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Measurement of Normal Incidence Surface Impedance
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ABSTRACT

An mmproved beamforming method i1s proposed to measure the surface impedance of absorbing
materials 1n a free field. It is possible to estimate the surface impedance by decomposing
measured signals into incident and reflected signals by using the spatial filter matrix of the
beamforming method. Wavelet de—noising techniques which reduce the white Gaussian noise are
applied to improve the results. Phase calibration method is also used to improve the results of the
measured surface impedance in a low frequency range. The results of the normal incidence
experiments that are performed in a semi—anechoic chamber are verified by comparing with those
of the standard test method that is presented in ASTM E1050. The proposed method is found to
be reliable to measure the surface impedance for frequencies higher than 400 Hz.

7l =43

A, A"
gi’ g’r
R

S

Z

t 2R 459

/’*‘]'gllﬂﬁ-]'_u_ 7]71] 00 o—g}‘r

E-mail : yeonjune@snu.ac.lq

Tel : (02)880-1691, Fax :

(02)888 5950

« A3 Ml 7|A eSS

) -

7| OFRFE A}

A2SVSEH3==8/A 18 A A 6 &, 20083

3%, 437, A5As 2L ¢4 S0 2w
A A 28 Aole] B Byo] Fop @A, 4
W24 49 Fadel BT gtk olH@ of
2 A9 &% HHe FAYL 9 FLAE] XY
g 7229 WA U@ Bd d9dss BE

o] A" e AFs SAHsl= Aol wie T

a3}
WAAE o]F= 5% A5y EAd 3% d+&
st BHoE o|FAH fom, ol FolA o
XAl HHoZ ulo]a2E T /S ARd =A
&+ U (impedance tube method)e] ¢ith 218

l

U o] we Alfe) 37 R 4 Aoz s
of A7 WFAE o)t Aol Hgatey oA
@7} itk 1elme & o REe Ay % |
Mg &) gAAE WA 98e a2 §A



A
— 1

¢ FeAsl £4 QA ER g

A Az EW Ao
sitt. ol& 8 Ay &% =4
=Ad| B3 B AFs} %1535101 %E}. Tamura

1Dv o
= &7

&7+ WM3H(spatial Fourier transform)& ©]&
HAMAITE 54T 4 e HHE A
Faoy =27F WEe 3] YHAdE ve 99y

Ol
-.1—-‘
£

>
r’r-l
.12

<t

of tishy &5 FHo] olFo] Aok I W 5
Ag o= 3hE ofdEol du Allarde #o|d=
E F g ol A% FYeERYH & ¥
B S48 AAslegd 3H dIHAE AR
e wHe Adsigion, oF 19 wEe o
3 =EEA oS 2d gUgt. Hade &%
WA} plo|ARES o] E8}e] H SR EEE
Aot AA7F AEEY 10 WE A I EH
%E}(S)

o] AFoME FYE, FAFY ANT PHA
o dvda FE YA MaAsE 53
A Adst] A $3 2244 FEAY 29
Yol ~g AP AN LS WP o
He 4 2 wbidEe] gE 33 UH PUS
Fate] wAAFY B YUPAE Ak By
g2 s At AE @A77 flEiA
712 WA &g WEE EAse Aud w

AAe) BEE As wd g BRE A A
2YF2 olfofl WelE A A g
g ANt 47l Aol23 FEAA
Aggozy dtel FRYE PR, £ A
W3} vlolaREY Ae, ole]22E Aolg 313
sl me AWe sAsd A9 TAS A48
Sgom, AFsE g9 24 A ALY
He AHgsdt APe BEFAN olsoize

3

PO
Incident Reflected
wave wave

p(> x
v o (9

Test material

Flg 1 A Schematlc diagram of the beamforming

method

oo

ANHoZE PETY Glass Wool &A1& A}
AALell o8] AP WP Hyloew
o]~} ASTM E1050%¢) w& 3

2 2%3% 2A%E vasd AA94L gt

. 44
i

22 4o 8]

sy EEE. ro 32
l

2, JHAE WY Wy

£ Q9EAE Z43] A3 AL WEA 3
1AL 2 WAIEE Belste) WAGs B

ANRAAE AME H4L AH ol Folch

%

Z 49 vlol22E WY WE YT
ig. 1914 BojEnh x= A HA vlojdz
Z3} A9 Aeole] Ad, 4t Flo|AZE Ale] A
E Jehdch, z}z}e] vlolazEoA &A% 29}
NEE Fos godos g4 2 wale A59) o)
o)AZE Zzte] A7 Aol A7l AAkte] L
ARSte teat gl BEd  Jih

f— o

FACHEER ! [ ny(@) |
@) | T el S|, ™ (@)
. - - » Sr
Pia(@) | | kMDA gik(M-Dd “ 7y (@)

