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(a) sampling theorem (b) FDTD method

Fig. 1.4 Space discretization.
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Fig. 2.3 The relation between absorption coefficient and impedance.
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Fig. 2.5 General boundary represented by rectangular grid.
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p(r) = { ID—BCOS(WT/d) E: i Z; (2.23)
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p(r) = exp (—d2> (2.24)
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Fig. 2.6 The spectrum of gaussian source.
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Fig. 2.7 An example of a spatial gaussian source.
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Fig. 2.8 The time-domain gaussian source.
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u(t) = 2O (2.39)
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Fig. 3.1 The up-wind method of solving advection equation.
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Fig. 3.2 The FDTD method and the CIP method.
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Table 3.1 Relation between the interpolation function and the scheme.

interpolation function ‘ scheme
15t order SUPG, upwind sheme
274 order(symmetry) BTD, Lax-Wendroft
274 order(asymmetry (up-stream points)) | Beam-Warming, QUICKEST
37 order CIP
5t order IDO
exponential function hybrid GSMAC
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b o~ 20ufe (@) + Oy (i) + 3(f (@) = fir (wi41))/Ax (3.20)
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00o0ddooboboO e, b000000000DO0DOO
_ O (@) + 0o (i) — 2(f5 (@) — [ (w51)) [ Az (3.21)
Ax? .
o 20, [ (23) + 02 ff () —Aiif;(xz) — fa (xi1))/Ax (3.22)
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double xx = -c*dt;
for(int i=0; i<nx; i++){
//000
int iup = i+1;
double D = dx;
double subdif = (sub[i]-subl[iup]l)/D;
double a = (dsub[i]+dsub[iup]+2.0*subdif)/(D*D);
double b = -(2.0*dsub[i]+dsub[iup]+3.0*subdif)/D;

sub[i] += ((a*-xx+Db)*—xx+dsubl[i])*—xx;
dsub[i] += (3.0*a*x-xx+2.0%b)*-xx;

for(int i=nx; i>0; i--){
//000

int jup = i-1;
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. :/,’ E'/ :// .
S
Fig. 3.3 The procedure of the CIP method.

double D = -dx;

double sumdif = (sum[i]-sum[iup])/D;

double a = (dsum[i]+dsum[iup]+2.0*sumdif)/(D*D);
double b = -(2.0*dsum[i]+dsum[iup]+3.0*sumdif)/D;

sum[i] += ((a*xx+b)*xx+dsum[i])*xx;

dsum[i] += (3.0*a*xx+2.0%b)*xx;
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P(z) =) ax’ (3.24)
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3.3.5 0LOUOogooo

0000000000000 00 3000000000 AOCIPODOOOODODOOOOO
gbo2000000000000000000200000000
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0 (3.27)

d(pc(u +v) + p) n d(pc(u +v) +p) . d(pc(u +v) +p) dpcv N dpcu

at ¢ oz ‘ dy ~Car Ty O

8(_pc(u£ v +p) 8(—pc(ua—;— v)+p) ca(—pc(ua;r v)+p) _ cag;v 4 Cag;u (3.29)
d(pe(u (;tv) +p) N c@(pc(ua—$v) +p) CO(PC(ua—yU) +p) _ _cag;v B C@@pzu (3.30)
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f; = pcv+p (3.34)
fy = pcw—p (3.35)
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Fig. 3.4 Procedures of the M-type CIP method.
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Table 3.2 Variables needed.

[ s ]2 | & |
x | positive direction || ff | Oxf.F -

negative direction || f; | Ozf, -

Iyt

negative direction || f,~ - Oyfy

y | positive direction || f,f
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D00000000000000
St = @@ -3y + Dyde > gr + > 7 (3.38)

Zgzn-‘rl _ (6X2 — 6y + 1)ngzﬂ (339)
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L L
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> r=-(x+h)le

-1 i+ x

Fig. 3.5 Advection method.
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Fig. 3.6 Revised M-type CIP.
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Boundary layer Boundary layer

Fig. 3.7 How to assign boundary condition.

