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Abstract

Reverberation time (T60) is a typical acoustic parameter that provides information about reverberation. Since the impacts
of reverberation vary depending on the frequency bands even in the same space, frequency-dependent (FD) T60, which
offers detailed insights into the acoustic environments, can be useful. However, most conventional blind T60 estimation
methods, which estimate the T60 from speech signals, focus on fullband T60 estimation, and a few blind FDT60
estimation methods commonly show poor performance in the low-frequency bands. This paper introduces a modified
approach based on Attentive pooling based Weighted Sum of Spectral Decay Rates (AWSSDR), previously proposed for
blind T60 estimation, by extending its target from fullband T60 to FDT60. The experimental results show that the
proposed method outperforms conventional blind FDT60 estimation methods on the acoustic characterization of
environments (ACE) challenge evaluation dataset. Notably, it consistently exhibits excellent estimation performance in all
frequency bands. This demonstrates that the mechanism of the AWSSDR method is valuable for blind FDT60 estimation
because it reflects the FD variations in the impact of reverberation, aggregating information about FDT60 from the speech
signal by processing the spectral decay rates associated with the physical properties of reverberation in each frequency
band.
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© ORI S ) MrEA, P9 S F49 549
2 Aes AstAl7lE tZA] 2]l T el ek gt
ARE AFsic

T60-> e-¢lo] xhehel - 5732 oU=]7} 60 dB 7+4] k=t
205 Ao 7 A O v (Kuttruff, 2019), AE2 o2 A
UE A~ S (room impulse response, RIR) . ZF-E T60-S -3}
= o] & g5 5] o] ltiKarjalainen et al., 2002). 54 ¥k RIR
& Fo7] olel 4RO olel # W A8 e o)
7Fsst7] Wil 4 FHE $4 A ENE Te0= 743t

l
|

E2llE T60 579 w2lE0] AAE 1L 2 thBryan, 2020;
Deng et al., 2020; Eaton & Naylor, 2015a; Eaton et al., 2013, 2016;
Gamper & Tashev, 2018; Lollmann et al., 2015; Prego et al., 2015;
Xiong et al., 2018; Zheng et al., 2022).

A Fzholl A S A3k o2 5= WAL Al9(absorption
reflection coefficients):= S=3F=o| upe} W3}7] wjiTof|, ZHako]
4 Az wX= F T60S> F3k vt E}Eq
(Wang et al., 2021). 13 1- 2 A RIROI|A F+3}4= tf ]

A E o] 2| FHsh= ol & HojErh FAlA o= ier
thed o] ZH47F AFat v Bok w2 v = 59 ool A AL
Tk e 07 A5 Te00] FrobA= A Ee] Utk o) gk 22
o] 535 arefshd, S Fe ol thet A4l A RE Al
Bl 3k 9 ¥ (frequency-dependent, FD) T602 732
oJ&kS Al sk dlof] 9lo], A o< (fullband) TE0R.T} ©] -G-8
sHAl &84 = SIth FDT60 At Te03} wizL7FA = RIR
ZRE 8 4 9low, G134 © F Eaton et al.(2016)0] 274 3t
9} 7o), RIRY octave filterbank S 2]-g-a}o] Ful= tfod
RIRZ F3l|5l32, W48 38 31 2]F(Karjalainen et al., 2002)
< #g-3to] FDT60S 7-3He W& AHS-Sitt,

A o] Bkl Te0 54 Wl ol gt 1k
32 aLeskA ¢kal, FDT602] 5 8732 xsA edth &
| 2] ArellA] EekQl= FDT60 514 SEAIRE
s o7 ATt theol A vl Aotk 4 dee Btk
(Diether et al., 2015; Li et al., 2019; Lollmann & Vary, 2011;
Lollmann et al., 2015; Xiong et al., 2018). Lollmann & Vary(2011)
= olHs A< Y-S FDT60S T-3171 $138l 485k 2
W0 v Fak thelolA 2 vl 5S 2] wiEelwt
A B

o] Aol A 2=
9] 7} E(Attentive pooling based Weighted Sum of Spectral
Decay Rates, AWSSDR) W12]-2- #|qFa}51 17, £}l = T60 74
Fofe] A WX v} (benchmark) 2 A}-8-¥]+= ACE challenge 2] 3
7helo] €l ol th&ll(Eaton et al., 2016), 7F& ¥ ok 2 )< T60 3
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Figure 1. Example of a spectrogram of a real RIR and frequency-dependent
reverberation time (FDT60)

