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In the present paper, efficiency of piecewise constant approximation with respect to

velocity direction is shown in discretization of the stationary radiative transport equation

(RTE). Theoretically both the proposed method and accurate cubature rules give the

strictly diagonally dominance of the discrete problem under some conditions. However,

from practical viewpoints, the former is superior to reduce the number of unknowns.

Validity in accuracy of the proposed method is also discussed in practical examples with

bio-optical parameters.
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Table 1: Validation of Conditions (4) and (5)

for Henyey-Greenstein Kernel (g = 0.9) with
Sobolev’s Cubature
N Degree | LHS of (4) LHS of (5)
1260 60 0.161 6.54 x 1073
1452 65 0.148 4.89 x 1073
1692 70 0.122 2.28 x 1073
1932 75 0.106 1.29 x 1073
2192 80 0.091 6.81 x 1074
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Fig. 1: Convergence of Gauss-Seidel Iteration
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Degrees 70, 75, and 80

4. 0DO0oO0OOOOooOooooo
oooooo0oO0o roooo00ooO00oob0Db00on
gobobooooooboobobooooooboooooooo
00 S$?0000000000000000000 s, O
gooo

N
5% = LJsm SnNsm =0, n#m

0000000 s0O000 sODO0O0O0D0O0 s, 00 &, O
DDDDDD{xljl}XSnDD 1(50”175)% Ul’nDDDDD
U0z=z,,, 0000000000

,Us(xijl)/SZ p(én, VI (wiji, &) dogr

~ ps (i) i (/s

goobooodod s, 0ogoobooooooon

p(En,€) dUg/) Lt
- :/ p(en€) dogr, 1<my<N

gboooooooobooobobooooooboooboooon
yooooo0oooooooooooobooboobo <Z~5m/D



gobooobooooooooood

N
KZcIijl;n = Us Z ¢nuIijl;1/

v=1

goobooobooooooobobooooobooboboooooao

(Aa — XA + [(ZC)Iijl;n = —q(ziji,&n),
Lijijn = I (zij1,€n),

(zij1,én) € X,
(xijl,én) S I_.

ooooooooooone, D0O000O0O0DOO0000O0
gooo

G = Su )

EN = (
1<'rL u<N

ooooooooooooo
oo 2. 0000 u, ODODODO0O pe>p, OOOOOOO

00 $*000 {s,;1<n<N}OOODODOO s, 00000
|sn| 000000

(s, ol ) ol <1 ©)
oo
en Ha(z) (7)

-— m.
N ps@)#0 pis()
O000AA -ZA+KX0000000000

gboodoobolboooooboooobooobooobobooon
gooboooooooooooo

Proof. 00 (6)00O000O0O nO
b < Wl [ doe <1

oooooooo (nmoooooo

&
Ms

good
Ma“!‘ﬂs(l_énn) >0

000000000000 ¢, 00000000 nO

N N
dobw=) / p(€n.€) dog =1
v=1 v=1"Y5sv

gooboooooooooo

N
1_Z¢nu - Z ¢nu_(gnu) > —Nen.

v=1

00 €ni,én2,éns >00000000000 100000
0000000000000O00

&Gz Gns s
‘ Aml A-'-EZ A.’.Eg (Herua)Jr,usqﬁnn
_€n—,1+€ €n3+'u’a+.u‘5(17¢nn)

o Aa:l Aaﬁz A

goobooobooooooobobooooooobooboooan

én_,l 611,2 én 3 i ~
Any + Ans + + ta + ps(1 — Pnn)
_ fn,l En,2 sn 3
( Az | T | Az, + gﬁ%"‘s‘ﬁ"”

N
= Ma + Us (12(2)77,11) ZﬂafﬂsNeN>O

v=1
00000000000 (HUUUDUUOUODO RnOO0OO0OOO
goobooogg O

20000000000O0000O00O0DOO0OO0OOC0O
DDDDDDDSQDDDDDDDDDDDDD(5)|:|[||:|[|
ooooooooo NOOOOOOooOoOOoOoOOooOo0OOON
00000000 M)U0000wk, us 00 O00oooog
0000000000000 (7)00(6) 0000 NOOO
oood s, 0000000 0obcobooboooooboooNO
0000000000000 0000OnD |s,/00000O
000000 |se| = 4n/N 00 00O 0O O Henyey-Greenstein
000 Ipl., =p(&,€) = (1+9)/(4x(1— /) 000000
000000 (6) 00
1+yg

> - J
Mg

=190, ¢=0.9
00oo

5. Jddoobooooooooooo

Jo0oo0Doobobobooooooobooooooboon
goob 20b000b00b0obobouoobuooooboon
gboooobobooobuobooboboo

$2000 {¢}000000000000000 {(sn, &)}
000000 S?00000020000000000200
odoo MODOOOOD2wO000000 MOOOOOOO
00000000000000 2000000 202000
gobbbboodooobooooouoobbobobouoOod
00000000000000 $?2000000000 Sn,
anDDDDDDD&HVDDDDDDDDDDDDD 7, O
0000000 (-1,1)>0000000 0 0Gauss-Legendre
goooooo

000000000 |s,|00000000000 (6)00
0000 Henyey-Greenstein O (¢ = 0.9) 00 OO Table 2
ooooooo MO 4000000000 (6)OO0DODO
goooooooono

ooood ¢, 0O0DOODODOOOOOOODOOOOODO
O kOO Gauss—LegendreDDDDDDDDDfoWEI[IEI[I
god

7k
e, (e = o) ®
O Fig. 300000000
¢nu Prw
1<n,v<N d)m, )

0O Fig. 40000000 ¢, OOOO0O0O100 500000
0 48 00 Gauss-Legendre 00 O0D0OO0O00O0O0O00DOO0O



Table 2: Validation of the Condition on Sur-

face Areas (6) in the Proposed Method

M N | minls,| max]ls,| LHS of (6)

4 320 | 0.0308  0.0467 0.707
6 720 | 0.0126  0.0204 0.309
8 1280 | 0.00680 0.0118 0.178
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Fig.3: Accuracy of ¢, (8) by Gauss-Legendre

Quadrature
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Fig. 4: Relative Errors of ¢,, (9) by Gauss-

Legendre Quadrature

Table 3: Hardware Specifications in Numeri-

cal Experiments.

CPU Core i7-6700K (4.0GHz, 4 Cores)
Main Memory 32GB DDR4 (PC4-17000)

NIC Intel X550-T1

Operating System | Linux CenOS 6.8

C/C++ gee-4.4.7-17.e16.x86 64

MPI mpich2-1.2.1-2.3.el6.x86_64

GPU NVIDIA GTX TITAN
(GK110, 2688 Cores, 837MHz)

GPU Memory 6GB GDDR5

CUDA 5.5.22

HUB NETGEAR XS716T
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Fig. 5: Convergence of Block Gauss-Seidel It-
eration in Piecewise Constant Approximation
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Table 4: Computational Times of RTE by
Piecewise Constant Approximation w.r.t. Ve-
rocity Direction (3,000 Steps in Block Gauss-

Seidel Iteration)

#{¢,} Total Unknowns Memory Time

[bln.] [GB] [hour]
320 1.30 9.7 1.1
720 2.92 21.8 2.3
1280 5.19 38.7 4.0
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