n+l

n X

Boundary layer

Fig. 3.8 Boundary condiion of 9, f,.
O000n+100000 ff=—f00000000 (¢=1)0000ff=00000
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fo =1t (3.44)
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== (3.46)
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Z:pcz:—g (3.47)
U
JdddddooD 3400000000 |
0o0ddooDooO 348000000
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Boundary layer

Fig. 3.9 Boundary condiion of 9, f; .
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Wiz = 14, 0,12 (3.50)
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o.fF = 1+zazfx (3.51)
(0 3.50000)
000 Fig. 39000000000 0000O00O00OO0OO0OO
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foo= et (3.53)
oty = 1 = (3.54)
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u(t) —— 5x|_

81 ks
n+l ¥

n X

Boundary layer

Fig. 3.10 Boundary condiion of 9, f, .
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3.4.5 0OUOOOOOOO

000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000
FDTDOOOOOOOOODO000000000D000000000000000000000O
00000 [64,74)0

000 CIPODDD0O0O0O0ONOOOON0O0O0000ONONDON0O00000NONONON00O 40
0000000000000000000000000000000000000000000
0000000000000000000000000000000000 FDTDOOOOOO
0000000 CIPOO0OOOOOODODOOOOOOONONONONONO000ONN 20000000
0000003000000000000000000000



34 030 OOOooooobocipooonog

3.4.5.1 0OO0O0O0O —200 —
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Fig. 3.11 Schematic of thin-plate.
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t Naturally solved

n+1

Boundary layer
Fig. 3.12 The region which is naturally solved and the one which is specially dealt with.
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Table 3.3 Repetition numbers of main calculations at a time step.

’ H read array element | write array element | multiply

FDTD 10 4 6
CIP 99 87 114
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Fig. 4.6 Pseudo impulse response at R0 calculated by the FDTD method and the CIP method.
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Fig. 4.7 Pseudo impulse response at RO calculated by the CIP method and the theory.
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method (0-20 ms). method (80-100 ms).
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Fig. 4.12 Pseudo impulse response at R2 cal- Fig. 4.13 Pseudo impulse response at R2 cal-
culated by the Advection method (CFL = 1, culated by the Advection method (CFL = 1,
without interpolation) and the CIP method without interpolation) and the CIP method
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Fig. 4.18 Square error calculated by the FDTD method, the CIP method, the improved CIP
method with upwind scheme, the improved CIP method with QUICK scheme and the advection
method (without interpolation) (Az = 0.033 [m], At = 0.05 [ms], tmee = 100 [ms]).
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Fig. 4.20 Pseudo impulse response calculated by the CIP method (At = 0.05,0.5 ms).

0.04 ./._./-—L
003+ - -B=—" - — = - — _ -

0 0.05 0.1 0.15 0.2 0.25
At [ms]

Fig. 4.21 Square error with At (At = 0.05,0.1,0.15,0.2,0.25 ms).
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Fig. 4.22 Pseudo impulse response at R0 calculated by the CIP method (CFL = 0.92,2.2).
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Fig. 4.23 Pseudo impulse response at R0 calculated by the advection method (CFL = 1,2, 3,
without interpolation).
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Fig. 4.25 Pseudo impulse responses at RO Fig. 4.26 Energy attenuation decay curves
calculated by the CIP method and the FDTD calculated by the CIP method and the FDTD
method under condition that Az is 0.033 m. method under condition that Az is 0.033 m.
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Fig. 4.27 Spatial distribution of p at t = 5 ms (At = 0.05, 0.15 ms).
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Fig. 4.28 Pseudo impulse responses at RO Fig. 4.29 Energy attenuation decay curves

calculated by the CIP method and the FDTD calculated by the CIP method and the FDTD
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Fig. 5.1 Geometry of 1D sound field.
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Fig. 5.3 The meshlength of 1D sound field.
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Fig. 5.4 Pseudo impulse responses at RO calculated by the CIP method using uniform and

