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Introduction and motivations
The hearing system, and the problem of sensor-neural hearing
loss (SNHL).
The common solution in clinical.
The fitting strategy and amplification scheme in hearing aids.
The problems of currently amplification scheme and the ideas
to improve the SNR performance.
Major tasks in our research

The Hearing System

Conductive hearing loss

Outer ear
Conductive hearing loss

Sensorinerual hearing loss

Middle

ear

Inner ear
Sensorinerual hearing loss

Minimal to severe sensornerual hearing loss
(SNHL) account for about 90% of hearing loss
in clinical [2].

[1]
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Problems of SNHL.







Decreased audibility.
Decreased dynamic range.
Decreased intensity resolution.
Decreased temporal resolution.
Decreased frequency resolution.

Hearing
threshold

Dynamic
range

Hearing aids are now the basic and good
platforms.

Uncomfortabl
e level

[3]
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Block diagram of hearing aids
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Input

Pre-processing:
1. DM
2. FBC
3. NR
4. Others…

Compensate stages:
1. Fitting strategy
2. Amplification
scheme

Output

DM= Direction Microphone
FBC = Feedback cancellation
NR= Noise reduction

Others functions
Data logging
Number of
programs
3. Others…
1.
2.

Hearing
threshold

Uncomfor
table level

Dynamic
range

[3,4]
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Fitting strategies
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Loudness Equalization (LE)
Ex: NAL-NL1
Non-linear
fitting strategies

Maximum speech
intelligibility.

Loudness Normalization (LN) Nature sound quality
Ex: IHAFF, DSL [i/o]

compare with loudness
equalization.

[5]

These common fitting strategies were designed based on the characteristics of
English.
However, there are approximately 1.2 billion people currently using Mandarin
to communicate, but no hearing-aid prescriptions are specifically based on the
characteristics of Mandarin. [6]

Introduction
8

The characteristics of Mandarin is quite different from English,
such as:




Tone
Frequency Importance function
Speechmap (LTASS)

華語平均語音頻譜（LTASS）之比較
65

Mandarin

60

55

English
dB-SPL



1994 male

50

(ANSI)

1994 female
2008 male

45

2008 female

[27]
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Byrne, D., et al. (1994).[7]

[8]
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New fitting strategy of Aescu HRL-1
9



Aescu hearing-research 1 (Aescu HRL-1)




Loudness normalization based.
Considering the speechmap characteristics of Mandarin.
Suprathreshold-based

Too many gain

[9,10,26]

New fitting strategy of Aescu HRL-1
10

Speechmap of Mandarin:
- 6 male, 6 female
- 300 double-words of
Mandarin.
[8,9,10]
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The first major tasks in our research
11

Clinical
trials

Fitting
strategy of
Aescu HRL-1

Research 1

1.
Develop new
amplification
scheme of AWDRC

2.

11

12

Combine with
Aescu HRL-1
and AWDRC.
Verify the SNR
performance in
objective.
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Research 1
Verification the fitting strategy of Aescu HRL-1 in hearingaids.
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Experiment design
13



Subjects: 15 SNHL.







Native language: Mandarin
Age: 24 to 66 years old.
Average hearing threshold: 50-80 dB HL.
None experience of using hearing aids.

Hearing devices: Focus 4M





4 channels WDRC digital hearing aids.
BTE style.
Fitting software: AescuFit 1.6.
Both static and dynamic characteristics of the compression channels are
adjustable.

Experiment design
14



Fitting methods for subjects:






Bilateral hearing aids were both fitted with NAL-NL1 or Aescu HRL-1
randomly and counter-balanced.
Turn off the functions of direction microphone, noise reduction, feedback
cancellation and volume control.
Real-ear measurement. (by Audioscan verify)



65 dB SPL (moderate): ±3 dB SPL. [3]
50 dB SPL (soft) and 75 dB SPL (loud): ±10 dB SPL. [3]
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Experiment design
15

Evaluation method:
 Objective:





Mandarin Monosyllable Recognition Test (MMRT) [15].
Mandarin Hearing In Noise Test (MHINT) [16].

Subjective:



Sound quality questionnaire.
International Outcome Inventory for Hearing Aids (IOI-HA) [17].

Experiment design
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Subject visit schedule:

Visit 1

• MMRT and MHINT was
applied to assess the
unaided speech recognition
ability.
•Fitted with NAL-NL1 or
Aescu HRL1 (randomly)

1 month

Visit 2

1 month

Visit 3

• Assess the aided benefit:

• Assess the aided benefit:

-Objective and subjective
methods.

- Objective and subjective
methods.

•Fitted another strategy.
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Results
17



Objective methods: MMRT (in quiet)

Results
18



Objective methods: MHINT (SRT-50)
61.3±9.5dB
43.3±8.5dB
43.2±7.4dB

3.3±3.4dB
0.87±2dB 0.85±1.8dB

In quite conditions.

In noisy conditions.

