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Abstract A preliminary research of noninvasive monitoring of blood glucose concentration is performed using
the photoacoustic detection technique, and a noninvasive photoacoustic detection system is established. A tunable
pulsed laser is used as the excitation source and a confocal ultrasonic transducer is used to capture the
photoacoustic signal of glucose concentrations. The pre—amplifier, data transmission based on GPIB-USB bus and
virtual instruments developing software LabVIEW are used in this system. The time-resolved photoacoustic signals
for the glucose solutions with concentration from 0 mg/dL to 300 mg/dL are acquired based on the established
photoacoustic detection system. The glucose solutions with different concentrations are scanned by the tunable
pulsed laser with output wavelength from 1300 nm to 2300 nm and with interval of 10 nm, and the photoacoustic
peak—-to—peak values are obtained. In order to obtain the characteristic wavelengths of the glucose solution, the
difference spectrum algorithm and the first order differential derivative are used. The mathematical correction model
between glucose concentrations and photoacoustic peak—-to—peak values is established by means of linear least
square fitting algorithm for the optimized characteristic wavelengths, and the glucose concentrations are inverted.
Two better characteristic wavelengths are chosen based on the minimum root mean square error.
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Fig.1 Experimental setup of photoacoustic noninvasive detection
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Fig.2 Time-resolved photoacoustic signals of glucose solutions with different concentrations
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Fig.3 Photoacoustic peak—to—peak values of glucose solutions with different concentrations

1
@ - 300 mg/dL i ® 410
200 mg/dL = 8007
~-100 mg/dL % 600l ". 1890
a0l |1 f\
< |
2 200 | | M
S ! 2020 2130
3
& —200f
1510
; : s -400 — . . . .
1400 1600 1800 2000 2200 1400 1600 1800 2000 2200
Wavelength /nm Wavelength /nm

P4 A BRI . (a) 223 6P WAL (b) 22785 — B S 4K

Fig.4 Characteristic wavelengths of glucose solutions. (a) Difference spectra of photoacoustic peak—to—peak values;

(b) first order differential derivative
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Table 1 Photoacoustic peak—to—peak values of glucose solutions with different concentrations at characteristic wavelengths
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Wavelength /nm 50 mg /dL 100 mg /dL 150 mg /dL 200 mg /dL 250 mg /dL
1410 3695 3975 4066 4195 4360
1510 3316 3496 3588 3732 3785
1890 3066 3168 3145 3156 3711
2020 2705 2920 2850 2836 3145
2130 1684 1633 1680 1754 1762
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Fig.5 Model building between concentrations and photoacoustic peak—to—peak values at different characteristic wavelengths.
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Table 2 Predicted values and actual values of glucose concentrations for different characteristic wavelengths
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Wavelength 50 100 150 200 250 RMSE -

/nm /(mg/dL) /(mg/dL) /(mg/dL) /(mg/dL) /(mg/dL) /(mg/dL)
1410 32.84 123 .16 152.52 194.13 247.35 13.26 0.9831
1510 36.12 112.78 151.96 213.29 235.86 12.14 0.9856
1890 78.33 118.23 109.23 113.54 330.67 57.93 0.7735
2020 33.04 168.09 124.12 115.33 309.42 57.08 0.7781
2130 116.43 2437 109.21 242.78 257.22 52.30 0.840
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Fig.6 Predicted concentrations of glucose solutions at characteristic wavelengths of 1410 nm and 1510 nm
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