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Abstract: We propose a modified denoising algorithm for hyperspectral data. The algo-
rithm is based on a complex domain block-matching 3D filter, on estimation of the noise
correlation matrix and on dimension reduction of the Singular Value Decomposition (SVD)
eigenspace.
OCIS codes: 110.4234, 110.4280, 100.4145.

1. Introduction

Hyperspectral imaging (HSI) is applied for an extremely wide variety of applications, starting from remote sensing
of water and vegetation resources [1] and finishing with necrosis prediction in the biomedicine [2]. HSI retrieves
a valuable amount of information about investigated objects, based on the images obtained across a wide range of
electromagnetic spectrum ranging from hundreds to thousands of spectral channels.

Recently, hyperspectral holography has been developed, which, compared to conventional HSI, additionally
recovers spectrally resolved phase information (e.g. [3–5]). Hence, it is very promising technique with doubled
amount of retrieved information, since in this technique the hyperspectral cubes are complex valued, i.e. each of the
2D images for each wavelength is complex valued having 2D phase and amplitude images. An important point here
is that these cubes are obtained from indirect observations as solutions of the inverse problems. The latter leads
to a serious noise amplification in the resulting hyperspectral cubes. For noise suppression the averaging by the
sample mean along the wavelength dimension is used routinely [3], but this approach may result in oversmoothing
of the true signal provided averaging over a large range of wavelengths.

This paper is a further development of HSI denoising algorithm presented in [6]. The proposed novel algorithm
estimates the complex-valued signal and noise correlation matrices, and then selects the subset of eigenvectors
that best represents the signal subspace in the least squared error sense. As a result this novel algorithm is more
precise and faster than those in [6]. Overall the proposed algorithm is a complex domain generalization of the
algorithm developed for real-valued observations in [7, 8].

2. Problem formulation

Let U(x,y,λ ) ⊂ CN×M be a slice of the complex-valued hyperspectral cube of the size N×M on (x,y) provided
for a fixed wavelength λ , and QΛ(x,y) = {U(x,y,λ ), λ ⊂ Λ}, QΛ ⊂ CN×M×LΛ , be a whole cube composed of a
set of the wavelengths Λ with the LΛ number of individual wavelengths. Then observations of the hyperspectral
denoising problem under the additive noise assumption model may be written as:

ZΛ(x,y) = QΛ(x,y)+ εΛ(x,y), (1)

where ZΛ,QΛ, εΛ ⊂ CN×M×LΛ represent the reconstructed noisy HSI data, clean HSI and additive noise, respec-
tively. The denoising problem is formulated as reconstruction of unknown QΛ(x,y) from given ZΛ(x,y).

3. Proposed algorithm

The algorithm presented in this paper is developed specifically for joint processing of hyperspectral cubes or its
sliding fragments as it is defined by the estimate:

Q̂
Λ̄
(x,y) = A C C F{Q

Λ̄
(x,y), Λ̄ ∈ Λ}. (2)

For sliding filtering, Λ̄ is an interval centered around λ = λ0. Here the symbol A C C F is an abbreviation for the
Adaptive Cube Complex domain Filter which process all data of the cube Q

Λ̄
(x,y) and get the estimate Q̂

Λ̄
(x,y)
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used for all interval Λ̄ or only for its fragment near λ = λ0. The algorithm developed in this paper is based repre-
sents an extended development of [6] including the estimation of the noise correlation matrix and the dimension
reduction of the SVD eigenspace. Both these procedures are generalization to the complex variables of the corre-
sponding algorithms developed in [7] for real-valued variables.

4. Experimental results

Fig. 1. a) Top row: investigated object, LED spectra; bottom row: noisy hyperspectral cubes of
amplitude and phase of the object; b) Top row: images of noisy amplitude (left) and phase (right)
corresponding to the 770 nm wavelength; bottom row: A C C F filtered noisy normalized amplitude
and phase in rad.

Experimental hyperspectral data was obtained via spectrally resolved digital holography, as described in [4].
The object was a transparent slide (Fig. 1(a)) and the light source is a white LED. Figure 1(a) demonstrates
reconstructed noisy hyperspectral cubes for amplitude and phase. It is shown in Fig. 1(b) (top row) that slice of
the cube corresponding to λ = 770 nm is extremely noised both in amplitude and phase, but filtered images in
Fig.1(b) (bottom row) illustrate that noise suppression could successfully be implemented. Furthermore, it enables
the recovery of information that was lost in the initial noisy images.
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