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A Comparison of Techniques for Classification
of Multiple Neural Signals
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« A device that connects directly with the
nervous system to replace or supplement
sensory or motor function.

e A device that improves the quality of life of
a neurologically impaired individual so
much that he/she is willing to put up with
the surgery, gadgetry, etc.
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Now it is a Science.
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The Second Sense

New cochlear-implant technology can enhance
hearing in 80 percent of patients who are deaf

BY BRAD STONE But they should be treated within theil
EVENTY-THREE-YEAR-OLD €0~  five years, before the brain loses its ah

WECAN REBUILD HER: Kleppe, s

m Jean Kleppe couldnt hear the
gong of the grandfather clock in
her living room, nor the bark of
her litle white dog, Whitney.
When she went to the movies,
the former schoolteacher from San Mateo,
ad to imagine the dialogue. And ona
t trip o Italy, her best friend, Melba
Mallon, ended up repeating ev 1hmg the
mumbling tour guide said so Kleppe could
understand it. Like her mother, Kleppe start-
ed going deaf’in her 40s, and for the next
three decades the deterioration of her hear-
ing outpaced a series of increasingly power-
ful hearing aids, Last winter her audiologist
suggested that she abandon these external
devices altogether, and try something radi-

ree

near the ear

Cochlear implants actual-
Iy consist of three linked

r a ¥
placed behind the ear, which
picks up sounds; o speech
processor, often womn on the
patient’s belt, which converts
the sou cal sig-

planted receptor, which stim-
ulates the gmu]u. oi neurons

bane |lml sends
:pulu:s to the brain.

but they were
through  the
mid-90s, partly because they
improved hearing in only 30
10 40 percent of patients. To
lay, advances in the technolo-
v have silenced most critics,

How It Works

A.mn:mnnnn-
captures an 80-

of
sound, 100 per-

cent more than
previous models.

) A
™ Rbuitt-in
microcomputer

process sound (children and adults who have
been deaf for langer periods of time often fall
inta the other 20 percent), “Its reaching a
point where we can restore hearing to levels
that approach the hearing of normal peo-
ple—where we can actually cure
says Albert Maltan, a senior vice presic
Advanced Bionics, which makes the Bionic
Ear, the implant used by both Kleppe and
talk-show host Rush Limbaugh, who had the
surgery in December.

The idea of electrically stimulating the
auditory system is nothing new. In the 18th
century, [talian physicist Count Vol
hooked two metal rods to his most famous
mvention, the battery, and inserted them
into his healthy ears, ing a sound

m:nr'

scientists had figured out that electrical
pulses necded to be targeted to localized
groups of hair cells, which convey different
sets of tonal and pitch information to the
brain, While the first generation of cochlear
implants used a single, clumsy electrode to
convey the entire spectrum of sound, to-
day’s devices have up to 24 electrodes, each

stimulating a different patch of neurons.
The results still aren't perfect. People
with the implant often say voices sound
metallic, like a radio broadcast, And few are
able to enjoy the tonal richness of music,
till lip-read 1o complement
|||L‘I? new hearing, particularly in loud en
though they are able to use

like the boiling of thick soup. By the 1970s,

("]

Doctors
nificantly enhance hearing in ll'ltlwhm
80 percent of patients, and |
even chiklren born deaf are |
candidates for the procedure,

digital signals.

y they can now sig- | the sound from the

| canvertingift into

signals are sent to
& headpiece above the
ear, which fransmits
them via radio waves to

through a wire to elec-
trodes in the cochlea.

the telephone, |~I|crt there's little back-
ground noise. 'l'he surgery
costs up fo $50,000, and
most insurance policies will
cover it.
For patients like Cora
Jean Kleppe, it's worth every
Last month Kleppe
and her friend Melba drove
to the University of (¢
nia, San Francisco, Hospital,
four weeks afier her surgery,
to have Kleppes implant
programmed and activated.
Kleppe was shown how to
m‘uu dip the microphone behind
her car and how to change
the batteries in the speech
processor. Then, right there
in the hospital, her doctor
remotely activated the im-
plant. “It's going o sound
strange,” the doctor wamed
Kleppe started to tlk and
then  interrupted  herself:
“Does my voice sound like
that™ Thirty minutes later
shel walking around the
hospital lobby, looking ar
Melba with wonder every
time her friend ~|mk~ We
k" she sa
gussip forever now!
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e Hearing: Cochlear Implant

e Parkinson’s Disease: DBS (Deep
Brain Stimulation)

e Vision: Retina Implant
e Others to come




Artificial Hearing
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Sound Sensing Mechanism
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« Artificial Hearing by Cochlear Implant

