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Abstract A new model (Common-Acoustical-Pole and Zero model; CAPZ model) is proposed for a room transfer
function (RTF) by using common acoustical poles that correspond to resonance properties of a room. These poles are
estimated as the common AR coefficients of many RTFs corresponding to different source and receiver positions. Using the
estimated common AR coefficients, the proposed method models the RTFs with different MA coefficients. This new model
requires far fewer variable parameters to represent RTFs than the conventional all-zero or pole/zero model. The acoustic echo
canceller based on the proposed model requires half the variable parameters and converges 1.5 times faster than one based on
the all-zero model, confirming the efficiency of the proposed model.
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Fig. 1. RTF between a source and a receiver in a room.
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Fig. 2. RTFs corresponding to different source and receiver

positions r; (j =1,2,...,M).
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Fig. 3(a). Block diagram of multiple RTF modeling based
on conventional all-zero model.
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Fig. 3(b). Block diagram of multiple RTF modeling based
on conventional pole/zero model.
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resonance can be observed at any source and receiver
position except node points (such as point C), all the
RTFs have common acoustical poles that reflect the
information of the resonance frequencies. The amplitudes
are different at different points, e.g., A, Band C.
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Fig. 5. Block diagram of multiple RTF modeling based on
the proposed CAPZ model.

3.2 BN2FERICLHAEEROHETE

BHOE TOMEEREE, @B % @Ik
> TWh, LA L, £THkABI 1 DDEA
M GBI TE S ERR L2V,

BlziE, M4 0BT, HiTHBECTI,
LRGBS v, ZORFEF, EN
EHEEEBROEZEROEB L LTHHATLI L
HUHETH S, BAFTFEEZTEARE KT
L, BICEREEBL, #Oor0mMEMKTLHT
LEZHB[13]e COLHIELIE, BE 12D
EEBB»OHETIHEIC. BORMEEDR
WEnb, o T, HBEYHEET D 2DITE,
BEBICL > TRLA2FLNOZEELIYERL /29
o, HiF - SESRBORL AEHBOEEREK
POMEELRITER L RV,

AR, @R TRLE L ) @R & 5
THHILBARBEE L THET S, @R LD,
HFW - BEFTNDOA Y SVAREZLUTO &
HIETZEHES,

. P A o

h(vj k) = - .E‘-; & h(rj, k=i) + % bi(r;) 8(k~i) (5)
h(rj k): & r; x LT3 el - FETFTIVES N

{EZBED A v 230 A
a: HEE SN A ILE AR B
bi(r;): & 1 i L CHEE S h A MAGREL
k: BEEAL S =L

1, k=0
ok) =
0, k=1



Tl BEOA Y NVARREEETVOL w250
AE L OHDRBRE (HWHEE) . UTok
5 t‘:E%(ﬁ g 'z)o

EaulTik) = h(vj, k) - F?(r,-, k)
P e [
= h(vj, k) +3, a h(rj, k=)= bi(r;) &k-i) (6)
&=l =0
FLEARE 41X, COHDEED 2 FFHHEE
BANETHBELTROBIENTES, L
L. —fRIC@E)FOHDREER/NCT AT L
RETHEZLIFMOENT VS, SDOL) Ll
BT, ORABDE 2 HDh(r;, ki) % iy k=)= &
S| IRAUTRTRBELH B LItk Yy,
B a% KDDL EDFTEB[14],

P Qo
Eeql¥jk)= h(xj, k) +Y, ai h(xj, k=i)-Y, bi(ry) &k-i). (7)
i=1 i=0

BARRICiE, BARREUZ, RIC/RT A b
Bk /N2 LTHiEEnS,

M oo
J eq = Z E Sequ(l'j,k) (8)
j=1k=0

ZZT, MB¥EEICHERT A M4 v NV ARED
B THD, 4. HA VIV AREDOE S N,
Bit ., hrik)=0(k>N)p 42 b Eeqfrik) =0
(k>N+P)p i, it>T, @D 2FH DML
k=N+PE TT &\,

TR MABERDCT Ba L)k, g L
b ) \Z & BRI FREAEZFERIIC0 LT 5flE
LTRDBZENTE S,

Va _ Vg _

oa; * bl ©

S IS

M N+P
Tq=2 3, e4(r;, k)
1 k=0
M N+P P Q
=3 3 iy, D+ aih(r, k-i) - Y bi(rj)8(k-i)
i=0

=1 k=0 i=1

2

(10)

THLP L, ERICRHMT EIT% o 28R % 0
CEBFE, DTORZFBERXNEBEZ 27T
%o

M N+P

> X |k - Dh(rik ) +
j=1 k=0
o)

P
> amh(rjk - Dh(rik -m) - Y bu(rjh(rim - i) =0
m=1 m=0

P
h(r;, i) + z amh(rj,i - m) - bi(rj) =0 (11)
m=1

== ¢, hrj, k-D)S(k-m)= h(rj, m-i) ¢ B4R % v 77
COMTAEREM T LI Y HBARRI Y
BAN2ERE L TRKDODBIENTEL, T/,
&/ 2 FE i, THIREREHCTHML o L
AT & B[19]0
ETVORBPLEQRHEET AL ELEE
Th b, AICEHE[5]ID & ) Lo h ORIIRE
BEVFRESINTWEY, 22T, LT LS
WKLTRBERE L2 TT. EFVELOKE
rERIEE LTERLSINATFY 2 T hEE
S ETL, NEDHEEXHOP LORDTSH
€5
Y vy, k)

k=0

M=

Jow=

P
M ja (12)

