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Goals

1) Introduction to DHZ-MHH

» 2) To present sound coding strategies in a
technical way In a historical context.

» 3) Relating cochlear implant adaptation to
coding strateqgies.

» 4) Example of a study on MHH In this
context based on the FS4 strategy.
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— World's largest cochlear implant ”_‘ 1
program (10,000 Impl. 2019) e

— ~600 patients are implanted per year

— Wide spectrum of hearing systems

» Cochlear Implant, Middle Ear Implant,
Hearing Aids

« ABI (auditory brainstem implant), AMI
(auditory midbrain implant)
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Number of Cl implantations at MHH

Implantzahlen nach Implanttyp
Verlauf von 1984 bis 2013
Nucleus=4107 AB=2081 Medel=726 Digisonic=3
N = 6944
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Age distribution at implantation
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DHZ:. German Hearing Center
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Cl manufacturers and models at MHH
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Other Cl Manufacturers

Cochlear-Implant-System: IES (= ,| Enjoy Sound®)
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Speech tests
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* In Germany, the criteria to perform cochlear implantation is
based on hearing loss greater than 65 dB HL around 500 Hz
and a monosyllables test score below 60%.
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Speech Tests

« Sentence test/Open set test: HSM

« 30 balanced lists of 20 words

« Administered without background noise at
« SNR=0,5,10dB

* A sentence Is presented and the subject
repeats it.

* The result Is given in % of correct words.




Speech Tests

 OLSA: Adaptive Matrix Test
« Speech Reception Threshold (SRT)
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Hearing performance with cochlear implantation

FES: Monosyllables

HSM: Open sentences
Ist das Flufzeug gestartet’
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Hearing performance with cochlear implantation

FES: Monosyllables

HSM: Open sentences
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Fm“wi . Alessandro Volta (1745 — 1824)

&
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- Inventor of the voltaic pile, the first battery

- Volta was the first to stimulate the auditory system
electrically, by connecting a battery of 30 or 40 ‘couples’
(approximately 50V) to two metal rods that were inserted
Into his ears. When the circuits were completed, he
received the sensation of “a boom within the head”,
followed by a sound similar to that of boiling of thick soup.

Alessandro Volta

Voltaic Pile (ca. 1800)


http://upload.wikimedia.org/wikipedia/commons/5/52/Alessandro_Volta.jpeg

Wever und Bray 1930

Proof of cochlear microphonics
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Fig. 2. Wave-form of the cochlear effect. Synchronized linear sweep used, plate exposed

for one-fifth second, giving 200 superimposed waves. Frequency of stimulus, 1000
cycles. (Untouched photograph.)
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»ﬂuArtche In Popular Science, May 1936

4/, : : . .
2as Discovering Cochlear Microphonics

MAY 1936

AMAZING
EvLecTrIcAL TisTS!
SHOW

What Happens
When You ] hink

Popular Science, May 1936

.words spoken into the animal s ear could
be heared over the phone, proving that ears
litterally are microphones, turning sound
oscillations into electrical impulses ..."


http://blog.modernmechanix.com/mags/PopularScience/5-1936/how_think/how_think_0.jpg

&7 : Single Channel Cochlear-Implants
: The William House Implant, early 1970’s (later: 3M Implant)

3M single channel implant

William House Jack Urban (right)

The single channel House-Implant, which was used in hundreds of deaf patients in the 70's,

gave benefit in terms of lip-reading support and allowed perception of environmental
sounds.

It was the first commercially available system with a body-worn signal processor and
transcutaneous signal transmission.

However, open speech understanding was hardly ever possible with this device.
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&4 : Multi-channel Cochlear-Implants
X The Graham Clark Implant, 1978

7

World‘s first multi channel implant

Prof. Graham Clark (right)






A Multi-channel Cochlear-Implants
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#&9: Why do we need speechcoding?

« Speech coding strategies control the digital
processing of environmental and speech sounds.

« Different strategies emphasize different pitch,
loudness and timing cues.

