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Degradation of Speech Intelligibility in Time-Reversed Reverberation
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Abstract We investigated whether speech in time-reversed reverberation is less intelligible than that in normal
(non-time-reversed) reverberation. We generally perform speech communication without noticing the existence of
reverberation. Moreover, it is known that reverberation is evident when we play a speech signal recorded in a reverberant room
backward in time. However, few quantitative studies have shown speech intelligibility in time-reversed reverberation. We,
therefore, conducted a perceptual experiment to compare speech intelligibility between signals convolved with normal and
time-reversed impulse responses of a room. The reverberation times (RTs) used were 1.0, 1.5, and 2.0 s. Twenty-four subjects
participated in the perceptual experiment; each subject was instructed to listen to 24 sentences under different experimental
conditions. As a result, speech intelligibility significantly decreased at all RTs: from 98.6% to 92.2% (RT=1.0 s), from 95.4%
to 82.2% (RT=1.5 s), and from 93.9% to 63.7% (RT=2.0 s). This might reflect the temporal asymmetry of both the human
auditory system and a speech sound itself.

Keyword time-reversed reverberation, speech intelligibility, perceptual overlap masking, onset and coda of syllable, Haas
effect
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A. J. M. Houtsma, T. D. Rossing, and
W. M. Wagenaars “Auditory Demonstrations” [5]

2.1.
“Harvard tapes” “ghoulies and ghosties” NTT
1000
MY K 1000
4 5
36 12
24
25 33 28
reverberation time,
RT 1.1 500, 1k, 2k Hz
Griesinger (2004)
3 RT 1.0s,1.5s5s,
2.0s [71
[6]
STI (speech transmission index)
STI 6 6
Table 1
Table 1 6
STI Fig. 1
72 144
STI diotic
2.2.
24
16 8
19 24 21.8
Griesinger [6]
Table 1
(s)
hl hi_r 1.0
h2 h2_r 1.5
h3 h3_r 2.0
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Time-reversed Reverberation
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24
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Fig. 2

2.4.

Fig. 2

2>=<3

F(1,23)=149.074, MSe=66.378, p<.001
96.0
79.4
10 s, 1.5, 20 s
F(1,23)=149.074, MSe=74.815, p<.001
1.0s,15s,20s 1.0 s: 95.4%,
1.5s: 88.8%, 2.0 s: 78.8
F(1,23)=60.876,
MSe=56.363, p<.001

F(1,23)=18.852,
MSe=13.665, p<.001 1.0s>15s >
2.0's (98.6% > 95.4% > 93.9%)

F(1,23)=74.626, MSe=130.917, p<.001
1.05> 155> 2.0 (92.2% > 82.2% > 63.7%)

masking  overlap masking
[8-10] self masking

overlap masking
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[11,12]
Haas 50ms
Haas
overlap masking
Haas
monaural diotic
[4,13,14] diotic
deletion reduction
[15]
[16] cve
Modified Rhyme Test (MRT)
68%
80%

[17]
Griesinger [6]
overlap masking
overlap masking
overlap

masking
overlap masking

92.2%
63.7%
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