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Abstract In order to reduce the influence of absorption and scattering on tissue fluorescence spectra, the tissue
fluorescence and diffuse reflection are simulated under different optical parameters with the Monte Carlo (MC)
method, and a fluorescence recovery algorithm based on the tissue diffuse reflection spectrum is proposed. The
empirical parameters in the proposed algorithm are coded as a particle in the solution domain, the classification
performance is defined as fitness, and then a particle swarm optimization (PSO) algorithm is established to optimize
empirical parameters. Skin fluorescence and diffuse reflection spectra of 327 subjects are collected with a tissue
detection system for noninvasive screening of diabetes. The fluorescence spectra are recovered by the empirical
approach, and the fluorescence intensity before and after recovery is selected as the input variable for the receiver
operating characteristic (ROC) curve analysis, which is applied to evaluating the classification performance in

diabetes screening. The sensitivity and specificity are 32% and 76 % respectively, and the area under the ROC curve
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is 0. 54 when the spectra before recovery are used, while the sensitivity and specificity are 72% and 86 %
respectively, and the area under the ROC curve is 0. 86 when the spectra after recovery are used. The results
indicate that using the tissue fluorescence spectrum recovery algorithm based on PSO can improve the application of
tissue fluorescence spectroscopy effectively.

Key words medical optics; particle swarm optimization algorithm; diffuse reflection spectrum; fluorescence
spectrum; spectrum recovery
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Fig. 1 Measurement system for tissue fluorescence and diffusion spectra
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Table 1 Definition for parameter optimization of PSO algorithm

Character Description
Particle Parameter vector [ by sk, |
Particle swarm Set of parameter vectors, [hyskmlis Lhxskmlzs s Lhyskm
Velocity of particle Update rate of parameter vector [V,,V,, |
Position of particle Value of parameter vector
Fitness of particle Classification performance of fluorescence
Individual optimum Best position of a particle during iteration
Global optimum Best position of a particle swarm during iteration
Variation condition Assign values to particles whose fitness is distributed in the last 10 percent
Optimum condition Reach convergence of fitness or the maximum iteration times
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Table 2 Performance of spectrum classification at different recovery parameters

Sensitivity /%  False positive rate /%  Specificity /%  False negative rate /% AUC

k=0.61, k,,=0.43 72 28 86 14 0.86
k=1, k=1 86 14 49 51 0.72
k=0, bk, =0 32 68 76 24 0.54
k=1, k,=0 75 25 78 22 0.80
k=0, k=1 40 60 81 19 0.63
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HbAlc fi A RUR XS . 55 2~4 250 1B A0 AH G HT BA X FPG L HbA e F19¢ S 12 i 2 W5 bR 9 RO 19 5
g5, 5 5 B AR SCIER AR . HER 3 ATE L SOG TR AE M IR T A 1 ROR AT FPG I HbAlce, 4%
SCHIF ST 25 B85 2 F B N A9k i 45 SR A B 42
3 FPG.HbALc J e 7k 76 IR v i £ o i) 20 2R

Table 3 Performance of FPG, HbAlc and tissue fluorescence on diabetes screening

Data source Subject (DM) Method Sensitivity /% Specificity /% AUC
] FPG 64 94 —
Colagiuri et al.t'™ 10477(7)
HbAlc 78 97 —
FPG 71 80 —
Smit et al.''*) 218(84) HbAlc 80 75 —
Noninvasive 68 86 —
FPG 78 78 —
Zhang et al '™ 203(63)
Noninvasive 70 96 —
Li et al.* 487(250) Noninvasive 72 78 0.81
Our data 327(208) Noninvasive 72 86 0.86
e N
5 én ©
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