nonuniform meshes.
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Fig. 5.5 Soroban grid.
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Fig. 5.11 Pseudo impulse responses at R0 calculated by the CIP method using rectangular
elements and the CIVA method using nonuniform and non-compatible triangle elements (2D).
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Fig. 5.13 Pseudo impulse responses at R0 calculated by the CIP method and the CIVA method
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Fig. 5.14 Pseudo impulse responses at RO Fig. 5.15 Pseudo impulse responses at RO
calculated by the CIP method and the CIVA calculated by the CIP method and the CIVA
method using compatible rectangular-based method using tetrahedral elements with nor-
tetrahedral elements with normal derivative as mal derivative as a first-order interpola-
a first-order interpolation(3D). tion(3D).
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Fig. 5.16 Pseudo impulse responses at RO Fig. 5.17 Pseudo impulse responses at RO
calculated by the CIP method and the CIVA calculated by the CIP method and the CIVA
method using rectangular-based tetrahedral method using rectangular-based tetrahedral

elements with d = 0. (3D) elements with d = 0.5. (3D)
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Fig. 5.18 Pseudo impulse responses at R0 calculated by the CIP method and the CIVA method
using rectangular-based tetrahedral elements with ¢ = 0. (3D)
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Fig. 5.20 Assumption to be a compatible element on the edges.
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Fig. 5.23 Assumption to be a compatible element on the boundary surface.
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Fig. 5.25 Pseudo impulse responses at R0 calculated by the CIP method and the CIVA method
using tetrahedral elements which are compatible on the edges and the boundary surfaces. (3D)
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Fig. 5.28 Initial spatial distribution of p in the reverberation room.
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Fig. 5.29 Spatial distribution of p in the reverberation room calculated by the CIVA method
(after 90 steps).
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Fig. 5.30 Spatial distribution of p in the reverberation room calculated by the CIVA method
(after 200 steps).
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Fig. 5.31 Spatial distribution of p in the reverberation room calculated by the CIVA method
from a reverse angle (after 200 steps).

. 0.0146
-0.0185

-0.0517

-0.08490

Fig. 5.32 Spatial distribution of p in the reverberation room calculated by the CIVA method
(after 400 steps).
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Fig. 5.33 Pseudo impulse response at RO calculated by the CIVA method .
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Fig. 6.2 Rayleigh Model.
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Fig. 6.3 How to solve an advection equation with non-advective terms.
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Fig. 6.5 Spectrum of a vibration source.
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Fig. 6.6 The incident and reflected wave at RO calculated by the CIP method according to the
Rayleigh model under condition that At is 7.14 [us].
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Fig. 6.9 Normal impedances calculated by the theory and the CIP method according to the
Rayleigh model under condition that At is 7.14 [us].
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Fig. 6.10 The incident and reflected wave at RO calculated by the CIP method according to
the Rayleigh model under condition that At is 71.4 [us].
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Fig. 6.13 The incident and reflected wave at RO calculated by the CIP method according to
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(0.1 m thickness).

20

< |

&

g 107

a 4

0 W

Q‘ .

E

3 -10

5]

A |
24+

0 0.005 0.01 0.015 0.02
Time [s]

Fig. 6.17 The incident and reflected wave at RO calculated by the CIP method according to
the Rayleigh model with a porous material (0.1 m thickness) and an air layer (0.1 m thickness)

under condition that At is 7.14 [us].
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Fig. 6.20 Normal impedances calculated by the theory and the CIP method with a porous
material (0.1 m thickness) and an air layer (0.1 m thickness) under condition that At is 7.14 [us].
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Fig. 6.25 Incident wave and reflected wave at RO calculated by the CIP method using 20th
order FIR filter under condition that At is 71.4 [us].
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Table 6.1 Designed filter coefficients.

