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Questions

A) Important and growth areas in the fields of body area
networks and in general signal processing for
biomedical engineering?

B) How these areas could drive communications, signal
processing and networking research?

C) Your views on global standards and their status and
Impact

D) Challenging research problems and possible solutions

Implantable microelectronic devices that need wideband :
communlcatlon channels with outside of the human body :

doinid © 2011 Maysam Ghovanloo
www.GTBionics.org




Auditory and Visual Prostheses

" Auditory Prosthesis:
® 10% of the world population
experience a limited quality of life
because of hearing impairment.
®* USA statistics:
Profoundly deaf: 0.4 million
Cochlear Corporation  [FESEEEE] Hearing Impaired: 20 million
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" Visual Prosthesis: Dobele
® World statistics: o
Profoundly Blind: 45 million |
Visually Impaired: 180 million )X

® USA statistics:
Profoundly Blind: 1.3 million
Visually Impaired: 10 million
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®* Commercially available since
early 80’s.

%) ° About 200,000 children and
: adults use cochlear implants.

® 30,000 auditory nerves.

® A minimum of 6 ~ 8 stimulating
sites needed to converse on the
phone.

® Currently under development.
First chronic human trial in 2002.

® 1.2 Million optic nerves.

® A minimum of 800 ~ 1000 sites
needed to read large fonts.

2"d Sight T Boston Retinal Implant
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Effective Control of Prosthetic Devices
@tiple channel

Implantable
Recording
Module
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& ' Bottleneck:

. . How to effectively

= 1 « control sophisticated
| <« prosthetic devices in
real time?

Solution:

Direct interface with
the NEervous SyStem DEKA Arm (DARPA — J. Judy)
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In animal experiments:

Fully implantable multichannel
recording device
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Hochberg et al. Nature 2006
In human applications:

Lebedev and Nicolelis,
Trends in Neuroscience 2006

1. Improve SNR

2. Reduce motion artifacts

3. Eliminate the tethering
effect, which can bias the

animal behavior
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Increase mobility
More aesthetically acceptable

Reduce the risk of infection
Reduce the risk of damage
Improve user’s comfort level

Yin and Ghovanloo, TNSRE 2009 6




A Distributed Network of Wireless Implants
for the Central Nervous System

Teiephony

| l

Wireless
Access
Point

Modulation &
Internet Signal Processing Amplification

Ghovanloo and Najafi, JSSC 2004 7
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State-of-the-Art in Wireless Neural Recordlng

SMDL&C Integrated Circuits
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Wireless Transcutaneous Power and
Bi-Directional Data Transmission

Access Point

Vi Wireline
4 j Network
Other tissue : _

a N " ;5;- L 'JL bonea mUSCIe, fat
H.J. Yoo, KAIST 7 ealth Care Center

Body Channel Communication (BCC) O Battery powered devices:

30-70 MHz _
® Small number of sites
® Ultra low power and low data rates
® Autonomous (after initial adjustments)

Air
On-body

Devices Epidermis‘ N

Dermis

Implanf‘*- :

® Inductively powered devices:

® High current (Neuromuscular stimulators)
" High stimulus rate (Cochlear implants)

Medical Implant : :
P ® Large number of sites (Visual prostheses)

Communication Service
(MICS) 402-405 MHz
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® All implants need wireless data.
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Efficient Power: Carrier Freqguency as Low as

Possible

® Carrier frequency should be below the
coil self resonance frequency.
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® More power loss in the power
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transmission and conditioning circuitry at
higher frequencies.

2

® 1 MHz < Carrier Frequency < 20 MHz

Average density of electromagnetic power
absorption in tissue increases as f 2.

103

® Tissue is more transparent to EM field at
lower frequencies.

POWER ABSORPTION DENSITY PER mwW/cm2 INCIDENT ON A MUSCLE SPHERE

® Carrier FrequencyT = Penetration Depth{

Pumax mW/em3

// ______ __—__PAVG. miW/om2

Desirable carrier
frequency range

10 100 1000 10000
FREQ (MHz)

J. C. Lin, A. W. Guy, and C. C. Johnson
\ IEEE Trans. Microwave Theor. Tech. 21, 1973
| \_,J|
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Wireless Link with Multiple Carriers
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® Low frequency for power transmission (1~10 MHz)
® Medium frequency for forward data transmission (50~100 MHz)
® High frequency for back telemetry (1~4 GHz)
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Direct and Cross Coupling

Geometry and orientation of the power and data —— e
coils were chosen to: | k12 |

®* Maximize direct coupling coefficients (k,,, k3,) _:_I 11 ?{Lz TI |
| i

Jow and Ghovanloo, TBioCAS 2010




Simulation and Measurement Results
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Pulse Harmonic Modulation
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PHM Transceiver

A string of narrow pulses with specific amplitudes and timing is transmitted.
Each pulse generates a decaying oscillation at the harmonic frequency that
the receiver LC-tank is tuned at, which is then superimposed with other
oscillations across the receiver at the same frequency, to minimize the ISI.
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