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Research on discriminant method of temperature perturbation in
blood glucose sensing by near-infrared spectroscopy

ZHANG Yi-Ze'?, LIU Rongl'z*, YU Yue-Wen'?, ZHAO Dong—]iel’z, CHEN Wen—Liang]'z, LI Chen-Xi'"?
(1. State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin, University, Tianjin
300072, China;

2. School of Precision Instrument and Opto—Electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Near-infrared spectroscopy is a type of molecular vibration spectroscopy. Temperature variations cause
changes in molecular vibrations such as O-H and inter molecular forces such as hydrogen bonding, which lead to absorp-
tion spectral intensity and peaks changes, affecting the prediction accuracy of minor components such as blood glucose.

To address the impact of temperature perturbation on spectral detection and modeling analysis, a method of temperature
perturbation discrimination based on aquaphotomics and two-trace two-dimensional correlation spectroscopy (2T2D-
COS) was proposed. The 2T2D-COS analysis was applied to diffuse reflectance spectra of simulated solutions under
temperature perturbation and varying glucose concentrations. Spectral features induced by changes in temperature and
glucose concentration were successfully extracted, revealing distinct water spectral patterns under different perturba-
tions. Quantitative analysis shows that temperature changes of 0. 1 °C is equivalent to glucose concentration changes of
45 mg/dL in terms of intensity. A temperature perturbation outliers discrimination model was further established based
on raw spectra, water spectral features, and 2T2D-COS asynchronous spectra. The accuracy rates of the model based
on 2T2D-COS asynchronous spectra is 95. 83%. After removing outliers, the root mean square error of glucose concen-
tration prediction is reduced by 51. 89%. This work provides a foundation for improving the accuracy of in vivo blood
glucose detection using near-infrared spectroscopy.
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Fig. 1

Schematic diagram of the near-infrared diffuse reflectance spectroscopy detection system: (a)Schematic diagram of the dif-

fuse reflectance spectroscopy detection system; (b)Evaluation of instrument signal-to-noise ratio
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Fig. 2 The absorption spectra of tissue phantom solution varies with temperature and glucose concentration: (a)Different tempera-

tures; (b)Different glucose concentrations
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Fig. 3 2T2D-COS asynchronous spectra of tissue phantom solution under different temperatures and glucose concentrations: (a)
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Fig. 4 Radar charts of tissue phantom solutions under different temperatures and glucose concentrations: (a)Different temperatures;

(b)Different glucose concentrations
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Fig. 5 The slice spectrum at 1 420 nm of 2T2D-COS asynchronous spectra under different conditions and their fitting relationship

within 1 595~1 605 nm band intensities: (a)The slice spectrum under different temperatures; (b)The slice spectrum under different

glucose concentrations; (c¢)The fitting relationship between the slice spectrum intensity and the temperature variation; (d)The fitting

relationship between the slice spectrum intensity and the glucose concentration variation
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Table 2 Analysis results of the outliers discrimination
model for original spectral under different

preprocessing conditions

i Il 25 HIFFRES

pects BULHE  Lvs A il ?% A «)M%
Jrik REGE AR REUE fERE
T B 75.86% 73.21% 36.36% 54.17%

5

MSC 3 81.48% 89.29% 61.54% 66.67%
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Table 3 Analysis results of outliers discrimination model of tissue phantom solution
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Fig. 6 Discriminant results of the model based on different input data for prediction dataset: (a)Raw spectra; (b)Water spectral fea-

tures; (c)2T2D-COS asynchronous spectra (Threshold: 0; Anomalous spectra: blue triangles, Marked as -1; Valid spectra: red circles,

Marked as 1)
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Table 4 Quantitative analysis of glucose concentration

before and after outliers removal
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