EP 1 611 841 B1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 1 611 841 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
25.06.2014 Bulletin 2014/26

(21) Application number: 05254015.0

(22) Date of filing: 28.06.2005

(51)

Int Cl.:
A61B 5/00 (2006.01)
A61B 5/053 (2006.01)

A61B 5/04 (2006.01)

(54) Neural prosthetic with touch-like sensing

Neurale prothetische taktile Messung

Détection tactile et neuronal prothétique

(84) Designated Contracting States:
DE GB

(30) Priority: 28.06.2004 US 583478 P
24.06.2005 US 165796

(43) Date of publication of application:
04.01.2006 Bulletin 2006/01

(73) Proprietor: The Alfred E Mann Foundation for

Scientific
Research
Santa Clarita, CA 91380-9005 (US)

(72) Inventors:
e Karr, Lawrence J.
Santa Monica
California 90402 (US)

(74)

(56)

Schulman, Joseph H.
Santa Clarita
California 91387 (US)

Representative: Carter, Stephen John et al
Mewburn Ellis LLP

33 Gutter Lane

London

EC2V 8AS (GB)

References cited:
EP-A-1 312 303
US-A1- 2003 144 710

WO-A1-2004/047914
US-A1-2004 103 906

PATENT ABSTRACTS OF JAPAN vol. 1998, no.
11, 30 September 1998 (1998-09-30) & JP 10
155754 A (SEIKO EPSON CORP), 16 June 1998
(1998-06-16)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 611 841 B1 2

Description

Field of the Invention

[0001] The present disclosure relates generally to
prosthetic devices. More particularly, the present disclo-
sure relates to an apparatus and method for providing
sensing functions that are similar to "human touch" when
located in a prosthetic device such as a BION microstim-
ulator that is implanted in a patient (BION is a registered
trademark of the Advanced Bionics Corporation of Santa
Clarita, CA).

Background of the Invention

[0002] Bionics is a discipline focusing on the applica-
tion of advanced technologies to biological systems.
Generally speaking, a bionic is a manufactured device
or engineered tissue that substitutes for, or augments,
the function of a natural limb, organ or other portion of a
biological body. Although commonly thought of within the
context of science fiction, significant strides have been
made in the field of bionics. Research in bionics offers
the possibility of restoring function to impaired and dam-
aged biological systems.

[0003] One significant application of bionics is in the
area of vision. Over 30 million people have been subject
to retinal degenerative diseases. Retinal degenerative
diseases can generally be broken into two categories:
Retinitis Pigmentosa (RP) and Age-related Macular De-
generation (AMD).

[0004] Retinitis Pigmentosa (RP) is a general term for
a number of diseases that predominately affect the pho-
toreceptor layer cells of the retina. The injured photore-
ceptor cell layer reduces the retina’s ability to sense light.
Most cases of RP affect the mid-peripheral vision first,
which sometimes progresses to affect the far-periphery
and the central areas of vision. This narrowing of the field
of vision (aka "tunnel vision") can sometimes result in
complete blindness.

[0005] Age-Related Macular Degeneration (AMD) re-
fers to a degenerative condition that occurs most fre-
quently in the elderly, where decreased function is ob-
served in specific cellular layers of the retina’s macula.
The outer retina and inner retina photoreceptor layer are
affected such that patients experience aloss of their cen-
tral vision, which affects their ability to read and perform
visually demanding tasks.

[0006] Significant research has been conducted in the
areas of artificial vision to develop an artificial silicon ret-
ina (ASR). An ASR is a micro-electronic circuit (or micro-
chip) thatis implantable in the body and arranged to stim-
ulate damaged retinal cells, allowing the patient to send
visual signals to the brain. An ASR contains thousands
of light sensitive cells that convert the light into a series
of electrical pulses that mimic the functions of the cones
and rods in the eye. Clinical trials have been conducted
for ASR devices, although currently vision quality is rel-
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atively poor. Additional research in ASR-type devices
continues to progress and the promise of restored vision,
even to the blind, may be within our grasp.

[0007] Another significant application of bionics is in
the area of hearing. Hearing loss may be either congenital
(acquired either genetically or in utero) or acquired. Var-
ious types of hearing loss include: conductive hearing
loss, sensorineural hearing loss, or neural hearing loss.
[0008] Conductive hearinglossis caused by a problem
in the outer or middle ear, wherein the sound path is
blocked impairing the ability of the eardrum and bones
from vibrating. Conductive losses are usually mild or
moderate in nature and in some cases a conductive hear-
ing loss can be temporary. In most cases of conductive
hearing loss, hearing can be either restored through sur-
gery and/or medication, or improved with hearing aids.
[0009] Sensorineural hearing loss is caused by a prob-
lem in the inner ear or cochlea. A damaged inner ear
does not change sound waves into the tiny electrical puls-
es that the auditory nerves need to send sound informa-
tion to the brain. Sensorineural hearing losses are usually
permanent, and cannot typically be repaired through sur-
gical procedures. Conventional hearing aids can usually
help in mild to severe hearing loss.

[0010] Neural hearing loss is due to a problem in the
nerve pathway, wherein the auditory nerve is damaged
or missing such that signals cannot be sent to the brain.
Invery rare cases, hearing loss is caused by the absence
of or damage to the auditory nerve, resulting in a neural
hearing loss. Conventional hearing aids are of little ben-
efit because to a neural hearing loss since the nerve is
unable to pass on information to the brain.

[0011] Cochlearimplants can be a very effective option
for those with severe, profound hearing loss who obtain
little or no benefit from conventional acoustic amplifica-
tion such as hearing aids. However, cochlear implants
will not help unless there is some auditory nerve function.
A cochlear implant is an electronic device that consists
of two main parts: an internal implanted part called the
implant, and an external part known as the speech proc-
essor. Sounds are picked up by a microphone and turned
into an electrical signal. This signal goes to the speech
processor where it is "coded" (turned into a special pat-
tern of electrical pulses). The coded electrical pulses are
sent to the coil and are then transmitted across the intact
skin (by radio waves) to the implant. The implant sends
a pattern of electrical pulses to the electrodes in the co-
chlea. The auditory nerve picks up these tiny electrical
pulses and sends them to the brain. The brain recognizes
these signals as sound.

