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a  b  s  t  r  a  c  t

Peak  detection  and  background  drift  correction  (BDC)  are  the  key stages  in  using  chemometric  methods
to  analyze  chromatographic  fingerprints  of  complex  samples.  This  study  developed  a novel  chemomet-
ric strategy  for  simultaneous  automatic  chromatographic  peak  detection  and  BDC.  A robust  statistical
method  was  used  for  intelligent  estimation  of  instrumental  noise  level  coupled  with  first-order  deriva-
tive  of  chromatographic  signal  to automatically  extract  chromatographic  peaks  in  the  data.  A  local
curve-fitting  strategy  was  then  employed  for BDC.  Simulated  and  real  liquid  chromatographic  data  were
designed  with  various  kinds  of  background  drift  and  degree  of  overlapped  chromatographic  peaks  to
verify the  performance  of  the  proposed  strategy.  The  underlying  chromatographic  peaks  can  be  auto-
matically  detected  and  reasonably  integrated  by this  strategy.  Meanwhile,  chromatograms  with BDC  can
be precisely  obtained.  The  proposed  method  was used  to analyze  a complex  gas  chromatography  dataset
that  monitored  quality  changes  in plant  extracts  during  storage  procedure.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Chromatographic fingerprints have been widely used in a
wide range of scientific fields, such as metabonomics studies
and traditional Chinese medicine analysis [1–5]. Analyzing com-
plex samples, including botanical extracts and urine samples,
is a challenging and time-consuming task because hundreds of
peaks may  present in a chromatographic profile with insufficient
chromatographic resolution [6–8]. Therefore, methods that can
automatically process chromatographic signals to extract useful
information are urgently required in practical applications. Data
analysis procedure mainly consists of four stages, namely, peak
detection, background drift correction (BDC), time shift alignment,
and data mining. The current study focused on the first two  stages
of chromatographic data analysis.

Peak detection and BDC are key steps in chromatographic
data analysis. Inaccurate peak detection or background correction
will certainly influence the final data mining results, including
classification, ANOVA, and biomarker identification. Therefore, a
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number of methods capable of automatically detecting chromato-
graphic peaks and removing background drift have been developed
[9–28]. Torres-Lapasió and colleagues [13,14] proposed an auto-
matic chromatographic peak detection (ACPD) and deconvolution
method. Brereton’s research group [15,16] developed automated
peak detection and matching algorithms to analyze gas chro-
matography (GC)–mass spectrometry datasets. Liang et al. [17–20]
proposed a series of algorithms for peak detection and baseline cor-
rection in 1D chromatographic data. Du’s research group [21,22]
developed an automated data analysis pipeline for metabonomics
studies.

Many studies have demonstrated the successful applications of
the aforementioned methods for chromatographic peak detection
and BDC in chromatographic data analysis. However, in practical
applications, several trivial parameters should accurately be pre-
estimated for these methods. These methods include the threshold
value for the first-order derivative of a chromatogram [13], the
proper selection of ‘mother’ wavelet, and the wavelet transform
levels [17,25–28], which may  be inconvenient for users in analyz-
ing large-scale samples. In an extremely complex sample analysis,
accurate detection of peaks and removal of background drift are
still very challenging when multiple components co-elute [15].
The major limitation of the aforementioned methods is that a
single method only focuses on a specific purpose in the analysis
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procedure. Most of the existing BDC methods do not provide valu-
able chromatographic peak information and current peak detection
methods may  not provide useful chromatograms with BDC. Consid-
ering peak detection and background correction simultaneously is
more useful in practical applications. Therefore, developing new
methods that automatically and accurately detect chromatographic
peaks and efficiently perform BDC is important.

This study developed a new chemometric strategy for simulta-
neous automatic chromatographic peak detection and background
drift correction (ACPD-BDC) for chromatographic data analysis.
Simulation and real liquid chromatographic data were used to ver-
ify the performance of this new approach. Results indicated that
ACPD-BDC can accurately provide peak information, including the
start and end positions, retention time, peak area, and peak height,
as well as a reasonable BDC. The results of the background correc-
tion from the proposed method were comparable with the adaptive
iteratively reweighted penalized least squares (airpLS) [18]. ACPD-
BDC was also used to analyze complex GC data to monitor the
quality changes of plant extracts during the storage procedure.

