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A Study of Test Method for Absorption Coefficient of Material through Cross-Correlation in

an Anechoic Chamber
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Abstract

The purpose of this study is to research a new correlation technology which has been
developed and applied to the measurement of an architectural material. The method of this
study employ the broad band frequency range signal - white noise produced by M- sequence
technology as the measuring source. The shapes of the cross - correlation curves are easy to
detect correlation peaks derived from the sound intensity of direct or reflective traces came
from material. And they will be proportioned to the ratio of reflective as absorption ability.
Furthermore. we can measured the sound intensity and absorption coefficient within the
anechoic chamber . then we can debate about their relation . And the board band frequency
range, multi- directions of each sound — ray can be surveyed independently for establishing

a new measure standard of absorption coefficient.

keyword : cross-correlation ~ M-sequence ~ anechoic chamber ~ absorption coefficient



a%t“\@%%‘gg i;?.r“ﬁb @?]Léf?ﬁﬂﬁw’ﬁ
L

B BREEE W B VESNR{ Lo EL- 0 Lo

N 3

ARPN A G REL RS TR e PR 2R o AR g Rk
R A AR TR R AN - SEN B ) G- BER A RN - R AR PR - B
B ARl E o e AP FARK ?\%ﬂ # (Chinese National Standard » CNS) 4 @ # &4
2% (reverberation room) ¥ 5 % #(CNS 9056)# %f 150m° 12 2 AR A2
TR o et BI04 (] 3T 160HZ) B BRI 2 E PN A KBATF A0
~3.0mi 2 oz A 55 pF fF (reverberation time )t 500Hz 12 + 2 #f 38 ( frequency range)
B¥EAS ;f/ koo

PREKRBIZEE N HRT IS 2 e 2 iER > R RRORE LT ERE
B ER SRS DY B ATEL o A 5B TR Gl U2 B
PRI AR R TS IR I o doF X 25315 (1968) e f B A AN

-\\

YT HA o FRELREE o B @ pLsE
(1) ISOR-354 #i| = TAEE A F ¥ 3L % o
(2) 45#‘*@"’6’}{**{ i‘}i’gi.ﬁ_‘7J\11‘?'7‘3"J'LL1/)’7!J—*§;(B§’_}i;ﬁ‘gﬁ_—j;;ué{

3 10% 11T o

7805 L o
B3 A FAB D GHORR M % BEF R

¥ JE— [4]% (2000) ~ ¥ FmapEFT 2
hE A EARIE R Gl A BT #52 2 F dkdy ) #s 4 (devi- ation)
FE R IKHz T chi R b S BE o 70 > 3 342 B+ FRPBFR %
Bz Aop o FE AL A E Y TR L BT T B e

T BT PR R S R R R F A Y
PRZFZFRFERFLARL VIR AR TR WTAFT LR
BEAEE? AFTF 25 P o

o

S B AHRER

— ARz g A 4 & o] T d s § ke (absorption coefficient © TR ) k&
T’ﬂﬁﬁiﬁiﬁﬁﬁ”%*ﬁ%%**gﬁuk’~4¢ BE L T - A
Fobsm kb Gl AF SRR N S 2 v e e B s Tl R 2 s T

HEF 407 @

Pr

N

Pot i P,

\
P : 55}1‘?’[ N @?‘ﬁ:
Pt APRIPs /P’v %

D

Y N ) L
EHH VB [l 1B PR e gt A
DB RAE TR BEREZ TS Xt > PR RERRE R &R TPV R S

2



CEVRG PR
B G b

L=

BB F AT AT

R:ﬁx dr

.m‘y

a=1-|R i

o=
S

Ap:

P VAR d
D Eﬁ?’l j/jr’,’iﬂjﬁ d

S
o g

AR EEA RSB 2 P g Gl SR ¥ B 250Hz500Hz »
1000Hz ~ 2000Hz = i #F & 2+ 5 w3 % & % #ic NRC(Noise Reduction Coeffi- cient) i& %
I NU F SRS H A

j\ﬁﬂ’i"’s

FEWREZ A S BAI T

N2 R o R A ASTM P & -H

tese * 230 AE 5 IR RIOE ) 042 24 2 - (ASTM C1331-01) [5] o AT AN

FrHEHF—M-5 7|
Hfgiz g
@“’*ijﬁv+w%¢L%MHo

(1)M-% 3| (M-sequence.

