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Similarity-measure-based spectrum matching is an effective approach to chemical compound identification.
When the sizes of both the query library and the reference library become increasingly large, most existing
spectrum-matchingmethods encounter a seriously heavy computation burden. In this paper, an effective and ef-
ficient compound-identification approach is proposed based on the frequency features of mass spectra. Consid-
ering the sparsity of mass spectra, a nonzero feature-selection strategy is proposed to decrease the feature
dimensionality ofmass spectra. To further improve its efficiency, a correlation-based filtering strategy is present-
ed to select themost correlated reference spectra in order to create a reduced reference library. Based on the de-
creased features and the reduced reference library, the frequency-feature-based composite similarity measures
are computed to estimate the chemical abstracts service (CAS) registry numbers of the mass spectra blue in a
query library. Due to the reduction in both the feature dimensionality and the reference library, the computation
time of the proposed method is only about 6%–11% of that of the existing methods, while the identification per-
formance remains sufficiently competitive. Experimental results demonstrate the feasibility and efficiency of the
proposed method.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

High-throughput gas chromatography/mass spectrometry (GC/MS)
has become an effective auxiliary measure to analyze chemical and
biological samples in the petroleum industry, food sciences, biomed-
ical sciences, and so on [1–3]. As one application, GC/MS data can be
used to identify chemical compounds by means of statistical tech-
niques. Similarity-based spectrum matching is a widely adopted
approach for chemical-compound identification.

Chemical compounds are annotated with their chemical abstracts
service (CAS) registry numbers. The mass spectra of those known
chemical compounds are stored in a reference library. To identify
an unknown chemical compound, spectrum matching is performed
by computing the similarities between the query spectrum and all
of the spectra in the reference library. Then, the reference spectrum
corresponding to the largest similarity value is identified, and the
CAS registry number of the query spectrum is considered to be that
of the most similar reference spectrum in the reference library.

So far, various spectrum-matching algorithms have been developed
for chemical-compound identification, e.g. composite similarity [4],

cosine correlation [5], the dot-product algorithm [6], and so on. Usually,
the peaks with large mass-to-charge (m/z) values have small peak
intensities, but carry the most important characteristics for com-
pound identification. Therefore, weighting the peak intensity on
the basis of its m/z value can increase the relative significance of
smaller peaks, as well as their contribution to compound identifica-
tion [6]. In [4], a classical composite similarity measure was pro-
posed by computing the cosine correlation with the weighted
intensities. The information in the frequency domain is useful for
pattern recognition [7,8]. Instead of using the ratios of the peak
pairs [4], the dot product of the frequency features obtained via dis-
crete Fourier transform (DFT) was adopted in [6] to measure the
similarities of the query spectra to the reference spectra. Further-
more, the skewness and kurtosis of the similarity scores are consid-
ered in [9] to design the optimal weighting factors. In [10], the
partial and semi-partial correlations, along with the various trans-
formations of peak intensities, were proposed as the similarity mea-
sures for compound identification. In [11–13], a retention index is
utilized to assist the determination of the CAS indices of unknown
mass spectra. A partial set-covering model is developed in [14] for
protein-mixture identification using mass spectral data. A
statistical-relation-based search algorithm, namely X-Rank, was
proposed in [15] to cope with the high variability of liquid chroma-
tography tandemmass spectrometry (LC–MS/MS). Instead of taking
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into account the absolute or the relative peak intensities, the X-Rank
algorithm relies on a scoring model to differentiate between two
fragmentation MS spectra. In [16], a very effective method was pro-
posed to compress the hyperspectral data by combining random
projection and principal component analysis (PCA). Then, the
k-means clusteringmethod is applied to the compressed data to seg-
ment the hyperspectral data.

