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Challenges
 

in modern hearing instrument technology


 

Nothing
 

like
 

a human
 

ear


 
What

 
happens with

 
hearing loss


 

What
 

a hearing aid
 

can
 

do 


 
Multi-channel

 
gain

 
control


 

Speech enhancement


 
Noise

 
reduction


 

Feedback management


 
Authenticate


 

Intelligent control


 
Individualize
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We’ve
 

come
 

a long way...
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Inner Ear: active
 

sound
 

analyzer
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Signal
 

processing in the ear


 

Frequency
 

analysis


 
Auditory

 
filterbank


 

Critical
 

bands


 
Masking


 

Nonlinearity:
 

compression


 
Dynamic range 1:1.000.000

0 –
 

120 dB
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Hearing loss: affected level sensitivity
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Audibility does not imply intelligibility!!!

Sound amplification alone cannot restore 
hearing ability completely

Hearing Loss: Reduced frequency selectivity
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Challenge: Speech intelligibility in a multi-source 
environment



NVA Najaarsvergadering 2010 10

Hearing Loss: Perceptual and social consequences

Reduced:


 
Speech intelligibility in quiet and adverse listening 
environments


 

Perception and localization of environmental sounds


 
Sound quality, music perception


 

Ease of listening, increased hearing effort

Reduced Auditory Richness
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What can hearing aids do?
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Hearing Aid Hardware

Tough requirements


 
No space


 

No power –
 

less than 1-5 mW


 
No delay < 10 ms
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Signal Processing in Hearing Aids



NVA Najaarsvergadering 2010 15

Hearing Instrument
 

Functions


 

Multi-channel processing


 

Perception Processing



 

Frequency lowering


 

Intelligent Control


 

Feedback Management


 

Noise Reduction



 

Interfering sources



 

Reverberation


 

Authentic & natural



 

Real Ear Sound



 

Sound Relax


 

Individual Fitting



 

Data Logging



 

Self Learning
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Block diagram of a digital hearing aid
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Non-linear Gain Compression
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Directional Signal Processing: Beamforming


 

Amplify sounds from front


 
Adaptively attenuates 
strongest noise source in each 
frequency band
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Future? Beam Steering


 

Uses four-microphone network of full bandwidth binaural 
instruments


 

Broadband audio data transfer between devices focuses hearing in
 one specific direction, while suppressing all signals in other 

directions
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Frequency lowering for Intelligibility in Quiet


 

Severe to profound high frequency hearing losses –
 dead regions


 

Difficulty in recognizing certain speech sounds, such as 
the fricative consonants /f/, /s/, and /sh/.


 

Difficulty in hearing and identifying high-pitched 
environmental sounds, such as birdsong, alarms, and 
some musical sounds. 


 

Difficulty, particularly for young children, in learning to 
produce speech sounds that contain mainly high 
frequencies.


 

Difficulty, particularly for adults, in maintaining speech 
quality. 

(Pat Stelmacowicz

 

et al., 2000 –

 

2004, Boystown)
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Intelligent Control
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Sound Scene Classification

Speech

Music

Speech
 

in Noise

Noise

Steering of actuators (i.e. 
signal processing algorithms) 
with different goals: 

• Natural Sound

•
 

Understanding speech in 
difficult environment

• Pleasant hearing in noise

• Enjoying music
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Intelligent environment control


 

Parameter changes of gain models


 
Continuous adaptation of parameters of noise reduction 
systems & gain models


 

Discrete program switching/fading


 
Features explored: 


 
Overall level


 

Level fluctuation: histogram, amplitude modulation, ...


 
Synchrony across bands


 

Typically slow systems, 
(sometimes depending on situation)
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Future? continuous
 

parameter
 

control

Input Signal Analysis
Discrete
Classifier

Input Signal Analysis Probability

Music

Speech 
in Quiet

Speech 
in 

Noise

Noise

Continuous 
Parameter 

Control
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Feedback Management


 

Complex, dynamic problem


 
Huge individual differences
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Future? Tagging / Watermarking

Feedback
path

S
Signal 

Processing

Feedback 
path estimation

Feedback Management

Feedback 
Detection

Watermarking
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Noise cancelling

Wiener filter like postfilter:


 
Estimate bandwise

 
SNR –

 
e.g. from signal dynamics


 

Attenuate bands with lower SNR
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Reverberation

Early reflection

Late reflections
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Reverberation Canceller –
 

Reduces the 
smearing effects by deblurring

 
the speech 

signal

Signal

Time
Time span

 

of 
early

 

reflections
Time span

 

of disturbing

 reflections

EchoBlockLe
ve

l
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Authenticity of sounds


 

So much signal processing –
 

what about the 
authenticity?


 

Real Ear Sound for natural localization (brings back the 
pinna

 
effect


 

Sound Relax for comfort
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Real Ear Sound -
 

Natural Localization

The outer ear design benefits are lost, as soon as a 
BTE hearing instrument is placed on the ear

The result for the user: 


 

Difficulties recognizing where 
sounds come from 

 Loss of natural sound quality

Hm?
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SoundRelax


 

Reduce impulsive sound components –
 

but do not completely 
eliminate them!



 

Dishes clanging, paper rustling, door slamming


 

Speech signals shall not be attenuated! 


 

The SoundRelax detection system analyzes the rate at which 
the level of input signals rises 


 

The amount of gain reduction applied is proportional to the 
original peak signal characteristics. 
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Individualization –
 

user interaction


 

Data logging –
 

like being on your patients shoulder 


 
SelfLearning

 
–

 
user individualizes own hearing aid


 

Now: Volume and program selection


 
Future: more control, but EASY


 
Not more buttons, no complex instructions


 

Environment dependent control
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DataLogging
 

–
 

efficient
 

personalization
 

of 
performance
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Self Learning -
 

Perfecting the sound picture with real life 
preferences 


 

Self Learning:  log and 
apply volume changes per 
situation


 
Immediately apply preferred 
settings


 
Improve fitting / 
personalization process
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Future is now! Body Area Network
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Body Area Network –
 

Wireless Connectivity

Audio Players

Remote

Relay

Audio Players
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Digital Transmission Technologies



 

Power efficiency measure:  power / data rate 


 

Bluetooth:

 

100 W/kbit/s


 

Inductive:

 

5 W/kbit/s
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Wireless link between
 

two
 

hearing
 

instruments


 

Coordination of settings (0.2 kBit/s)


 
Volume, program


 

One switch controls two instruments


 
Status information to remote control


 

Very low data rate, on demand


 

Exchange of acoustic information (120 kBit/s)


 
Environment identification


 

Coordination of amplification scheme


 
Low data rate, low duty cycle


 

Exchange of full audio signal (300 kBit/s)


 
Binaural signal processing: noise reduction, 
beam steering, directional listening
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Summary


 

State of the art


 

Modern signal processing: significant improvement of hearing 
performance in a variety of communication conditions

•

 

Speech intelligibility, Sound quality, 
Listening effort, Natural and authentic 



 

Mechanical design & wearing comfort


 

Acoustics


 

Individual fitting and counseling: get expectations right!


 
Trends and Challenges


 

Ergonomic design ( handling, wearing comfort)


 

Features for specific customer groups (-> elderly people!)


 

Impact of age on cognitive capabilities 



 

Problems and listening needs of people with mild hearing losses


 

Counseling and training


 

Bilateral Fitting
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Who knows what the future may bring….
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