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Abstract: Traditional near-infrared spectrometers are bulky and expensive, limiting their widespread appli-
cation. Based on Hamamatsu's MEMS-FPI near-infrared spectroscopy sensor C14272, this research suc-
cessfully developed a miniaturized near-infrared spectrometer operating in the 1350-1650 nm wavelength
range. The system adopts a modular architecture, integrating efficient signal acquisition and data process-
ing units, significantly reducing system costs. Through systematic performance evaluation, including
wavelength accuracy, spectral resolution, dynamic range, and other metrics, combined with a tempera-
ture characteristic compensation algorithm that effectively suppresses temperature drift effects, experimen-
tal results demonstrate that this spectroscopic analysis system possesses excellent stability and reproducibil-
ity, with a spectral resolution of approximately 15. 2 nm. Combined with a convolutional neural network
algorithm, the glucose solution concentration prediction model exhibits high accuracy (R*>>0.99) and low
error rates (RMSE<C0. 2% ) when detecting unknown samples. The developed miniaturized near-infra-
red spectrometer provides an economical and efficient solution for biomedical detection and food quality
analysis.

Key words: infrared spectroscopy; micro-spectrometer; convolutional neural network; glucose concen-
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Fig.2 Circuit functional block of MEMS-FPI near-infrared spectrometer
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1450.0 0.7135 0.000 3 0.04138 0.7131 0.714 3 0.001 2
1550.0 0.6831 0.004 9 0.7141 0.676 8 0.695 6 0.0188
1 600. 0 0.4352 0.006 1 1.3927 0.427 2 0.450 9 0.0237
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Fig.9 Dynamic range testing results of MEMS-FPI near-
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Tab.2 Performance comparison between MEMS-FPI spectrometer and C17552 spectrometer

A JGiE 9y BER /nm WAREENE/nm HEEENE/ N B /dB
MEMS-FPI 15.17+0.01 +0.03 0.87 45.5
R C17552 15.0240. 01 +0.05 0.73 47.3
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Fig. 10 Experimental setup for glucose concentration detection
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Fig. 11 Spectral data processing of glucose solutions
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Fig. 12 Loss curves during CNN model training
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Tab. 3 Performance comparison between CNN models with different parameter configurations and PLS model
B YIGRAY BRERN % R® RMSE(X%) MAE(Y%) MAPE  RPD  SEP()%) PRE(%)
PLS / / 7 0.9953  0.3411 0.2970 2.5574 14.6343 0.3409 2.3447
CNN 300 11 / 0.9955 0.3328 0.2928 2.7559 15.0949 0.3305 2.3114
CNN 300 15 / 0.9980  0.2206 0.1888 2.0458 22.7644 0.2192 1.4901
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