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Recording of the ventral nerve cord of the cockroach
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Separation matrices were computed using the different classification features

A. Waveform Parameters
B. Template Matching
C. Optimal Filtering
D. Principal Components I
E. Principal Components II
F. Maximin Filter 



Photoinduced zone migration (PIZM)

<Completed TMEA assembly> <Simultaneous recordings>

slow

fast

Problems with conventional MEA

Solution by active transsubstrate MEA (TMEA)

Top view

Side view



Who am I?



Neural Prosthesis

• A device that connects directly with the 
nervous system to replace or supplement 
sensory or motor function.

• 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.



It used to be Science Fiction.



Now it is a Science.



2002.6.24. NEWSWEEK

And it is Newsworthy.



Successful Areas of Neural Prosthesis

• (Bionic Ear)

• Hearing: Cochlear Implant

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

• Vision: Retina Implant

• Others to come



Artificial Hearing
인공청각



Sound Sensing Mechanism



Cochlear Implant for Sensori-neural Hearing Loss

• Hair Cell Damage & Sensorineural Hearing Loss (SNHL)

• Artificial Hearing by Cochlear Implant

Normal Deafened

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

① Sound Signal

② Sound processing
/RF modulation

③ Data & Power   
Transmission

④ Data receiving/decoding

⑤ Electrical Stimulus

⑥ Sound Perception
in contra-lateral auditory cortex



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



Surprising Performance of Present-Day CIs

• The CI is the most successful neural prosthesis to date

• Cumulative CI users: approximately 120,000 persons

• Open- set speech recognition scores (in quiet): about 90 %

Percent correct scores for 55 CI users

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

Cumulative number of implants across years

B. Wilson & M. Dorman (Hearing Research, 2008)



(Illustration from Dorman and Wilson, 2004)

(Illustration from Leake and Rebscher, 2004)

Number of channels= number of electrode sites



1 4 8 16 32 64 N2 6 24

인공와우를통한음성인식과정시뮬레이션



Limitations of Present-Day CIs

• 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



Two recent advances

• Bilateral electrical stimulation

• Combined electric and 
acoustic stimulation (EAS) for 
patients with residual, low-
frequency hearing



Results with 
bilateral 
implants using 
independent 
processors, 
Müller et al., 
2002
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Combined Electric-Acoustic Stimulation (EAS)
• Combined EAS: Hearing Aid (HA) +  Cochlear Implant (CI) on same ear

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

hearing

• Low- frequency  Acoustic Hearing using a HA

High- frequency  Electrical Hearing using a CI

• Good speech perception in noisy environments

• Latest EAS technique

– Surgery: the round window approach (conventional method  cochleostomy)

– Electrode: flex, long & thin electrode (full insertion)

Hybrid CI Device 
(HA+CI)

Ski-slope type SNHL
Sentence discrimination tests for a EAS patient

In quiet SNR 15 dB SNR 10 dB

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

Hearing Aid 
(HA)



Cost Problem: Surprising Performance , but-.

• CI cost (device only): around 25,000 USD

• 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

CI cost

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


• Our effort:

Towards low cost but highly efficient CI

○ 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

Speech Processor

Implantable 
Current 

Stimulator
Headset
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RTI standard CIS processor
Nurobiosys processorSR-9

SR-3

SR-16

SR-8

Pre-clinical Test Results

 SNU-NUROBIOSYS CI system showed a similar level of performance as 
compared with RTI standard CIS processor, and especially the system showed 
better performances in noise.



New Pioneer design project
For a Totally Implantable Cochlear Implant

New Concept Cochlear ImplantConventional Cochlear Implant

○ 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 - )



인공시각
“Let There Be Light”

Genesis 1:3



눈은어떻게보는가 (EBS 원더풀사이언스 2010년5월13일)



Care for Blindness

• Visual impairment :

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

• 30% of blindness in the adult

– Retinitis Pigmentosa (RP) 망막색소변성; 1/4000(Normal)
– Age- related Macular Degeneration (AMD) 나이관련황반변성; 

1/20(>aged 65)



The world that patients 
with macular degeneration see



Artificial Vision Inspired by: 

• Inspiration and Perspiration

– advances in semiconductor technology; VLSI

– successful result in artificial cochlear implant

– relatively well- preserved inner retinal neurons in RP & AMD

• from late 1980’s

– Retinal stimulation

• MEEI- MIT (Boston Retinal Implant)

• Wilmer- NCSU - >  USC (Doheny)

• SUB- RET (Germany)

• EPI- RET (Germany)

• SNU (Korea)

• Osaka (Japan)

– Optic nerve stimulator

• Louvain (Belgium)



Current Approaches in Retinal Prostheses

1

2

3



인공시각동작원리 (EBS 원더풀사이언스 2010년5월13일)



Epi-retinal Stimulators – USC (Doheny) / Second Sight

ArgusTM I (Model 1)

• 16-Pt electrodes on Silicone
• Ceramic Package
• Implanted in 6 patients 
(2002 ~ 2004)
• The patients could detect 
phosphene.

ArgusTM II (Model 2)

• 60-Pt discs on parylene-C
• Metal/Ceramic Package
• Implanted in 32 patients         
(~ 2010)



이식환자들영상



원리-1.외부기 (모형)



내부기(이식장치)



인공시각-어떻게보는가?  전극수와관련해서



SNU artificial retina

• 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



Electrophysiological recording after insertion of 
retinal stimulator

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)

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

L L

Light or electrical stimulation

10 min

18F-FDG 
Injection Scan start

30 min6 min



In vivo animal experiments

Post-op. 12 weeks

LCP Edge of electrode

Retina
Choroid
Sclera *

Space of implantation

Gold site

Suprachoroidal implantation

Acute retinal stimulation
& EECPs recording

Implantation of LCP electrodes

Post-op. 16 weeks



맺으며---인공청각및시각 Possibilities for the future

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

• 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.



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

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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