2. 7129 BER1= FDT60 57 04
2.1. ACE Challenge
Acoustic characterization of environments (ACE) challengei= &

sk w7 W, 53] T603} 2)73-3HeF W] S-(direct-to-reverberation

ratio, DRR)®] 221 342 913 #9 Sl 22 245
31, o] ok AE %7141717] 918) /2 =90 (Eaton et

al,, 2016), A F7HA] & o 18] EERRIE T60 =7 o] F7HE $13t
X ka2 ARE-E 3 QTHBryan, 2020; Deng et al., 2020;
Gamper & Tashev, 2018; Xiong et al., 2018; Zheng et al., 2022).
ACE challengei= 217 75 87 ol| 4] €] 213 A4 dlo]E] A,
RIREZH-E] 78 A A (ground truth) T60ZS A58k, A tf <]
T60-RT ol 2} FDT60E A A gk #3317 wiitell, Eel=
FDT60 57 418 7}k dloll = 5838 883 5= ek

22. 73 YR E 283

Lollmann et al.(2015)] #|QF3t T3k o] A0 E -85t 3
t] 9% (maximum likelihood, ML) 7]RFS] ¥-2)-& ACE challenge
of Fogk o] 7= 5 43 FDT60 74 As& Kalst
% CHEaton et al,, 2016). ©] W2 ST E oje] 7je] F3}

T o Fafsta, Tk ol 2 ML WS 4830
FDT60S 37 3}, Z12] 32 1IS0(2009)7}F A d-3H= th & 40091 4]
1250 Hz ¥ 91l ol &k FDT602] 7Hs oz A Y Te0S 5
gate], Y exbe] Al FHoA 7)E2] ML WS JiA s
Ak

A7k, 71 E2R1E T60 74 W52, 53] 253 Y
of| Al == FDT60] theh &2 Y 24 2AE ¢3lst7]
Qall, 359F ) 2] o AlF] =7 52 FDT60 2.2 5-E £]4ta}
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ML, maximum likelihood.

9 2. ML 4] 2] FDT60 74 4 *5(Eaton et al., 2017)
Figure 2. FDT60 estimation performance of ML method (Eaton et al., 2017)

of A7t tef ] FDT60= 78k 84 = /IstolaL, ©1 5 &
g]

) 5% Eol A% BFE AslsH A vhe) Teo

FDTO0 373 Alwe SAS SAw of AL ACE
challenge®]| ]EQ o2 A se vlEl] A dle 160 49 s
o] wojubx] ¢kar, 718 204 YEld vle} 74o] ACE challenge

o) 5 S bElolEle] P19 FDTeD 5445 v %11

%(< 316 Hz)ollA o1438] Fetsh 455 HolFThEaton et al,
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9 3. ROPE 4] 2] FDT60 4 4d5(Xiong et al., 2018)
Figure 3. FDT60 estimation performance of ROPE method (Xiong et al., 2018)
%431 Pearson ¥H57} 97 A H9Ick Tl ROPE S L(B)= || ¥~ XB, | ° @
T60““UP ohe}, DRR F4 5% 3 338t err®} prre 2H2F
F74 0245} Pearson AL A Ho} YO, A5 y-FHA o)y e e WA E A9 WY =
= AE 3427t ohd, T60—T60 (ms)e] 742217} o
R x| 1288 o
171717-..’1
3. Ak L4
oliL, B,=[87.85] " = Al mizpESolT). pT= A9 7]