(1

A (DAA ppy(@) & mEA vlo]ZZE A9
=%, JE Vo1, € TelaEE Ae] A, ke %
4 (wave number)E YEbATE E3 5,5 2 ZH7}
AR vlo]ZZEAA S AL E HEA} A5 o]
o, n,_(0)& mAA vlo|AZ2Eq Ao @A ZH&
(white Gaussian noise)& UYERHTE o] AFtolA
Ay AR5l 9% ok FEE sk Lt

o] A2 E ofFolo] YAlete ATt 24 St
o] A9AZRE At YAtSE AlHY 949
A B SHE WALE R AT ol jEE
e S &1 ARSIFoE 7} nfola R E Ao
o] Adgee I A g A dd oz

2 7t nlo]AZE Alole] HEEE olL3to ohE
3 o] B + o

sl==fl/A 184 A 65, 2008d/599



p— —_

[ Hoy(w) ] | 1 1 no/ Po
H(w) _ e e [Si/ Do } . n/ Po
’ ) Sy /pO )
| H (Cf))J g (M- k(M-1)d ”M-l/ Po

N @A H, & 3
Apols) HGYsolt)

Hm—l (C!)) =

p=Ig; gls+n/p, (4)

A7l M, p= A2 9E, 89 & & 47
Atk Rkl iRt RREE S UEhT, s=Y
HA2 9H, n 2 s ¥EHE Yk,
ditHoz Ay FHANM SATE F dEde
s FHO vjg) Jjes Z FFo| T3
o] Jler= 7544 AEES FIAN7I7) SeiM e
O

olz)dt FAL B

ol

% =44 ’ﬂi off tH3l OV‘} AolER A
sted o8& AlFE HAska, ol#d A
Al ](threshold leve)E A-&3th ol AHAH
AR BT 22 AFs ool o8] 2Ag Re
FEshY, AR R 2 AlFs 9 AEd 7]‘213}
_]a]o]] 9J3t Ao o] AFIAE UAAE
ARG dolE3 3 AAR AL "o J.—BF}
Uge o =% MWoA o} B 5 glomg o
=M old dig AEAYU Y& A,

2.2 HIAMA & L BEH QI A H A

o] AT+ BH HIAAE AL Al o
9 F /A 2AE 9EdE ¥ ¥ 39
(spatial filter matrix)S A|ta}sic).

600/et= 4

A o El=
=SNS5 =

=2 /A 18 ¥ A6 %, 2008

A g =0 (5)
Minimize [A; g, -8, | (6)

a7l A= YARIZE BF AAS L s pilS
= A9 FHst= 37 2y "ol A} F
Agehr HE 899 FL& Y(zero)HEZ}F Hu, vl
A F7H %ﬂ%@"‘ H*THQ}_J w3 ¥ I AYE

T =

€ ta #ol ?Q’ T °]er.
AR wAIZ] o $F AgEs A9H g
Folx ¥4 g,g,Hi’J JHA 31%‘@151% ¢ 2t 3}

w1
2
Jz
_V.“_.
3
(E
2,
A3
)
1o
o
-
o
2
. 8
i_,

Q=[e;e;---ey] 7

A8 FE Q& gg" 9 09 LFHA thE3}
= IFYEZ TAY gHolng &iodE FAWAE
Z

ZA Bok 370 ZH 39 A E dE Q9 H}
dH wo Fo2 A3
A, =W QY (8)

A7NA, BAFE WE mx(m-1) BDod, Th
g} Zo] R A 279 4 (5)8 HEaA .