order [ 6 8 10 12 16 20

ap || -0.07953 | -0.06484 | -0.04876 | -0.03284 | -0.00679 | 0.006452
a1 | -0.09130 | -0.79530 | -0.06484 | -0.04876 | -0.18490 | 0.001581
as | -0.09893 | -0.09130 | -0.79530 | -0.06484 | -0.03284 | -0.00679
as | -0.10156 | -0.09893 | -0.09130 | -0.79530 | -0.04876 | -0.18490
as | -0.09893 | -0.10156 | -0.09893 | -0.09130 | -0.06484 | -0.03284
as | -0.09130 | -0.09893 | -0.10156 | -0.09893 | -0.79530 | -0.04876
ag | -0.07953 | -0.09130 | -0.09893 | -0.10156 | -0.09130 | -0.06484
ar - -0.79530 | -0.09130 | -0.09893 | -0.09893 | -0.07953
as - -0.06484 | -0.79530 | -0.09130 | -0.10156 | -0.09130
ag - - -0.06484 | -0.79530 | -0.09893 | -0.09893
ano - - -0.04876 | -0.06484 | -0.09130 | -0.10156
an - - - -0.04876 | -0.79530 | -0.09893
a1 - - - -0.03284 | -0.06484 | -0.09130
ais - - - - -0.04876 | -0.07953
a14 - - - - -0.03284 | -0.06484
ais - - - - -0.18490 | -0.04876
a16 - - - - -0.00679 | -0.03284
air - - - - - -0.18490
ais - - - - - -0.00679
aig - - - - - 0.001581
aso - - - - - 0.006452

5

Fig. 6.26 Filter coefficients of 20th order FIR filter.

a0 a2 a4 a6 as a0 a2 ai4 aie aig a0
Order

97

ugbboobuoobbooboobbooboobbooobooboooboobooonbobo
Tw)=(N-1)At/20000000000NDOO0O0OOOOOOOOOOODOOOOOOOODOO
goooboboooobooboboboobobogse, g, 10,1216, 200 00000000000
oooo00ooO0oO0oboo0oo0oOoO0 TkHzOO00 128000000000000DO00OO00O0OO
Uoooobog Table6. 1000000 DODOOODLOOODOOO200000000000000OO
0 Fig. 62600000, 000000000000 0D0OOO0UOO0OO0O0O0O0O0OO 7(w)=10At
oooooooboobobooooooboboonbOoD Fig.627r0000FIRODOOOODOO
0000000000000 (16000)0000000O00ODO0ODOOOOOUOOOOOOOOO
OO0000 RayleighDOOOODOOUOOODOOOO0OOOOOO0OOOOOO0ODOOOOODOOOO



98 060 DOOOODOOODOOODOOODOOOOODOO

Absorption coefficient

0 500 1000 1500

Frequency [Hz]
20 ——— 12 — - — 8
------------- 6 - ---10 -— —6

Fig. 6.27 Comparison of absorption coefficients with order of FIR filter.
o000

6.3.3 0OU0O0ODOO0O —FIROOOOOOOO RayleighODOO —

uboboobobobobobobobobobobooboboboboboboboboon
gboboooboobbobobobooobooboboooboobooooooo R:15000[Ns/m4]
UloembDO0O000O0O0O0OD0ODOODOOOOOOOODODOODOOOOODOODODOODO
000000000000 714ps(0 000000000 4kHz2)OODOOODOOOO FIRODO
gobooboboooboobbooboooboboobboooboobb rbOo0DDbOODODOO
gbobobooooobobobibiw—000000D000000000000000 —o0
00000000r—-10000000000 —7000000¢7 =e ™ r=—0000

fo =11 (6.31)

0000+ >0000000000000000000000000000O0O0YO0000-10
00000000000 0000000/ 000000 Fig. 6280000000000 10 Hz
gbobooboobboobooobbooboobboobooboobbooboobbon
gobooboobboobooboobboobooboobob@moboobooboonDobo
00000000000000000000000000000 Scilab[143] O Signal Processing
toolbox 0 OO Minimax OO0 RemezOODOOOOOOOOOOOODODODODODDODODODO remezb
goooooboboobooooboooooobobob4b0obboobob0oobDooDobboon
oob20000000000000D000DOODOOOD FIRODOODOODOODOODO

1.0
| —— Designed  — — Theoretical
~ 0.8
o |
o
2 06]
3 |
50 0.4 ]
=02 ] |
O T T T T T T T T T
0 1400 2800 4200 5600 7000

Frequency [Hz]
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Table 6.2 Designed 40th order FIR filter coefficients (0-20th order).