31727 =E
Cho] ool A 1 ahko], BEbQl= Te0 74 HofellA]
21 d(deep leamning) 2] Q] 0 7 7|E ] AT 8] M WS
B} 93 A58 2498 th(Bryan, 2020; Deng et al., 2020;
Gamper & Tashev, 2018; Zheng et al., 2022). SFA] 1 7 ]—7=‘—9] =k
o 71Hksl Bl e Te0 F4 WA S tsed] A=A 747
Tzol| eEste] AT ENE Ao 54
279 M b <18 olel ek 717
s w7} ek olela aAE Fua) 9
Aol el e A sled Aene
AWSSDR 2] Al FaF3i et

=
a

al,

3.1.1. A8 EY 74 &

23 E 7] 712 E(spectral decay rate, SDR)= 7Hake] &2] 4 Q1

EAS WS FEEH o2 A ek GEkE vpER T, AI7E
& upeh ZF Fub g el giek 271 ol =] 2E2H4(envelope)

ol A8 A A|(linear least squares, LLS) &S AHA 02
2 8-3F0] 3 (Eaton et al., 2013). LLS ¥ o] B& Fy}<= o
Aol FU3MA A LEER Fir JIYAE Aeksto] 7HHs
Al Argahd, o] L] 21 oA RSN
7h ol RS o, v f, el S7RE] ZH S FolAd TR
o AaHE  w9e 23 oAz AR
v=[Y},Y,,.., Y ] & 7Tk o714, 913 T = Y HA
E Yela, rHAl ATHE ©he)e] 2 oofjux] EEHA
Y, =Yg 41Uy, 00o¥g,+s) | O LLS 9IRS A &ato] F

o=

pA=S

s s R A

Y=y

o) SDRE FZ ek LLS 919 ohe 42 Azslsh g, 2
FA3tel, v, 2 A4l 02 2Ake) Bk,
94

$72A A A2 ES] SDRES &Jn]sla, o 7] 4 A8}
= GANE grE A4 g onjsit) AE A A A
AENAM = AET AlF B 58 SAXZ SDRE JAlSH,
EE}l = T60 F7d o] 2835131 th(Eaton & Naylor, 2015a; Eaton
etal., 2013).

3.1.2. AWSSDR 14

AWSSDR 2]2 ¢§2] SDRe]| B3+ sHA] #E3F T6ool tf
3t AR S 99 3}7] 9alA soft decision AYSS =3

THKim & Kim, 2022). k4] 133t vle} 240], SDR-> 2] &
S A Ao] IAIRE e eRlsel SeiM e A I
& W=tk o E 5o, Fol A3 9ol SDRo] 0]l 7}k
e 2t A o] Qe o] ko] e A $-9F AR d
ojt}. FHERt o el SDRZ w3} 3kA} 5 thekeh alel

R
&3-S Why] ufj o] ;L5 SDRO| T60 4ol L8 YRS =

3 Q
=

A& EZesA] = k=t WA AWSSDR W2 T60 57
of oIt Jre Fawe wpgl ZF SDRe|| 7525 dddt)

Vaswani et al.(2017)¢] <3t P& A5 2] o] §ll A (attention)
MAUEE 4838to] 7F5A & 853 }"’ o]& %3l SDRE 7}t
% Fato] Wl whol o] I W S 02 A EERIE Teo F
el g3t}
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AWSSDR, Attentive pooling based Weighted Sum of Spectral Decay
Rates.

