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A B S T R A C T

ATR-FTIR spectroscopy in the combination with chemometrics has been practiced over the past decades. Works
presented in numerous disciplines provide ample empirical evidence in support for the coupling relationship.
However, Data Pre-processing (DP) which constitutes the first step in chemometric analysis pipelines, is seldom
given reasonable attentions. The aim of this paper is two-fold: (a) to review contemporary DP practice strategy
by ATR-FTIR user, and (b) to critically discuss the rationales that could have been nurturing such practices. In
the first part, basic concepts of chemometrics and ATR-FTIR spectroscopy are described. Then, the status quo of
DP practice strategy is outlined and critically discussed on whether the contemporary practice has been
malpractice or best practice. Finally, rationales that could have possibly contributed to some of the malpractices
are discussed.

1. Introduction

Over the past two decades, technological knowledges have been
evolving so rapidly and contributing to production of High
Dimensionality (HD) data in various knowledge disciplines [1–5].
Technological advancements have made collection of analytical data
from a tiny sample possible and feasible within such a short period of
time [6–9]. Nonetheless, the technological advancements resemble a
two-bladed knife, at the same time, such cutting-edge analytical
instruments tend to produce data which cannot be readily analyzed
and interpreted so to achieve the targeted goal of analysis [10,11]. Data
preprocessing (DP) which is also known as data pre-treatment methods
are used to remove or reduce unwanted signals from the HD data prior
to modeling analysis. As such, DP step is always located right after data
collection or acquisition steps in the chemometric pipeline for analy-
tical data. An improper selection of DP methods may negatively
affecting the model accuracy and interpretability [12,13]. The vital
roles of DP methods have been discussed by numerous sources of books
and references that are available in the literature [10–22].

Vibrational spectroscopy instruments including Raman, NIR and
MIR spectroscopy, have been coupling with chemometric algorithms in

accomplishing different analytical tasks [5,8,9,15–17]. Recently, ATR-
FTIR spectroscopy is preferred over transmission FTIR spectroscopy, in
diverse field of application [20–31]. The replacement is credited to its
non-destructiveness, ease of application and relatively low analysis cost
as well as rapid analysis time [6]. Following that, plenty of papers have
been published in diverse application fields with the aim to “develop
methods to class or differentiate or identify a particular samples by using
ATR-FTIR spectra combined with chemometrics” [23–31]. However, most
of these papers has not allocated considerable efforts to systematically
select and assess DP methods, prior to modeling. The importance of
proper selection of DP methods have been ignored that the user tends to
just follows conventional choices of DP methods or shortlisted a few DP
methods intuitively. We shall discuss on this matter more in the
following section.

To date, a few reports have been reviewed on the application
impacts of DP methods in HD data [10,14,15], but only one is devoted
to DP evaluation tools [12].To the best of our knowledge, no paper is
discussing on the DP practice strategy. On the other hand, most review
works or tutorials related to DP methods has always been using NIR
data [e.g.14] or Raman [e.g. 22,32] data to demonstrate its practical
aspects. It is hardly found any work which is addressing the impacts of
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DP methods using ATR-FTIR spectrum as practical examples. Part of
motivation in writing this article comes from the first author’s
experience after applying chemometrics tools to solve ATR-FTIR
spectrum-based problem from the context of forensic science [33],
who hardly find any comprehensive references with respect to strategy
that could be adopted for selection of DP methods. Thus, this work will
be the first ever review on the novel aspect of DP, i.e. DP practice
strategy, using ATR-FTIR spectrum as practical example, based on
selected papers published since 2012.

In the subsequent sections, basic concepts of the two core subjects of
concern, i.e. ATR-FTIR spectroscopy and chemometrics, will be briefly
explained. Following that, status quo of contemporary DP practice
strategy is reviewed according to selected articles published since 2012
and then summarized in a schematic flow chart. Last but not least,
rationales that could have supported such practice are also discussed.
For the sake of clarity, Fig. 1 summarizes the main ideas to be addressed
in this article.

