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Fig. 1 The distribution with the original data and

middle 99% data
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Table 1 Flowchart of algorithm

Input raw Raman data M, Window size W,
Threshold #, Dimension D;

1 Data N=Median(M, W) ;

2 Deviation E=M— N

3 Distribution F=Fit(middle 99% E);
4 Value Vi=F(@), V,=F(1—0);

5 If ECOD<V, or E(D>V,

6 Replace M(I) by N(D);

7 Endif
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Fig. 2 Spike removal of 1-dimensional spectra with
different window size and threshold

a: Raw spectrum; b: Spike removal with window size 7, threshold
1X10°; ¢: Spike removal with window size 3, threshold 1 X107 ;
d: Spike removal with window size 7, threshold 1 X107 °%; e: Spike
removal with window size 3, threshold 12X 10 %, Arbitrary offsets

were applied on the spectra for better visualization
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Fig. 3 1-dimensional Raman spectra spike removal process

a: Raw Raman spectrum; b: Raman Spectrum after 1-dimensional
spike removal. Arbitrary offsets were applied on the spectra for better

visualization
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Fig. 4

1-dimensional spectrum with artificial spikes

(a): Raman spectrum after spike removal; (b): Raman spectrum with 0. 1 times artificial spikes;

(¢): Raman spectrum with 0. 2 times artificial spikes; (d): Raman spectrum with 0. 3 times artificial spikes;

(e): Raman spectrum with 0. 4 times artificial spikes; (f): Raman spectrum with 0. 5 times artificial spikes
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Table 2 1-dimensional Raman spectra spike detection
Ratios Predicted True Percentage/ %
0.1 175 200 87.5
0.2 195 200 97.5
0.3 197 200 98.5
0.4 199 200 99.5
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Fig. 5 2-dimensional Raman image spike removal process

(a): Raw Raman image;

(b): Raman image after 2-dimensional spike removal
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Table 3 2-dimensional Raman image spike detection

Ratios Predicted True Percentage/ %
0.1 174 200 87
0.2 194 200 97
0.3 199 200 99.5
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A Spike Removal Algorithm Based on Median Filter and Statistic for
Raman Spectra

YE Rui-qian', HE Hao', ZHENG Peng', XU Meng-xi*, WANG Lei'"

1. School of Aerospace Engineering, Xiamen University, Xiamen 361101, China

2. State Key Laboratory of Physical Chemistry of Solid Surfaces, Collaborative Innovation Center of Chemistry for Energy Mate-
rials GChEM), College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361101, China

Abstract Raman spectroscopy is a promising technique widely used in chemistry, biology, and physics. However, as the key
part of the Raman spectrometer, the charge-coupled device is vulnerable to cosmic rays. resulting in a random narrow bandwidth
and a high-intensity spikes. It will cause a significant reduction in signal contrast. In this paper, we propose a practical spike
removal algorithm. Firstly, the algorithm obtains deviation data by separating the median filtered data from the original data.
Then, deviation data is sorted from small to large by quantile method, and the intermediate 99% data are selected for Gaussian
distribution fitting. Considering the characteristics of high-intensity and sparsity of the spike, the occurrence probability of high
intensity data in the spectra is used as the threshold standard to remove spike. Finally, the spikes are replaced by new data using
median filtered at corresponding positions. This algorithm restores the original sample information without any debugging
parameters. Different intensities of spikes are added in Raman spectra to verify the algorithm, and the experimental results show
that this algorithm’s sensitivity can reach 99.5%. Besides, this algorithm is applicable for one-dimensional Raman spectra, two-
dimensional Raman images and three-dimensional Raman data cubes, and the performance improves with the increase of
dimensionality. Specifically, the one-dimensional spike removal algorithm can detect spikes exceeding 40 % of the maximum peak
intensity. The Raman data cubes can be detected exceeding 20% of the peak value. The algorithm is used to process 40 000 real

Raman spectra and can effectively remove spikes without distorting the real signal, proving the algorithm’s practicability.
Keywords Raman spectroscopy; Cosmic rays; Median filter; Spike removal
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