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Intensity in dB SPL

Sound covers a wide range of intensity and

frequency, with speech in the middle of our hearing
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An early hearing aid Blamey
Rane =

King Goa of Portugal’s “hearing chair” 1819




Hearing in disguise — Acoustic Table Urn Blamey
1850’s saunders
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Table top hearing aid, 1926 WNF
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A selection of ear trumpets Blamey
saunders

Grand Opera Dome Ear Trumpet Queen Conch Shell Ear Trumpet



Beethoven'’s hearing aids




Hearing in Disguise

1830
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Young man modeling the acoustic walking stick,

1926
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Binaural is best




Amplivox “purse hearing aid” 1935 ;g\lqw:s
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Michael Hutchinson, inventor of the Akoulallion, the Blamev

first portable electronic hearing aid Ragere
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Akoulallion — 1901 - $60 USD




Carbon microphone hearing aid (Acousticon — 1905) w\?un Ms

The Model 56 used a
special "double-duty" 3
volt carbon-zinc battery.
The battery cable
plugged into the jacks
on the top of the
battery.
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NHS MEDRESCO Hearing Aid 1950’s glam
Saundérs
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Hearing in disguise »\Ia“\t‘\s

Suggestions for Women

Since light fabrics cause little loss in effi-
ciency it is a simple motter for you to con-
ceal the oid entirely. These suggestions may
be cltered as you see fit to give you
greatest comfort, If you wish to make the
special support germents shown in the pic-
tures, write us for a free pattern,
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The first NHS 'behind the ear' hearing al ults
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Top quality modern
hearing aids have a tiny
computer chip in them,

which engineers can

program




Overview of different types of
hearing aids

There are four main types of hearing aids

BTE with earmold

s Open fit with hollow
f H‘-. tube

q

Open fit with speaker in
the ear
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Computer in a hearing aid — what does it do? Blamey
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Sound Entry " Sound Exit
|
Mic : Receiver
Acoustic Electrical Electrical Acoustic
Signal Signal Signal Signal

Sound waves An analog-to- This digital representation is The digital Areceiver
received by a digital (A/D) analyzed and processed through stream is then converts the
microphone are converter within mathematical operations by the converted back signal back into
converted fo the DSP system  DSP system—amplifying user- to an electrical sound waves
electrical changes the specific frequencies while signal by a
signals signal into a eliminating feedback and noise digital-to-analog

binary (D/A) converter

representation within the DSP

of1’'s and 0's system

The whole process happens within milliseconds—with delay unperceived by hearing aid user
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What's in a hearing aid?

Digital Signal Processing (DSP)
system in hybrid packaging

Includes:
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- Software (speech processing algorithms)

Ta ™

- DSP Chip

- And peripherals such as radio IC, EEPROM,

Power Management IC for rechargeable
batteries,...

Air conducting receiver
(speaker)

7/ Microphone(s) -- two or more
used for directional processing
7 to reduce background noise

\ - @
/ ————— » -

Mechanical potentiometer
for program volume control

Telecoil — converts
electromagnetic

fields to electrical
energy (phones).

Mechanical switch

Disposable or rechargeable
for program switching

battery (2V - 0.9V)




DSP enables rapid product development cycle ﬁg\gﬁg
i At S0 er
and early validation =Cunaers

Problem Dynamic Hearing’s design strategy is to create...
Specification

Scientifically validated software solutions; preliminary
evidence collected before time intensive coding
Conceptual

Design . . . .
o Modular software solutions to provide flexible mix-and-

match features for new products;

Perceptual testing

Ultra-low power consumption software to achieve maximum
operating time;
Detailed

Desi . :
=90 Software that has been optimised for client performance by

design iterations; and

Implementation
Software that requires low resource investment from a

manufacturer to integrate — small companies can now
Engineering and develop high quality products rapidly .
perceptual testing




Algorithms in the DSP Blamey

* Freguency domain: 64 -128 samples converted
to spectrum for analysis & gain calculation

 Time domain: samples modified (gain, etc.)

Frequency ADRO

domain < FET F|It.er
(spectrum o design
of samples) Ol‘fe

Time D‘b FIR filter
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domain t g (apply gain) m
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he amplifiey and core processor:
DRO® CLINICAL TRIALS

DRO® has outperfornjed the older compression
WDRC) in clinical trials*. WDRC is still used in most

earing aids.