ag | -0.0132312 ai1 || -0.0118217
a1 | -0.0034942 a1z || -0.0294295
as | -0.0039602 a3 || -0.0241136
az | -0.0049124 a4 || -0.0174545
as || -0.0053332 ais || -0.0220197
as || -0.0054911 aig || -0.0238320
ag | -0.0079969 a7 || -0.0345779
a7 | -0.0080297 ais || -0.0467028
ag | -0.0106375 aig || -0.0902092
ag | -0.0106209 ago || -0.1998744
aig || -0.0146135

Order

0 a0 a2 a4 a6 as a0 a2 a4 a6 aig ao
= -0.05
2
£ 0.1
s,
&) i

-0.15

-0.2

Fig. 6.29 Filter coefficient of 40th order FIR filter (0-20th order).
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Fig. 6.30 Incident wave and reflected wave at RO calculated by the CIP method using 40th
order FIR filter under condition that At is 71.4 [us].
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Fig. 6.31 Complex reflection coefficients cal- Fig. 6.32 Normal incidence absorption coef-
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FIR filter under condition that At is 71.4 [us]. 40th order FIR filter.
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Fig. 6.33 Normal impedance calculated by the CIP method using 40th order FIR filter under
condition that At is 71.4 [us].
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Table 6.3 Designed 20th order IIR filter coefficients.

ao || 0.1550594 a1 || -0.0475527 bo 1 bi1 || 0.1182796
a1 | 0.0935020 arz || 0.0332457 b1 || -0.2603119 bi2 || 0.3600686
az | -0.0883529 a1z || 0.0272808 ba || -0.8990561 b1z || -0.0573298
az || -0.1051607 a14 || 0.0150707 bs || -0.1941083 bi4 || -0.0409018
as | -0.0619459 ais || 0.0002471 by || 0.0770479 bis || -0.0119976
as || 0.0029945 aie || -0.0002790 bs || 0.2644269 bie || -0.0075572
as | 0.0421851 ai7 || 0.0008991 be | 0.2504112 bi7 || -0.0025664
a7 | 0.0252307 a1s || -0.0167224 b7 || -0.0940661 big || -0.0018740
ag || 0.0307799 aig || 0.0001673 bg || -0.115093 big || -0.0033532
ag || 0.0117393 azo || 0.0075862 bg || 0.1130049 bao || -0.0014956
aio || -0.0800226 bio || -0.4460271
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Fig. 6.36 The incident and reflected wave at RO calculated by the CIP method using 20th
order IIR filter compared to the Rayleigh model.
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culated by the CIP method using 20th order ficients calculated by the CIP method using
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20th order IIR filter.
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Table 6.4 Designed 8th order IIR filter coefficients.

ao || 0.157004 as || -0.0076423 bo 1 bs || 0.0083586
a1 || 0.0648136 ae || -0.0101347 b1 || -0.4500440 be || -0.0023681
az || -0.0208646 a7 || 0.0014524 by || -0.3056624 b7 || -0.0069593
asz || -0.0165949 as || 0.0337631 bs || -0.0334524 bg || 0.0393889
as || -0.0203572 by || -0.0422789
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Table 6.5 Designed 20th order IIR filter coefficients.

ag 0.1681531 a1 || -0.0270521 bo 1 b1 || -0.3637948
ar || -0.3948978 a1z || 0.0073090 b1 || -2.9593879 b1 || 0.0833839
ao 0.3714845 a1z || -0.0078495 by 3.6359700 b1z || -0.0089162
asg || -0.1269014 ai4 || 0.0059503 bs || -2.1551767 b4 || 0.0051768
ag | -0.1265922 ais || -0.0023917 by | -0.1521641 b5 || -0.0029474
as 0.2596532 aig || 0.0004727 bs 1.8434598 big || 0.0017965
ag || -0.2581878 ar7 || 0.0017206 be | -2.3725507 b7 || -0.0007942
ay 0.1916218 ais || -0.0036893 b7 2.0529609 bis || 0.0005359
ag || -0.0972453 aig || 0.0003962 bg || -1.3143248 big || -0.000649
ag | -0.0234993 azo || 0.0007859 b 0.2368921 b || 0.0001215
ayo || 0.0662665 b1o 0.476241
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Fig. 6.43 The incident and reflected wave at RO calculated by the CIP method using 20th
order IIR filter (Miki model).