WQH gi =0 (9)

5w 242 BEsE 30 28 43 79
7) 93 A (@9 4 O] Hshd he 2o,

Minimize |WQ"g, g,
(10)

= Minimize [We, —g,
d7194 g =Q%, ot} 410 HaAs
(least square)2.Z AL}  2JALS B H(pseudo

inverse)& Hatw e 2o 2 5 Utk

A~ H A N
W=g.g, (g8g") (1)



Moy 4 @% 41D2RE 22 88 99
A8 T3 o] T8 4 Uk
A=gg (2 )QY (12)

40290 33 2e B3 Ak 4@ £
o34 dgelel 3¢ A3, e 2o

S,
AipzAi[gi gr] [SI :|=Al'gr Sr (13)

do) Smz YA
e AL BN 5, B T, B
q B =Y B A S 99 QS WEp o
FL AS &9 Fol WARNE 58 F
2o 4(13)9) $PolN BAIES A
o) oAGAPS Hsje] WANEE A
AT, YAUBE AV BRE MANEE AN
e 4T et A G A 139 FHE
BEale vl ATE BE AASL QA A5
A Exale 3 W B A, ¢ 78 5 ok
BEss 3oz gAddEe o8 YL
S dobd 4 gl olE@ HHE Ba Loly o
AR ESH wALIE S Hl2 wAbASE T o)
ARG % ek

O
res

g vni
Al

R zfr_e—ijxcose
S,

i

(14)

AN A% F42 ZEY 94 BA
A ol 22 EY Agl Hto] W] WAHE
4 Al HANTE AN2H xE AEF A
slolZ2E Aole] ATE Y. ols} 2L 3
A AR WAASE THeZN AU EY
92 28 4 (15)% 2o 7% + ek

A Ao rle

=]

Z=—= (15)

3. #HUA BEHYOEHL 5F

£9 499EE ZH57] A8 SR AL

IR LSHE B

=
2 57

Fig. 2 Picture of sample(PET, glass wool)

b Source

Mic. array

| Test

-eee @

Power Amp Data Acquisition
Main Frame Workstation
( SCADASII) ( CADA-X)
Fig.3 Experimental setup in a semi-anechoic

chamber

2458 WAAZ AMEEE PETA#HI glass wool
AlHE ARSIt PETAIREY 77+ 20 mme]™
glass woolA#H9 4= 10mmZE, A7 1mx1
mE AMESIGITE HFERAO A £AUA BE oF
dx SA3E % A48 AL Fig 33 Z2oh {9y
Aol EZHE g AHE F1, A2 RE
¢f 2m ¥olol 2FAE HAg FUS LRAAR
t}, A9AE WY AIZE g o 37 uE
02 uloja2E YAHEF MR AH
AA S92 HAEdoeE JHAsa, 3 Atel
AL AHe AAAFAM BH JHHAE dHsit}
3 7FAEg) nlo]3 2 E vid-& B&K type 4942
1/2917] wlo]a 2 E2/NE AW HWHA A<
ko2 Adxlagien, Holy 3 AxE LMS
SCADAS IIE AM&sidtt A2 8Hz {HEHLo=

E8/A 184 A 635, 2008d/601



o3
2
N

8 & 7

i T o
olFoixen, HF e 20008 o]t
A 54 Aedre e 39 29 Aol
£ AEAA 7lee HEs] A% 48 FE ¥
watylt). Fig 4€ Aoz 5HF dddre A
5o H5RE ASAAE oA e AT ¥
wE 2Pz, dolER FEAA WHe AL
< M AL HolHE ¥ A& E 7 U

AHARE] R WA vlo|aZE7A Y] A9}
7} nfo]Z 2 E Alo] kAW S 9 A&A o]
A= FFS FASHY. T3 At Whiog A
g ¥ A A ZAne] ASdMS AFE7] Y5t
£93% AAo| i) ASTM E10507Ve14 AA 8 F
Mol ole]a2EZL o]&3 AUHEE ARSI &
AL HSHEB&K type 420693 WA FEHE AR
ot

HA, A WA vlo]la2EZ3 AHe Ay W
o me& A YAE 2A7] A3 1/29X vje]ma2E
o] FA AHY HAAPQ] 6mm THEFEEH 10
mm¥ W3E FHA FASU oy wlo]aRE
Ate] AL 13mm & RS AlEs 3 UA
nfo] A2 E9 7HFo| HALE FuUHez £33

31
2
=
a
2
ol
0}
R
23601000 2000 3000 4000 5000 6000
Frequency [Hz]
(a) Real part
1 ——]
0 -3
1 b __*_‘“-":
£ :
G .
e 2 F .
| . n ;
o -3 L ' 3
£ :
4 -=- -]
[ 3
| [ ] -
- ‘
’ " L " n
A 6000

300 1000 2000 3000 4000 5000
Frequency [Hz]

(b) Imaginary part
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