[0012] The examples described above illustrate but a
few applications for bionics. While bionics cannot cure
many of the ailments that exist, current developments
present a number of opportunities for improving quality
of life. Exciting new research in the field of bionics con-
tinues in such areas as drug delivery systems for chronic
disabilities, neuromuscular stimulation devices that en-
able the activation or enhancement of motion to replace
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lost or impaired motor control, micro-stimulators to treat
chronic disorders of the central nervous system, as well
as many others.

Prior art

[0013] WO 2004/047914 discloses a device for treat-
ing a medical condition and a surgical procedure for im-
planting the device. The device includes a sensor, which
is adapted to generate a signal responsive to a state of
a patient, and at least one electrode, which is adapted
to be coupled to a pelvic site of the patient. A control unit
is adapted to receive the signal, to analyze the signal so
as to distinguish between an imminent stress inconti-
nence event and an imminent urge event, and, respon-
sive to analyzing the signal, to apply an electrical wave-
form to the at least one electrode. In various configura-
tions, the device may be used alternatively or additionally
to treat fecal incontinence, interstitial cystitis, chronic pel-
vic pain, or urine retention.

[0014] US 2004/0103906 discloses system of implant-
able sensor/stimulation devices that is configured to com-
municate with a prosthetic device, e.g., an artificial limb,
via a wireless communication link, preferably bidirection-
ally. By communicating between the implantable devices
coupled to neural pathways within a man and motor/sen-
sor interfaces in the prosthetic device, a machine, a
man/machine interface is established to replace an ab-
sent limb.

[0015] JP 10155754 discloses an external device for
generating tactile information.

[0016] US2003/0144710 discloses an external sensor
for detecting foot pressure.

Summary of the Invention

[0017] The invention provides an implantable neural
prosthetic device as set forth in claim 1 and operated
according to the method set forth in claim 11.

Brief Description of the Drawings

[0018]

FIGURE 1 illustrates an example operating environ-
ment for a neural prosthetic device;

FIGURE 2 illustrates an example process flow for
another neural prosthetic device;

FIGURE 3is ablock diagram for yetanother example
neural prosthetic device;

FIGURE 4 is a block diagram for still another exam-
ple neural prosthetic device;

FIGURE 5 is a block diagram for yet still another
example neural prosthetic device.

Detailed Description of the Preferred Embodiment

[0019] Throughout the specification, and in the claims,
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the term "connected" means a direct electrical connec-
tion between the things that are connected, without any
intermediary devices. The term "coupled" means either
a direct electrical connection between the things that are
connected, or anindirect connection through one or more
passive or active intermediary devices. The term "circuit"
means one or more passive and/or active components
that are arranged to cooperate with one another to pro-
vide a desired function. The term "signal" means at least
one current signal, voltage signal, electromagnetic wave
signal, or data signal. The meaning of "a", "an", and "the"
include plural references. The meaning of "in" includes
"in" and "on".

[0020] Briefly stated, the present disclosure is related
to an apparatus and method for providing sensing func-
tions that are similar to "human touch" when located in
a prosthetic device such as a BION microstimulator that
isimplanted in a patient. The apparatus includes a power
circuit, a communication circuit, and a sensor circuit. The
power circuit provides power to the communication circuit
and the sensor circuit. The sensor cooperates with the
communication circuit, which communicates with the
brain. The sensor uses various techniques to detect
changes in the environment for the surrounding tissue
using criteria such as reflectivity, impedance, conductiv-
ity, return signal spectrum, return signal rate, and return
signal phase to name afew. For example, the impedance
observed by the sensor changes when: the skin tissue
is deformed around the sensor, or when the skin is sur-
rounded by water. The sensory information is interpreted
by the brain as an analog of touch or feel.

[0021] Although many of the examples found herein
are described within the context of a sensory device that
can be used to communicate with a main control unit
(MCU), applications of the devices are not so limited. In
one example, the sensory device is configured to com-
municate with other sensory devices (e.g., BION micro-
stimulators that are arranged to "talk" to one another). In
another example, the sensory device is configured to
communicate with other devices such as BION micros-
timulators that are arranged to stimulate or influence
muscular functions, stimulate nerves to influence or con-
trol motor function, as well as others. In yet another ex-
ample, the sensory device is configured to communicate
with a data-logging device that is external to the body
(e.g., a computer system, a monitoring system, etc). In
still another example, the sensory device is configured
in communication with a set of electrodes that are im-
planted in a neural pathway. In a further example, the
sensory device is configured to stimulate or influence a
communication path to a sensory system (e.g., another
neural path), a physiological control system (e.g., mus-
cular contraction), or the brain. Such examples can be
accomplished by mechanisms that are internal to the
body (e.g., through an electrode, through another im-
planted BION microstimulator, or through some other de-
vice) or external to the body (e.g., to an external master
control unit, an external computing device, etc.). Many
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varieties of circuits can be arranged to provide such func-
tions where sensory information is relayed, processed,
data-logged, or otherwise handled and communicated.
[0022] The examples described above are only to be
construed as example applications for such sensory de-
vices as described below. Many embodiments of the in-
vention can be made without departing from the scope
of the invention, and the invention resides in the claims
that follow this disclosure.

[0023] The overall operating environment for the
present invention will be discussed as follows below with
reference to FIGURES 1 and 2.

