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Robust Speech Endpoint Detection in Noisy Environments for HRI
(Human-Robot Interface)
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ABSTRACT: In this paper, a new speech endpoint detection method in noisy environments for moving robot
platforms is proposed. In the conventional method, the endpoint of speech is obtained by applying an edge
detection filter that finds abrupt changes in the feature domain. However, since the feature of the frame energy is
unstable in such noisy environments, it is difficult to accurately find the endpoint of speech. Therefore, a novel
feature extraction method based on the twice-iterated fast fourier transform (TIFFT) and statistical models of
speech is proposed. The proposed feature extraction method was applied to an edge detection filter for effective
detection of the endpoint of speech. Representative experiments claim that there was a substantial improvement
over the conventional method.
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Fig. 2. State transition diagram for endpoint detection.
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Fig. 3. Results of the frame energy and edge detection
filter based endpoint detection in a clean environment,
(a) clean speech signal (b) frame energy of signal(a)
(c) detection output of edge filter with state transition
model.

1
Time(s)

Fig. 4. Results of the frame energy and edge detection
filter based endpoint detection in a car-noise
environment, (a) noisy speech signal (b) clean speech
signal (c) frame energy of signal(a) (d) detection
output of edge filter with state transition model.
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Table 1. Performance between the proposed and conventional method.

Proposed Q. IE11 Oe]‘t al. X. IE11 le]t al. Gh;el;lfla{%z]mﬂ Q. J[o1 6e]t al. Q. J[o1 7e]t al.

noise ?dl\];% Pe Py Pe P P Py Pe Py Pe Py Pe Py

-5 88.4 11.6 71.1 28.9 73.2 26.8 76.6 234 86.9 13.1 82.0 18.0

0 91.2 8.8 77.6 224 79.2 20.8 86.9 13.1 89.5 10.5 86.5 13.5

car 10 93.1 6.9 87.1 12.9 88.1 11.9 94.2 5.8 93.0 7.0 92.7 7.3

20 95.0 5.0 91.3 8.7 92.1 7.9 96.4 3.6 95.1 4.9 93.3 6.7

Robot cleaner| -5 88.0 12.0 70.1 29.9 72.9 27.1 75.0 25.0 86.0 14.0 81.4 18.6
Average 91.1 8.9 79.4 20.6 81.1 18.9 85.9 14.1 90.1 9.9 87.2 12.8
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Table 2. Frame error result of conventional method.

PC P F
?r\rlce)iai(; Average ?r\r/(e;aicz Average
noise SNR beginning | 0¥ of beginning | 0" of
(dB) ENMNE | ord point ENMNE | ong point
point (frame) pornt (frame)
(frame) (frame)
-5 4.0 5.6 4.1 4.8
0 32 5.5 35 33
Car
10 2.5 4.6 2.0 2.5
20 2.0 43 2.8 2.4
Robot | - 42 5.5 42 52
cleaner

Table 3. Frame error result of proposed method.

P, P,
Average Average Average Average
error of error of

noise SNR beginning | 00 of beginning | 00 of

(dB) ENMNE | ond point ENMNE | org point
point (frame) pornt (frame)
(frame) (frame)
-5 3.0 32 4.1 34
0 2.4 1.8 34 35
Car
10 2.0 1.7 32 3.1
20 1.8 1.5 3.0 33

Robot | = 3.1 33 38 40

cleaner
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Fig. 7. Results of the proposed method in robot
cleaner driving noise environment, (a) noisy speech
signal (b) clean speech signal (c) the proposed
feature (d) detection output of edge filter with state
transition model.



Folet 24 €4 d=& 71 155

Table 4. Computational cost comparison per frame.

Proposed  |Q. Li et al. [10]|X. Li et al. [11] Gh:frg?“}%?m Q. Jo et al. [16]]Q. Jo et al. [17]
Computational
8995 8450 8997 8850 8240 8150
Cost
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