9

2013/9/2

Results
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Subjective: Sound quality

3.0
2.3

2.8 2.92.8
2.4

2.1

1.9

1.9
1.5

1.2
0.8

Q1: I think this hearing aid
provides high sound quality.
Q2: I think this hearing aid
provides a natural sound.
Q3: I can hear very clearly when I
use this hearing aids.
Q4: I feel comfortable when I use
this hearing aid.
Q5: I can’t hear noise when I use
this hearing aids.
Scoring method:
• Strongly agree:+4
• Agree：+3
• No comments：+2
• Disagree：+1
• Strongly disagree：0

Results
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Subjective: IOI-HA

3.4
3.1
2.2
1.9

2.7
2.5
2.5 2.6

2.8
2.3

2.7
2.4

2.8
2.5

Q1: Use time?
Q2: Help for hear well?
Q3: Still have problems?
Q4: Worth to have?
Q5: Reduce the impact of
hearing loss for work or life?
Q6: Reduce the disturbance to
other peoples?
Q7: Satisfaction for life?
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Discussion
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The objective assessments revealed that:






Aescu HRL-1 and NAL-NL1 can provide good speech intelligibility benefit
for hearing loss individuals.
Mean scores did not differ significantly between the Aescu HRL-1 and
NAL-NL1.

The subjective assessments revealed that:





The sound quality was better for Aescu HRL-1 than for NAL-NL1, which
average scores have significant difference (p=0.027).
Subjects were satisfied the Aescu HRL-1 fitting strategy than NAL-NL1.
Subjects were responded that Aescu HRL-1 provided a more natural, richer,
and better sound quality than did NAL-NL1.

Discussion
22



Previous studies found that the speech intelligibility was better
for a LE-based (i.e., NAL-NL1) than for LN-based [18,19].
However, Aescu HRL-1 is based on the speech characteristics of
Mandarin, modifying the LN-based fitting strategy. Therefore,
although the Aescu HRL-1 belong to LN group, they actually
produce similar performance to the LE group in speech
intelligibility.



Subjects were responded that these two fitting strategies can not
provide enough benefit when in noisy conditions.
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Fitting strategies of hearing aids
23

Non-linear
fitting strategies

Loudness equalization
Ex: NAL-NL1

Maximum speech
intelligibility.

Loudness normalization
Ex: IHAFF, DSL [i/o],
Aescu HRL-1

Nature sound quality
compare with loudness
equalization.

Wide-Dynamic-Range Compression
(WDRC) amplification scheme.

[5]

1.Nonlinar amplifier.
2.Amplify soft input
sounds.
3. Protect when loud
input sounds.

Amplification scheme of WDRC in hearing aids.
24

Steady-state input/output (I/O) function for a single frequency channel in a
hearing aid with WDRC amplification.
The shape of the I/O curve is determined by the low-level gain (LLG), lower
threshold (LTH), high-level gain (HLG), higher threshold (HTH), and
compression ratio (CR)

[3]
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Amplification scheme of WDRC in hearing aids.
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Uncomfortable
threshold

WDRC
amplification scheme

Normal hearing

Hearing
threshold

[2]

Hearing aid requirements from the user’s
perspective.
26



Kochkin investigated the users’ satisfaction of hearing
instrument in United States that the five most prevalent
requirements were :






95% of hearing aid user seek the improvement to listen speech in noise.
88% of hearing aid users seek better sound quality.
85% of people want their hearing aid to whistle less.
83% of people feel they need to hear more soft sounds.
81% of hearing aid users want to have comfortable loud sound.
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How to improve speech intelligibility when speech in
noise?
27



Better signal-to-noise ratio (SNR)


The hearing-impaired person needs a better signal-to-noise ratio (SNR)
than that of a normal-hearing person, if both people are able to understand
the same amount of speech. [3,25]

Problem of current WDRC in noisy conditions
28

Souza (2006) and Naylor (2009) studies showed that the WDRC
(compression) amplification will decrease the output SNR when speech in
noise, and higher Compression Ratio (CR) will make worse output SNR
performance. [13-14]

“ Joe took father’s shoe bench out. She was seated at my lawn”

[13]
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The ideas to improve the SNR performance of
WDRC amplification scheme
29



Make good use of the residual hearing dynamic range in each
short-term signals (i.e., 10 m sec) as possible as decrease CR.



Adding a feedback path to adaptive adjust the I/O function of
WDRC amplification according the characteristic of input sound
signals.


Let CR of WDRC to be as close to unity (i.e., linear)

The second major tasks in our research
30

Clinical
trials

Fitting
strategy of
Aescu HRL-1
1.
Develop new
amplification
scheme of AWDRC

2.

Combine with
Aescu HRL-1
and AWDRC.
Verify the SNR
performance in
objective.

Research 2
30
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Research 2
Development and verification of the adaptive WDRC
(AWDRC) amplification scheme.

Goals
32





Audible.
Comfortable.
As possible as to decrease the CR to linear.

as possible as to reduce the “speech pause" effect
when in noisy conditions.
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Signal processing of a hearing aid with AWDRC
amplification scheme.
33

Boundary-check calculation
34

Sound signal after WDRC
amplifier.

