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It’s a technique to analyze the curvature  
and position of a signal, based on a  
convolution with a localized oscillatory 
function named wavelet. By appropriately scaling and 
translating it, different  features of the original signal 
are extracted. This study employs the continuous type 
of transform together with the Mexican Hat wavelet. 
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SCOPE OF THE WORK 
Baseline distortion is a frequently occurring type of noise that 
significantly hampers quantitative analysis of several 
spectroscopic data. A common way to correct it consists in 
fitting the ”background” points, i.e. those that do not contain 
any spectral band, with an appropriate function to 
approximate the baseline and then subtract it from the 
original spectrum. However, the visual identification of these 
points is impractically slow to work with high-throughput 
instruments, such as imaging equipment, that produce 
hundreds or thousands of spectra. 
This study proposes a method that recognizes background 
points quickly and automatically, based on the Continuous 
Wavelet Transform (CWT). In the first poster, the basic 
principles of this method are illustrated. The second poster 
shows its application to a set of simulated spectra and to a 
real Raman image. 

SELECTION OF PARAMETERS  

Threshold on CWT  
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WHAT IS THE 
WAVELET TRANSFORM? 

Wavelet scale 
The employed scale (â) is the 
one that minimizes the 
Shannon entropy of the CWT 
(in case of multiple minima, 
only the first is considered). 
An average â is used for large 
sets of spectra. scale  
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The threshold (θ) on the 
CWT is defined from its 
probability distribution 
function (PDF): 

θ = σ 0,6 + 10 ·
𝑁𝐷
𝑁𝐺

 

CWT value σ = standard deviation of the 
 Gaussian fit of the central part of the pdf 
NG = integral of PDF within ±3σ of the Gaussian curve 
ND = integral of PDF outside the Gaussian curve 

This formula takes into account that for noisy spectra 
deterministic signal components mix with random ones 
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OVERVIEW OF THE METHOD 
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A particular scale is selected 

CWT for the 
selected scale 

The sequences 
with│CWT│ < θ 
are considered 
background points 

  

A threshold (θ) on CWT is determined 
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CONCLUSIONS 
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Simulated spectra were 
made by mixing these 
peaks… 

SIMULATED SPECTRA 

…with these baseline curves… 
 (signal-to-baseline ratios: 
 SBR = 1, 0.1, 0.01) 

Exponential 

Gaussian 

Sigmoidal 

+ 

…and random noise. 
(signal-to-noise ratios: 
SNR = 100, 30, 10, 6, 3) 

+ Background points were 
correctly recognized in all 
spectra but for extremely 
low SBR or SNR. 

SNR = 10 
SBR = 0.1 

SNR = 100 
SBR = 1 

SNR = 100 
SBR = 0.01 

SNR = 3 
SBR = 1 

=  regions 
recognized as 
peak-free by 

the algorithm 

Only the tips of peaks 
are recognized as such 

Many background regions 
are not recognized 

REAL SPECTRA 

1  T. Hänninen, E. Kontturi, T. Vuorinen; 
Phytochemistry 2011, 72(14-15): 1889−1895.  

REFERENCE 
The presented method was able to correctly recognize the background points for the 
simulated spectra, except in extreme cases. In combination with an iterative polynomial 
fitting, it was effectively used to correct the baselines of a Raman image in a relatively 
short time. This method is a useful compromise between speed and flexibility, as the 
background recognition algorithm is not specific to a particular type of spectra. 

The method was used on a Raman microscopy image (200 x 200 pixels) 
of wood cells from a sample of Scots Pine (Pinus sylvestris).1 The 
baselines were approximated by fitting the recognized background 
points with a 5th degree polynomial and fixing misidentifications with  

Wavenumber (cm-1) 

After background 
recognition 

After iterative 
fitting 

After baseline 
subtraction 
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The baseline correction for all 40000 spectra 
in the image took approximately 2 ½ hours. 
A few examples are shown on the right: 

an iterative algorithm. 

polynomial fit of 
background points 

points recognized 
as background 

1. Points that are much above the baseline 
approximation are removed from the fit 

2. Fitting points are added in regions that  
fall below the baseline approximation 

3. The procedure is repeated until convergence 

=  regions  
 recognized 
 as peak-free 

=  baseline 
 approximation 
 (polynomial fit) 
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