Example Operating Environment

[0024] FIGURE 1 illustrates an example operating en-
vironment (100) for a neural prosthetic device. A person
may have lost or impaired ability to sense touch in a par-
ticular region of the body such as a hand (110). One or
more bionic implants (120) are placed in locations where
sensor information is desirable. Each of the bionic im-
plants (120) includes a sensor circuit (121), and a com-
munication circuit (122) that are powered by a power
source circuit (123). The sensor circuit (121) provides
sensory information to the communication circuit (122),
which subsequently communicates information to the
brain. The brain receives the sensory information and
interprets the sensory information as touch or feel.
[0025] In one example, the communication circuit is
arranged to provide a wireless communication signal 140
to amaster control unit (MCU, 130) that may be implanted
in the body (e.g., coupled to a neural pathway), or it may
be external to the body. For this example, MCU 130 in-
cludes a sensor processing circuit (131), and a commu-
nication circuit (132) that are powered by a power source
circuit (133). The communication circuit (132) receives
wireless communication signal 140, and provides sen-
sory information to sensor processing circuit (131). Sen-
sor processing circuit 131 is arranged to communicate
to the MCU, where the sensory information may be fur-
ther processed for application. Example applications in-
clude communication to other bionic implants to affect
motor functions, muscular contractions, etc. The sensory
information is interpreted as touch or feel.

[0026] MCU 130 may not be necessary in some imple-
mentations. In example application, the patient has dam-
aged a nerve ending in a finger such that touch sensitivity
is impaired even though the nerve is still capable of com-
municating to the brain. In this example, communication
circuit 122 corresponds to a signal conditioner that is con-
figured to couple electrical signals (e.g., via one or more
electrodes) to the nerve. In another case where the nerve
is incapable of communicating to the brain, a different
nerve may be used to communicate electrical signals that
are associated with sensor 121 to the brain.
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Example Process Flow

[0027] FIGURE 2 illustrates an example process flow
(200) for another neural prosthetic device. Process flow
200 may be implemented as software that is stored in a
memory device (e.g., aread only memory), as a program-
mable logic device (PLD), as a digital logic circuit, as
operations that are handled by a controller, or any other
appropriate mechanism as will become apparent from
the present disclosure. Processing begins at block 210,
and proceeds to block 220.

[0028] At block 220, time is evaluated to determine if
an appropriate time has elapsed for activating an emitter.
Processing flows from decision block 230 to block 240
when sufficient time has elapsed to begin emitting. Alter-
natively, processing returns from decision block 230 to
block 220 when insufficient time has elapsed to begin
emitting a signal. Optional block 280 may be used to
place the device in a suspended operating mode (e.g.,
sleep, conserve power, suspend, etc.) as may be need-
ed.

[0029] At block 240 the emitter (or emitters) are acti-
vated such that one or more signals are emitted from the
neural prosthetic device. Example emitters include: mod-
ulated transmitters, ultra-wideband transmitters, wide-
band transmitters, narrow band transmitters, sweep fre-
quency transmitters, pulse transmitters, RF transmitters,
ultrasonic transducers, high frequency LC oscillators,
and infrared devices. The emitter(s) transmit a signal (or
signals) through the tissue that surrounds the implanted
device. One or more signals may be reflected from within
the tissue, or perhaps from outside of the tissue depend-
ing on the environmental conditions that are exerted upon
the region of the tissue that surrounds the neural pros-
thetic device. Continuing to block 250 the return signal
is received by the neural prosthetic device (e. g., via a
detector circuit, a receiver circuit, a transducer circuit,
etc.).

[0030] Continuing to block 260, the received signal is
processed by a signal processing means to provide an
information signal (or signals). Example signal process-
ing means includes: an analog signal processing circuit,
a digital signal processing circuit, a Fast Fourier Trans-
form (FFT) circuit, an amplifier circuit, a filter circuit, a
correlator circuit, a convolution circuit, and an integrator
circuit, to name a few. The signal processing means may
further include an encoder circuit that is arranged to pre-
pare the information signal for transmission (e.g., provide
encryption, coding, compression, etc.).

[0031] Flowing to block 270, the information signal (or
the coded information signal) is transmitted form the neu-
ral prosthetic device to the MCU. Processing returns from
block 270 to block 220, where the processing flow cycle
repeats again.

Sensory Factors

[0032] A single bionic device, or multiple bionic devic-
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es, can be implanted in tissue to provide sensory feed-
back from the various limbs or other parts of the human
body that may be inoperable (orimpaired) due to nervous
system malfunction or damage. The sensory feedback
is useful for both functional and safety reasons. Although
it is difficult to restore the exact set of neural stimulations
that are interpreted in the human body as touch, it is
possible to use radio frequency communication tech-
niques to generate sensory data that is similar to human
tactile sensation.

[0033] Materials can be characterized based on their
electrical, magnetic, acoustic, and mechanical properties
as described by: conductivity, dielectric constant, mag-
netic permeability, acoustic impedance, and sound ve-
locity, to name a few. These materials further vary in their
characteristic as a function of frequency, denoting their
real and imaginary parts. An antenna can be used as
part of a sensor system since the antenna perceives the
surrounding environment as a complex impedance. A
modulated communication signal, as well as other com-
munication signals can be provided to the antenna. bionic
devices can be arranged to provide functions that are
analogous to human tactile sensation (e.g., "touch") by
emitting (or transmitting) a frequency sensitive signal into
a resonant circuit that includes the antenna. Since the
surrounding human tissue presents a complex imped-
ance to the load, the tissue exhibits quantifiable charac-
teristics that can be evaluated by the difference between
the desired operating frequency of the resonant circuit
and the actual resonant frequency.

[0034] The complex impedance of the antenna/reso-
nant circuit can be indexed according to a number of test
frequencies. The vectors can then be evaluated with a
signal processor such as a vector analyzer, an inverse
FFT algorithm, or some other processing that provides
a time domain representation of the antennas perform-
ance. Wider frequency ranges of operation can be used
to permit collection of more information. In some instanc-
es, a very wide band (UWB) signal may be desirable
since the wide band signal contains a significant amount
of information related to the environment surrounding the
sensor.