period null sequence ) 2. ¥_& ¥ |

Maximum

4 4e
PO

M-5A 7|8~ Bn B4 & 2 {cE
F 024 E. PR REARSD
W2 @Hk 72T Sl P2 A
Ao n X E M-BFF2Z n B=x
Beon BAREGEF 21 23 - FH
A SEh kAl ERF LG -
02 12 A7 kHE 74 g 0>+~
0—-1> iﬁviﬁaM—ﬁ-?'Jé_ii}ﬁ!If‘—l°——
M- B 71 S Bt 25 5 B 6 22 f 3 e T
2 E 3

@R Rk SLdc @) 4 fror

(M-sequence ) % %] ¢ vﬁp_—a 4
Wt f 2 B TR

W= F’
-
,

s W’
é@
¥

L

+1

m(t)

>

|
]

» h«

A2 M—lE e m) 3 T

CDm(r )

“(2-Dh

ot e
1/Q"-1) 2h

7=
# 1

B3 M ISR FrEr

(g



PEARSG FE ¢
LA BEENFEH B

FA L W o B

PEARY &L -0 e

31 BRI D B P 2 REHME

7

P4 (T3 p

LEIRES YRS

Bhi 13~ B3 420 125Hz~4kHz 2
¢ ¢ S ek 3 (M-series)

#~ 1 (SANAUI AU-2607 MRX)

» it 4 0<0;<90°

01dB % 5. b (Sony ECM-23F3)

AR A 2 5 ff

12 & §vf|e™

BIREFEYLE & 4F 5 (250Hz ~ S500Hz -

1000Hz ~ 2000

Hz)z_ R %

Realtime Analyzing System for Sound
Fields(#x %8)

1(t)

g(t)

Noise
generator [P

Filter o Relay

_p Speaker

= ]

M-sequence Acoustic
m(t) generator system
Correlator| %
[
y(t) Microph
Squs icrophone
quarer

e

M-H (IS AR

[1-F T
w2l

=7 |

[ 6 SRR

1

— AT — O1dB% et i

NIV IAT

:

_|

%

L2 RIB & i
RS S R

AL
(1251[
m)

i D kit
f -
R D, : i FiR

(L= R, © i
epp |07 T
WJP" 9} N E,E:FJLELJ@




t‘:?‘:‘g\];c‘]‘*é*figg i/?,éﬁb ml;/%ﬁﬂ"%
P RREEH W R dEA L Lo ELl- 0 dp

T~ REREEFELSI

ARSI T P he A 1 SEL SR elEERE L L8

T HIEEHH A 25mmi;"gl’fﬁvlﬁ PR AT HAES AR L2 (2

Foo AR RG] ToEL FRRE) S FFEET EA

600mm*1200mm > 33+ 8 Bk f# 5 1 RBCRRR OB o Ry g
[

&

576 m2 o » &4 5 1575307~ 45° R4 F L RACR 12 Hron e

wh| =X o Y . . \ E

(sll\."g] 5) RIFREESE 5 1m 1'5111 | - - —@[ﬁ_f’l —_ ,;,;HKF,,I |
2m ~3m &R L 35 E NRC

2 4% (250Hz ~ 500 Hz ~ 1000Hz ~ AN

2000Hz) 5 i - ® 2@¢ (Rockfon) o 047 | ﬂ i

W F o RIRREL 5 ReanE S ot t
s [T |
<.

