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ABSTRACT

Characterization of mortar samples from spectral reflectance
is essential for both the conservation of historical buildings
and modern construction practices. We propose an approach
to estimate the composition of mortar by spectral unmixing.
Changes in the spectral reflectance of raw powder mixtures
after chemical reactions with water complicate the problem.
The challenge becomes even more pronounced when the end-
member spectra of the cured pure components are unavail-
able for unmixing. The proposed approach mitigates spectral
variability by projecting the dataset onto the unit hypersphere
on which the endmembers are estimated using a minimum
volume optimization technique. The endmembers are then
manually assigned to the pure components and the original
composition of the mortar samples is determined by minimiz-
ing the reconstruction error between the measured and recon-
structed spectra. The methodology was validated using spec-
tral reflectance data from 93 different mortar samples. Ex-
perimental results demonstrate the potential of the proposed
approach.
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1. INTRODUCTION

Mortar is a crucial component of nearly all structures. Its
ubiquity makes a rapid and accurate non-destructive estima-
tion of its composition essential for both the conservation and
anastylosis efforts of current and historical buildings. Like-
wise, the accurate estimation of mortar component compo-
sition allows for the deduction of its physical properties and
the matching of historical materials used, leading to preserved
authenticity and avoiding damage to historical buildings and
important architectural pieces [1]. Consequently, there exists
a need for reliable methods for mortar component characteri-
zation and estimation [2].

Recently, hyperspectral image analysis techniques have
been increasingly used in the context of mortar materials, ei-
ther for categorizing different types of mortar samples or to

estimate their compositions or physical properties [3, 4, 5, 6,
7, 8]. To estimate the composition of mortar samples, hyper-
spectral unmixing approaches may come in handy, but have
not yet been explored in this context.

The main purpose of hyperspectral unmixing is to deter-
mine the proportion of pure material spectra, known as end-
members, present within each pixel. This is typically done
by reducing the discrepancy between the measured spectral
reflectance and the spectrum predicted by a chosen mixing
model. Although advanced hyperspectral unmixing meth-
ods are constantly being developed, many of these methods
struggle when the acquired datasets are affected by spectral
variability [9]. This variability often arises from changes
in illumination and acquisition conditions. The challenge is
further compounded when no spectra of pure material are
present in the dataset. Although several recent approaches
have attempted to simultaneously estimate endmembers and
fractional abundances [10], [11], they still fall short in effec-
tively handling spectral variability.

The main goal of this work is to estimate the original com-
position of mortar samples, i.e., the fractional abundances of
the original raw powders that have been used to create the
samples. A major challenge is the significant difference be-
tween the spectral reflectance of raw powder mixtures and
that of cured samples. This discrepancy is partly due to the
fact that the raw powders undergo chemical reactions with
water, forming complex compounds. An additional challenge
is that no pure endmember spectra are available in the re-
flectance data of the cured mortar samples. The raw pow-
ders are not suitable, and even if one had access to cured
pure component samples, their spectral reflectance may not
be suitable either, due to the complex chemical reactions in
the mixtures. To reliably estimate the composition of cured
samples (fractional abundances), we developed an effective
unmixing method that can estimate the endmembers, relate
them to the original raw components, and estimate the corre-
sponding abundances.




