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Introduction

hearing threshold [1]. In order to maximize speech intelligibility, the NAL-R formula [2] was applied to determine the real-ear insertion gain (REIG) for normal
speech loudness levels. Furthermore, motivated by meeting loudness requirements, the FIG6 procedure [2] was
used to calculate the frequency-dependent compression
ratios.

Hearing loss is amongst the most prevalent disabilities,
which severely hinder normal speech communication for
hearing impaired persons. Although digital hearing aids
have been developed for several years, only the minority
of hearing impaired persons use hearing aids due to diﬀerent reasons. One reason is lack of the convenience for the
users particularly for telephone conversations, which is an
important aspect of daily communication. To tackle this
problem, a personalized and adaptable telephone system incorporating compensation strategies for individual
hearing loss is described in this contribution. Multiband
dynamic compression was used to compensate for hearing loss. Ten presets were deﬁned based on ISO7029 [1],
as well as the NAL-R and FIG6 formula [2] to specify
the gain and compression ratios, respectively. The eﬀectiveness of the proposed system was evaluated by hearing
aid users who were asked to compare the adjusted telephone system after selecting the preferred preset with a
standard telephone system but wearing their own hearing
aid. The results show that the integrated telephone system was able to improve the perceived sound quality and
intelligibility as well as the satisfaction for the hearing
impaired users in this speciﬁc listening condition.
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Figure 1: Presets deﬁned by [1], NAL-R and FIG6 at the
frequency range of telephone speech signal, i.e. 300 to 3400 Hz;
the two cutoﬀ frequencies between the compressor bands are
612 Hz and 1414 Hz.

Hearing Support Technique
Advanced research and development on hearing aid technologies have been carried out in the past years in order
to counteract hearing impairment and to allow hearing
impaired people to participate in normal speech communication. However, supporting technologies improving
convenience for normal telephone calls still need to be improved for hearing impaired persons. Even if digital hearing aids are worn during the telephone communication, a
Net Satisfaction Score (NSS= %satisﬁed – %dissatisﬁed)
of 23% [3] indicates that still a large potential to improve the satisfaction for this type of conversation exists.
This work aims at designing a practical ﬁtting strategy
speciﬁcally for the telephone application on the basis of
individual hearing support techniques.

Figure 1 shows the insertion gain of the ten presets over
frequency, which were used to cover typical age-related
hearing losses. In addition, the ten presets take the speciﬁc hardware properties of the telephone handset into
account, e.g. the frequency response and dynamic range
(based on a distortion measure), to guarantee a highquality output from the handset.

Experimental Procedure
Two experiments were carried out in order to obtain the
subjective feedback on the hearing support technique embedded in the telephone device. One was a ﬁtting test
where the user was asked to select the desired preset from
the telephone interface, i.e. number 0 to 9, representing
the ten presets. The second experiment was a comparison to determine whether the hearing support from the
telephone oﬀered an advantage over the situation when
the user used his or her hearing aid which was ﬁtted individually. In addition, a questionnaire was ﬁlled out by
each user while making the decisions to collect subjective
opinions and announcements.

Motivated by the development of multi-band dynamic
compression techniques, a typical three-channel hearing
support algorithm [4, 5] was selected to compensate for
the individual hearing loss. In a hearing aid, the I/O
characteristic of the compressor is adjusted on the basis
of the individual hearing loss which is unknown in the
current telephone system application. To tackle this, a
preset concept was introduced here to achieve a practical
adaptation for the hearing support in the telephone system. The presets are based on the average age-related
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Eight hearing aid users (ﬁve male and three female;
age between 25 to 76 years) participated in the experiment. Two identical standard telephone devices (Allnet ALL7950) were used. Three test speech stimuli (one
male voice and two female voices; each of 90 seconds)
were recorded through the handset microphone of one
telephone. They were presented to the subjects by the
other telephone handset in a sound insulated room. A
quiet environment was chosen to provide best conditions
for both presentation techniques. Both left and right ear
were tested. Furthermore, in order to ensure an appropriate loudness of the conversation speech, 83.3 dB SPL
[6] from the handset loudspeaker was chosen as a reference calibration value for the unprocessed signal, which
was measured using a KEMAR dummy head.

use of their hearing aids, which indicates diﬃculties with
using the telephone in combination with their individually ﬁtted hearing aids. This can be partly explained by
the coupling eﬀects between the telephone handset and
hearing aid, e.g. behind the ear (BTE) hearing aids or
closed ﬁtting type. On the other hand, 43% pronounced
that the hearing supportive telephone system could not
provide them any beneﬁt, even though only 50% of them
found that their hearing aids helped them when participating in a telephone communication. This shows that
the current hearing aids only help a limited parentage of
the hearing-impaired population suﬃciently in telephone
conversations.

Discussion, Conclusion and Outlook
In this paper, an individual adaptive hearing support
technique in a telephone system was introduced and
tested with hearing impaired subjects. The experimental results indicate that people with moderate to severe
hearing loss in general beneﬁt from incorporating individualized hearing support strategies in telephone devices.
Due to the optimal experimental conditions regarding to
speech presentation level and intelligibility, the advantages of the proposed system were not always perceived
by users with mild hearing loss. However, these assumptions from our ﬁrst experiments need to be further investigated under more realistic conditions, e.g. using diﬀerent input speech presentation levels and in noisy acoustic
conditions or with multiple competing talkers. Furthermore, a higher demand for supportive signal processing is
expected if more background noise as well as the circuit
noise aroused from the telephone connection is present.
For the sake of ease, the amount of the presets could be
reduced and the preset selection can be ﬁne-tuned more
eﬃciently. Such experiments are subject to future work.

Results
Table 1: Results of the experiment from 8 hearing aid users.

Subject
(Gender)
1(male)
2(male)
3(female)
4(male)
5(female)
6(male)
7(male)
8(female)

Ear

PTA / dB

left
right
left
right
left
right
left
right
left
right
left
right
left
right
left
right

43
53
43
41
23
18
55
56
38
30
22
25
37
33
31
38

Mean
Preset
1
4
4
2
3
3
5
5
1
1
3
1
6
6
1
1

Beneﬁcial
or not
no
yes
yes
yes
yes
yes
yes
yes
no
no
no
no
yes
yes
no
no
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