[0035] In one example, a modulated signal in one por-
tion of the RF spectrum is transmitted into the human
tissue (e.g. TDMA modulated UHF) surrounding the sen-
sor device. The modulated signal may be the same com-
munication signal that is used for normal BION micros-
timulator communication, or it could be a separate signal.
RF communication signals are affected in number of
complex ways when transmitted into tissue such as in
the body of a patient. At the skin boundary, some RF
signals are transmitted out of the tissue while others are
reflected back towards the tissue. The reflectivity of the
tissue at the boundary is dependent on the complex im-
pedances of the tissue(s) and of the external environ-
ment. For example, the complex RF impedance of the
surrounding tissue changes when the shape of the tissue
immediately surrounding the bionic implant device
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changes due to external pressure. The complex imped-
ance is also affected by the boundary region when the
tissue is adjacent a medium different from air (e.g., water
causes a change in the impedance at the surface). By
sensing the changes inimpedance at the surface, as well
as changes in the impedance surrounding the bionic im-
plant, a model can be constructed for sensing human
touch.

[0036] One very convenient way to achieve sensing
human touch is to create a complex correlation between
the desired transmitted signal and the actual transmitted
signal, as affected by the environment. In one example,
an analog multiplier-type circuit is employed to multiply
the complex modulated signal proved to a final amplifier
stage by either the signal at the output of the finalamplifier
or the signal at the output of a matching network. The
output of the multiplier can be integrated and digitized
for transmission over a regular interval (e.g., 100 times
per second). A receiver circuit can receive the transmis-
sions and communicate the information to the brain (e.g.,
through an implanted bionic receiver device).

[0037] Inanother example, a complex digital multiplier
circuit is employed consisting of XOR gates or the like,
followed by an integrator. Since the modulated signal is
used as a reference, the modulation itself is absent from
the resulting signal. For more sophisticated systems, a
half analog and half digital circuit can be utilized. A max-
imum amount of information can be recovered with infor-
mation such as time and modulation, since in this way
reflections can be sensed.

[0038] In general terms, a reference complex imped-
ance can be generated and then variations from this ref-
erence complex impedance can be evaluated to identify
changes in the environment about the implanted sensor
device. Very small changes in the phase and/or ampli-
tude of the signals can be identified with this method.
Also changes in the frequency may also be evaluated
with this method.

[0039] While pressure information can be inferred from
impedance due to tissue deformation, other effects, such
as changes in external conductivity and dielectric prop-
erties can also be measured. Therefore, the proposed
sensor devices can detect close objects without contact,
and can further be arranged to differentiate between sub-
stances such as wood, metal, plastic, and water, to name
a few. This sensory data can be combined with other
information to formulate a highly informative artificial sen-
sor (e.g., infra-red sensing can be combined with imped-
ance sensing, etc.)

[0040] The presentation of sensory information to the
brain can be accomplished through direct connection to
the remaining peripheral (or central) nervous system or
converted to audio or visual signals. The brain’s natural
ability to uniquely interpret recurring stimuli can generate
a sensory map to the provided sensory data.
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Example Neural Prosthetic Devices

[0041] FIGURES 3 - 5 are block diagrams for various
example neural prosthetic devices.

[0042] FIGURE 3 is a block diagram (300) illustrating
an example neural prosthetic device that includes a sen-
sor circuit (320) and a communication circuit (330). Sen-
sor circuit 320 includes a controller (321), an emitter
(322), a receiver (323), and a signal processor (324).
Controller 321 is arranged to coordinate the various tim-
ing and control signals that are necessary to provide for
proper operation of emitter 322, receiver 323 and signal
processor 324. An output of the signal processor is cou-
pled to the communication circuit (330) for communica-
tion of sensory information to the brain as previously de-
scribed.

[0043] Thesensor(320)isimplantedinthe tissue (310)
of a person in a region (311) near a surface (312) where
sensory data is relevant (e.g., the tip of a finger). Emitter
322is configured to provide an emitted signal (341) when
selectively activated by controller 321. As illustrated,
emitted signal 341 is transmitted towards surface 312
through region 311. A portion of emitted signal 341 may
be reflected back from surface 312 into tissue region 311.
Another portion of emitted signal 341 may be transmitted
into adjacent region 313 as illustrated by signal 342. Ad-
jacent region 313 is external to tissue region 310 and
may contain foreign matter such as an object that the
person is in contact with, and/or a number of other envi-
ronmental conditions such as: heat, cold, water, light,
etc. The various conditions and forces exerted on signal
342 may result in another reflected signal (343).

[0044] Receiver 323 is configured to receive a return
signal (344) when selectively activated by controller 321.
Return signal 344 consists of all reflected signals that
result from emitted signal 341. Signal processor 324 is
configured to condition the received return signal and
provide the resulting signal to communication circuit
(330) for communication of sensory information. Signal
processor 324 may be arrangedto provide a number of
signal processing functions including, but not limited to:
analog signal processing, digital signal processing,
FFTs, amplification, attenuation, filtering, correlation,
convolution, integration, time displacement, spectrum
analysis, return signal strength, peak signal strength, av-
erage signal strength, mean signal strength, and return
signal phase, to name a few. The signal processing
means may further include an encoder circuit that is ar-
ranged to prepare the information signal(s) for transmis-
sion (e.g., provide encryption, coding, compression,
etc.).

[0045] FIGURE 4 is a block diagram (400) for still an-
other example neural prosthetic device. The example
neural prosthetic device includes: a controller (410), a
transmitter (420), a receiver (430), a matching network
(440), an antenna (450), and a sensor processor (460).
[0046] Controller 410 is arranged in cooperation with
transmitter 420, receiver 430, and matching network 440.
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Transmitter 420 and receiver 430 are selectively coupled
to antenna 450 via matching network 440. For this ex-
ample device, transmitter 420 is configured to operate
similar to emitter 322 described previously with respect
to FIG. 3. Also, receiver 430is arranged to operate similar
to receiver 323 from FIG. 3. Since transmitter 420 and
receiver 430 share the use of a single antenna, controller
410 must be arranged to ensure that the operation of
receiver 430 and transmitter 420 do not interfere with one
another.