I. external speech processor captures sound and converts
it to digital signals

Power & Data transmi 'o!via inductive link

1. processor sends digital signals
to internal implant

Transmitter ——2>

Implantable unit
(Receiver/Stimulat

Microphone

External
Speech
Processor cochlear

trode array

4. electrodes stimulate hearing
nerve, bypassing damaged hair
cells, and the brain perceives

signals; you hear
sound

3. internal implant twrns signals into
electrical energy, sending it to an
array inside the cochlea
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Deafened

middle inner central
ear - ear ' nervous
system

B. Wilson & M. Dorman (IEEE Sensors Journal, 2008)

External Implantable Unit
Speech

www.cochlear.com




Cochlear Implant

€ A Neuroprosthetic device that can provide a sense of sound to people who are deaf or profoundly
hearing-impaired by stimulating auditory neurons electrically.

€ The most successfully-commercialized (since 1982) sensory prosthetic system
(CI market: ~570 mUSD@2006).

® Data & P
Trans

@ Sound Signal

®@ Sou




The basic premise was: There is no way to replace even crudely the
exquisite structure and function of the cochlea




e The Cl is the most successful neural prosthesis to date

Cumulative number of implants across years

Cumulative number of implants (in thousands)
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Cumulative Cl users: approximately 120,000 persons
Open- set speech recognition scores (in quiet): about 90 %

Percent correct scores for 55 Cl users

a. sentences
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B. Wilson & M. Dorman (Hearing Research, 2008) @
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Wide range of outcomes
Speech reception in noise
Sound localization

Reception of signals more
complex than speech, e.g.,
symphonic music

High effort in listening for
the great majority of
patients

High Cost
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e Bilateral electrical stimulation

e Combined electric and
acoustic stimulation (EAS) for
patients with residual, low-
frequency hearing
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e Combined EAS: Hearing Aid (HA) + Cochlear Implant (Cl) on same ear

< Many implant candidates - Good low- frequency hearing but poor high frequency
hearing

e Low- frequency = Acoustic Hearing using a HA

High- frequency > Electrical Hearing using a Ci
e Good speech perception in noisy environments
e Latest EAS technique

— Surgery: the round window approach (conventional method - cochleostomy)
- Electrode: flex, long & thin electrode (full insertion)

100
Ski-slope type SNHL Hybrid CI Device * :

(HA+CI) 80 . E hearing aid L
0 —— — X 0 § ' B cochlear implant j: .
Ni Q\ = .

| e ¥ e |

= | A ; _-
g _ \". - \
"t ] Hearing Aid : o - L . _ .
" ; o (A . O \ = o N\\§
Frequency (kHz) : ~SS5 , . &\ . . &\\ . = B

In quiet SNR 15 dB SNR10d

W. Gstoettner et al. (Acta Oto-Laryngologica, 2004) @



e Cl cost (device only): around 25,000 USD

e About 278 million people had moderate to profound hearing
impairment. 80% of them live in low- and middle- income
countries. (2005, WHO)

— Where cochlear implant is not or rarely affordable

45,000+

Cl cost 24,000-45,000
14,000-24,000
9,000-14,000
4,000-9,000
2,000-4,000
1,000-2,000
0-1,000
Mo Data

GDP (PPP) Per Capita

Source: CIA Word Facthook 2002
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http://www.econguru.com/wp-content/uploads/2009/01/gdp-ppp-per-capita-worldmap-2008-cia-factbook.png�

Our effort:

<€~ Speech Processor

implantable

SNU-NUROBIOSYS Cochlear Implant System
— Academic-Industrial collaboration
— Great helps from international experts