2. Theory

2.1. ACPD-BDC

Fig. 1 shows the ACPD-BDC workflow. This new strategy mainly
consisted of two main stages: ACPD and BDC. A data smoothing
stage was previously performed to smooth the signals with low
signal-to-noise ratio. However, data smoothing was not a circuital
step because of the strategy of this new method (see below). Our
investigation showed that three-point moving-window averaging
was suitable for most cases. The following subsections will discuss
automatic peak detection and background correction in detail.

2.1.1. ACPD stage
2.1.1.1. Preliminary chromatographic peak estimation. Preliminary
peak estimation was performed. Signals that continuously
increased/decreased were considered as evidence of components.
Therefore, the peak start and end positions were independently
estimated in ACPD according to Eqs. (1) and (2), respectively.

xi < xi+1 < xi+2 < xi+3 (1)

xj > xj+1 > xj+2 > xj+3 (2)

where xi and xj are the recorded signals at the ith and jth elution
channels, respectively. Finally, two vectors that indicated the peak
start and end positions can be obtained.

a = [ a1 a2 . . . ap ] (3)

b = [ b1 b2 . . . bq ] (4)

where a is a vector whose elements represent the peak start pos-
itions and p is the number of estimated start peaks, whereas b is
the end vector whose elements denote the peak end positions and
q is the number of estimated end peaks. Notably, p and q values
need not be equal to each other. The elution ranges of the peaks
can be readily obtained when a and b are considered together. For
instance, the combination [am bn] is regarded as a chromatographic
peak elution range as long as the following equation is satisfied:

bn−1 < am < bn < am+1 (5)

2.1.1.2. Automatic instrumental noise level estimation. The instru-
mental noise level was automatically calculated in a robust
statistical manner. A new signal xnew was initially obtained by
removing previously estimated chromatographic peaks in the orig-
inal signal (x0), and the first-order derivative dxnew was then

calculated. Afterward, the outliers of dxnew were removed in an iter-
ative manner (dxnew was updated in each iteration). These outliers
were estimated according to the following formula:

|di − dxnew|
�

> 3 (6)

where di is the ith element of dxnew, dxnew represents the mean
value of dxnew, � denotes the corresponding standard derivation,
and |·| represents the absolute value. When the iteration converged,
the value of 3� can be used as instrumental noise level and as the
threshold value of the first-order derivative in Fig. 1.

2.1.1.3. Pseudo-peak elimination. The number of estimated peaks
will be more than the underlying ones. Thus, pseudo-peak elimina-
tion was performed to validate whether a peak was  true or simply
an artifact after the instrumental noise level estimation. The fol-
lowing two  criteria should be satisfied to be considered as a valid
peak:

1. The number of times in which the absolute value of the first-
order derivative is larger than the threshold value is counted.
When this number is less than 5, the peak will be removed. (Note
that the parameter of 5 is an experience value representing the
number of recorded points that can be accurately quantified in
a chromatographic peak.)

2. The number of times in which the second-order derivative
crossed zero lines is counted. When this number is larger than 8
and the signal-to-noise ratio is less than 10�, the peak is rejected.
(Note that a chromatographic peak with second-order derivative
crossed zero lines larger than 8 times and signal-to-noise ratio
less than 10� can usually be treated as a very noisy peak.)

2.1.1.4. Chromatographic peak clustering and peak baseline estima-
tion. Clustering peaks with end positions are close to the start
position of the following chromatographic peak possibly provide
more accurate results for peak integration (no more than five data
points for this application). The baseline under a clustering peak
was estimated by linearly interpolating the values between the
start and end points of the peak. Finally, the peak area and the
corresponding average signal-to-noise ratio (ASNR) were obtained
as follows:

Area =
ps∑

i=ps

(xi − li) (7)

ASNR = Area
pe − ps + 1

(8)

where xi represents the recorded signal, li is the corresponding lin-
ear baseline, and ps and pe denote the start and end positions of the
peak, respectively.

2.1.1.5. Small peak elimination. In practical applications such as
metabonomics studies, small peaks that cannot be accurately quan-
tified are removed in the succeeding analysis. Therefore, this study
adopted a small peak elimination stage. Peaks with ASNR smaller
than 10-fold of the instrumental noise level will be eliminated. Peak
information, including start and end positions, as well as the areas
and the heights of peaks, can be potentially used for quantitative
analysis.

A significant advantage of this new chromatographic detection
strategy is that only the analyzed signal is required to pick up
valuable chromatographic peaks, which will be convenient for the
analysis of large-scale samples in practical applications, such as
quality control of herbal medicine and metabonomics studies.
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