[0047] Sensory processor 460 includes a correlator
(461), asignal conditioner (462), and an optional encoder
(463). The correlator includes an input that is coupled to
an output of receiver 430, and an output that is coupled
to signal conditioner 462. Signal conditioner 462 includes
an output that is coupled to an input of optional encoder
463. The signal conditioner is configured to provide any
desired function such as gain, attenuation, filtering, lim-
iting, as well as other signal processing functions as de-
scribed previously. The optional encoder is arranged to
encode signals from the signal conditioner for communi-
cation to the MCU via transmitter 420.

[0048] Sensor Processor 460 is arranged to receive
an output signal from receiver 430, and provide an input
signal to transmitter 420. Controller 410 is arranged to
selectively operate transmitter 420 and matching net-
work 440 for communication to an MCU unit without the
use of an additional circuitry. In other words, antenna 450
and matching network 440 can be tuned for two opera-
tions. The first operation corresponds to transmission of
asignal through tissue for sensory purposes. The second
operation corresponds to transmission of a communica-
tion signal to the MCU.

[0049] FIGURE 5 is a block diagram (500) for yet still
another example neural prosthetic device. The device
includes a controller (510), a transmitter (520), a receiver
(530), one or more antenna circuits (540, 550), a signal
processor (560), an optional encoder (570), and a com-
munication block (580).

[0050] Controller 510 is arranged in communication
with at least one of transmitter 520, receiver 530, signal
processor 560, optional encoder 570, and communica-
tion block 580. Transmitter 520 includes a pulse gener-
ator 521 that is arranged to selectively couple pulse sig-
nals to a driver (522). Driver 522 is arranged to transmit
a pulse signal via antenna circuit 540. Receiver 530 in-
cludes a detector (531) that is coupled to an amplifier
(532), where reflected signals that are received by an-
tenna circuit 550 are detected and amplified. The ampli-
fied signal is provided to signal processor 560, which is
arranged to provide gain, attenuation, filtering, as well as
any other desired signal processing function. The output
of the signal processor can be encoded by encoder 570
for communication via communication block 580.
[0051] Antenna circuit 550 can be eliminated when an-
tenna 540 is shared between the transmitter (520) and
receiver (530). In one example, the pulse generator is
arranged to provide an ultra-wideband signal pulse via
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antenna 540. For this example, the receiver is arranged
to capture the reflected signal and extract various signal
characteristics with signal processor 560. Example char-
acteristics of the reflected signal includes: return signal
spectrum, signal amplitudes for the return signal spec-
trum, peak return signal frequency, return signal phase,
signal dispersion, and other useful characteristics. These
various characteristics may be used to identify different
materials that are proximate to the sensor, different pres-
sures that are exerted about the tissue surrounding the
sensor, as well as any other appropriate condition.
[0052] As described previously, wider frequency rang-
es of operation can be used to permit collection of a sig-
nificant amount of information related to the environment
surrounding the sensor. For this example, the pulse gen-
erator can be arranged to provide ultra-short pulses such
that the received signals can be time domain separated
from the transmitted signal, similar to a conventional ra-
dar system. To accomplish this, the roundtrip time be-
tween the transmission of the pulse and the reception of
a reflected pulse is on the order of 200 ps for a 1 cm
distance. In some applications, pulses on the order of 50
ps may be necessary to generate sensory data to detect
skin deformation.

[0053] Although the electronic systems and circuits are
illustrated by various individual blocks, the electronic sys-
tem should not be interpreted as limited to these discrete
blocks. One or more of the electronic system blocks may
be combined or separated into one or more blocks that
provide a similar functionality. The invention is not limited
to the embodiments described above, but rather covers
all modifications, alternatives, and equivalents that fall
within the spirit and scope of the invention. Since many
embodiments of the invention can be made without de-
parting from the scope of the invention, the invention re-
sides in the claims hereinafter appended.

Claims

1. Animplantable neural prosthetic sensor device (300,
400, 500) with touch like sensing comprising:

an emitter (322, 420, 520) that is arranged to
emit a first transmitted signal when activated,
wherein the emitter is configured such that the
first transmitted signal is emitted in the tissue
such that changes in the tissue environment in-
fluences the first transmitted signal;

a receiver (323, 430, 530) that is arranged to
receive a second signal when activated, wherein
the second signal comprises the first transmitted
signal, that is altered as influenced by the tissue
environment;

a signal processor (324, 460, 560) that is ar-
ranged to evaluate the first transmitted signal
and the second signal to provide sensory infor-
mation suitable of being interpreted as touch or
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feel by the brain; and

a controller (321, 410, 510) that is arranged to
selectively activate at least one of the emitter
and the receiver.

The implantable neural prosthetic sensor device of
claim 1, wherein the emitter corresponds to at least
one of: an antenna (450, 540), a transmitter (420,
520), a modulator, a modulated transmitter, a match-
ing network (440), a tuned circuit, a filter circuit, a
tuned frequency oscillator, a variable tuned frequen-
cy oscillator, a high frequency LC oscillator, an RF
transmitter, a signal generator, a pulse generator
(521), anoscillator, adriver, an ultrawide-band pulse
generator, a narrow-band pulse generator, a sweep-
frequency transmitter, a transducer, an ultrasonic
transducer, an infrared source, and a visible light
source.

The implantable neural prosthetic sensor device of
claim 1, wherein the receiver corresponds to at least
one of: an antenna (450, 550), an RF signal receiver,
a pulse detector, a signal amplifier (532), a peak de-
tector, an amplitude detector, a phase detector, a
frequency detector, a demodulator, a matching net-
work (440), a tuned circuit, a filter circuit, a capture
circuit, a correlator circuit (461), an integrator circuit,
a transducer, an ultrasonic transducer, an infrared
detector, and a visible light detector.

The implantable neural prosthetic sensor device of
claim 1, wherein the signal processor corresponds
toatleast one of: an analog signal processor, adigital
signal processor, a frequency detector, a phase de-
tector, an amplitude detector, a peak detector, a lim-
iter, a correlator (461), an integrator, a signal condi-
tioner (462), and an encoder (463, 570).

