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Abstract—Baseline shifts caused by a variety of fac-
tors depending on the type of spectroscopy are com-
mon degradation problems in Raman spectra. An ef-
fective and efficient method is presented for the base-
line correction of Raman spectra. A kernel smooth-
ing function is developed for the estimation of base-
line, and a negative signal filter is designed for the re-
moval of negative impulse responses caused from the
spectroscopy. Results on the computer and instru-
ment implementation confirm the feasibility of the
proposed method.
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1 Introduction

Raman spectroscopy is a well-established but significant
technique for revealing the molecular fingerprints based
on its vibrational information. Due to the label-free and
non-invasive property as well as convenient application,
Raman spectroscopy has been widely applied for mate-
rial analysis [1], biological investigation [2], medical di-
agnosis [3], and so on. Baseline is a common degrada-
tion problem in Raman spectra and usually results from
the spurious background signal or instrument fluctuation.
The problem of baseline will severely result in the dif-
ficulty of quantitative or qualitative analysis of Raman
spectra. To overcome such a problem, baseline correc-
tion is a necessary step before performing the Raman
spectra analysis and usually classified into three main
types of methods, i.e., smoothing spline fitting, wavelet
decomposition and integration, and least squares error
modelling (or divided into physically and mathematically
motivated approaches). The merits and disadvantages of
those methods have been investigated and can be found
in [1, 2, 4]. In recent, due to the progress of micro Raman
spectroscopy, e.g., Micro Raman Identify (MRI) spec-
trometer [5], users usually need a friendly interface to
fast correct the baseline with only a few parameters eas-
ily controlled. To achieve such a goal, an effective and
efficient baseline correction algorithm is presented in this
paper.
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2 Proposed Approach

All the samples of Raman spectra used in this study are
from the MRI spectrometer [5]. Two samples are illus-
trated in Fig. 1, where the baseline (red colour) is esti-
mated by the proposed method. Note that the negative
impulse responses result from the MRI spectrometer can
also be filtered out by the proposed method as illustrated
in Fig. 1(b). Their final baseline correction results are
shown respectively in Fig. 2. The details of the presented
algorithm will be described as follows.

(a)

(b)

Figure 1: Illustrations of the measured Raman spectrum
and the baseline (red colour) estimated by the proposed
algorithm. (a) Sample-1: Measured Raman spectrum in-
cluding the baseline. (b) Sample-2: Measured Raman
spectrum including not only the baseline but also the
negative impulse responses.

2.1 Baseline removal modeling

Let fraw be the raw observed Raman spectra data having
N data points. Generally, the raw data fraw is composed
of the true signal (s), the baseline (b), as well as the noise
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(a)

(b)

Figure 2: Results of baseline correction by the proposed
algorithm. (a) Baseline correction result for the Raman
spectrum given in Fig. 1(a). (b) Baseline correction result
for the Raman spectrum given in Fig. 1(b).

(n). It can thus be modelled as

fraw = s + b + n (1)

Based on the quality of nowadays technology, the noise
term n can be ignored since it has a little effect compared
to the baseline. Therefore, the signal s can be estimated
by subtracting the baseline b from the raw data fraw.
In other words, the estimation of baseline is the main
task for extracting the signal s. Let fbaseline be the
estimated baseline. Then the correct signal fcorrect can
be expressed as

fcorrect = fraw − fbaseline (2)

2.2 Smooth function

From the characteristic of Raman spectra data, the base-
line can be regarded as a stable component from the hu-
man visual inspection, which is used to carry the signal.
Therefore, the key function of estimating the baseline is
first developed in this study for finding the local minima
of the raw data and smoothing them as the SMOOTH
function depicted in Fig. 3(a). Here fin is the input sig-
nal, whereas the fmin and favg are the resultant local
minima and averaged information. Assume the i-th data
point is to be processed, the sliding window is defined as
[i−W, i+W ], where W is a positive integer and controls
the window size. The functional blocks (MIN, MEAN,

(a)

(b)

Figure 3: Signal flow of the proposed method. (a)
SMOOTH function block diagram with MIN, MEAN
and AVG operations for finding useful local stationary
information. (b) Flowchart of removing the negative im-
pulse responses, extracting the baseline, and obtaining
the baseline correction result.

and AVG) shown in Fig. 3(a) are formulated respectively
as follows.