6.3.6 LUUUUOOOObOOOOOODOOOOOO0

obooooobodbFg 6460000000000 0ODO0ODOOOOOOOOODODOODOO
000000 p4)0000000000000000O00O00NIROO0OOO0OODOOOOOODO
clrO00000OOO0O0O0OO0ODOOO0OOOODOOn

0%z

P=mae T

ox

co— + kx

ot

(6.33)



6. gbooooooooooib0 —0obobobobobg — 105

b

o
S -
‘ ‘ Ll
bsorption coefficient
=)
fore) p—
\

2

& |
3 0o T —— 0.6 1
g N _— 0.4
g S / E
= -0.57 024
&

-1 — ——— 0 ——
0 500 1000 1500 0 500 1000 1500
Frequency [Hz] Frequency [Hz]
Theo (Re) Comp (Re) —  Theoretical
— — Theo(Im) — — = Comp (Im) —— Computation

Fig. 6.44 Complex reflection coefficients cal- Fig. 6.45 Normal incidence absorption coef-
culated by the CIP method using 20th order ficients calculated by the CIP method using
IIR filter (Miki model). 20th order IIR filter (Miki model).

cO

Fig. 6.46 MCK system.

mOUOO00O00O0cU000000kOD0D0D0ODOO0ODOODODOD whOOOOOODOD
0000000000 expiwt) 00000000000 ODOOODODOOOO

p = (—mw? +iwco + k)z (6.34)

gobooboobobooboooboobooobooboobobooboon

0
u:a—f:iww (6.35)
gobodbooobuoo zobooooo
k
Z:p:co+i(w-m> (6.36)
u w
googoon
P . k
—Z===co+i|lw-m—— (6.37)
u w
doooooobobboboboddoooooouobooboooooooooa
ntl _ogom-t  on-3 ntl  opel
pn:m:c 2 Zt; +x 2—|—cox 2At:c 2—1—/{33"_% (6.38)
0000000000000 D00O00O0O0O000D 4000000000000 00 wO
xn+%_xnf%
e T e 6.39
u A7 (6.39)
bobdz0b000boobooboobboobonb
L n—1
"2 = At Z u’ (6.40)



106 060 DOOOODOOODOOODOOODOOOOODOO

gbobobobobobobobob

no_ mz o + co + k2" 30
o= A At N ’
m n—1 )
= At(u —u" )+cou”+k‘AtZu’D
=0
(e o B s
t ¢ =0
gooooooood

+ _ —
p = fme (6.42)

+ —
A h;y% (6.43)

oobod 000000

Pt p- Ft 4 F- Ft 4+ F- 2Ft 4 P
$2$:<Z;+m>“é+ @Aﬁ:m> é+ *+mm§: + L~ (2+i)
pe pe

(6.44)
0000000 FHF;O fF,f;0-00000000000.°'0000000000 2pcd
0000000 A4,B,CO00000000000000000

n—2
pe(Ff —Fy) = A(F + Fy)+ B(Ff + F, )z '+ C Y (B + Fy )z @) (6.45)
=0
0000
m + coAt
A p— —_— .4
A (6.46)
EAL? —m
B = —— (6.47)
C = kAt (6.48)

00000000000000 F,0000 Ff0000000000 H(2)0O

(pc+ A) + Bz7! + O Y12 2~ (40

H 6.49
(z) = (pc — A) — Bz=1 — O Y12 2~ (240 (6:49)
DDDDDDDDDDDDDDF;DDDDF{DDDDDD
—A)—-B n—2 _—(2+1)
H(z = e=4) Coic %’Z (6.50)
0m+Ay+Bf4+sz z=(2+0)
ooOoooOoo
n—2 —(n—
(24 oyl —z=(1)
ZZ (2+):Z 21_72_1 (651)
pgoddoooooooooooooon
A) — A-B2l_(B— -2 —(n+1)

(pc—A)—(pc—A—B)z7t + (B —C)z72+ Cz—(ntD)