All technical options were carefully selected to make
SIMPLE and LOW-COST cochlear implant with maintaining
effectiveness of the system

Approved on 2009 by Korea FDA




€4 SNU-NUROBIOSYS ClI system showed a similar level of performance as
compared with RTI standard CIS processor, and especially the system showed
better performances in noise.
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microphone, battery pack
and speech processor

Zero Power Artificial Basilar Membrane instead of Microphone and Speech Processor

= Totally Implantable
Reduced Power consumption (30mW) (1/8 lower than conventional systems (235mW))

Without Align Magnet & MR-Compatible

Pioneer Research Program - National Research Foundation of Korea (2009 -)
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e Visual impairment:

— Legally considered percentage of lost body function:
24%(Uniocular) and 100%(binocular)

e 30% of blindness in the adult
— Retinitis Pigmentosa (RP) 22t A A H A 1/4000(Normal)

— Age- related Macular Degeneration (AMD) Li0O| 2Z& &t BtH S
1/20(>aged 65)
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e |Inspiration and Perspiration
— advances in semiconductor technology; VLSI
— successful result in artificial cochlear implant
— relatively well- preserved inner retinal neurons in RP & AMD
e from late 1980’s
— Retinal stimulation
< MEEI- MIT (Boston Retinal Implant
e Wilmer- NCSU - > USC (Doheny)
« SUB- RET (Germany)
e EPI- RET (Germany)
< SNU (Korea)
« Osaka (Japan)
— Optic nerve stimulator
e Louvain (Belgium)
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Epi-retinal Stimulators - USC (Doheny) / Second Sight

Argus™ | (Model 1)

» 16-Pt electrodes on Silicone
« Ceramic Package

* Implanted in 6 patients
(2002 ~ 2004)

» The patients could detect
phosphene.

Argus™ || (Model 2)

« 60-Pt discs on parylene-C
« Metal/Ceramic Package

« Implanted in 32 patients
(~2010)

Biocompatible electronics package

a
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Nano-bio system research center (for 9 years, 3 main subjects)
supported by KOSEF(KOREA SCIENCE AND ENGINEERING FOUNDATION)

development of electrode for retina stimulation as a subject in Neural
chip/MEMS

Nano artificial vision research center (for 6 years)

supported by Minister for Health, Welfare and Family Affairs

development of SNU artificial retina system and application to a human
body

Collaborators

ophthalmology

physiology

Electrical Engineering & Computer Science
biomedical engineering
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Visual evoked Cortical
potential (VECP)

Electrically evoked cortical
potential
(EECP)

After optic nerve cutting




Range of increase in glyco-metabolism
of visual cortex (PET image)

Light or elec’r%‘l stimulation 18F_FDG

_____ TInjection Ecan start )

30 min 10 min

_________

Light Stimulation (left eye)  Electrical stimulation (left eye)




In vivo animal experiments

Implantation of LCP electrodes
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HWOH---01Z2&A 2t Al2Z Possibilities for the future

Further development and refinement of bilateral
electrical stimulation and of combined EAS (Cl)

Closer mimicking of Natural processing

Representation of “fine structure” information with
implants

Availability of low cost — but still highly effective -
implant systems for widespread application in India,
China and other developing countries

Controlled delivery of neuro- protective or neurotrophic
drugs to the implanted cochlea

A “cognitive neuroscience” or “top down” approach to
implant design

@




Lee et al., “Cross modal plasticity and cochlear implants,” Nature 409: 149, 2001

duration sentence duration
of deafness score of training
(years) (% correct) (years)
6.5 90 3.8
6.5 67 1.1
11.2 - 14
20.3 0 1.9




Traditional approach: Replicate insofar as possible the normal
patterns of activity at the auditory nerve.

Alternative approach: Ask what the
(usually compromised) brain needs as
an input in order to perform optimally.

Lee et al. (2001) Cross-modal plasticity and cochlear implants. Nature.

Nadol et al. (2001) Histopathology of cochlear implants in humans. Ann Otol Rhinol Laryngol.
Sharma et al. (2002) Rapid development of cortical auditory evoked potentials after early
cochlear implantation. NeuroReport.
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