MINW (i) = min
∀j∈[i−W,i+W ]

fin(j) (3)

MEANW (i) =

 ∑
∀j∈[i−W,i+W ]

MINW (j)

 /(2W+1) (4)

MEAN4W (i) =

 ∑
∀j∈[i−4W,i+4W ]

MEANW (j)

 /(8W +1)

(5)
AVGW (i) = (MEANW (i) + MEAN4W (i)) /2 (6)

Here MINW computes the fundamental local minima for
the input signal and after the processing of MEANW ,
the smoothed local minima fmin can be obtained. How-
ever, in our study on the MRI spectrometer [5], some
negative impulse responses (possibly resulting from the
sensor device or the integrated mechanism) may occur
during the signal acquisition as the Sample-2 shown in
Fig. 1(b). To filter out such an unwanted negative sig-
nal, it is reasonable to provide a more smoother lo-
cal minima as a reference for comparison. A more
wider MEAN4W function is thus performed on the re-
sultant signal from MEANW and then combined with
MEANW by AVGW to obtain the useful reference sig-
nal favg. As long as the mean input signal is less than
the reference, it can be replaced by the mean signal, oth-
erwise the original input signal is remained.
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2.3 Negative signal removal

The function block of (NegSignal Filter)W in Fig. 3(b)
performs such a negative signal removal, which can be
formulated as below.

fout(i) =

{
fref(i), fin(i) < fref(i)
fin(i), otherwise

(7)

Here fin represents the resultant mean signal from
the input signal fin, and can be computed as the
formula in Eq. (4) with W windows size. fref
is obtained by the same way. Since the nega-
tive impulse responses may be large or small as il-
lustrated in Fig. 1(b), (NegSignal Filter)W cascad-
ing (SMOOTH) and (NegSignal Filter)W/3 cascad-
ing (SMOOTH) are adopted respectively for the re-
moval of large and small negative signal as depicted in
Fig. 3(b). It can be regarded as a two-stage negative sig-
nal filter. Here the SMOOTH extracts continuously the
useful fmin and favg from the filtered signal obtained
by the NegSignal Filter. In this case, the final baseline
is estimated and output fmin located at the middle right
of the signal flow given in Fig. 3(b). Note here that if
there is not any negative impulse responses such a two-
stage negative signal filter would not be performed, the
baseline can be directly output from the fmin of the first
SMOOTH function block.

2.4 Baseline correction algorithm

The whole signal flow of the proposed algorithm is de-
picted in Fig. 3(b). Let P be a binary parameter to con-
trol a multiplexer (MUX), which outputs the estimate
baseline fbaseline that comes from the two-stage nega-
tive signal filter (P = 1) or the first SMOOTH function
block (P = 0). The baseline correction result fcorrect
can be further obtained by the Signal Subtraction
function block. For the given Raman spectra data shown
in Fig. 1, the estimated baselines (red colour) and their
baseline correction results shown in Fig. 2 demonstrate
the feasibility of the proposed algorithm.

3 Result and evaluation

The algorithm is implemented in Microsoft R© Visual
Studio R© C++ 2013 and run on a laptop with Intel R©
CoreTM 2 Duo 1.8 GHz CPU and 4G RAM. In addition to
the baseline correction results for Sample-1 and Sample-
2 shown in Fig. 2, the results of other three samples are
also given in Fig. 4 for further evaluations. Fig. 4(a)
shows our method can estimate effectively the baseline
for a background spectrum. Fig. 4(b) shows the result of
a material measured under such a background. Fig. 4(c)
shows the baseline estimation result for a spectrum with
some negative impulse responses corrupted, and its base-
line correction result is shown in Fig. 4(d). The perfor-
mances reported in Table 1 are evaluated by using data

size, W , P , as well as execution time (with milliseconds
or ms), where parameters W and P can be selected by
user. As a result, our experimental results have confirmed
the effectiveness and efficiency of the proposed baseline
correction algorithm for Raman spectra.

Table 1: Performances of the five samples from the Micro
Raman Identify (MRI) spectrometer [5] using the pro-
posed algorithm.
Samples data size W P execution time

(ms)
Sample-1 1559 15 0 5
Sample-2 1979 15 1 15
Sample-3 1010 15 0 3
Sample-4 1014 15 0 3
Sample-5 1973 31 1 23

4 Conclusion

In the field of Raman spectrometer, it is of great im-
portance to correct the baseline before performing the
quantitative and qualitative analysis for a raw Raman
spectrum. The presented algorithm can effectively not
only correct the baseline but also remove the negative
impulse responses. The execution time with milliseconds
performs the efficiency of the proposed method. This
algorithm has been implemented in the instrument soft-
ware of Micro Raman Identify (MRI) spectrometer [5]
and thus confirms its feasibility in the engineering and
laboratory application.
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Figure 4: Results of the other samples for baseline correc-
tion. (a) The estimated baseline fits well for a background
spectrum. (b) Result of a material measured under such a
background in (a). (c) The estimated baseline for a spec-
trum with some negative impulse responses corrupted.
(d) The final baseline correction result for the spectrum
in (c).
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