The implantable neural prosthetic sensor device of
claim 1, wherein the emitter and the receiver are ar-
ranged to share at least one of: a common antenna
(450), acommon matching network (440),a common
tuned circuit, a common oscillator, a common trans-
ducer.

The implantable neural prosthetic sensor device of
claim 1, wherein the emitter and the receiver are ar-
ranged in a common circuit.

The implantable neural prosthetic sensor device of
claim 1, further comprising a communications circuit
(330, 580) that is arranged to communicate the sen-
sory information to a master control unit.

The implantable neural prosthetic sensor device of
claim 1, wherein the emitter circuitis further arranged
to communicate the sensory information to a master
control unit at substantially the same time that addi-
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tional sensory information is collected from the re-
ceiver.

The implantable neural prosthetic sensor device of
claim 1, wherein at least one of the emitter and the
receiver are responsive to conditions associated
with the tissue such that the sensory information in-
dicates a change in the conditions of the tissue re-
lated to at least one of: an electrical property, a mag-
netic property, an acoustic property, a mechanical
property, a conductivity, a dielectric constant, a mag-
netic permeability, an acoustic impedance, and a
sound velocity.

The implantable neural prosthetic sensor device of
claim 1, wherein the tissue environment influencing
the first transmitted signal comprises at least one of:
ambient temperature of the tissue, surface temper-
ature of a surface of the tissue, pressure exerted on
the surface by a foreign object, heat exerted on the
surface by the foreign object, cold exerted on the
surface by the foreign object, and deformation of a
region of tissue about the prosthetic sensor device.

A method of collecting sensory information with a
neural prosthetic device (300, 400, 500) with touch
like sensing that is implanted in a tissue, the method
comprising:

emitting an emitted signal from an emitter (322,
420, 520) into the tissue such that changes in
the tissue environment influences the emitted
signal;

receiving a return signal in response to the emit-
ted signal, wherein said return signal comprises
the emitted signal that is altered as influenced
by the tissue environment; and

evaluating the emitted signal and the return sig-
nal to identify sensory information suitable of be-
ing interpreted as touch or feel by the brain and
being associated with the tissue environment.

The method of claim 11, wherein evaluating com-
prises:

identifying at least one of a first phase, a first
amplitude, and a first frequency from the emitted
signal;

identifying at least one of a second phase, a sec-
ond amplitude, and a second frequency from the
return signal; and

comparing at least one of the first phase, first
amplitude andfirstfrequency to a corresponding
one of the second phase, second amplitude and
second frequency to identify sensory informa-
tion.

The method of claim 11, wherein emitting comprises
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generating at least one of: a modulated signal, an
RF communication signal, an ultrasonic signal, an
infrared signal, a visible light signal, an RF pulse, an
ultra-wide band pulse, a wideband pulse, and a nar-
row band pulse.

14. The method of claim 11, further comprising: commu-

nicating the sensory information to a master control
unit with the emitted signal.

Patentanspriiche

Implantierbare neurale Prothese-Sensorvorrichtung
(300, 400, 500) mit berthrungsahnlicher Sensorik,
umfassend:

eine Strahlungsquelle (322, 420, 520), die so
angeordnet ist, dass sie, wenn aktiviert, ein ers-
tes gesendetes Signal emittiert, worin die Strah-
lungsquelle so konfiguriert ist, dass das erste
gesendete Signal in das Gewebe emittiert wird,
so dass Veranderungen in der Gewebeumge-
bung das erste gesendete Signal beeinflussen;
eine Empfangseinheit (323, 430, 530), die so
angeordnet ist, dass sie, wenn aktiviert, ein
zweites Signal empfangt, worin das zweite Sig-
nal das erste gesendete Signal, das sich, je nach
Beeinflussung durch die Gewebeumgebung
verandert, umfasst;

einen Signalprozessor (324, 460, 560), der so
angeordnet ist, dass er das erste gesendete Si-
gnal und das zweite Signal bewertet, um Sen-
sorinformationen bereitzustellen, die dafir ge-
eignet sind, um vom Gehirn als Beriihrung oder
Geflihl interpretiert zu werden; und