DCL

HL

Purpose of boundary-check:

(Min)

(Max)

To check the intensity distribution of
maximum (Max) and minimum (Min) is
over DCL and HT boundary in each
channel?
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AWDRC rules
35

Decrease CR rule

When sound distribute between the
HL and UCL, increase HLG and
reduce LLG of WDRC amplification.

Comfort Rule

When sound distribute greater than
UCL, reduce the HLG of WDRC
amplification.

Audibility Rule

When sound distribute less than HT,
increase the LLG of WDRC
amplification.

The I/O function difference between AWDRC and
WDRC amplification schemes.
36
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Experimental design
37



Type of hearing loss:

[20,21]

Experimental design
38

Speech in noise
sound signal

Hearing
loss types:
Case 1~5.

Fitting strategy
of Aescu HRL-1

WDRC
parameters

Amplification
scheme platform
(LabVIEW)

Adaptive rata in AWDRC
is 1 dB / 100m sec.

Calculate the output
long-term SNR [22]

Speech in noise sound signal:
1. Input Level: Loud (75dB SPL), Moderate (65dB SPL), Soft (50dB SPL).
2. Input Noise types: range hood noise, babble noise and traffic noise.
3. Input SNR: -2dB ~ 10 dB
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Calculate the output long-term SNR in objective
method.
39



This separation technique of the long-term SNR developed by
Hagerman and Olofsson in 2004. [22]


Design to observe the benefit of output long-term SNR for non-linear
processing (such as: hearing aids processing).

s(t)

+

n(t)

Non-linear
procession
(such as: hearing
aids)

Sout (t)

Speech level

N out (t)

Noise level

[22]

Result:
The difference between WDRC and AWDRC
40

40
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Results: speech in range-hood noise
41

Results: speech in babble noise
42
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Results: speech in traffic noise
43

Results
44

Mean differences of the long-term
SNR between AWDRC and WDRC
amplification schemes in which each
factor is included in the one-way
ANOVA statistical analysis test and
post-hoc Tukey testing is applied.
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Discussions
45


This study has proposed a novel amplification scheme, named AWDRC for
hearing aids, and results showed adjusting the CR in AWDRC amplification
improved the SNRs in noisy conditions relative to using WDRC amplification
when used the same fitting strategy (i.e., Aescu HRL-1).



The results also showed that the factors of the audiogram type, noise
type, input signal level, and input SNR will affect the long-term SNR
performance of AWDRC.


Better for Audiogram 1,3,4,5 than audiogram 2.



Better for stable noise.



Better for moderate and soft input levels.



Better for higher input SNR conditions.

Discussions
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The results showed that the AWDRC amplification scheme can
adaptively adjust CR toward 1 under the conditions used in this study.



AWDRC compared with another adaptive amplification scheme, named
with ADRO which proposed by Blamey et. al. [23,24] :






ADRO could be considered to provide a type of automatic linear volume
control with using compression. AWDRC will approach a response that is as
linear as possible whenever there is sufficient dynamic range for signal
amplification without compression. Therefore, target gain for ADRO; CR for
AWDRC.
AWDRC requires less computing resources than ADRO.
AWDRC can be applied to severe hearing loss.
AWDRC can easy combine with common fitting strategies.
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Discussions
47



When the range of input levels exceeds the residual dynamic
range of hearing, the CR of AWDRC will not be decreased by the
decrease-CR rule, instead remaining at the initial WDRC
parameter values.



Noise-reduction techniques are used in conjunction with AWDRC
amplification, for most of the time AWDRC will not affect the
gain obtained by the noise reduction algorithm, which implies
fewer algorithm interaction effects and that the benefits of noise
reduction processing might be closer to the design expectations.

48

Conclusions and recommendations
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Conclusions
49

1. Evaluation the new fitting strategy of Aescu HRL-1


Successful practice the fitting strategy of Aescu HRL-1 in WDRC
amplification scheme.



Proof the Aescu HRL-1 can provided benefits for hearing loss individuals.



The modify by the characteristic of Mandarin help Aescu HRL-1 fitting
strategy in providing the sound quality similar to a loudness normalization
prescription and the speech intelligibility similar to a loudness equalization
prescription.

Conclusions
50

2. New amplification scheme of AWDRC in hearing aids






Aescu HRL-1 can be practiced using to new AWDRC amplification scheme.
Better long-term SNR performance in noisy conditions, and implies that
AWDRC could provide hearing-aid users superior speech intelligibility when in
noise condition.
Can be compliant with most current fitting strategies.
It is relative easy to implement the AWDRC without too much extra training
beyond their existing experience of WDRC amplification scheme.
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Further work for Aescu HRL-1 and AWDRC
51

Modify

Aescu HRL-1

AWDRC

Clinical
trials

Characteristic of Mandarin
- Frequency importance
function.
- Tone
- Others….

Aescu HRL-2

Clinical
trials

1. Combine with others fitting strategies in
clinical trials.
2. Adaptive rate
3. The interaction between speech
enhancement, direction et al. and AWDRC.
4. Smart Hearing aids.
5. Practice in real hearing aids.
6. Others…

Thanks
for your listening

2005/11/14

52
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