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Sensitivity Analysis of Near-Infrared
Diffuse Reflectance Spectroscopic Measurement in Turbid Medium
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Abstract For measurement of substance concentration in turbid medium by near-infrared diffuse spectroscopy, the
measurement sensitivity and the position of the adopted spectrum detector, i.e. source-detector separation (SDS),
are closely related. By analyzing the sensitivity of substance concentration measurement curved with changes of SDS,
three special SDSs with maximum, minimum (zero) and local maximum sensitivities were obtained, respectively. In
the glucose measurement experiment in turbid medium solution, Intralipid solution with water, glucose, hemoglobin
and albumin, the three special positions of SDS were verified by diffusion equation, Monte Carlo simulation and
diffuse reflection spectroscopy. Considering the limiting factors such as stability of light source, detective quantum
efficiency, noises of InGaAs detector, we used the signal-noise ratio (SNR) as another indicator to evaluate the
sensibility of an actual measurement. After comprehensively analyzing the sensibility graphs and actual measurement
conditions, we presented the optimized SDS which the glucose measurement precision was improved by more than 10
times. The method for improving glucose measurement sensitivity in turbid medium could be referenced and practiced
in non-invasive blood glucose measurement or other substance concentration measurement using near-infrared
spectroscopy.
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Fig. 1 Schematic for the measurement of diffuse reflection light in turbid medium
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Table 1 Comparison of the sensitivity results from several typical SDSs

1160 nm 1200 nm 1360 nm
Position - . .
SDS /em | S| /(1077 mg '+L) SDS/em  |S| /(107" mg'eL) SDS/em |S] /(107° mg '-L)
Om 0.01 4.99 0.01 3.90 0.01 2.01
Or 0.09 0.012 0.07 0.13 0.09 0.0003
Om' 0.12 0.44 0.10 0.33 0.12 0.13
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Optional SDS /cm

1160 nm 1200 nm 1360 nm
According to the requirement from Se, 0-0.08, 0.11-0.15 0-0.05, 0.08-0.15 0-0.06
According to the requirement from S, 0-0.08, 0.1-0.2 0-0.06, 0.08-0.2 0-0.08, 0.1-0.2
Comprehensive result 0-0.05
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Table 3 Estimated glucose concentration measurement limit in two case of spectrometer SNR cases

Measurement limit under SNR of our Measurement limit under SNR of
Position instrument /(mg/dL) 10000:1 /(mg/dL)
1160 nm 1200 nm 1360 nm 1160 nm 1200 nm 1360 nm
Om 40.1 51.3 99.6 5.01 6.41 12.45
Om' 452.8 492.9 1581.1 56.60 61.62 197.64
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