Journal of the American Academy of Audiology 15(10):716-728,2004
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This is the full picture of hearin i‘)'dgj
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Hearing loss — a reduced picture of hearing
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To compensate, “Compression” hearing aids \\\\ m;}i é%ws
compress the entire picture into the nears

dynamic range of the listener
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ADRO® places the most important part of the glamey
picture into the dynamic range without distortion
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Low intensity speech is more audible and intelligible Biamey
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with ADRO® than with WDRC SUUNACKS
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** p<0.01, *** p<0.001

This is the same as the child on the back row
hearing one extra word per sentence, if he/she is
using ADRO®




Adaptive
directional
microphone study

The adaptive directional microphone provides up to 7
dB signal-to-noise ratio advantage over an
omnidirectional microphone.

Journal of the American Academy of Audiology
17(10):519-530, 2006
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Directional Microphones: Polar Plots %§§'un ers
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Compression for Clinicians
2" edition, Thomson Delmar 210 150
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Adaptive directional microphone: speech in noise results \\\\ mev
were significantly better with the adaptive directional WU" ers

microphone
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Fig. 1: HINT thresholds using omni, fixed directional and adaptive directional microphones in back-

ground noise
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Reverberation effects »wun ors
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Distance from source (m)

Variation of SPL with distance from a source within the room, showing the direct field, the
reverberant field, and the total SPL. The critical distance, at which the direct and reverberant
fields are equal in level. occurs at about 1.5 m in this room.



Ultra low signal
delay study

The ultra low signal delay of about one millisecond is
the best in the world for digital hearing aids. It makes
it possible to help more people with an open ear fitting
(no earmould)

Ear and Hearing, 29(4):601-607, 2008
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ADRO®’s very low delay minimizes temporal
and spectral smearing in open-fit devices

semi circular canals

elliptical window

circular window ~_Vestibular
Q‘ nerve

'!g / i auditory

nerve

¢ .‘ 4 Q .

tympanum cavity

Amplified sound
(1 ms delay)

Air conducted sound

eustachian tube

Bone conducted sound
(own voice only)



The effect of adding two sounds depends on the %«9\\8&5

delay between them

Time ———————

Louder

Changed waveform
& spectrum

Hollow / reverberant

Echo



Feedback
cancellation study

The feedback canceller developed by Freed and Soli at
the House Ear Institute provides up to 18 dB of added
stable gain without unnatural artifacts.

Ear and Hearing, 27(4):382-98, 2006
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Acoustic Feedback Blamey
Saunders

e The microphone receives the hearing aid’s output and causes

the re-amplification of that output
e Causes unwanted and uncomfortable noise
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— Screeching

— Ringing

NEW TECHNOLOGIES
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The expected benefit
of hearing aids as a
function of hearing
loss

Elaine Saunders 12, Peter J Blamey 134

1 Blamey & Saunders Hearing Pty Ltd

2 Faculty of Science & Engineering, Swinburne University of
Technology

3 Dept of Medical Bionics and Dept of Audiology and Speech
Pathology, The University of Melbourne

4 The Bionics Institute
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In a previous study using the Profile of Hearing Aid Blamey
Performance questionnaire, we showed that percentage  pAuUN ,,,ws
of problems for communication in quiet decreased by

0.79% per dB of hearing loss.

Environment A (Quiet)

100 5
£ 80- & .
@ o o ¢ unaided
@] .
© 60 m aided
o
Y
@)
40 A " =
@ u -
e o S - g
() N —m

20 - -
< - '..' .'ﬁg i ol
[ | - B |
0 1 1 I
20 40 60 80 100

average hearing loss dB HL
Blamey, Martin, & Saunders, SST 2010



Maximum average benefit on the SPT was 16.8 Blam y
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words (33.6%) at 52 dB HL. Up to 60 dB HL, benefit RagroC>
Increased by 0.72% per dB of hearing loss.

Benefit vs PTA
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On average, people made about half as many

errors in the aided conditions as they did in the
unaided condition.
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On average, people made about one quarter as Blamey

many errors for estimated sentences in the aided

condition as they did in the unaided condition.

Estimated aided sentence score in %
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Realistic expectations depend on hearing loss Blamey
saunders

Realistically, people should expect that hearing aids will:

» Halve the number of errors they make on difficult listening tasks in
quiet (such as monosyllabic word perception)

» Reduce the number of errors they make in running speech (such
as sentences) to one quarter of their current rate

» Allow a person with a mild hearing loss to perform like a person
with normal hearing

» Allow a person with moderate hearing loss to perform like a person
with mild hearing loss

» Allow a person with severe hearing loss to perform like a person
with moderate hearing loss.