Elekirodeniriger
mit 22 Elekiroden
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1. Introduction

2. Fundamentals of electrical stimulation
3. Historical overview of coding strategies
4. Current coding strategies

5. Summary




Cochlear implant with a single electrode

William House (1923 — 2012), in 1970 (3M Implant)

3M Single-

William House Jack Urban (right) Electrode Implant
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Cochlear implant with a single electrode

Microphone Amplifier Band-pass Modulation Electrode

filter

|O | AM L
Carrier 16kHz

340 until 2700 Hz




Speech Intelligibility
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Multichannel Cochlear Implant
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Multichannel Cochlear Implant

Clark Feature Extraction 1978
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Multichannel Cochlear Implant

First speech processor for multichannel cochlear implant
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Electrode Arrays
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Cochlear length vs electrode array

Medical Image (CT) for each patient
At MHH (Pre- y Post- operation)

measured CDL [mm|

MED-EL & Wurfel 2014

....
g e NRaally

e g
------

nnnnnnnn



Stimulation Mode

Monopolar Stimulation

- An intracochlear electrode is connected to an extracochlear reference electrode
such that current flows between the two electrodes.

- Simultaneous stimulation of multiple electrodes is undesirable because it
causes interaction between the channels.

Reference

[/ 2

\. 2 < ;
g - Active

S Electrode

H
VIANNA "1 oo



Stimulation with Biphasic Pulses

Pulse Distance = Stimulation Rate

Pulse Duration - The amour_lt of load defl_nes the loudness
(pulse duration and amplitude).

- Stimulation rate (Pulse rate)

- Charge balanced pulses

Amplitude

- The charge density must be limited
(depends on the injected charge and the

size of the electrodes).

This can cause an irreversible reaction around the electrodes, including changes
in the pH level, detachment of parts of the electrode material and formation of

protein-metal complexes.
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Electrode-Impedance Interface
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Current flow within the cochlea

scala
vestibuli
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Current flow within the cochlea
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Simulation of voltage distribution within the cochlea

Monopolar Stimulation:

A Al B
4 Voltage [V] . ao 210

=107

Electrode
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<. X107 0
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Electrodogram vs Neurogram
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Acustic Stimulation vs. Electric Stimulation

Normal Hearing Cl Hearing

Spontaneus activity high Non-existing
Synchronicity reduced high

Dynamic Range 120 dB 12 dB

Spatial Stimulation narrow wide

Freguency Resolution 3500 IHC ~10 channels
Temporal stimulation pattern simultaneous
= A new CI sound coding is needed




Hilbert 1912: Signal decomposition

In fast+slow oscilatory components

Fine Structure

Envelope Pitch & Localization




Phonetic Acoustics — Formants Vowels
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Abb. 13: Schematische Darstellung der Fortfiantbereiche fiir lange deutsche Vokallaute.
(Ermittelt von Dr. D. Stock, IPK, Universitit Bonn).

Jussen et al., 1994
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FOF2 (Beginning of 1980°s)
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FOF2 (Beginning of the 1980°s)

Characteristics of the FOF2 strateqy:

- The fundamental frequency of the speaker (FO < 280 Hz) is used as the
stimulation rate.

- The second formant (between 800 and 4000 Hz) determines which electrode is
stimulated.

- The stimulation current is proportional to the estimated amplitude for the
second formant.

- Only one electrode is stimulated in each stimulation cycle.

- Clearly, this strategy was designed to encode speech signals.

17U LETTTENS
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FOF1F2 (1985)
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FOF1F2 (1985)

Characteristics of the FOF1F2 strateqy:

The fundamental frequency of the speaker (FO < 280 Hz) is used as the
stimulation rate.

Electrodes 1 to 5 are used to transmit the 1st formant (between 280 and 1000
Hz).

Electrodes 6 to 20 are used to transmit the 2nd formant (between 1000 and
4000 Hz).

Two electrodes are stimulated in each stimulation cycle.

The stimulation current is proportional to the 1st and 2nd formants.

Clearly, this strategy was designed to encode speech signals.
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MPEAK (End of 1980's)
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MPEAK (End of the 1980's)

Characteristics of the MPEAK (Multipeak-Strateqgy) sound coding strateqgiy:

- The strategy is based on the FOF1F2 strategy (Allows vowel recognition).

