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Fig. 2 NIR normalized reflectivity of 58 samples
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Table 1 Statistic data of 3 kinds of protein

contents for 58 samples

A H AR e b BFE XA
ALB(g+ L7  20.8~47.1 36.7 5.5 35~55
GLB(g+L™") 15.1~37.1 26. 6 1.7 20~45
TP(g+L~!)  35.9~79.5 63. 3 8.1 60~80
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Table 2 Statistic data of 3 kinds of protein contents for

calibration samples and prediction samples

KIESE MOESE  BiNsgE  wngk  ROE/di

ER Ty b BT bR SRR
ALB(g+ L 1) 36. 4 5.7 3..0 5.0 44/14
GLB(g+ L 1) 27.0 4.6 26. 1 4.5 42/16

TP(g- L D) 63.7 8.2 63.6 8.7 43/15
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Fig. 3 SVM model parameter distributions of ALB, GLB and TP by grid searching
(a): ALB; (b): GLB; (¢): TP
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Fig. 4 Influence of main of factors on RMSECYV for determination of ALB, ALB and TP
(a): ALB; (b): GLB; (¢): TP
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Table 3 Evaluation indicators of all models

A4k SVR RN PLS [ SR Bl o
i H R. R,  RMSEP/(g- L1 HIMMIRE/ % R. R,  RMSEP/(g- LD SRR RE/
ALB 0.954  0.894 2.19 12.3 0.965  0.814 3.49 16. 4
GLB 0.995  0.931 1.93 16. 8 0.998  0.751 4.13 37.4
TP 0.955  0.863 4.38 18. 1 0.986  0.766 6. 16 20. 1
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Fig. 5 Predicted results by SVM regression model of ALB, GLB and TP
(a): ALB; (b): GLB; (¢): TP
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Fig. 6 Predicted results by PLS regression model of ALB, GLB and TP
(a): ALB; (b): GLB; (C): TP
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Noninvasive Measurement of Human Serum Protein Concentration by
Near-Infrared Reflection Spectra for Tongue Inspection
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Abstract In the present paper, a kind of noninvasive determination for human serum protein concentration of albumin, globulin
and total protein was explored based on the technology of near-infrared reflectance spectra. Reflectance spectra on the tongue tip
of 58 volunteers were collected. Because these is an nonlinear mapping relationship induced by the individual differences between
these spectra data and serum protein concentration, SVM was used to establish quantitative regression models of 3 kinds of pro-
tein concentration respectively after the normalized spectral reflectance was calculated and the protein content statistics distribu-
tion of the sample set was analyzed. In addition, results of SVM were compared with that of PLS, The results show that the
predictive effect for calibrated model of SVM is obviously better than that of PLS. Using SVM model to predict the prediction
set, the correlation coefficients of ALB, GLB and TP are respectively 0. 894, 0. 931 and 0. 863, and root mean square errors are
2.19, 1.93 and 4. 38. So SVM can resist the impact of nonlinear factors among i7-vivo determinations, and enhance the robust-
ness of the models. Meanwhile it was also showed that the near infrared spectral information for tongue can relatively objectively
reflect changes in human physiological and biochemical indexes, and this technology for noninvasive determination of serum pro-

tein concentration is highly feasible.
Keywords Near infrared reflectance spectroscopy; Serum protein; Noninvasive measurement; Support vector machine
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