19 4. AWSSDR o] S5 &
Figure 4. Flowchart of AWSSDR method

TI% 4 S SR NE] T60S F7d 3k AWSSDR 419
o] =]

2148 71ekabA Lhekdl Bl ek, Betel= Te F39H4E 2
oFstH, SDR F AN SHNEZIE FohE a2
oA RS ek, of7]ef LLS ﬂ%— 8311 SDR
N _

8 H]E%EOH %ﬂr*lﬁ } SDR@] 7%—%] = %‘%o}i ol& %
d JAE 715 & =, AWSSDRS T-3tt} HEA 22 T60 v
53 WA o)A AWSSDR-E Z-8F i E4] 0 2 x| Te0 W Y| E
el dH o] Te0 74 w2 Ytk THDA N F
T UESA =, 7heA] 4 =9 Teo viE HIES
A7} EAlel FH R

3.2. AWSSDR= &H-8-3t E-2}91 = FDT60 =74 2]

321. 989 24

Al A7d gk AWSSDR W12 tj 2] EERI= Te0 F7
WA S i 2 A g Te0 42 BT
o] 312k 4l :rL-—? otk 2 w=wollA= FDT60 5742 el A
o] T60 F7goll AMHE-E AWSSDR W48 A4
T60 i3 LﬂE A9 F9 w9 FE, HAE she T o
ole] g8} sUsHAl dAste] 7+ F8 w9 Flo] UgHE
FDT60¢] ¥ &5 ul*g 33Tt

¥ 1. AWSSDR 715} FDT60 54 WH4] &) 32
Table 1. The structure of the FDT60 estimation method based on

AWSSDR
HES IS = 73 Al - AR T Al ARF T
A8 40x T,
Conv 1d %9, 80x T
19 80% T,
Conv 1d %j‘; 160><1:
o1& 160% 7] Strld}i: 1,
Conv 1d 2. 30 T filter size: 11
V=R =3 C:j; 30X T padding size: 5
HEA=Z Conv 1d ié: 16()><7: D g
= LeakyReLU
Conv 1d A= 160 7,
=9:80x T
e 80% T,
Conv 1d 2. 40X T
Softmax Row-wise 14+
Fully Qe 40x1, 9 121,
connected e LeakyReLU
T60 ™3 Fully Qg 5121, &9 5121,
HEA connected 2733+ LeakyReLU
Fully 19 5121, &9 401,
connected ggeS -

AWSSDR, Attentive pooling based Weighted Sum of Spectral
Decay Rates.

Wy 2o ) AWSSDR B 7 B lA|, AN T =
2E F34 o8 E SDRS 451 73] 4 UEY=

o] J83lal, o]Z £3)] AWSSDRS -3t} FA|Z o7, 715
2 F4 WEYIdE 40718 Farudde o &%
40 72| SDR A7} 18 5o 7+ SDRe]| 771 &4
th 71 % Fo gloldE SDRE 71 #8ke] 40x 1 F7)8
wh3leke] S ME|Ql AWSSDRS A4 8ttt o]+ Zulz Wy
= =4 ¢] T60 uHﬁJ HE$ el Yl =] FDT60 74 #he &
g3, & =32 ROPE 279 3438k A5 vus $s)iA
4071 2] k= o) 3 FDT602] AA| ks Z% =2 A v

F

p

L

EYAE s5atgl 12 & =Fol|A AWSSDRS 283
SEFQI= FDT60 7 Wl o] A4 HES A F25 Ko
=t}

3.2.2. FDT60S] A A gk
FDT60S #-3% % &} AWSSDR "2 9] A 58153 9|a)A]

£ FDT602] A #)| #ko] & 23t} Karjalainen et al.(2002)-> H] A1

3] 1)¥ ¢l g]|Zo] =4 % RIROA] Q] H|AAFA Q1 Lo]z H]—EP
of tial] o A= Q= ARE AR AE 3

Eaton et al.(2016) RIR®] 277 v 11 F= _J% E% o HW@

9 daug|EFS 4-gste] T602] AA 7k T
oM FUst OEL al *}ﬂo} i, TJJrT of
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S THKim & Kim, 2022). A2 0%, SET-1 & glojgjge  &dto] 78 27 4 AE|W 3 o =](log mel-filterbank energy,
7)1Z29] Balols Teo 24 WAlEate] T vwE 98] 7+  LMFE)E E21 ollUvx] 2 o= v 7 g dnjr} 407) =
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