- It introduces three high frequency filters:

Electrode stimulation Frequency Region
7 2-2,8 kHz
2,8-4 kHz
1 4-4,7 kHz

- The problem of erroneous feature selection persists.
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Compressed Analog (CA)
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Compressed Analog (CA)

Characteristics of the CA-Strateqy:

- Four bandpass filters between 300 and 5000 Hz

- Simultaneous stimulation of 4 intracochlear electrodes

- Monopolar stimulation (later upgraded to bipolar stimulation)
- Better performance than a single electrode system

- Better performance than FOF2 strategy

- Problem: Strong interaction between channels

DHZ VIANNA MHF e o
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Speech Intelligibility
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Continuous Interleaved Sampling
CIS (Beginning of 1990's)
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CIS (Begining of 1990's)

Characteristics of the CIS sound coding strategy:

- 8 bandpass filters from 250 to 5500 Hz

- 60 dB dynamic range => Compressed/mapped to patient-specific dynamic
range

- Stimulation with square biphasic pulses with a 75 ps/phase duration

- Stimulation rate for each electrode is around 833 Hz

- Itis based on a principle similar to the Dudley Vocoder (see next slide).




The Vocoder from Bell Labs (H. Dudley, 1939)
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Vocoder with 10 chanels (H. Dud

- N

Example without fundamental frequency Example with fundamental frequency

Deutsches HorZentrum
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Frequency Bands used by the MED-EL devices

2]

1

Ll [ B [ B B [ [ [ [

125 250 500 750 1000 2000 4000 6000 8000
Frequency [Hz]

1 2 3 4 5 3 7 8 9 10 1 12

Desired Lower Frequency [Hz] 100 198 325 491 710 999 1383 1893 2574 3483 4698 6323

Desired Center Frequency [Hz] 149 261 408 601 854 1191 1638 2233 3028 4090 5510 7412

Desired Upper Frequency [Hz] 198 325 491 710 999 1383 1893 2574 3483 4698 6323 8500

Desired Bandwidth [Hz] 98 127 166 219 289 384 510 681 903 1215 1626 2177

100 198 326 493 707 992 1378 1888 2600 3466 4793 6239

CuventFrequency Band  ya0 958 432 712 995 1373 1836 2567 3528 4703 6512 9466

wizinische Hochschule
nnover



Example of compression used in the MED-EL devices

MCL

Maplaw Output

THR

40% 60% 80% 100%
Signal Input

V'AN NA M-I Medizinische Hochschule
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Input Signhal Pre-Processing

Sound pressure
level [dB SPL]