eine Steuereinheit (321, 410, 510), die so ange-
ordnet ist, dass sie zumindest eine aus der
Strahlungsquelle und der Empfangseinheit se-
lektiv aktiviert.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin die Strahlungsquelle zumin-
dest einem/einer aus: einer Antenne (450, 540), ei-
ner Sendeeinheit (420, 520), einem Modulator, einer
modulierten Sendeeinheit, einem Anpassungsnetz-
werk (440), einem abstimmbaren Schaltkreis, einem
Siebkreis, einem abstimmbaren Frequenzoszillator,
einem variabel abstimmbaren Frequenzoszillator,
einem Hochfrequenz-LC-Oszillator, einer HF-Sen-
deeinheit, einem Signalgenerator, einem Impulser-
zeuger (521), einem Oszillator, einem Treiber, ei-
nem Ultrabreitband-Impulserzeuger, einem Schmal-
band-Impulserzeuger, einer Durchlauffrequenz-
Sendeeinheit, einem Wandler, einem Ultraschall-
wandler, einer Infrarotquelle und einer sichtbaren
Lichtquelle, entspricht.
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Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin die Empfangseinheit zumin-
dest einem/einer aus: einer Antenne (450, 550), ei-
ner HF-Signalempfangseinheit, einem Impulsdetek-
tor, einem Signalverstarker (532), einem Peak-De-
tektor, einem Amplitudendetektor, einem Phasende-
tektor, einem Frequenzdetektor, einem Demodula-
tor, einem Anpassungsnetzwerk (440), einem ab-
stimmbaren Schaltkreis, einem Siebkreis, einem Er-
fassungsschaltkreis, einem Korrelator-Schaltkreis
(461), einem Integrator-Schaltkreis, einem Wandler,
einem Ultraschallwandler, einer Infrarotquelle und
einem Detektor von sichtbarem Licht, entspricht.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin der Signalprozessor zumin-
dest einem aus: einem Analogsignalprozessor, ei-
nem Digitalsignalprozessor, einem Frequenzdetek-
tor, einem Phasendetektor, einem Amplitudendetek-
tor, einem Peak-Detektor, einem Begrenzer, einem
Korrelator (461), einem Integrator, einem Signalauf-
bereiter (462) und einem Verschlisseler (463, 570),
entspricht.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin die Strahlungsquelle und die
Empfangseinheit so angeordnet sind, dass sie zu-
mindest einen der Folgenden teilen: eine gemeinsa-
me Antenne (450), ein gemeinsames Anpassungs-
netzwerk (440), einen gemeinsamen abstimmbaren
Schaltkreis, einen gemeinsamen Oszillator, einen
gemeinsamen Wandler.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin die Strahlungsquelle und die
Empfangseinheit in einem gemeinsamen Schalt-
kreis angeordnet sind.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, ferner umfassend einen Kommu-
nikationsschaltkreis (330, 580), der so angeordnet
ist, dass er die Sensorinformationen an eine Haupt-
steuereinheit kommuniziert.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin der Strahlungsquellen-
schaltkreis weiters so angeordnet ist, dass er die
Sensorinformationen zu wesentlich selben Zeit an
eine Hauptsteuereinheit kommuniziert, in der zu-
satzliche Sensorinformationen von der Empfangs-
einheit gesammelt werden.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin zumindest einer der Strah-
lungsquelle und der Empfangseinheit fiir dem Ge-
webe zugehdrigen Bedingungen empfanglich sind,
so dass die Sensorinformationen eine Veranderung
der Bedingungen des Gewebes hinsichtlich zumin-
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12.

dest einer/einem der Folgenden anzeigen: einer
elektrischen Eigenschaft, einer magnetischen Ei-
genschaft, einer akustischen Eigenschaft, einer me-
chanischen Eigenschaft, der Leitfahigkeit, einer Di-
elektrizitadtskonstante, einer magnetischen Permea-
bilitat, einer akustischen Impedanz und einer Schall-
geschwindigkeit.

Implantierbare neurale Prothese-Sensorvorrichtung
nach Anspruch 1, worin die Gewebeumgebung, die
das erste emittierte Signal beeinflusst, zumindest ei-
nes der Folgenden umfasst: Umgebungstemperatur
des Gewebes, Oberflachentemperatur einer Ober-
flache des Gewebes, durch ein Fremdobjekt auf die
Oberflache ausgelbten Druck, durch ein Fremdob-
jekt auf die Oberflache ausgestrahlte Warme, durch
ein Fremdobjekt auf die Oberflache ausgestrahlte
Kalte und Deformierung einer Geweberegion um die
Prothese-Sensorvorrichtung herum.

Verfahren zum Sammeln von Sensorinformationen
mit einer neuralen Prothesevorrichtung (300, 400,
500) mit bertGihrungsahnlicher Sensorik, die in ein
Gewebe implantiert wird, wobei das Verfahren Fol-
gendes umfasst:

Ausgeben eines emittierten Signals von einer
Strahlungsquelle (322, 420, 520) in das Gewe-
be, so dass Veranderung in der Gewebeumge-
bung das emittierte Signal beeinflussen;
Empfangen eines Antwortsignals als Antwort
auf das emittierte Signal, worin das Antwortsig-
nal das emittierte Signal umfasst, das wie durch
die Gewebeumgebung verandert wird; und
Bewerten des emittierten Signals und des Ant-
wortsignals, um Sensorinformationen als dafir
geeignet zu identifizieren, dass sie vom Gehirn
als Berihrung oder Gefiihl interpretiert werden
sowie dass sie mit der Gewebeumgebung zu-
gehdrig sind.

Verfahren nach Anspruch 11, worin das Bewerten
Folgendes umfasst:

Identifizieren von zumindest einer von einer ers-
tenPhase, einer ersten Amplitude und einer ers-
ten Frequenz von dem emittierten Signal;
Identifizieren von zumindest einer von einer
zweiten Phase, einer zweiten Amplitude und ei-
ner zweiten Frequenz von dem Antwortsignal;
und

Vergleichen zumindest einer von der ersten
Phase, der ersten Amplitude und der ersten Fre-
quenz mit einer entsprechenden der zweiten
Phase, der zweiten Amplitude und der zweiten
Frequenz, um Sensorinformationen zu identifi-
zieren.
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Verfahren nach Anspruch 11, worin das Emittieren
das Erzeugen zumindest eines von den Folgenden
umfasst: eines modulierten Signals, eines HF-Kom-
munikationssignals, eines Ultraschallsignals, eines
Infrarotsignals, eines Signals aus sichtbarem Licht,
eines HF-Impulses, eines Ultrabreitbandimpulses,
eines Breitbandimpulses und eines Schmalbandim-
pulses.

Verfahren nach Anspruch 11, weiters umfassend:
das Kommunizieren der Sensorinformationen mit
dem emittierten Signal an eine Hauptsteuereinheit.

Revendications

1.

Dispositif de détecteur neuronal prothétique implan-
table (300, 400, 500) avec détection tactile,
comprenant :

un émetteur (322, 420, 520) qui est agencé de
maniére a émettre un premier signal émis lors-
qu’il est activé, dans lequel I'émetteur est con-
figuré de sorte que le premier signal émis est
émis dans le tissu, de sorte que des modifica-
tions au niveau de I'environnement tissulaire in-
fluencent le premier signal émis ;

un récepteur (323, 430, 530) qui est agencé de
maniére a recevoir un second signal lorsqu’il est
activé, dans lequel le second signal comprend
le premier signal émis, lequel est modifié sous
I'influence de I'environnement tissulaire ;

un processeur de signaux (324, 460, 560) qui
est agencé de maniére a évaluer le premier si-
gnal émis et le second signal en vue de fournir
des informations sensorielles aptes a étre inter-
prétées comme des informations de toucher ou
de ressenti par le cerveau ; et

un controleur (321, 410, 510) qui est agencé de
maniére a activer sélectivement au moins I'un
parmi I'émetteur et le récepteur.

