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Table 1 The total reflectance and the total transmittance in a slab with the refractive-index-match boundary

condition by comparing with the results simulated by Prahl ef al.'” and Wang et al.'"

diffuse reflectance diffuse transmittance
Prahl et al. 0.09711 0. 66159
Wang et al. 0.09734 0. 66096
This work 0. 09683 0. 66142

Bl 2 D JCBR 40 G oA G B A e AR T B, AR G 560 1. 371 L R
0.5 cm, TEALLUMHUN REU(= 20 em™ ") & RSFHER T g (= 0.75) AHIE RS UL T, 414800

=N

10 10° LA | T T " T M
v 7 ®
RS 5
b g 107 -
’: g ‘:' =
10-! & -
i A
é §10-=? -
102 3 3
5 5 F
b [ ampluse
10-Y . | P | R R R E 10— | 1 L. !
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 1.0
T fm'j r !ﬂ‘n

B 2 Qi B L R A R (o) MBS R T (0) SH R (. B A R3] 2 R R
P54 0.01 em™ ', 0. 1 em™ "I 1.0 em™ ' ALELAHUN RECH vy = 20em™ ', &) 5t
TEHFg= 0.7. 8% n= 1.37
Fig. 2 Plots of diffuse reflectance R+(«) and diffuse transmittance T+(b) per unit area as a function of lon-
gitudinal radius r. From upper to lower, the absorbing coefficient pa of the tissue is 0. 01 em™ ', 0.
I em™ "and 1.0 em™ ' respectively. The characteristics of the tissue are gs = 20 em™ ', anisotory

factor g = 0.7 and refractive index n = 1. 37
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Fig. 3 Plots of diffuse reflectance R.(a) and diffuse transmittance T () of an incident flat
beam per unit area as a function of longitudinal radius r. From upper to lower for the
radius of the flat beam as 2.0 mm, 1.0 mm and 0.5 mm respectively. The character—
istics of the tissue are po. = 0. 1 em™ 1, py= 20 em” ', anisotory factor g = 0.7 and re-

fractive index n = 1. 37
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Fig. 4 Plots of diffuse reflectance R:( @) and diffuse transmittance T-( ) per unit area of an in-
cident Gaussian beam as a function of longitudinal radius r. The parameters as the
same as in Fig. 3
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Fig.5 Comparison of total diffuse reflectance and transmittance of a flat beam between in three layer tis—

sues (solid line) and in one layer tissue without an absorbing layer (dashed line)
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Table 2 Optical parameters of simulated three-layered tissues

o Sem” s Sem™ ! g d /em
the first layer 0.01 20 0.7 0.5
the second layer 1.0 0 0 0.2
the third layer 0. 01 20 0.7 0.5

4 4t g

H 1983 & Wilson'" Ji] Monte Carlo J7 %50 M Yo LA Z b AL 4% 5, Monte Carlo /5
R N 6 5 s R A B A BAE R S I R I S ML R 2, {ERS S A B R i A
b RS REAR iy HL T BT S 2 AR A o, IS 28] TR KA RE . ASCRIH Monte Carlo
%, vhe 1A MRS C AR A A 23 A, Bl 1 0 PR A0 6 I 210 A ) 41 23 138 B A
RN IE B, e R b vH ST~ i (5] 6 ORI w3 G AN I 138 e S AR RN aE R a5 R

== HH Al Ao He B A EO ch i 2k 0 A S A i T D Bl ds 0t ds st E=non BRFale dJdy o I HE oA BRF el H sty el S



158 H £ " ot 26 &

Al 3 A P, T A S 5 5 03040 0 R SR SN RS T 1 e
2 RGN AT 038 RS0 e PO 4 o 26 SR T o S T T3 — R AL SN B,
T 43 4 2 5 AR R I 2 B

6

10

11

12
13

14

15

Z & X W

L. E. Preuss, A. E. Profio. Optical properties of mammalian tissue: introduction by the feature edi-
tors. Appl. Opt.. 1989, 28(12): 2207~ 2209

W.¥. Cheong. S. A. Prahl, A. J. Welch. A review of the optical properties of biological tissues.
TEEE J. Quantum Electron., 1990, 26( 12): 2166~ 2185

Chen Min, Chen Jianwen, Xu Zhizhan. New progress of optical tomography and its application. Physics
(PPEy, 1997, 26(5): 295~ 299 (in Chinese)

R. A. ]J. Groenhuis, H. A. Ferwerda. J. J. Ten Bosch. Scattering and absorption of turbid materials
determined from reflection measurements. 1: Theory. Appl. Opt., 1983,22(16): 2456~ 2462

K. Jurutsu. Diffusion equation derived from space-time transport equation. J. Opt. Sec. Am. A, 1980,
70( 4) : 360~ 366

B. C. Wilson, G. Adam. A Monte Carlo model for the absorption and flux distribution of light in tis—
sue. Med. Phys., 1983, 10(6): 824~ 830

S. T. Flock, M. 5. Patterson, B. C. Wilsonet al.. Monte Carlo modeling of light propagation in high—
ly scattering tissues—: Model predictions and comparison with diffusion theory. IEEE Trans. Biom.
Eng., 1989,36(12): 1162~ 1167

Lihong Wang, S. L. Jacques, L. Zheng. MCML-Monte Carlo modeling of light transport in multiday-
ered tissues. Comp uter Method Programs in Biomedicine, 1995, 47(1): 131~ 146

R. R. Meier, J. 5. Lee, D. E. Anderson. Atmospheric scattering of middle UV radiation from an in-
ternal source. Appl. Opt.. 1978, 17(20): 3216~ 3225

Sun Wei, Ying Jinpin. Li Jiang et al.. Monte Carlo method study of light propagation in tissues. A cta
Optica Sinica( J'[_‘f‘:‘{:}u] , 1994, 14( 1): 97~ 101 (in Chinese)

S. Havlin, J. E. Kiefer, B. Trus et al.. Numerical method for studying the detectability of inclusions
hidden in optically turbid tissue. Appl. Opt., 1993,32(4): 617~ 627

Lihong Wang, Da Liu, Nancy He et al. . Biological laser action. Appl. Opt., 1996, 35(10): 1775~ 1779
A. Kienle, M. 5. Patterson. Determination of the optical properties of turbid media from a single
Monte Carlo simulation. Phys. Med. Biol., 1996, 41(12):222]1~ 2227

F. P. Bolin, L. E. Preuss, R. C. Taylor et al.. Refractive index of some mammalian tissues using a
fiber optic caldding method. Appl. Opt.. 1989, 28( 12):2297~ 2303

Chen Min, Chen Jianwen, Kou Leigang et al.. Monte Carlo simulation of light propagation in double

layered tissues. Chinese J. Lasers ( O . 1997, A24( 4) : 342~ 346 (in Chinese)

Propagation of a Finite-diameter Light Beam in Biological Tissues

Chen Min Chen Jianwen Xu Zhizhan

(Shanghai Institute of Optics and Fine Mechanics, The Chinese A cademy of Sciences, Shanghai 201800)

Abstract A Monte Carlo method is used to study light distribution in tissues as a finite di-

ameter light illuminates tissues. T he total diffuse reflectances and transmittances of
tissues illuminated respectively with an infinite thin light beam, a Gaussian beam
and a flat beam are simulated respectively. We also simulate finite width light prop-
agation in multidayered tissues.

Key words Monte Carlo simulation, finite diameter light, tissues