1204

120 dB

Pre-processing

0 —

Normal hearing / Acoustic

Intensity

Current [pA]

~~~~~~~~~~~~ - 20 L most

le dB comfortable level
.-} = THR: threshold level
———————— 100 — -




Selection
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Maxima Selection

Intensity [dB]

Intensity [dB]

leh/

l l | | | | | | | | o
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Frequenz [HZ]

A

_ | | | | | | | | I | ! S
O 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Frequenz [Hz]

- mur‘*
. LLETL L L

H
VIA N NA M-I Lﬂ::;:i:;iche Hochschule



SPEAK (Begining of the 1990°s)

Characteristics of the Speak sound coding strateqgy:

- Larger range of frequencies (250 until 10000 Hz)
- 20 channels

- Only 5-10 channels with largest energy (maxima) are selected for

stimulation.
- The amount of information requires time which causes a reduction

in the stimulation rate.

- Stimulation rates up to 250 Hz (limited by Mini-22 implant technology)
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Speech Intelligibility
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Advanced Combination Encoder
ACE (Middle of the 1990's)

S\ A |
1 Compresion
250 Hz
A2 >
—J\L [
/ \ A3 Selection Z '
3 of the
largest 1- -
16 A -
-
i - Modification of the SPEAKstrategy
. i - More channels
: - Higher stimulation rates
8000 Hz
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Speech Intelligibility
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v« The problem of low bandwidth
- in cochlear implants

700 kBit i
- 5 . 5 Auditory
Audio-signal | " System

Cochlear Implant System : 10 - 60 kbit/s




u One possible solution:
hearing related data reduction

Audio-Signal
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redundant
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Motivation for designing a
) psychoacoustic model-based
Speechcoding strategy

Psychoacoustic models have been successfully used in the HiFi
domain without compromising sound quality.

Reducing the data of audio-files to 1/10t !

» Apple‘s iPod
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= F Psychoacoustics |

J & . .
& (simultaneous masking effect)

c ' U
Vs o

During an acoustic excitation the threshold of perception is lifted
depending on the spectrum of the signal. All signal components
below this threshold are imperceptible.

The simultaneous masking is the strongest masking effect.
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-5 Next step:

-
g
c o &
7 &

s Speechcoding based on psychoacoustic model

C

- achieve higher compression rates compared to ACE
further increase of stimulation rate

- more realistic selection of the electrodes
due to more intelligent algorithms
should lead to better sound quality

- MP3000 was released as a commercial strategy

Nogueira et al. 2005



What else?
w ¢ Provide more spectral resolution.

- 30.000 haircells vs. 16 electrode contacts

- Improved sound quality

- better speech in noise discrimination

- better music perception

With the current steering technique it is possible to
generate virtual channels between two physical electrode contacts



The benefit of current steering
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A ; ,current Steering*

16 electrode contacts > 15 current steering areas
discrete number of infinite number of
channels channels

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

=~ - - - - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Current can be continuously steered between the electrode contacts.



Speech Perception in HIRes vs.

Current Steering
(neclecting subjects with ceiling or floor effect)

in speech shaped HSM with competing
ise (10dB SNR) talker (5dB SNR)




< 3
)

&z Intermediate Summary

 The current steering techniqgue seems to have potential to
Improve speech perception subjectively as well as
objectively.

* The majority of all subjects preferred HiRes120 over the

HiRes and report:

— Easier listening

— More natural environmental sounds
— Differentiation of voices.

« To evaluate the benefit of the current steering strategies

very sensitive test material is required:
— Demanding with respect to frequency resolution
— Avoid ceiling and floor effects for all study subjects



Output of the Implant circuit

Image of an Oscilloscope captured

Tek Run: 100kS/s sample
[-F i j 1

CAI1.07ms
@ 2.32ms Edge Source

Chi

- .IIIIIHIHIIII

Ch3

Chi 2.00 "M S00usY Ch2. g80mv] —more—
2.00v : : : : : 1 of 2
—
Coupling Slope Level
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<Edge> oC L s&80mY Holdoff
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How Is the implant configured in the clinical routine?

Basic Parameters:

- Comfortable (MCL) Level: Maximum current value that is perceived as
comfortable.

- Threshold (THR) Level: The minimum current level that can be
perceived.

- Dynamic Range: Difference between MCL and THL level.




Implant
Electrode Array
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Cl Research Interface

- Streaming of pre-defined sequences
e MEDEL - Possibility to use trigger

Research Interface Box (RIB)

