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Fig. 3 Example of the F, estimation: (a) original signal z(t), (b) reverberant speech y(t), (Tr = 2.0 s), (c)
reference Fp (dashed-line) and estimated Fy from y(t) using the cepstrum method (real-line), (d)
estimated Fy from y(t) using h=1(t), (e) Fo from y(t) eliminated by minimum phase characteristics,
(f) Fy from y(t) eliminated by all-pass phase characteristics, (g) estimated Fy using proposed method
without Tg estimation, and (h) with Tr estimation
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K1 XERORBRTICIRT SHERE S RNOEEROLE, IRdatald, F—F 77 (/L [20] DEFIZxIET B,
BRI Tr 14125 Hz 25 8 kHz DA 2 F— 7 R C OGRS T A BER O ENEE T, R—
NREREAZ Y v 7L, —BRVERLBEVERE T,

Table 1 Comparison of percent correct rate (%) within error margin of 5 % in actual reverberant environments.

IRdata corresponds to File No. in [20]. Reverberation time, Tk, is the average of Tgs for transfer func-
tions at 125 Hz to 8 kHz at octave frequencies. Bold and italic faces indicate best and worst results

[E0F#F (RIR) IRdata  ZXWe5M 1g (s) || TEMPO | YIN | Cepstrum | SrcFlt [[ Prop(Org) | Prop(Est) |

[ 20— — 0.00 [ 98.10 [ 9149 [ 96.65 | 95.81 [ 9581 [ 90.69 |
(ZEHF—LT L 301 1.09 28.89 35.51 42.22 40.62 50.70 44.99
ZEMF—L 1 2 302 0.80 33.13 38.36 47.54 47.04 56.79 51.67
ZEMF—L2 3 303 1.44 22,77 30.27 38.35 35.10 43.58 38.96
ZHMF—L2 4 304 1.04 32.08 37.22 47.10 46.47 55.02 51.12
ZHMEK—L 3 5 305 1.93 19.84 27.91 32.70 31.07 41.62 36.52
ZBHKR—13 6 306 1.35 26.62 33.47 39.51 39.41 50.89 44.70
ZEMFK—L4 7 307 1.42 30.21 38.21 46.89 49.52 60.54 54.50
ZAMFR—NL4 8 308 1.54 29.44 37.21 46.04 49.01 60.04 54.20
ZBHKR—L5 9 319 1.47 32.37 39.25 48.55 48.98 56.31 53.29
£ZB8%k—n6 10 321 2.16 27.64 35.05 44.69 46.75 53.41 50.37
arP—FF—n1 11 309 2.35 23.42 29.37 35.49 37.64 44.30 43.06
avH— k-1 12 310 2.34 29.61 33.71 43.13 46.93 49.59 50.37
ayH—hk—n1 13 311 2.35 24.90 29.85 37.51 41.02 48.92 . 45.66
ary$—prr—n1 14 312 2.39 18.26 26.07 32.70 31.55 40.72 35.46
ayP—pk—n1 18 313 2.38 14.73 22.97 29.68 27.32 37.38 29.76
ayH— k-2 16 314 1.14 - 24.19 32.23 38.12 36.11 45.18 40.51
ayH—rk—n3 17 315 1.96 - 25.94 35.72 46.85 43.04 44.27 45.33
aP—pk— 4 18 316 1.92 23.53 31.26 38.46 38.64 50.82 42.81
avg—p—n4 19 317 2.55 20.47 27.23 34.49 36.13 48.09 40.33
ayH— pR—/5 20 323 . 2.32 25.41 33.39 41.95 41.79 48.20 45.70
aP—prR—N6 21 324 1.77 29.99 36.07 45.29 47.20 53.82 51.61
aP— pF—N 6 22 325 1.74 34.16 38.28 47.13 49.79 55.87 54.07
arP—rr—nL6 23 326 1.69  18.38 23.61 27.84 28.55 41.62 31.53
EERL 201 1.36 32.56 41.51 53.50 51.48 57.89 55.36
B3 25 318 0.85 32.90 38.06 46.39 45.05 54.16 50.09
S 26 401 0.62 57.04 55.28 70.26 70.25 72.58 71.14
= 27 402 1.12 36.74 47.03 61.52 56.74 61.78 60.14
= 28 403 1.09 26.48 35.57 44.59 42.22 52.71 46.30
AE—FF—n1 29 404 1.54 23.84 31.97 40.04 38.11 47.47 41.71
21 30 405 0.71 32.46 38.97 47.31 43.66 52.27 48.22
22 81 406 1.30 23.67 30.32 36.84 36.15 45.29 41.91
ARy hk—n1 32 407 3.03 16.99 22.81 26.91 27.23 37.68 31.94
ARy hR— 2 33 408 3.62 15.19 21.78 26.38 27.14 37.61 29.68
k&ML 3 409 2.82 '19.19 25.95 31.25 -32.81 44.95 35.07
hEtH2 3 410 1.70 22.35 27.77 31.70 32.67 45.67 36.08
YEU T N—n 36 411 0.36 74.24 65.85 81.45 73.40 72.08 69.72
BREAE 37 412 0.38 42.88 43.30 52.16 51.96 59.32 56.85
T hYon s 413 1.57 27.58 30.65 34.56 38.00 50.69 44.01
kg 39 414 2.72 14.08 | 22.43 25.30 24.88 33.06 28.54
Rz a—z 40 415 1.95 20.89 24.79 27.57 29.88 44.71 36.44
A —FF—)L 2 41 416 1.53 29.15 36.29 45.74 45.78 54.54 49.79
AE—F K-/ 2 42 417 1.49 22.17 30.49 37.58 37.04 47.07 41.13
AR —FF—)L2 43 418 1.40 18.96 25.71 29.46 27.83 40.22 - 30.72

