not assume any sparse basis.
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Fig. 1 a) Schematic of dual disperser hyperspectral imager, b) Top row - comparison of ground truth to reconstruction via

regularization and segmentation, using simulated data. Bottom row - comparison of spectra for a line of pixels through the
image.

The small number of camera acquisitions required for regularization allows a fast acquisition frame rate, but
edge-preserving quadratic regularization is still too slow to ensure real-time hyperspectral cube reconstruction.
Here we propose a novel approach that further increases the speed of reconstruction by relying on a separability
assumption. Whilst regularization assumes that the scene has a smoothly varying spectra, except at edges visible
on the panchromatic, our new approach assumes the scene can be divided into regions of homogenous spectra,
initialized via segmentation of the panchromatic image, as illustrated in Figure 1b. This assumption allows almost
instantaneous reconstruction of the scene from a smaller number of acquisitions [2], the resulting datacube is
compressed, as pixels in each segment are assigned the same spectra, modulated by intensity.

For many applications the spectra of each individual pixel is not important, instead the classification of regions
is of interest, and the approach presented here provides a method to obtain this result quickly using a minimum
amount of data. As hyperspectral imaging applications are wide ranging, the data acquisition and reconstruction
methods need to be similarly varied, reflecting the speed and accuracy requirements desired for differing applica-
tions. The method proposed here fills the gap between full-cube reconstruction schemes, which typically have a
low frame rate and generate a lot of data, and compressive or deep-learning reconstruction, which are frugal but
can be slow or require training. We intend to validate this method both theoretically and using experimental data,
and at the conference we will present in detail both regularization and separability approaches, including our most
recent experimental results.
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