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(A Development of Fast Speed Monte—Carlo Ray Tracing Method and Study of the
Characteristics of an Absolute Reflectometer)
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Abstract

We proposed a new algorithm to improve the calculation speed of forward ray tracing method which
was quite a problem in conventional Monte Carlo algorithm. To verify the accuracy and the effect of
improving calculation speed, we directly compared integrating sphere characteristics with conventional
ray tracing algorithm under the same condition which was referred in a reference paper. By applying
new algorithm to an absolute reflectometer, we calculated the degree of errors which were caused by
baffle and port characteristics to find optimal system design condition.
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Fig. 2. Proposed Monte carlo ray tracing algorithm
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L4 1
Conventional Method:
All objects in the system are the target of
searching for intersection.
New Method:
Only some objects located in the maximum
probabilistic direction are the target of
searching for intersection.
If the intersection surface has scattering property
Conventional Method:
The energy weight function is calculated
at every intersection event.
New Method:
The energy weight function is calculated
only once when the simulation is started.
X
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Fig. 3. Structure of Ulbricht Integrating sphere
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Table 1. Parameters of Sharp-Little type
Parameter Set value
. Radius 100
Integrating
Sphere wall Reflect 0.9
eflectance
b (Lambertian)
Radius 125
0.95
Sample Reflectance .
(Lambertian)
Thickness 125
Reflectance 0
Port Radius 145
Thickness 1
0.95
Reflectance .
Batfl (Lambertian)
affle
CPU i7 3.40 GHz
Starting rays 3x10°
Sirmulati Trace off ratio 10°
mu 'a. on Detector size 12.5
condition
Meshes of detector 5x5
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Table 2. Comparison of calculation speed

Algorithm .
Conventional Proposed

Data
Elapsed time(s) 1,740 201

3% 20l veht 235 B9, Sharp-Little W4 2] 4]

%?lt%ﬁwéﬂxﬂ W arE]Fol of 87w Wt
A& & SUek AEH WAAA E 1e49] 221
o7 o 30 Ak Aevt Hu, SRS AEe A
sb71 flsl ot we o] s AT A ARt
S5 zpel= A A7) e 5 lEs 1 o,
87fe] 14k ] Hio L It orlE Adn
L A

& AolM= Ak daelEs &8
A 22 Sharp-Little ¥4 <] o) H&*}% é*é &
Aol thah 2 94} A §)
A7), Y7 E "x} EXI X E

m
E
Am
0>~
=
=
ol
M
1%

>
ol
o
PN
o r
2
E
oft ¢
to
)
— r
N
o
)
N
L
o
e
o My wx rf <y o lo

3.1 Sharp-—Litile & A7

Sharp*thtle Ho]');l Oﬂ U;]_EI{:L }%z] = E ]ﬂ
e 13wkl ojg AR wil AR 7]
ol ]3k T kAL AR ol Aake
W AEe] A9 wlEe) GO 14 W] o5
HE)S ASE T WA AR Anke weds)
A, ool we} EESe] )} FRE 4L A%
A R ) Sl BA FE 082 Fo)
Hataal sk AEe] WAL () S A 9~6)e] 3}

oﬁ,j‘\lﬁi

o
o Jr Mz
-

ox 2 Mr

F

|

of NO
Y
o

B\

zZH - A7)d8) 8k =EA] #2878 A63, 20143 6Y

ARG WHE - AUG - E

2)

% B AEO] BA} I

B, AT o] BAL F5
% L AEC] Bab 2n

E,: AET UM B4} 2%

ol 23t Hx A} Fdel o7t s W gt 2
onR vy o] dE 4= 3ArH4l

Ew = Ql(1 +pm, +pm/pm +pm/p72n toeoe )/a()

9 ag— ay (p; = py)
_a_o[ Sa;(1=p;) ] 9

E,=E,—F, 4)

Pl (ay + apy)
(a1 +ka, +a2)

# gyt AT W] AA EA (amp)
a AEe] WA
jiﬂr Viewing portE-S #|<]g 4]
Z9] WAL
T W] RhAbE
HhAbel] ofaf WA HE AL &

ay-
pr-
Pzz

=2 e
SuATE R

S
o

2 HET HIE QA0 LE S =9

ARFolA 14 ik Aol AEE A7 o
of HggH ANE AT A WA 913}
of IS ARG, SR WE AL 2R
o B S BN ARG 8] o] W
o Jge 4T3 seld Bask gk ol F 98 2



a4 45t A BAIEE B4 34 dudZ e 3 o3 889 3
%6 % ¥ 39 27lo) met o5 M AEE N

Entrance
port

Sample

T2 6. HE

2nd
Surface

sy =71

View port
for sample

1st

Surf;
A

ace

Fig. 6. Conditions of baffle characteristics

C

P P

- ®: X & [mm]

- t: FH [mm]

View port - P: &X]| [mm]
for wall o1 BEALE

E 3 HIE &Y =0 WE 24
Table 3. Errors from the condition of baffle
characteristics
0] t P r Error
A | FAD) |(AAD) (WA} E) (%)
A 29 1 0 1.38
25 1.55
B 1 0
33 1.84
1.60
C 29 0 0.95 1.50
10 Lambertian 1.08
-10 1.53
-5 1.51
D 29 1
5 1.33
10 1.41
0.95
Specular 1.19
(1°" surface)
E 29 1 0
0.95
Specular 1.43
(All surfaces)
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Table 4. Materials of port and wall

Material | Reflect Error
ateria eflectance
(%)
Integrating 0.95
BaSO -
Sphere wall avi (Lambertian)
Carb 0 1.38
rbon )
arbo (Absorbed)
Port 0.95
BaSO 1.12
surface Aot (Lambertian)
0.95
Alumi 0.77
Hmmm (Specular)
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Table 5. Optimized model

Port surface Baffle Error (%)
- @ =29
ct=1
#1 Specular P -0 1.01
- r= Lambertian
- @ =29
-t =10
#2 Specular |- P = +5 1.07
- r = Specular
(1st surface)
=29
t=25
#3 Specular |- P = +5 0.50
- r = Specular
(Ist surface)
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