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Spectroscopy and Spectral Analysis
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Fig. 1 The relationship between the average power of random
signals with different frequencies and the extension of

integration time
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Fig. 8 Statistics for the extreme points

within 4 pixels using S11639
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Fig. 9 Statistics for the extreme points

within 4 pixels using S11510
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Method and Application for Raman Spectra SNR Evaluation Based on
Extreme Points Statistics

WANG Zi-ru', LIU Ming-hui*, LIU En-kai' , DONG Zuo-ren’, CAI Sheng-wen', YIN Lei', LIU Feng'
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2. Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China

Abstract In recent years, portable spectrometer technology has developed rapidly. Compared with the traditional spectrometer,
CCD spectrometer in the spectral collection of the way there have been two changes: (1) The signal is superposed and integrated
to generate the spectrum, and the traditional SNR estimation method cannot obtain the detector fluctuation by a single detection.
(2) For the spectral noise, the detector responses to random fluctuations and scanning repetitive errors are transformed into
differences in pixel response of the CCD detector, detector random noise and mode noise related to the resolution of the optical
system. Therefore, it is of great practical significance to propose a more adaptive spectral quality assessment method based on
the measured spectrum. According to the changes of Raman spectrometer detector, we analyze the components of the collected
spectral signal, and put forward the noise model assumptions of CCD spectrometer on the basis of the analysis. According to this
assumption, different signal extremum frequencies are used to separate different noise pixels and the noise frequency mode is
numerically simulated. The simulation results are consistent with the assumptions. On the basis of this, we propose and experi-
mentally validate the method for evaluating SNR of Raman spectroscopy to estimate spectral line noise through spectral line spac-
ing. The method includes the following two steps: (1) Collecting multiple measured spectra for superposition, counting the
number of spectral extreme points corresponding to different frequencies in the superposition process, and obtaining the statisti-
cal results to separate the environmental noise and dark noise in the spectrometer; (2) Applying the above separation results, the
statistical average of the spectral line extreme points corresponding to the dark noise in the measured spectrum is calculated, and
then the SNR is calculated according to the formula in the text. After the preliminary preparation of step (1), the method can
evaluate the random noise of the CCD Raman spectrometer through a single spectrum and evaluate the spectral SNR. In this pa-
per, three Raman spectroscopy systems with the same optical structure and different CCD detectors are used to experiment. By
using this method. the spectral quality is controlled by setting the SNR threshold, and a uniform spectral curve is obtained.
Based on the method proposed in this paper, the SNR is fitted to the synchronization overlapping average algorithm, and the
goodness of fit is up to 98%. The method can be used to evaluate the performance of Raman spectrometer and acquire real-time
quality control of Raman spectrum. Theoretical and experimental results show that for the CCD detector-based Raman spectrom-
eter, the SNR can be obtained based on this method when determining the sample and the characteristic peak. The method can
also be used to compare different configurations of Raman spectroscopy equipment and as a standard to control the quality of

spectra.
Keywords Spectroscopy; SNR estimation; Noise model; Raman spectrometer; Fixed pattern noise
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