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The identification of Raman spectra by using linear intensity calibration
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Abstract Raman spectra exhibit differences in intensity depending on the measuring equipment and environmental
conditions even for the same material. This restricts the pattern recognition approach of Raman spectroscopy and is
an issue that must be solved for the sake of its practical application, so as to enable the reusability of the Raman
database and interoperability between Raman devices. To this end, previous studies assumed the existence of a transfer
function between the measurement devices to obtain a direct spectral correction. However, this method cannot cope
with other conditions that cause various intensity distortions. Therefore, we propose a classification method using
linear intensity calibration which can deal with various measurement conditions more flexibly. In order to evaluate
the performance of the proposed method, a Raman library containing 14033 chemical substances was used for
identification. Ten kinds of chemical Raman spectra measured using three different Raman spectroscopes were used
as the experimental data. The experimental results show that the proposed method achieves 100% discrimination
performance against the intensity-distorted spectra and shows a high correlation score for the identified material, thus
making it a useful tool for the identification of chemical substances.
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Fig. 1. Benzene spectra measured on the four instrument
sets

Table 1. Properties of the Raman spectrometers used in this study

Spectrometer Laser power(m 17) Excitation wavelength(nm ) Spectral range System resolution(cm ™)
FT-Raman spectrometer 400-600 1064 201-3500 1.93
Renishaw 2000 1.0 514.5 201-3500 4
invia 1.0 632.8 201-3500 1
invia 1.0 785.0 201-3500 1
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Fig. 2. The process of calibrating
(a) the Benzene-library to the Benzene-Renishaw 514.5nm
(b) the Benzene-Renishaw 514.5nm to the Benzene-library
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Pretreatment of raw Raman spectra

1. Background noise removal by the arPLS method
2. Additive noise denoising by the Smoothing method
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Linear calibration
By using selection of peaks

1. Peak detection and selection
2. Linear calibration between library and test spectra
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Discrimination using HQI

1. Normalization of library and test spectra
2. Library search by HQI calculation
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Hit Result

Fig. 3. A flowchart of the identification experiment
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Table 2. Effects of polynomial order for HQI with linear intensity calibration method
The order of polynomial 3 4 5 6 7 8 9 10
Renishaw - 514.5nm 3 0 0 0 0 3 3 3
inVia - 632.8nm The number of errors 3 0 0 0 0 0 0 0
inVia - 785.0nm 3 0 0 0 0 3 3 3
Total error 9 0 0 0 0 6 6 6
Classification rate(%) 90 100 100 100 100 93.33 93.33 93.33

Table 3. HQI, HQI with linear calibration results for test data sets from 3 different instruments

. HQI HQI with Linear calibration
Instrument Material

Rank Score Rank Score
Acetone 1 0.9738 1 0.9918
Acetonitrile 1 0.9726 1 0.9858
Benzene 1 0.8840 1 0.9987
Cyclohexane 4 0.9754 1 0.9896
. Ethyl Alcohol 1585 0.8622 1 0.9940
Renishaw - 514.5nm Ethylene Glycol 4763 0.5660 1 0.9967
Hexane 1 0.9916 1 0.9904
Nitromethane 1 0.8605 1 0.9847
2-Nitrotoluene 1 0.9492 1 0.9983
Toluene 1 0.9278 1 0.9916

Mean of correlation score 0.8963 0.9922

Standard deviation of correlation score 0.1259 0.0048
Acetone 1 0.9812 1 0.9682
Acetonitrile 1 0.9783 1 0.9814
Benzene 1 0.9677 1 0.9742
Cyclohexane 1 0.9905 1 0.9775
Via - 632.80m Ethyl Alcohol 1 0.9804 1 0.9790
Ethylene Glycol 1 0.9580 1 0.9900
Hexane 1 0.9933 1 0.9734
Nitromethane 1 0.9748 1 0.9767
2-Nitrotoluene 1 0.9673 1 0.9893
Toluene 1 0.9257 1 0.9575

Mean of correlation score 0.9717 0.9767

Standard deviation of correlation score 0.0194 0.0096
Acetone 59 0.5413 1 0.9720
Acetonitrile 4 0.6387 1 0.9727
Benzene 13 0.7468 1 0.9552
Cyclohexane 17 0.5964 1 0.9517
A Ethyl Alcohol 2 0.7958 1 0.9699
inVia_ = 785.0nm Ethylene Glycol 1 0.9532 1 0.9713
Hexane 222 0.8030 1 0.9642
Nitromethane 1 0.7832 1 0.9785
2-Nitrotoluene 1 0.9088 1 0.9776
Toluene 118 0.6034 1 0.9556

Mean of correlation score 0.7371 0.9669

Standard deviation of correlation score 0.1382 0.0097
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Fig. 5. The process of calibrating
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