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The blue dotted line indicates the selected wave number for imaging
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Fig. 2 First Raman spectral signal in the original imaging data
and the denoised imaging data with k=3, 4, and 5

respectively
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Fig. 3 (a) Original Raman image of Hela cells at 1 002 cm™

; (b) Raman spectra at point A and B in (a); (¢), (e) and (g)

Denoised Raman image of (a) using S-G filter, wavelet and the proposed SVD algorithm, respectively; (d), (f) and (h)

Raman spectra at point A and B of (¢), (e) and (g), respectively
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Denoising Method for Raman Imaging Data Based on Singular Value
Decomposition and Median Absolute Deviation
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Abstract Raman imaging is a noninvasive, marker-free spectral imaging technique that provides molecular fingerprinting and
spatial distribution of different components of a sample, and is more important than other imaging techniques. However, the
Raman scattering has a small cross-sectional area and low sensitivity. In addition, in many experiments, in order to observe the
dynamic distribution of certain components, the scanning time is shortened, and the resulting imaging data are disturbed by
noise, so it is often necessary to denoise the signal. Conventional algorithms generally process the spectrum based on a given
mathematical model, which is likely to cause excessive filtering and distortion of the signal. In addition, when processing Raman
imaging data, conventional algorithms tend to denoise the data one by one. This neglects the relationship between multiple spec-
tra, resulting in the final Raman image still being disturbed by many noises. Therefore, a signal processing method based on sin-
gular value decomposition (SVD) and median absolute deviation (MAD) is proposed for denoising Raman imaging data. Firstly,
the singular value decomposition is performed on the Raman imaging data to obtain a singular value matrix and two orthogonal
matrices. Then, all singular values in the singular value matrix are detected by the median absolute deviation method. The con-
secutively labeled outliers are used as singular values to be preserved, and the remaining singular values are assigned to zero to
obtain a new singular value matrix. Finally, the new singular value matrix and two orthogonal matrices are solved again to obtain
a denoised Raman imaging data. In the experiment, we first verify the correctness of the median absolute deviation method in de-
termining the k value, and then the proposed algorithm is compared with the conventional algorithm from the aspects of image
quality and signal waveform. The results show that the median absolute deviation method can quickly determine a reasonable val-
ue, and the imaging data processed according to this value not only eliminate a lot of noise in the imaging quality, but also make
the spatial distribution characteristics of the components clearly visible. The tiny peaks are also perfectly preserved on the signal
waveform and the spectral signal is recovered. This algorithm is different from the conventional algorithm in that it can process
the entire Raman imaging data at the same time and preserve the statistical features between the spectra. It is a more effective de-

noising method for Raman imaging data.
Keywords Denoising; Raman imaging; Singular value decomposition; Median absolute deviation
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