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Table 1 Parameters of simulated pure Raman signal

Index Peak position Amplitude Peak width factor
1 200 20 10
2 500 25 12
3 640 20 20
4 900 80 12
5 1 300 30 12
6 1600 25 10
1501
(b) ~— Simulated average Raman signal
2 1004
& 50
0 T v v "
0 500 1000 1500 2000
‘Wavenumber/nm
8 -
0 @ —— Algorithm reconstructed signal
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Fig.1 (a) Simulated pure Raman signal; (b) Simulated average Rman signal; (¢) Simulated
noisy Raman signal; (d) Denoised signal by the proposed algorithm
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Table 2 Peak information obtained
by the proposed algorithm

Index Peak position Peak range
1 200 160~240
2 500 456~544
3 640 572~708
4 900 854~946
5 1 300 1 258~1 342
6 1 600 1 565~1 635
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1501 ® — Wavelet using soft threshold 1501 ) ~— wavelet using hard threshold
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i (b) INEEREZRBHERES;

(c) S-G REZFRB/HIEZRES; (d) EMD RENERES
Fig.2 (a) Denoised signal obtained by wavelet using soft threshold; (b) Denoised signal obtained by wavelet using hard threshold;
(¢) Denoised signal obtained by S-G filter; (d) Denoised signal obtained by EMD
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Fig. 3 RMSE-Noise curves of denoised

signal with different algorithms
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Fig. 4 SNR-Noise curves of denoised signal
with different algorithms
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;g (@ —— Average Raman signal of Cefuroxime Axetil
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210 © ~— Denoised signal by algorithm proposed
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Fig.5 (a) Average Raman signal of cefuroxime axetil; (b) Noisy Raman signal of cefuroxime axetil;
(¢) Denoised signal of the Noisy signal by algorithm proposed
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' (b) —— Denoised by wavelet using hard threshold
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~ Denoised by S-G filter 2 | (d) — Denoised by EMD
2 151
g 10
5 g
0

s ' r ' ' 54 , . — .
400 800 1200 1600 2000 400 800 1200 1600 2000

6 AHNBES
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Fig. 6 Raman signal of cefuroxime axetil
(a): Denoised by wavelet using soft threshold; (b): Denoised by wavelet using hard threshold;
(¢): Denoised by S-G filter; (d): Denoised by EMD
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Signal Processing Method for Raman Spectra Based on Matching Pursuit

WANG Xin* , HE Hao, FAN Xian-guang, TANG Ming
School of Aerospace Engineering, Xiamen University, Xiamen 361005, China

Abstract Raman spectroscopy, as a high sensitive, non-invasive vibrational molecular spectrocopy technique, plays a significant
role in many fields such as pharmaceutical, biology and analytical chemistry etc. However, due to the weak Raman scattering in-
tensity, the measured Raman signal is always contaminated by noise. Especially in the short exposure time, the SNR (signal to
noise ratio) of collected Raman spectra is extremely low. Therefore, this paper proposed a signal reconstruction method based on
matching pursuit algorithm, which is used to extract Raman signals from the low SNR Raman spectra. The method first finds
the position of the characteristic peak on the average spectrum by threshold iterative method, and estimates the interval of the
peak according to the location of the peak and peak interval, with a Gaussian density function to generate a dictionary. In the
noise spectrum, according to the position and interval of the characteristic peak, it is divided into the signal interval and the non-
signal interval. On the signal interval, the matching pursuit algorithm is used to reconstruct the Raman signal covered by noise,
The algorithm not only can primely approximate the Raman signal which is covered in the noise, but also deducts the baseline in
the procession of reconstructing the signal, and does not need any baseline correction further. The performances of the proposed
algorithm and conventional algorithms were compared. The results show that the proposed algorithm can recover the Raman sig-
nals in the condition of low SNR. Different with the conventional de-noise algorithms, algorithm of this paper process the base-
lines and the random noises in Raman signals simultaneously, and the results have been proved good. So there is no need to use
different algorithms to process the baselines and noises separately. Furthermore, in the aspect of algorithm, we creatively ap-

plied the matching pursuit algorithm to solve the sparse approximation of Raman signals.
Keywords Low SNR; Raman spectra; Matching pursuit; Signal reconstruction
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