System Integration for Intelligent Hearing Aids

Hans-Ueli Roeck
Research & Development
Phonak AG

T Al

2 0N




Integration challenges

8 Chips
8 Hybrid packaging
8 Mechanical platforms

8 Fitting to individual
(acoustic) needs

8 Signal Processing

8 Connectivity with the rest
of the world
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Reverse Integration ...
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High Performance Processors

Chip 1 (analog) \
Size: 11 mm? All chips are full custom
Technology: 0.25 pm designs

Transistors: 200°000

Chip 2 (mixed signal)

-Size: 12 mm?
-Ultra Low Power Radio
-Processors: 1

-Technology: 0.18 um
-Transistors: 2 Million

Chip 3 (Digital)
-Size: 10 mm?2 Size & power consumption
-Processors: 4 are key challenges

-Technology: 0.13 um
-Transistors: 6 Million /
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Hybrid packaging

Module size: 1.7 X 2.9 X 4.9mm
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2nd level packaging

Product-Architecture:

Mechanical & electro-acoustical plattforms for BTE's and
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Block Diagram of BTE Feedback Paths
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Shell manufacturing for the individual uset
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Occlusion: sound paths to ear canal
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Occlusion:
vibration of cartilaginous part of ear canal
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Occlusion Effect — Shell Design
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Design suits individual tastes
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Hearing Instrument Functions

w W W W W

Multi-channel processing
Perception Processing
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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Digital Surround Zoom
Directivity in each frequency band

System Integration for Intelligent Hearing Aids,
Hans-Ueli Roeck, Oct. 2008

15



Zoom~Control

8 Traditional beamforming systems
focus only to the front

8 Speech signals do not always come
from the front and facing the speaker
IS not always possible

@ Car, restaurants, small groups
8 ZoomControl, accessible through
myPilot, allows Exélia wearers to

select in which direction to focus
hearing
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Listen to the side: ZoomControl

8 Uses four-microphone network of full bandwidth binaural
Instruments

8 Broadband audio data transfer between devices focuses hearing in
one specific direction, while suppressing all signals in other
directions
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A hearing day — sound flows

System Integration for Intelligent Hearing Aids, 18 PR
Hans-Ueli Roeck, Oct. 2008



Automatic Parameter Selection

Noise Music
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Fitting

Amplification and other
parameters get individually
fitted to the client.
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Body Area Network & Long-Range Connectivity
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Digital Transmission Technologies

Inductive|400/800/900MHz

Im

Data rate and typical average power consumption

L"#
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Cellular
Network

8 Power efficiency measure: power / data rate

@ Bluetooth: 100 mW/kbit/s

@ Inductive:

5 m\/kbit/s
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Summary

8 State of the art
@ Significant processing power in full custom chips
@ Sophisticated Hybrid packaging and mechanical platforms
@ Ever smaller devices and modern design
@ Acoustic constraints and properties need to get taken into account

@ Modern signal processing: significant improvement of hearing
performance in a variety of communication conditions
» Speech intelligibility
e Sound quality
» Listening effort
« Natural and authentic

8 Trends and Challenges
@ Features for specific customer groups (-> elderly people!)
@ Problems and listening needs of people with mild hearing losses

@ Looking into the crystal ball: Learning the intended behaviour and
automatically applying it
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Science & Fiction
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Thank You !
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