The Fourier-transform-based spectrum-matching approach [6] is
a novel and effective compound-identification algorithm. The simu-
lations performed on the well-known standard mass spectral library
of the National Institute of Standards and Technology (NIST) have
demonstrated its prominent identification performance. Neverthe-
less, the heavy computation burden encountered in the algorithm
is a significant and intractable problem, in particular when the
sizes of both the query library and the reference library become in-
creasingly large.

In this paper, an efficient compound-identification approach is
proposed, which is based on the frequency features of mass spectra.
Selecting effective features is important to the identification perfor-
mance. Considering the sparsity of the peak intensities in mass spec-
tra, a nonzero feature-selection strategy is proposed to decrease the
feature dimensionality of mass spectra. Moreover, a two-stage simi-
larity measure scheme is devised to reduce the computation burden
of spectrum matching. In the first stage, for a query spectrum, a less
accurate but more efficient similarity measure, Pearson's linear cor-
relation coefficient, is used to select a few of the most correlated
mass spectra from the reference library; these constitute a reduced
reference library. In the second stage, a highly accurate but less effi-
cient similarity measure, the frequency-feature-based composite
similarity measure [6], is adopted to perform spectrum matching
on the reduced reference library. Due to the reduction in both the
feature dimensionality and the reference library, the computational
complexity of the proposed method is significantly less than that of
the existing methods. Experimental results on the NIST spectral li-
brary demonstrate the feasibility and efficiency of the proposed
method.

The remainder of the paper is organized as follows. In Section 2,
we present our proposed algorithm. Experimental results and dis-
cussions are given in Section 3, and concluding remarks are present-
ed in Section 4.

2. Methodology

Let an m × p matrix X0 denote the spectra in a reference library,
which includes m spectra with a dimensionality of p. The element xij0

of X0 is the peak intensity corresponding to the jth mass-to-charge
ratio (m/z) in the ith spectrum. Each row xi0(xi0 = [xi10 , ⋯, xip0 ], i =
1, ⋯, m) of X0 denotes a reference spectrum. Referring to notations
in pattern recognition, here, the peak intensity xij

0 is considered as a
one-dimensional feature of the spectrum xi0. Therefore, the spectrum
xi0 is a p-dimensional feature vector in the spectrum-matching algo-
rithm. Similarly, denote an n × pmatrix Y0 as the query spectra in the
query library. In the reference library, each reference spectrum is as-
sociated with a CAS registry number, which is used to denote the
compound category. In contrast, the spectra without knowing the
compound category are stored in the query library. The task of com-
pound identification is to assign the correct CAS registry numbers to
the query spectra using a spectrum-matching algorithm.

Fig. 1 shows the flowchart of our proposed method. There are
three main parts in the proposed method: reduction of feature di-
mensionality, selection of the most correlated reference spectra
and constitution of a reduced reference library, and extraction of fre-
quency feature and computation of the similarity measure. A de-
tailed description of these three parts is presented in the following
subsections.

2.1. Nonzero feature selection

By observation, we found that the mass spectra are very sparse, i.e.
most peak-intensity values are zero. In order to investigate the sparsity
of a spectrum x(x = (x1, ⋯, xp)), we first compute the ‘0 norm of x, i.e.

xk k0 ¼
Xp
j¼1

I x j

� �
; ð1Þ

where I(⋅) denotes a nonzero indicator function such that

I xð Þ ¼ 1; x≠0;
0; x ¼ 0:

�
ð2Þ

Furthermore, the sparse ratio (Rs), i.e. the ratio of the ‘0 norm and
the dimensionality p of the spectrum, is defined to evaluate the spec-
trum sparsity, as follows:

Rs ¼
xk k0
p

: ð3Þ

Table 1 shows the sparse ratios of fivemass spectra randomly select-
ed from the NIST library. It can be seen that these mass spectra are very

Fig. 1. Flowchart of the proposed frequency-feature-based compound identification
method.

Table 1
The sparse ratios (Rs) of five mass spectra randomly selected from the NIST library.

Sample 1 2 3 4 5

Rs 0.0488 0.0410 0.0193 0.0874 0.0259
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