- Possibility to use bilateral stimulation

(=

PC NI Card

T ,n RIB I

Isolation Box

Deutsches HorZentrum
Hannover
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Frequency Analysis in the Cochlea

Basic Principle: Periodicity Principle:
Eingangssignal (Sinuston):
2000
A
A\//\V{\\//\V/\V/\\/AV/\V/\VA\/A\IA\JAV Al
400 3000
Neuronale Antworten:
60 Hz
1500 300 500 4000 Neuron | | |
120 Neuron
b I | l
1000 5000 i | | |
Negron [ ' |
10000Hz 7000 (s | |
e b st el ol o

Boenninghaus, Lenarz:

Hals-Nasen-Ohren-Heilkunde (2007) Hellbriick, Ellermeier: Horen (2004)
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Fine Structure Processing
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MEDEL Estrategia de codificacion
Fine structure-Strategy (FSP)

Stimulation Pattern (Electrodogram) :

/
nnels - envel 9-
cis carvets-envlope |+
\_ 4| A : |
2104 fine structure ot It .ot A
I et ORI 10 santl LA
Zeit [ms]
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Results: Speech Intelligibility

With FSP only minimally better than with CIS+/HDCIS

100 +-

70

60 -

50 P

A0 o

Correct (%)

30_ B T

FSP HDCIS ClIS+ FSP HDCIS ClIS+ FSP HDCIS CIS+
Vowels Monosyllables OLSA

Miller et al., 2012
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New Generation: FS4

MEDEL principles for coding fine structure:

Fine Structure Information Envelope Information

- ( ! \

El. 1 2 3 4 5 6 7 8 9 10 11 12
mid
it 149 262 409 602 851 1183 1632 2228 3064 4085 5656 7352
Rate G000 G000 BO00 E000 750 750 750 750 750 750 750 750
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l New generation: FS4

El. 1 2 3 4 5 6 7 8 9 10 11 12
E]réq 149 262 409 602 851 1183 1632 2228 3064 4085 5656 7352
Rate 1635 1635 1635 1635 1635 1635 1635 1635 1635 1635 1635 1635 FSP
Rate il 6000 6000 6000 750 750 750 750 750 750 750 750 FS4 LR
Rate 10042 © 100420 | 10042 10042 1255 1255 1255 1255 1255 1255 1255 1255 FS4 HR

» MHH study comparing FS4 LR (low rate) and FS4 HR (high rate).

b it
| LT lll.r$
17U LETTTENS

Hannower
Hannover
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Effect Stimulation Rate

100

* ceiling-effect

T

FOF2 (1981)

T

FOF1F2 (1984) MPEAK(1989) SPEAK (1994) ACE (1999) HiRes/ ACE-RE

(aktuell)

Stimulation-

rate

v
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Effect Stimulation Rate

Coding strategies that mostly encode envelope information (e.q. HDCIS):

Envelope Information

( \

El 1 2 3 4 5 6 7 8 9 10 11 12
r:réq 149 262 409 602 851 1183 1632 2228 3064 4085 5656 7352
Rate 10149 1014 1014 1014 1014 10149 1014 1014 1014 1014 10149 1014
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Resultados: Inteligibilidad del habla

Tras 3 meses de uso continuado (n=9):

100 Freiburg test HSM sentence test
monosyllables
& * V'
807

5

2

S

o

- I

407

| | | !
Fl'eib#é%ei'_EE dB Freiburger 65 dB HSM 10 dB SMR HSM 10 dB SMR

F54-HR F54-LR FS4-HR
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Results: Speech Intelligibility

After 3 months of continuous use (n=9):

Better

757

5,07

SRT50 [dB SNR]
_I\..'I
il

[ ]
o]
1

=257

OLSA (QOlnoise) OLSA (mensa noise)
| | | ﬁ ’
=]
o]
| I I |
OLSA olnoise OLSA olnoise OLSA mensa noise  OLSA mensa noise
FS4-LR FS4-HR FS4-LR FS4-HR
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Summary

single channel multi channel
A e —
vl —_— S —_—
Feature extraction Vocoder
A A
~ N — —

1970 1980 1990 2000 2010 2020
' ‘ ‘ ' ‘ AS
single CA MPEAK ACE FSP
channel CIS S | DC Fs4
FOF1F2 RES e
FOE? SMsSp  CIS+ HiRes120
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DHZ:. German Hearing Center

Engineers
Fitting of Research
Diagnostic Cochlear
Implants

Companies:
MED-EL
AB
Cochlear
Oticon
(Research and
Service)
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Molte grazie!
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VoCoder

« DEMO: DeHoClI Simulator

[ DHZ_CI Simulator = 2

DHZ-CI Simulator

Filterbank

Input
Signal [ 2 Envelope

Qutput
[—1 Mapper Si g: al
Detector

Current Stochastic
I Spread Auditory
Model Nerve Model

(G(DHZ |

; Deutsches HarZantrum M_I I-l
Hannover Hannaver Medical School
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Tecnologia: Personalizacion

Objetivo: Optimizar
individualmente la
inteligibilidad de la musica y
el habla para usuarios de IC

Estado del Arte:
Procesado del

Individualizacion

de los parametros
Sonido (Reduccién

de Ruido)

(Reduccion de
Ruido)

Respuestas

Subjetivas
Medias
Psicoacllsticas APG, http://auditoryprostheticgroup.weebly.com
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Ejemplo: FO/F2 y ,ACE"

FOF2 FO/F2 ACE

(in noise)

Ist das Flugzeug gestartet?

Er hat heute einen Arzttermin.

DHZ VIANNA M4H ednsche odscule
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Auditory Prosthetic Group (APG)

 QObjetivos del APG

— Mejorar la inteligibilidad del habla en ruido asi como la percepcion
musical para usuarios de imlante coclear

« Como? Dos posibilidades
— Tecnologia: Modificar el Procesador del implante coclear (IC)

— Art: Crear contenidos especificamente para usuarios de IC
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