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Abstract. In the analysis of signals processing, due to thevarious kinds of interfer-
ence in the transformation and sampling of the analytical instruments, the baseline
of the signals is presented in the upper and lower drift. The upper and lower baseline
could affect the accuracy of quantitative calculation, analysis and evaluation. In the
study, the principle of second-generation wavelet is discussed and introduced to
extract the baseline. The features of signals are analyzed and the quantitative accu-
racy of components has been significantly improved by the baseline extraction.
The second-generation wavelet method successfully realizes the split of baseline
from the signal peak with high efficiency and is easy to be implemented.
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1 Introduction

In the process of collecting signals, due to there are the various kinds of interference in
the transformation and sampling of the analytical instruments, the baseline of the signals
is presented in the upper and lower drift. The baseline shift can change the shape of the
signal peak, affecting peak height and peak area calculation, which has a bad effect on
the components calculation, quantitative analysis and evaluation [1–3].

There are various kinds of methods for baseline shift correction, such as Digital
filtering, Baseline fitting, Adaptive filtering and Wavelet transform [4] etc. Baseline
fitting is by means of mathematics, a function model (usually n order polynomial) is
established to describe the baseline and then to correct, but it’s difficult to deal with in
technology and real-time processing is not high. In addition, the curve fitting method is
also used to correct baseline shift, but the TLC baseline spectrum is a slowly varying
frequency signal, when the signal is weak, the difference was very difficult to extract.

Recently, the method of wavelet transform is widely applied in traditional Chinese
medicine fingerprint and high performance liquid chromatography fingerprint to correct
baseline shift. In 1995, Sweldens proposed a new wavelet construction method, which
does not depend on Fourier transform, the lifting scheme (Scheme Lifting), which is
called the second generation wavelet transform (SGWT) [5]. In the transformation pro-
cess, through the design of predictor and updater, the wavelet function is obtained with
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expected properties [6]. Using the lifting wavelet to carry out baseline shift correction,
signal denoising, it has the characteristics of simple structure, fast operation, saving
storage space and realizing the integer wavelet transform.

In the study, the D4 wavelet is used in the process of exacting baseline, which will
make a correction effect based on the discussion of the theory of second generation
wavelet transform, with the advantages of simple coefficients and a few floating-point
calculations, the method has a good inhibiting effect on baseline shift.

2 Methods

There are three steps to realize the second generation wavelet transform (SGWT) con-
stituted by the lifting process: Split, Predict and Update. The reconstruction process is
the inverse [7]. The specific implementation is shown in Fig. 1.

Fig. 1. Split and reconstruction process of SGWT
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2.1 Split

The original signal is divided into two subsets, which is usually divided into even
sequences and odd sequences. The length of each subset is half of the atom sets and
does not intersect each other. That is:

split(sj) = (ej−1, oj−1) (1)

In the formula, ej-1= {ej-1,k= sj, 2k}, oj-1= {oj−1, k= sj, 2k+1}

2.2 Predict

According to the correlation between the sequences, generally, the odd sequence is
predicted by the even sequence. In the prediction, there is a deviation dj − 1 between
the actual value Oj − 1 and the predicted value p (ej − 1), the difference is called the
detail coefficient or the wavelet coefficient, which reflects the degree of approximation.
The amplitude change of wavelet coefficient is inversely proportional to the correlation
of the data. The prediction process as follows:

dj−1 = oj−1 − P(ej−1) (2)

In fact, though it is impossible from the subset ej − 1 to predict the subset oj − 1

accurately, p (ej − 1) may be close to oj − 1. In this way, dj − 1 contains less information
than the original. Repeat the process of split and predict, after n steps, the original signal
sets can be represented by {en, on, ……, e1, o1}.

2.3 Update

After the procedure of split, some of the overall characteristics (such as the mean) of
the subsets may not be consistent with the original data. At this time, the procedure of
update is needed to maintain the overall characteristics of the original data. The process
as follows:

sj−1 = ej−1 + U (dj−1) (3)

P and U take different functions, can be constructed by different wavelet transforms.
Sweldens has been proved to make Integers be set to an integer wavelet transform

based on the lifting algorithm [8]. An integer set is obtained by SGWT and it also proves
that any traditional wavelet can be converted into the corresponding second generation
integer wavelet. Select the appropriate algorithms of prediction and lifting for discrete
data samples to be processed, the required frequency band is obtained [9]. For the signal
data, DBwavelet as the prediction and lifting algorithm is chosen in the study, the second
generation of discrete wavelet construction scheme is used to extract the baseline from
the original signal.



Extraction of Baseline Based on Second-Generation Wavelet Transform 159

3 Results and Discussion

3.1 Description of the Algorithm

There are many commonly used wavelet functions such as Haar wavelet, Shannon
wavelet and Daubechies wavelet. Due to the frequency spectrum of TLC baseline sig-
nal is low, the trend is relatively flat, and the detection effect of Daubechies wavelet to
non-stationary signals is better, D4 wavelet function is used to split and reconstruct TLC
signal to realization the extraction of the baseline.

The wavelet function of Daubechies wavelet is:

φ(t) = √
2
2N−1∑

n=0

gnφ(2t − n) (4)

The scaling function of Daubechies wavelet is:
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2
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hnf (2t − n) (5)

Thereinto,the coefficient of High-pass filter is gn, the coefficient of Low-pass filter
is hn. The z transoform of D4 wavelet is h(z) = h0 + h1z−1 + h2z−2 + h3z−3,g(z) =
−h3z−2+h2z1−h1+h0z−1. Thereinto, the coefficients of Low-pass filter are h0 = 1+√
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Therefore, the procedures of baseline extraction are described as follows:

(1) The input signal is split into even and odd. The original signal x with length N is
split into even sequence s0l and odd sequence d

0
l respectively. s0l = x2l , d0

l = x2l+1
,l = 0,1,…,N/2-1.

(2) The steps of predict and update are carried out alternately. The predictive value
of the P dual signal of the filter is used as the odd signal. There are four steps to
enhance and dual lifting obtained:
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(3) Finally, scale transformation is carried out. Scale transform is used to get
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l , here s and d are the low frequency and the
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high frequency of the wavelet decomposition respectively. Among them,s ={
s0, s1, . . . , sN/2−1

}
, d = {

d0, d1, . . . , dN/2−1
}
, l = 0, 1, …, N/2−1.

(4) The reconstruction process of the second generation wavelet decomposition is basi-
cally the inverse process. First performed scaling, and then update and predict steps,
finally carry out the parity inversion to reconstruct the signal.

3.2 Extraction of the Baseline

Before extraction of the baseline, the signal denosing is carried out first. The separa-
tion of the high-frequency signals and the low-frequency signals is achieved by Wavelet
transform. After separating the high frequency and low frequency signals, the high fre-
quency part of the corresponding peak is zero, and the reconstructed data contains low
frequency data so that the baseline can be obtained from the reconstructed data. The
method is applied in the TLC. The sample of TLC is obtained by Thin layer chromatog-
raphy scanner, and then light density detection. The original signal and the result after
baseline extraction are shown in Fig. 2.
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Fig. 2. The original signal and the result after baseline extraction
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4 Conclusion

Experiments show that, with the basic principles of the second generation wavelet trans-
form the second generation D4 wavelet is used to extract the baseline based on the
lifting algorithm, which not only to speed up the processing speed, but also effectively
suppress baseline shift. After extraction, the quantitative accuracy of crude oil compo-
nents has been significantly improved. In the study, the method of baseline extraction on
TLC signal has a certain practical significance and application values, but the general
applicability and stability of this method is verified by a large number of real sample
analysis.
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