2. Typical characteristics of ATR-FTIR spectrum

ATR-FTIR spectroscopy is a powerful molecular spectroscopy tech-
nique and its advantages have been described by several references
[6,34–39]. Fig. 2 illustrates relationship between ATR-FTIR spectro-
scopy and others similar techniques, of all are collectively known as
vibrational spectroscopy. Theoretically, ATR-FTIR spectrum is resulted
from interaction between IR light that penetrated into thin layer of
surfaces of samples and chemical composition of the samples [6,37].
Detailed treatise on the theory of IR spectroscopy can be found in [34–
36].

For the sake of clarity, a practical example derived from forensic ink
analysis is employed here, to describe some of the typical character-
istics of ATR-FTIR spectrum. Forensic document examiner usually
analyzes profile of ink entry deposited on questioned document to seek
for indicator of forgery from a piece of questioned document [33]. The
non-destructiveness of ATR-FTIR gives forensic scientist a favor to
preserve integrity of samples which indirectly firming the evidential
value of the piece of evidence [8]. Due to its non-destructiveness, ATR-
FTIR spectrum is not perfect in that it comprises of both informative
(i.e. signals of analyte of interest) and uninformative (i.e. signals of
analyte of no interest) regions. Noise and correlated wavenumbers
could reduce performance of several multivariate techniques aligned
with exploratory and classification purposes. Such limitation could be
resolved by either including only most informative subsets of wave-
numbers [40,41] or applying proper DP methods to remove unwanted
signals [14–16]. Here, DP methods is the primary matter of concern and
will be described in the next few paragraphs with respect to the typical
characteristics of ATR-FTIR spectrum, by referring to five replicates IR
spectra of blue gel pen ink entries (i.e. prepared using a single
individual pen) overlaid on the same plot (refer to Fig. 4).

In general, ATR-FTIR spectrum often contains systematic variation
resulted from inconsistent baseline and noise. Depending on the
physical states of sample (e.g. solid or liquid), particle sizes, chemical
interferences, and ways of acquisition (i.e. macro or micro), intensity of
both wanted and unwanted signals could vary. Sources of unwanted
variation could arise from inherent limitation of instrument (e.g.
instrument drifts) or samples (e.g. particle size or homogeneity level).
An additional sources of systematic variations induced by different
sample quantity is especially pronounced in case of solid sample
[6,16,22,42,43].

First, look at the unwanted signals that could arise from the physical
states of the samples. In this example, ATR-FTIR spectrum of ink is
comprised of signals from chemical components of inks as well as paper
(i.e. the substrate). Theoretically, simple subtraction of the ink spec-
trum from blank paper IR spectrum could have removed those signals
originated from paper. However, in practical application, the resulted
spectrum would still contain some signals from the paper. Due to under-
developed background elimination algorithm (i.e. BG Signal
Processing), we will not further discuss the method here.

Since ATR sampling mode does not require any form of prepara-
tions, e.g. extraction, we have no control over the quantity of samples to
be ‘sampled’ by the IR spectroscopy. Based on working principle of IR
spectroscopy, we know that absorbance value of a particular peak in IR
spectrum is directly proportional to the quantity of the contributed
chemical component. As such, ATR-FTIR spectra often contain varia-
tions contributed by varying sample size or quantity. For this limitation,
it is commonly resolved by transforming absorbance values of all
wavenumbers of each spectrum according to a pre-selected constant.
In common practice, the constant could be the most intense band within
a spectrum or total sum of absorbance values. Such transformations are
collectively known as normalization [10].

Next, the ATR-FTIR spectrum could also contain variations resulted
from flaws or limitations intrinsic to the instrument, for instance, low
signal intensity or scattering. For such kind of problem, scatter
correction (SCs) algorithms could be applied. These are actually work-

ATR - FTIR Spectroscopy

Working principle Spectral characteristic

Chemometrics

Concepts Pipelines

Contemporary DP practice strategy in ATR - FTIR spectrum

malpractice or good 
practiceStatus quo

Knowledge gaps

Conclusions

Perspective of 
chemometrics

Perspective of ATR -FTIR 
spectroscopy

Fig. 1. Relationships between core topics to be discussed in this article and the sub-topics
to be conferred with respect to the core topics.
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