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Abstract The Monte Carlo (MC) method is widely used in simulating light propagation in skin tissues. A

tetrahedron—-based Monte Carlo (TMC) method is developed. Energy deposition error due to numerical dissipation

can be avoided by the definition of distance threshold. Laser propagation in a two—-layered skin model with single

boundaries.

blood vessel is simulated to compare geometry—based MC (GMC), voxel-based MC (VMC) and TMC. In GMC, the
polygonal interface. TMC provides balance between accuracy and flexibility in the treatment of photon—boundary

interface is defined mathematically without any discretization. It is the most accurate but not applicable to more

.

complicated domains. The implement of VMC is simple but it may lead to non—neglected error due to zigzag
=]

interaction by the boundary adaptive tetrahedron cells. Numerical results reveal that space adaptability of
geometrical shape of TMC is much stronger than that of VMC. Photon energy deposition error by TMC in complex

interfacial region is 10%~25% of that by VMC. These results show that TMC is superior in the discretization of tissue
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Fig.3 Photon reflection at vessel-dermis boundary under different grids
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Table 1 Influence of blood vessel diameter on deposition error

Ry=——
>, Y 3602 <E, .>. ’

i=1 ang.i

Vessel diameter /pm Ry 1% Ry 1%
60 -1.08 -5.74
120 1.75 -6.96
180 1.04 6.58

3.2 MEEHEINAREBIRENFNT
DL 051 S A o L A B 6 Y A A B O 1) B, BRAE 5 B K - B s A Al R il HL 5 A B R AR AT,
B2 fiR o 1 12(a) 2 R AA 7 &, A5 K S 3hZE 0 x=700 wm . T8 12(b) 2 e %5 J5 i 07 B, 145 K 82k by a=y .
(@ ®)

500 1000 1000
Y gy 1000 " 500 i “hm 0 55 % pm

P12 MU 7R x—y TR IERS o (a) UL (b) T J i
Fig.12 Blood vessel rotation in x—y plane. (a) Original position; (b) position after rotation
1T B0 A OGS B ELAL T AT s, B DAL AE LA v 2 R il e e i IR0O6 ' 3R A I
R R X 7 AN i A PR G 1 8 R DA R A A X A A A A B a2 A A R i A IS R R R
A AARRIE o ARG XA BRI | 2 SR i %) e e iy 1) A xR 22
Q:L§<Eimg,1>mu —<E‘mg,i>m_i )
360 <E,.>. ’

i=1 ang.i

N <E >0 FI<E >0 73 90 R T 5 15 26 i A 1081 3R IXBUROL T U0 . ST 45 113 5] 0v=4.08% , Tl Qr=
0.09% . MFEIERZE A, QviE KT Qr, 3X U I TMC X LA AR 9 25 )3 WA I I T VMG,

0404001-6



L G-
B3 L3 T e % A Je BE i DO R B iR 22 40 A o T LU M e HE 22 ) (18] 13(b) Ky 1 —5%~10% (W 25 414
HE 2% )F 43 10 B0 o 55 DR A A TR 13 (a) JAH B 22, L1 2 A AN S 4 vl 3] 5 8 o 3 X, 2 WA A A5 A
FRE b o 2RO AE X I -5%~10% N SN 43 A5 1 DA T g8 it o Ko e 5% it I, B AT 2~3 4> i 7 X 5k
Ab o5 B S R B 1% o X T K, B R S X 3 A0 B B840 A BOHE s A XA B A5G B B R
34.2%IG TN R 54.7% o B I — 2 1 B A R DX, 3K 43 R TR B 4 SR R ORS BE 7 AR R

20% 20%
@ ) ®
g 0%t . 0%l
) g
g ~20%; o —20%}
g g
@ —40% =
~ K, 3 > 8o g 2 —40%F -
—-60%F K, 8008 o o -K, g
L f L f L ) ) —_R0Y L ' f f s ' f
0 60 120 180 240 300 360 60% 560 120 180 240 300 360
Angle /(°) Angle /(°)

P13 1A HERE TS RE it DURURE IR 224010 . (a) AR ; (b) TiERE J5 i
Fig.13 Error distribution of energy deposition before and after vessel rotation. (a) Original position; (b) position after rotation
F2 PO G R 2 KI5

Table 2 Energy deposition error distribution in the region before and after rotation

Ky Ky
Region: =5%<K<10%
Before After Before After
Data points in the region 357 358 237 197
Data points out of the region 3(0.83%) 2(0.56%) 123(34.2%) 163(54.7%)
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