et 4E 2 3 2 NRC @) £ & ASTM

]
=
=

q

q

C423 5 i gho R %M 5 (2FH
7\@8\@9\@10) .20 30 L
E ¢ 'T|me(ms
Lpge FIEI F L2250 - HEz A7 250Hz EHEY IR ET
BEALTF R o R FIAE R SRR

o = 52
o
ofF

EF P2 M ai G F 08
ke o | !
I eip] iR BEHE 8 O-Qﬂ’ﬂ 0
2.4t Ei"“l"; > d '?5@&) = Z_ ‘H;E—?‘ %_ 0 unuuﬁv{\UA'A DAL -
, E-0.2F| i
BIRZ RS AR LG <.04 m i
a .250Hz p|8E3m & & 15°p] 18 2 = 3 oot
FLO0T5(/HdpHwsL 3 5081) - 1o 70 20 80 a0
b. S00Hz B e 2m & & 15%7] 1 2% 8 500Hz B R
L 093(MEFHEE L 093) : !
c. 1000Hz i#]3E 1.5m & & 157719 2 0 E
wEFE 075 (Wi d s g ool g
0 83) é O ‘ nn(\ﬂl\vnnnn nn{\nf\nr\nununur\ LA
Eonp [ VTV RTTVEREE
d. 2000Hz #)§E 1m & & 15%RI@ 2= < g,[ |f !
FF5 091 (Wpwed s ool ¥ |
0.99) - lg— % ']'0 15 20
3BHREEE T NRREAR Y AL 15 Time(ms)
0% gk s e 9 1000Hz &1V 5 i
P2 RIEER o :
4.4cB 11 #r7+ 500Hz ~ 1000Hz - 8-2
2000Hz 2. B jpliR e 11 0.5m &7 2 0.4
S 0.2
- B 4R 5 @ 250Hz M 0.5m i = P
o R R o ol 11 Ha o g0al
_06 -
081 :
o5 16 5 20
Time(ms)

5 il 10 2000Hz £ IRy



PEANG ¥ Ao REORER
L

LERaRCE PG R E A EARL Lo &L Ly

g
p

0 % P AR (D2 RIFRIER ()2 P 5 5 - TehB R T TR AE S AR
HPRRIERARE > H 3 2 T A BOF RIE Y BERER] 6 4 S A S R A MR
Pao1/AN B2 34N Fef P Bt 2R a3 0 B IR A 2 RIREERL Y & SR el 4

Apf* 8 e

5 ; S
: [ ——pnrw = mEEE |
4 | 120
| 1.00 |
E3T !
q ! £ 080 | N
=2 2 B ) g
: Tjgl0.60 -
1r : =040
0 : 0.20
— 0.00 : ‘ ‘
250 500 1000 2000 =) 250Hz  S00Hz  1000Hz  2000Hz
Hi(Hz)
[ 11 fﬁmﬂ/‘ﬁﬂ%ﬁﬁ@%‘% (i B [l 12 R W R T [?;E“ﬂ[ﬁﬂ
EuzéW$é%*ﬁ%%%w&%%&$f%*wﬁ»ﬂgﬂfﬂlmmuuj
% 0.08~500Hz 2T 5 0.06; * 2AfSz e Hierdps 2 0 kifehe
I~ 5%

* 7 B F & 5% (anechoic chamber) ¥ » 3 ik (cross— correlation ) ¥ 5
4 e (absorption coefficient) B2 B # T2 L B P eho A< %ﬁ LD R I E A
EERHPE BB RN ARAREY L EY BT AERAZP W
R EH - Hff"‘iéf‘fiﬁ RN SR LN R g o3 E R S SRS LR Pl
2 8-

(54 ]
1.CNS 9056 #5% % w§ Fp| 22
2.CNS 13208 ¢ 2= A L-2 » S5 f R 22
34 %BE AL FFORPUHFRICET LT (1) P 24 5% £33 -N024
—6 ~ 1968
4R PE- 2 - BEIRRFFORTEF AT ENRORE T IHFLGE
£ 36~ D p45-52 ~ 1968
5.ASTM C1331-01 Standard Test Method for Measuring Ultrasonic Velocity in Advanced

Ceramics with Broad- band Pulse-Echo Cross-Correlation Method

6.ASTM (C423-01 Standard Test Method for Sound Absorption Coefficients by the
Reverberation Room Method
TF+%H% 3G F AT EBBZOLENCORE P AF FE L
8.F %2 ~ AWM Ldi ~ Wru S HORS PN OM‘T P AF

*NO13—4 ~1957

=+
LAY
FBELEHY ~ 1961



