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Index Terms— Pattern Recognition, Dimensionality Re- often present in real biomedical imaging data.
duction, Compressed Sensing, Mahalanobis Distance In the work summarized here, we have fully explored the
robustness of CS reconstruction algorithms and developed a
technique capable of dealing with a mixed distribution oti&a

1. MPRESSED SENSING IN HIGH NOISE . . . . .
co SSED SENSING GHNOIS sian noise and Non-Gaussian clutter based on adaptivagonli

We propose a new energy-based ([1]) online learning approal?am'ng algorithms.

to the problem of extracting small features from high dimen-

sional, noisy datasets. We demonstrate the power of this new 2 LOCAL MAHALANOBIS METRICS
technique by applying it to the Detection of cellular nudtei
large hyperspectral images. Thus, we prove that only a mi
imum ”“m'?er of rquom/mdeband meas_,urements IS NECES- 4res we are interested in detecting is embedded in a mixture
sary to achieve efficient feature extraction of nuclei frdma t of noise and background objects:

highly structured background. The technology we introduce

in our work rests on known results i@ompressed Sensing r_

(CS, [2]), a field of study dealing with the task of economi- R= 2R +N+1 @)

cally recording information about signals, viewed as eletse Whered represents the measurement matNxthe wide-

: . X LN
s/lf ? h|grh (i:im}enélgnial vefcr:t?]: S\‘/f/)a?fd_vfl{ ’ Jc}ft >>" %/\./th band (e.g. Gaussian) component of noise arreépresents

ore precisely, - 1S a framework developed to afllo €a combination of narrowband, sparse interferences afigcti
reconstruction of discrete signals from few projectiontoon

iate Vector S Wh ft g t | Dthe samples as well as background objects, or other objects
appropriate Vector spaces. en attempting 1o so V]% a %’resent in the images. Now, since each of the multi-spectral
tection/Estimation problem for & -sparsé* set inV ~ RY,

h N tak | il naBauch images in the seD = {D;} needs to contain information
Where measurments are faken place, we wi uc about all wavelengths of interest, complex signal processi
projections, where:

tasks make the classifier unpractical.
N A simple strategy can be used to get around this obsta-
M = C-K-log (E) (1) cle. Namely, projecting each imad&on an appropriate low
dimensional space. We generateaadomized datasetD =
The penalty for this reduction in sampling density is the{D;} by acquiring each image with/ random, wideband

Y our model, a representativé = Zszl ay ¢y, of the fea-

non-linearity of the reconstruction algorithms needed. In fact Waveforms{ws, ..., war}, asin (1). This procedure achieves
if Y = {yi,...,yn} denotes our measurements, obtained bya" almostlossiess compression of the original information

applying the projectio to the data, condition (1) guarantees content ([4]). In the new, compressed data we construct a
perfect recovery of the features with high probability. Theclassifying map by utilizing a paradigm similar to the one
solutions is defined as:

2A similar result fact has been successfully demonstrate@dnydes and

. . . Tao in their work on error correction [3] There, the problemsWormulated

s = argmin (||8]1) st. @(5)=Y (2) in terms of recovering a binary code-word after it had beeroded by a
sparsifying transformation X and distorted by the intefere active within

We also propose a new, iterative method for equation (2)5,1 noisy, non-linear transmission channel. The decoder sb&es the L1

designed to reject very high levels of distortion. These ard&nimization problem, by looking for the code-wordh such that:

— N /
LThis simply means that there will be a suitable baBis= {¢} in wo = argminy (ly" — X - wl) ®)

which anys € ¥ can be written as a linear combination on no more than WhereX is aknown reconstruction matrix, chosen randomly among those
of its vectors. This is a condition verified by a plethora ofeats of interest  verifying some characteristic properties and y the recesignal, distorted
occurring in natural images by a set of statistically defined deletions.



presented in [5]. We note here, that the basic dimensic
ity reduction stepp : RV — RM s theoretically motivatec
by (1).

The parameters of the classifiar : RY — R, used for
detecting the nuclei are adjusted via online gradient legri
from training data. The mappindy can be described math:
matically as gpseudo-metric and is is defined as a one-lay:
non-linear filterbank. In particular we write

AD) = 3 waoa (6o (D)), (5)

where each component map, is given by a the weighte:
version of a Local Mahalanobis Distance (LMD) genera
by a small set of training point§ weighted by scalars,
and passed through sigmoid functians

Fig. 1. Detail of the result of the nuclei extraction from one of
the compressed wavelengths. The ImageD contains both,
local distortions as well as global features coming fromeoth
elements of the scene
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