1. Introduction

&« Speech enhancement, mostly nonlinear signal
processing, is usually implemented as the front-
end processing In assistive hearing devices to
alde listening under noisy environments.

& The residual noise and distortion introduced by
different nonlinear signal processing techniques
may degrade perceived sound quality of the
output speech differently.

«"Most speech enhancement techniques
generally focus on improving signal to noise
ratio to achieve a minimum physical difference
between the original clean speech and the
enhanced speech.

& It may not provide the necessary sound quality
for speech perception with reduced cognitive-
load and hence require another metric.

2. Method

&« Four speech sentences, each comprised of two
short phrases from a male and female speakers
extracted from AzBios database [1], were
calibrated at 7/5dB SPL and 65 dB SPL . (a
total of 8 clean speech sentences)

& Cafeteria and Babble noises [2] were
calibrated at 7/5dB SPL, 65dB SPL and 55 dB
SPL. (a total of 6 noises)

< The following speech enhancement techniques
[2] were used to process the speech sentences
with or without the noises added (a total of 48
noisy speech sentences)

& 1) lterative Wiener Filter

& 2) Psychoacoustic Masking

& 3) No processing (noisy and clean speech
sentences)

« A total of 192 test stimuli for sound quality
evaluation prepared through combination of
speech level, noise Ilevel and speech

enhancement scheme.
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& Speech sentence at 75 dB SPL and noise at 65

dB SPL was considered a different listening
condition, sentences at 65dB SPL and noise at
55 dB SPL (although both were at same SNR,
l.e., 10dB)

s Participants were asked to rate the perceived

sound quality of the stimuli in 2 separate trials.

Subject Subject-1  Subject-2  Subject-3  Subject-4  Subject-5 Subject-6  Subject-7

Between 0.838 0.894 0.938 0.902 0.946 0.789 0.914

trials

Between 0.953 0.952 0.901 0.964 0.933 0.815 0.956
individual
and group
Table. 1. Correlation on ratings between trials for each participant and average ratings

between individual participant and the group.

3. Results

& The rate of degradation on the perceived gquality
of noisy speech as noise of increasing level was
added, was less steeper than when they were
enhanced. (Fig 1 and Table 2)

s For stimuli with same signal-to-noise ratio SNR
(0dB: 75/65 dB SPL of speech and noise; and
10 dB: 75/65 dB SPL of speech and 65/55 of
noise), the average rating of the noisy speech
was higher before enhancement. The effect was
greater with babble noise than with cafeteria
noise.

<A more gradual rate of degradation on the
perception of the enhanced speech was
observed with higher speech level (75dBSPL)
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Fig. 1. Average user ratings for the three speech enhancement schemes for 75dB
(left) and 65 dB (right) speech against different noise levels
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Speech Level 75dB 65dB
Noise Level 75dB 65dB 55dB 75dB 65dB 55dB

Cochlear Implant
Laboratory

Average (No 3.88 6.13 6.75 2.13 4.25 6.38 8
Process) CID:
Average 3.00 5.00 6.38 1.00 1.88 6.75 2
(Wiener) D
Average 2.50 3.63 7.00 1.13 2.38 613 &
(Masking) n

D

Improvement -0.88 -1.13 --0.38 -1.13 -2.38 0.38
(Wiener)

Improvement -0.63 -1.29 0.29 -0.29 -0.46 -0.29
(Masking)

Speech Level 75dB 65dB
efoe Levd 75dB 65dB 55dB 75dB 65dB 5508
e - 4.38 5.88 7.38 1.63 5.50 750 &
(@}
(A) o
Wiener (B) 238 4.63 7.50 1.13 3.00 713 =
o
Masking (C) 238 4.88 6.38 2.00 3.38 6.13 O
. 2.00 1.25 0.13 -0.50 250 .0.38
(= B-A)
A 0.67 0.25 0.71 4.42 .0.58 -0.79
(=C-A)

Table. 2. Average Ratings across all participants

Noise Levels 75dB 65dB 55dB 0dB Correlation g}
No Process 1.75 1.88 0.38 -0.38 ";gf
Wiener 2.00 3.13 -0.38 -0.75 0.96 EZ’
Masking 1.38 1.25 0.88 0.38 0.91 %
Noise Levels 75dB 65dB 55dB 0dB Correlation 0o
No Process 2.75 0.38 -0.13 -0.38 %
Wiener 1.25 1.63 0.38 0.13 0.57 ;
Masking 0.38 1.50 0.25 -0.63 0.22 %

Table. 3. Correlation between improvement in rating(65dB to 75dB increase in speech
for noisy speech and enhanced speech

N’

5. Summary

< Quality perception Iin noisy and enhanced
speech was dependent on the level of the target
speech.

& Both remaining noise and nonlinear distortion In
enhanced speech change the pattern of quality
rating from that only degraded with additive
noise.

< Nonlinear distortion prevents listeners from
assessing the quality of the target speech more
than the noise.
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