VREHRSH Y, 72,000 m®, 2 RERAZL, 2 KHESH Y, 5,700 m3, 4 KRR L, 5 REHESH D, K 7,200 m3, & RAHRA L,
T RUUARS D, K 12,000 m3, 8 WRUNERZ2 L, © HHK 14,000 m3, 10 (K8 19,000 m3, 1! H#K 5,600 m3, 12 A —h—+ v A 2 ok R
M d=6m, ¥3d=11m, “d=15m, 15d=19m, 16 {k# 6,100 m3, 17 &M 20,000 m3, 8 WNH—F LY, i 7,100 m3,
19 A —7 7L, 20 4Kk1% 17,000 m3, 2! 1F IEf, A8 17,000 m3, 22 9F, 28 3F, 24 75 4 —xa—4 Y, 25 (ki 3,900 m3, 26
{8 130 m3, 27 (K% 400 m3, 28 £k 2,400 m3, 29 {kf% 11,000 m3, 30 £8% 1,200 m3, 3! {k#K 3,200 m3, 32 ffK 28,000 m3, 33 tk
41,000 m®, 34 {K7% 12,000 m3, 35 (kK 29,000 m3, 36 AW, (hH 110 m3, 37 fkFK 560 m3, 38 (KB 4,000 m3, 39 KA 5,900 m3
#EME 120 m, 0 BU®A, 41 IF FEm, 4?2 1F 2, ¥ A La=— :
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Fig. 5 Extracted power envelopes ((a) and (c)) and
modulation spectra ((b) and (d)) of reverber-
ant sinusoids in cases of Tg = 0.0 s (upper
panel) and Tg = 2.0 s (bottom panel)
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Fig. 6 Block diagram for estimating reverberation
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(3) ZEFBWK LK 5 Hz TORRANY R IVIZTREBRAT
mEinzd & MTF WD TH T & '

TSI TRONAEL, HeRERAREK (fn <20
Hz) THRSHLTWD,

T ORI, BRI LTS5 bR
TS5 4y FEET B EODHEDET VLA R
XgTLND, Thid, FRELBERENEELRLR
L fam BIZIE, B5IC8T D fom =5Hz) TO
B LIERAANRS M EBETSHIE (n(fm) 281
CEESNA D &) TRERE T ¥ HETRTHDH S
LEAERLTWS, fERE R (1) T, EERER
TR LEERENSERAN 1IKED LD IEFDR
J—ryRuo—FFEEST S 2L TRB IO
L, ZoThREFER ERAEKERT Y-
v Ra—FOEREICERE LEERALS PAERY
!5 - LT, RECERZBERBHELRELT D,

6.3 BREE

61l LoD w7 N KSR, B
IR CIRBR R R 7 5 A o NHRET B AR R
R45. TrT, BEETIHED S SOREICESE,

10g | Bz (fam)l = log|Ez(0)] (12)
log | Ey (0)] log | E(0)| (13)

IRET B, BL, E.(fm) & Ey(fm) 1, EHhTH,
e2(t) & e2(t) DEMANY bATHD, K (12) &X
(13) 1%, BiE(1) & (2) ZRLEBDTH D, Ihbid
BRIETORNOBRETH A, EEBE ZhbodH
AR THD I LEHERBLTND, INLICESS
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DEHRWD LI=ERAALT MALLEETE D,

~ o~

TR = arg min (|log | Ey(fam)| — log | Ey(0)]
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Fig. 7 Extracted power envelopes ((a) and (c)) and
modulation spectra ((b) and (d)) of reverber-
ant speech in cases of Tp = 0.0 s (upper
panel) and Tp = 2.0 s (bottom panel)
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ant sinusoids
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Fig. 9 Estimated reverberation time from reverber-
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Fig. 10 Estimated reverberation time in real rever-
berant environments. A, B, and C corre-
spond to results for IRs in multipurpose
halls (0.80 s), multipurpose halls (1.42 s),
and classic concert halls (1.96 s)
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