6.4. 0DOOOODO 107

gooobgo

AN — (e — A — B)s—] .2 —(n+1)
H(z) = (pc— A) — (pc— A B)ZL + (B C)Zﬁ + 027 (6.53)
(pc+A)—(pc+A—B)z7t —(B—- ()22~ Cz=(ntD)

0000000000~V 0000000 0000 000000 =-100000000
gbobiliooooooooobooooobo 200 IRODODOODOODODOODODbDOD

6.4 0JUO0OOOO

gbobooboobboobooboooboobooooboobooooboobooonbo
0900000000000 00000000o00L0O00LOO0O0OOO0OU0OOOUOOO
000000000000000000000000000000000000%°000000
goboobboooboobbooboobboobooobuoobbooobobooboon
ooooo0ooooooooooooooooDOOOb0Oo0D A0O0OOOOoOOoOODODOOOD
ooobooOooooobo0ooboO0oOoDOoOOoboOo0OoskHzODODOOODOOOOOOODOOO
gobooboobboooboobobooobooboooboobooobooboobbon
00000o0oOo0O000oooOo0000ooOoO(Do0DooO)boo0o0DO0ooooOoOoooo
0000000000000 00000O0ODO0O0D0D00OOOOO [r2l000000O0DODODOO
gooooooobobobooobooboboboobobooboooboDobDobobobogoMdmib
000000 25kHz20 1/300000000000000 3.15kHz2000000000000
gboobooos3sbooboobobooobuooboboobobolobobooboooobon
gobooboobboooboobobooobooboooboobooobooboobobon
goobobobobobobobobobobobobobobobobobobobobobo
gobooboooboboobooobboobooboboooboobooboboobooboobon
0O000Oo0000O0O0o00ooOoOO00ooOoO0oOoooooOooboOoooo clpO0ODOOOODOO
gboboboboboobooboooooooooooooon

ooooooorDITDOOCIPODOOCOOOODOOOOODOOOOOOOODOOOOOO
gobooboobbooboobbooboobboooboobooobooboobobon
gobodgbbobuoobboobooboboobbooboobbooboobbooboab
obooboooboob0 Z=pcOOOOoooobOobOoOOoOoOoOobObDODOObLODOD
gobooboobobooboobbooboobbooboobooobooboobbon
gbobodgboobbuoobooobboobuoobboobodoboobboobuoobbon
goboooboooboboooboooon

6.4.1 1000000000O0DOO0OO0

lgooobooooboboobooboooboboobboooboooboboobobooboboo
0000000 (00000000000 Z=pe)000000O0O000DO0ODOOOOOODOO
gooooooooooorDIDODOOOOOOODOOOODOOOODODODOOOOODOO
goboobooobboobooobbooboobobooobooboooobooboobobon
OrDIDOO0O0O0O0O0ODOO0ODOOD10000b0Ob0bOO00bO0bLOO0 1oL OoobDoDO
00000000000000oo [e2,63,70) 0000000 ClIPO00O00OO0OOOOOOOOO
goboobooobooboobooobobooboobobooboobooon

SOoooooooooon



108 060 DOOOODOOODOOODOOODOOOOODOO

Source point: S
Receiving point: RO
| ® | X
0 0.5 1.0
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Fig. 6.48 Pseudo impulse response calculated by the FDTD method and the CIP method with
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Study on the time domain sound field analysis by the CIP method
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Numerical analysis on reverberation rooms using FDTD method

incidence absorption coefficients and absorption
coefficients in reverberation rooms under locally reactive condition:
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*Time domain sound field analysis by the CIP method: Study on the boundary condition of porous
materials, by TACHIOKA Yuuki, YASUDA Yosuke and SAKUMA Tetsuya (The University of Tokyo).
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*Time domain sound field analysis by the CIP method: Study on the spatial discretization and the use
of triangle / tetrahedral meshes, by TACHIOKA Yuuki, YASUDA Yosuke and SAKUMA Tetsuya (The

University of Tokyo).
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Fig. 2 Distribution of Cgyp and G calculated with scattering coefficient on the all reflective surfaces given
0.1 or 1 (only in the region of y >0 )
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