Y 2
z h*(vj, k)
k=0

KT, FEORBE:EBRT R HB0M»ED

DT, KPOMP+QA T/ & 7 B3 % B
L. BEMICHEBICHWARE LT 5,

el % e 3 A B2 T, ARG OK
BrznEFIc LT, MABREBOXREBQ%R/IE L
LTHET A LONETH D, MAREDORE
ML THI LR, EYFBEROR O E L
2 L, HMARBREOEEED -0 DFTEEL K
IRICHIR T 5 LD TE& B, MARBOREQ %
PMSLCLTHELTAEEATH, HLEEME
DY BB EHETE B,

BOHEE T, HE SN BOREMLKE
HEREETH L. DRNITBWTQ0DHHEIC
DNTH, BEMRIEHINTWS, L»L%k
o, Q>0NEEMDIEHIIREL LTRSS
TWw5[19],



3.3 FHREICLILBFHEOHTE

KEP LQFKREVEEICIE, QKNI A b
B % /M T B BARBREZ BT H T 5 2912
BE L DFEENVEL LD, TDL ) LEE
WL, FHEEOS LR WHERLTICRET %,
9, BHE - TEAREICB TS EE5EME
DY) 2 FREE

J egri)= Y, €3(rik) (13)
k=0

/NS HARREE IR D B, ZOR,
FNENRDOARBEOFEHEL LT, HLEARLREL
2UTDE ) CHET S,

w=$§:Mm (14)

COHFEFETIE, LBEARBEEI2HTRLL
HECZHERE PP VEERETITET A S
EWTED, TRITDEEA, ZOFHRIE
L BAHEICL RO -LBARBEIILETH
o1z TOHEOHEGBIBBRLLERSFICOWV
TIRABROBETH S,

4 BEFEICSLSILBBOHTE

WEHEDFMO -0z, e L k@i e
RO - BEHOBE LT O 2 2085461
SnTHBL:E. 12BiR., #EICHWSETF
N OREAHBEFRINC TR S NDHBORE L 12T
ELWEETHB, 220HE, #EECHVEE
FIOREHSEHINCTFHU S N BBOXREL Y
BAEPICLLWEETHD, BEFELICB
AHHNLEHOBOME L. EARZICBW
TIXFTHETTRE TS 5[16]. LA T TIXEHKZEG6.7
X4,3%3.0=86m*) 2 i E L T, BEERENTIZH
TR L -ZREHRERED A ¥ VA RS
HF LT EBROHEE 2TV, BEERE & T
b

A1 HRMEERUCABERHWTHEEL
LigE

TR, Sl BRI O R L 13T
LZLWKRBTHE LR, 4 ¥ 27V RA B ITRED
Bt %0958 L THRIBIETER L2 ¥ 7
) ¥ 7R 2500z, R 1250-110H2 T
Hb, TOLHICEDTERNEEKRTIX. B
Bl BETFERLICBWTOHHEL 26
BICEPBDbOND, it> T, H#E L -kl e
RN eBEDHBEESITIT) SEFTE S,
B 6 [ZSBHTIER LA Y SV RIBE L ZD
JE W B R IER D — Bl 2 7R T

o i,

e

(=]

Amplitude

0 Time (s) 2

(a)

e
(e}
T

Power (dB)
S

&

. A o :
50, 50 100 125

Frequency (Hz)
(b)
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3.0 m® and wall reflection coefficients of 0.95. The
frequency range is from 50 to 100 Hz. The sampling
frequency is 250 Hz.(a) Simulated impulse response. (b)
Frequency response.
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Fig. 8. Example of the frequency response of an impulse
response simulated assuming a room size of 6.7 x 4.3 x
3.0 m® and wall reflection coefficients of 0.85. The
frequency range is from 60 to 320 Hz. The sampling
frequency is 800 Hz.
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Fig. 9. Frequency response of the common AR coefficients
which are estimated by the least squares method with a
lower order of poles than the theoretical order. The arrows
show the frequencies of the theoretical poles that have high
Q-factors.
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Fig. 10. Frequency response of the common AR
coefficients which are estimated by the averaging method
with a lower order of poles than the theoretical order. The
arrows show the frequencies of the theoretical poles that
have high Q-factors.
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Fig. 11. Acoustic echo canceller that has a fixed filter with
estimated common AR coefficients.
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Figure 12. Example of the measured impulse response in a
real room. The sampling frequency is 2 kHz.
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Fig. 13. Acoustic echo canceller based on the conventional
all-zero model.
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Fig. 14. ERLE (echo return loss enhancement) of two
AECs (acoustic echo cancellers). The solid line shows the
convergence of an AEC with a fixed AR filter with 250
coefficients and an adaptive MA filter with 450 coefficients
based on the proposed model. The dotted line shows the
convergence of an AEC with an adaptive MA filter with
800 coefficients based on the conventional all-zero model.
The frequencies were from 60 to 800 Hz and the sampling
frequency was 2 kHz.
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