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Abstract A new near-infrared noninvasive method of detecting the glucose from human skin tissue interstitial fluid
is presented. The skin tissue structure is refined, and the papillary layer containing a small amount of blood separated
from the lower area of the dermal layer and the surface layer are used as the main objects. The wrist curved side is
selected as the detecting part. And the average probe depth, the main absorption position, the average photon path
length. the outputting energy and the fraction of absorbed energy in each skin tissue layer are calculated by the
Monte Carlo method based on the above. The results show that both the average probe depth and the main absorption
area are located in the papillary layer. The average photon path length is long enough and less energy is absorbed by
the stratum corneum and the dermis when the distance between detector and the source is 0. 6 mm. Thus the
optimum source-detector distance of 0.6 mm is determined and the optical fiber detector is designed. The uniqueness
of the method is that the spectral information from the epidermis and papillary is captured without the interference
from the rich blood containing lower dermis, which is good for the near-infrared noninvasive blood glucose detection
and provides a theoretical basis for the follow-up work.

Key words medical optics; noninvasive blood glucose monitor; Monte Carlo; interstitial fluid

OCIS codes 300.6340; 170.1470; 170.6510; 170.6935

i BEHEI: 2013-05-07; W RIEFmBHEI: 2013-06-04

E£MAB: HK 863 1% (2012AA022602) , H &K B 4 Bl 2= 5 4 (60938002) i F o % H &K T 458 55 40 = ¥l &k 4
(Y1Q03FQ113)

EEBAN: REMAI8T—) B LW A, EBMNF LA AR T E BT . E-mail: stvnsh@sina. com

SRR A TR 1964, 5 BT 5L EEAF OIS DL EORE I MM HTSY . E-mail: lugipeng@126. com
GEFHR RO

1117001-1



M

g3

1 5 F

Wil PR e — Ff ] 51 A — ZR B E IR AT I 2R A
PEACHIBO - 8 T N HE A9 JE R B . X Bl IR
T N HEAT S I L AR A4 LA R 00 R R e /N
VRIS FHF: 25 9 A 9 BIL 3R B i R 9 N ) A 1
oo I PR b A A A I 2 AR O N I
FEAERI P ARG RUBS: A T S . TRt
W58 — R o 0 B B B I M A 0 O 3k FLA R
R

SR AT £L AP T8 BEAT MBI 4 B A PR L e Bl
Z ULy R I A3 07 S5 00 L PRI A2 3z o
RERS T B AS DN ot B o ) S S D X%k AR B ik 4
ZUP R B R AT ARG+ U T AR 4 4 SR RS I
BB AR SR T B b (E R 7 SR I 2 e
AT AL D GV I oK R A R TGP
ThAF /NP1 1B I T A0 RE A E A0 R b TR
SR AN A LD AN R A3 LT LD AN RS A 1
W 55 T o3BT s 2) L EVRAE AR SV A 23 8 A
2 N B HOR DL A [ 1 Jadl 28 A2 4K+ 5 T 2E 4T i
AT s 3) LA P A B R M ML 3K R O o B A A BE
B Y 75 4 % B A 2 LN LR A R e
FH O L o 20 SR P B TSR B R AT At
oA AR UL 2 1 o B A S e TR R O
O B R BEAT e PR 0 2 D ik, A% SRR R A A
BRI o M Uz R B E B R R T 4
JZ o T A TSR IR SORS A7 52 220 X R R A S
FLX R B SO AT MBS . A SCHEL S
BT b 40 Ak K K 21 21 B0 T2 AR 45 4 o AR 40 3l 21 S
R ZF B R R T AR 000 30 A £
FIHI S A4S R B 05 IR AU 2D AME UG T A B Jik 4
GUR IR R BF TS 1 L AE AR B2 ik 24 20 /9 F-
Wi R BRI L 32 2 WS X P BOE R | A RE
SR BRI ICRE B o L RS T ORI
PEAT J0B) i G0 4 i A D' U R S RSk LR
BT T AR B 6 £F BRI Rk

2 NMBZ KA AR
2.1 ANERBRARBEAREN

N B IR AR R BOE th A B2 R VHRZ
BT HLURM R & T ZIRE5H . R
T EEA MR R ERE R
iR S A A i ) (SO v 58 4 ff i Ak i BE T
A0 28 R A A LG R R A R R

SC

PD

dermis

B B b 4 U
Fig. 1 Model of human skin structure
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Fig. 2 Optical path for Monte Carlo simulation
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Table 1 Optical parameters of the human wrist

curved side (A=1680 nm)

Name of layer p,/mm™' g /mm ™! g n ¢t /mm
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