
Abstract: Co-designed and programmable hyperspectral imagers use computational imaging to reduce acquisition time of hyperspectral

scenes. They rely on measuring one or a few coded images and using a model to estimate the hyperspectral scene, reducing data and

acquisition time. The accuracy of the estimation depends on the adequacy of the model to the observed scene. In this study we examine a

separability assumption of the scene over homogeneous regions and verifies the model using statistical tests from the coded data.

2. Coded data acquisition by DD-CASSI(*) [1]

(*) Double Disperser Coded Aperture Snapshot Spectral Imager

Hyperspectral cubeFilteringcube Coded image

Scene
Lens Lens Lens Lens
Disperser DisperserCameraDMD Controllablemask

Arrayof 

micromirrors

All mirrorsin Ắopenắ state

Intensityimage

Coded imagesMasks

Scenein RGB

Hyperspectral cubeCoded data 

- Acquisition time ᴽ
- Data volume ᴽ
- SNR ᴻ

ὛḺὡ

Coded data

Filtering cubeHyperspectral cube

Noise

Coded data acquisition model

3. Reconstruction by SA(**) method [2]

VMajority of the scene : well reconstructed

USmall regions or isolated pixels : correction required

ᴼReallocating : supervised classification type approach 

with reference spectra ᴺ large homogeneous regions
(**) Separability Assumption

VQuick and easy

UReconstruction quality depends on segmentation

Ground truth SA by blockSA by region

1. Hyperspectral imaging
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6. Validation by statistical tests

Using statistical test to:

- Validate our variability assumptions and our noise model

- Detect if we assign an erroneous reference spectrum to a pixel.

 OKolmogorov-Smirnov test with hypothesis ꞊ ȡ►Ⱦ„Ḑﬞ πȟρ.

pixel of coded data of class 

Reference spectrum of class 

Desired results
Љ Ὧ: accepted at 95% 

Other cases: rejected
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Percentages map of validation of the KS test on the residuals: (a) without variability, (b) ‪ , (c) ‪

Obtained results:

- Neglecting the variability (a) or using ‪ (b): not satisfactory.

- Using ‪ (c): rather satisfactory, except classes with similar reference spectrum

low SNR data

5. Noise model & statistical analysis

Detector noise Ḑ Poisson law :

-  Gaussian additive noise for high flux

- Stationarity for low flux variations
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UUnlikely on ▫▪: highflux variationacrossisolatedspectralbands.
VMore likely on ▀▪: sumof severalspectralbandsreducesflux variations.

4. Intraclass spectral variability

Linear approximation of the Hapke model on

the intraclass spectral variability [3] :

Estimation of‪ :

- from coded data:

- from panchromatic image:
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