Dispositif de détecteur neuronal prothétique implan-
table selon larevendication 1, dans lequel I'émetteur
correspond a au moins I'un des éléments parmi les
suivants :une antenne (450, 540), un émetteur (420,
520), un modulateur, un émetteur modulé, un réseau
d’adaptation (440), un circuit accordé, un circuit fil-
trant, un oscillateur a fréquence accordée, un os-
cillateur a fréquence accordée variable, un oscilla-
teur LC haute fréquence, un émetteur RF, un géné-
rateur de signaux, un générateur d'impulsions (521),
un oscillateur, un pilote, un générateur d’'impulsions
ultra-large bande, un générateur d’'impulsions aban-
de étroite, un émetteur a fréquence de balayage, un
transducteur, un transducteur ultrasonique, une
source infrarouge, et une source de lumiére visible.
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3.

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, dans lequel le récep-
teur correspond au moins a I'un des éléments parmi
les suivants : une antenne (450, 550), un récepteur
de signaux RF, un détecteur a impulsions, un am-
plificateur de signaux (532), un détecteur de créte,
un détecteur d’amplitude, un détecteur de phase, un
détecteurde fréquence, un démodulateur,unréseau
d’adaptation (440), un circuit accordé, un circuit fil-
trant, un circuit de capture, un circuit de corrélation
(461), un circuit d’intégration, un transducteur, un
transducteur ultrasonique, un détecteur infrarouge,
et un détecteur de lumiére visible.

Dispositif de détecteur neuronal prothétique implan-
table selon larevendication 1, dans lequel le proces-
seur de signaux correspond a au moins I'un des élé-
ments parmi les suivants : un processeur de signaux
numeériques, un processeur de signaux analogiques,
un détecteur de fréquence, un détecteur de phase,
un détecteur d’amplitude, un détecteur de créte, un
limiteur, un corrélateur (461), un intégrateur, un con-
ditionneur de signaux (462), et un codeur (463, 570).

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, dans lequel I'émetteur
et le récepteur sont agencés de maniere a partager
au moins un élément parmi ce qui suit : une antenne
commune (450), un réseau d’adaptation commun
(440), un circuit accordé commun, un oscillateur
commun, un transducteur commun.

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, dans lequel I'émetteur
et le récepteur sont agencés dans un circuit com-
mun.

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, comprenant en outre
un circuit de communication (330, 580) qui est agen-
cé de maniére a communiquer les informations sen-
sorielles a une unité de commande maitresse.

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, dans lequel le circuit
émetteur est en outre agencé de maniere a commu-
niquer les informations sensorielles a une unité de
commande maitresse sensiblement au méme ins-
tant que celui ou des informations sensorielles sup-
plémentaires sont recueillies a partir du récepteur.

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, dans lequel au moins
I'un parmi I'émetteur et le récepteur répond a des
états associés au tissu de sorte que les informations
sensorielles indiquent une modification, au niveau
des états du tissu, connexe a au moins un élément
parmi ce qui suit : une propriété électrique, une pro-
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priété magnétique, une propriété acoustique, une
propriété mécanique, une conductivité, une constan-
te diélectrique, une perméabilité magnétique, une
impédance acoustique et une vitesse du son.

Dispositif de détecteur neuronal prothétique implan-
table selon la revendication 1, dans lequel I'environ-
nement tissulaire influengant le premier signal émis
comprend au moins une caractéristique parmi les
suivantes : latempérature ambiante du tissu, la tem-
pérature de surface d’une surface du tissu, la pres-
sion exercée sur la surface par un corps étranger,
la chaleur exercée sur la surface par le corps étran-
ger, le froid exercé sur la surface par le corps étran-
ger, et la déformation d’'une zone tissulaire a proxi-
mité du dispositif de détecteur prothétique.

Procédé de collecte d’informations sensorielles au
moyen d’un dispositif prothétique neuronal (300,
400, 500) avec détection tactile qui estimplanté dans
un tissu, le procédé consistant a :

transmettre un signal émis a partir d’'un émetteur
(322, 420, 520) dans le tissu de sorte que des
modifications au niveau de I'environnement tis-
sulaire influencent le signal émis ;

recevoir un signal de retour enréponse au signal
émis, dans lequel ledit signal de retour com-
prend le signal émis qui est modifié sous I'in-
fluence de I'environnement tissulaire ; et
évaluer le signal émis et le signal de retour en
vue d’identifier des informations sensorielles ap-
tes a étre interprétées comme des informations
de toucher ou de ressenti par le cerveau, et qui
sont associées a I'environnement tissulaire.

Procédé selon larevendication 11, danslequel I'éva-
luation consiste a :

identifier au moins l'une parmi une premiére
phase, une premiére amplitude et une premiére
fréquence a partir du signal émis ;

identifier au moins I'une parmi une seconde pha-
se, une seconde amplitude, et une seconde fré-
quence a partir du signal de retour ; et
comparer au moins I'une parmila premiere pha-
se, lapremiére amplitude etla premiére fréquen-
ce a l'une correspondante parmi la seconde
phase, la seconde amplitude et la seconde fré-
quence, en vue d’identifier des informations
sensorielles.

13. Procédé selon la revendication 11, dans lequel

I'émission consiste a générer au moins I'un des élé-
ments parmi les suivants : un signal modulé, un si-
gnal de communication RF, un signal ultrasonique,
un signal infrarouge, un signal de lumiére visible,
une impulsion RF, une impulsion ultra-large bande,
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20

une impulsion a large bande, et une impulsion a ban-
de étroite.

Procédé selon la revendication 11, consistant en
outre a : communiquer les informations sensorielles
a une unité de commande maitresse, conjointement
avec le signal émis.
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