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a  b  s  t  r  a  c  t

Spectral unmixing is the process of breaking down data from a sample into its basic com-

ponents and their abundances. Previous work has been focused on blind unmixing of

multi-spectral fluorescence lifetime imaging microscopy (m-FLIM) datasets under a linear

mixture model and quadratic approximations. This method provides a fast linear decom-

position and can work without a limitation in the maximum number of components or

end-members. Hence this work presents an interactive software which implements our

blind end-member and abundance extraction (BEAE) and quadratic blind linear unmixing

(QBLU) algorithms in Matlab. The options and capabilities of our proposed software are

described in detail. When the number of components is known, our software can estimate

the  constitutive end-members and their abundances. When no prior knowledge is available,

the software can provide a completely blind solution to estimate the number of components,

the  end-members and their abundances. The characterization of three case studies validates

the  performance of the new software: ex-vivo human coronary arteries, human breast cancer

cell  samples, and in-vivo hamster oral mucosa. The software is freely available in a hosted

webpage by one of the developing institutions, and allows the user a quick, easy-to-use and

efficient tool for multi/hyper-spectral data decomposition.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1.  Introduction

Recent advances in optics and electronics have led to the
development of new devices capable of multi-dimensional
measurements. A particular application is the so-called opti-
cal biopsy technologies [1,2]. Their goal is to characterize a
sample by extracting their constituent components and con-
tributions in a minimal invasive fashion. Fluorescence-based
measurements can describe the biochemical environment
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[3] within a sample. They are minimal invasive tech-
niques when no exogenous dyes are employed. However
endogenous, intrinsic or auto-fluorescence emissions are
characterized by a wide spectral response. Overlapping and
high similarity among different endogenous fluorophores is
a common problem and the reason why auto-fluorescence
signals could be difficult to employ in quantitative char-
acterizations. Multi-dimensional fluorescence measurements
[4] provide information that facilitates the identification of
auto-fluorescence information [5]. Particularly, fluorescence
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Acronyms

BEAE blind end-member and abundance extraction
FLIM fluorescence lifetime imaging microscopy
FOV field of view
GUI graphical user interface
LDL low density lipo-proteins
LMM  linear mixture model
MCR  multivariate curve resolution
m-FLIM multi-spectral FLIM
NMF  non-negative matrix factorization
NP Neyman–Pearson
SNR  signal-to-noise ratio
QBLU quadratic blind linear unmixing

Notation
x scalar element
x vector element
X matrix element
R

N N-dimensional real vectors
R

N×M N × M real matrices
(·)� transpose operator
� component-wise inequality for vectors or

matrices
IN identity matrix of dimension N × N
1N N-dimensional vector with unitary entries
‖ · ‖ 2 Euclidean vector norm
‖ · ‖ F Frobenius matrix norm

lifetime imaging microscopy (FLIM) data [6] can record the
natural fluorescence decay and extract features for its iden-
tification and classification. Quantitative interpretation of
the information obtained from FLIM measurements is an
ongoing research problem. One approach relies on assum-
ing a mono or multi-exponential model for the fluorescence
impulse response. Such is the case of global analysis tech-
niques [7] in frequency domain fluorescence measurements
[8]. These methods determine the fractional contribution from
the endogenous fluorophores without prior information, and
with a fast response [9].

A different approach is to consider every measured fluo-
rescence decay in the dataset as a linear mixture, produced by
the contribution of different fluorophores within the sample.
Several techniques can be employed to perform this decom-
position. Multi-variate curve resolution (MCR) methods aim
to decompose input data into concentration or abundance
profiles and spectra that satisfy multicomponent Beer’s Law
[10]. They can incorporate several constraints to enforce phys-
ical properties in the input data. In [11], the Multi-variate
Curve Resolution Alternating Least Squares (MCR-ALS) soft-
ware  [12] is employed to separate the intrinsic and extrinsic
fluorophores from an in-vivo sample. This method can also
estimate the number of components based on the most
significant singular values obtained from the input data
[13]. Meanwhile, blind source separation methods are other
techniques used to characterize fluorescence data. The non-
negative matrix factorization (NMF) [14] and its variants aim
to decompose the input data into the product of two positive

matrices. For example, the authors in [15] employ the NMF
method to separate the auto-fluorescence contribution in the
sample from extrinsic fluorophores. In fact, similar methods
have been studied and applied since the 90s [16] in the decom-
position of satellite imagery based on linear and non-linear
mixture models [17,18]. Although the latter can characterize
complex relations, the former is usually preferred in practice
by its efficiency. Finally, the estimation of the characteristic
profiles, or end-members, has been also thoroughly studied
specially in the remote sensing literature [19,20]. Recently,
many  efforts have focused on the estimation of the number of
components in the mixing model or the model order [21–23].
In fact, no single approach available gathers all the desirable
characteristics, some methods require prior information, or
they might be sensible to data with high similarity; others can
be limited by a maximum number of components or rely on a
fitting model. Furthermore, most of them are not tailored for
multi/hyper-spectral fluorescence data.

Our previous work in [24,25] has been dedicated to the
development of linear unmixing methods for m-FLIM data
based on quadratic optimization. These methods perform
blind decomposition, without prior information, under a lin-
ear mixture model (LMM). They calculate the end-members,
which correspond to the characteristic fluorescence intensity
decays, and their abundances within the sample. Further-
more,  the number of end-members in the dataset is estimated
such that the measurements can be accurately reconstructed
and the abundances have significant spatial meaning. In this
context, this paper presents the development of a graphical
user interface (GUI) for our quadratic blind linear unmix-
ing (QBLU) method [24,25]. This program will be useful for
the characterization of multi-spectral data given the input
data is not highly mixed, i.e. it contains samples of the
pure components. The program can perform decomposition
based on a linear mixture model to estimate the correct
number of constituents, their characteristic decays and pro-
portional contributions. The software also provides basic
tools to discard low SNR regions and border effects. The
results can be employed to analyse different multi-spectral
datasets according to the contribution of their mixed compo-
nents.

Our software looks to ease the application of our unmix-
ing methodology with data from different sources, as well
as to take advantage of the graphical tools and numerical
precision of Matlab. The software was tested for tissue or
molecular characterization in three case studies to illustrate
possible applications in different fields. The GUI as an applica-
tion in Matlab and some m-FLIM datasets are freely available
online, see Fig. 1, at the following website: http://galia.fc.uaslp.
mx/∼omargn/mflim.html.

The rest of the paper is organized as follows. The LMM
employed for the processing of m-FLIM data is detailed in Sec-
tion 2, as well as the physical constraints in end-members and
abundances. Next, the QBLU algorithm is briefly overviewed in
Section 3, where the quadratic approximations for the end-
member and abundance estimations are highlighted. Section
4 describes some of the basic functionality of the GUI for pre-
processing, visualization and output data storage, as well as its
setting parameters. The case studies: ex-vivo human coronary
arteries, breast tumor cell samples and in-vivo hamster oral
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