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activation of paralyzed body parts by stinulation of peripheral nerves, in
particular by electrostimulation. STATE OfF THE ART 10After an injury or

di sease of the central nervous system (CNS) parts of the body will be
functioni ng nornal ly, but parts of the body will be paral yzed. Many nuscl es
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i ncl ude sensectimulfatietiback for both operation of the systemand cognitive
awareness of the action if it is to be effective. In parallel, it nust be
practical to allow independent and effective daily use by a person with
disability. ISTAGE DPbdHEAREystens the regul ation of the strength of a notor
respgnse I's done After an injury or disease of the central nervous system (CNS) parts of the
body will be functioning normally, but parts of the body will be paralyzed. Many
muscles will be connected to the CNS below the level of injury; thus, they are
innervated, but functionally paralyzed (not controllable volitionally). Many sensory
pathways are connected to the CNS, yet their function is lost or modified because
15 the information that they carry is not relayed to the corresponding higher centers
within CNS.
Functional electrical stimulation (FES) can be considered as a bypass of the
impaired sensory-motor mechanisms. FES must provide synergistic actions of many
muscles, full control over the each of the muscles by following the findings about the
20 size principle, recruitment order, and recruitment rate, and it should also include
sensors feedback for both operation of the system and cognitive awareness of the
action if it is to be effective. In parallel, it must be practical to allow independent and
effective daily use by a person with disability.
In biological systems the regulation of the strength of a motor response is done
25 through the number of active motor nerve fibers and the rate at which they trigger
action potentials: recruitment and temporal summation, respectively. In a
physiological contraction, the recruitment order is fixed; slow, fatigue-resistant motor
units are active at a lower voluntary effort than larger, fast, fatigable units. The
second mechanism affecting the overall force developed by the muscle is temporal
30 summation. The frequency at which the generated muscle forces are sufficiently
smooth is known as fusion frequency. The point at which fusion is achieved
depends upon the speed of contraction of the activated muscle fibers, and therefore

ultimately upon the level of recruitment. In biologically innervated muscles the motor
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25 changes that are likely to occur during prolonged periods of activation. Most, if not
all, FES systems activate simultaneously many motor units.

The sensory system in humans operates as an extra large neural network that has

been trained through numerous trials and errors. The biological sensory system

components provide frequency coded series of binary information, and the process

30 of fusion of this information is not completely understood and described in literature.

The inputs that play major role are vision, vestibular system, auditory system, and

somato-sensory system (exteroception and propriception). Natural control operates

in space that is qualitatively described (e.g., hand in contact with an object, elbow

fully extended, body erected, etc.). In contrast, artificial sensors systems transform a
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Textil e subs 3 single pad or nulti-pad el ectrodes in various sizes with
hydr ogel or nade conductive when wet; Various garnment type alignnments for
t he18l ect r odé&gjlowing elements are known from the prior art (Special issue J Automatic Control,

Vol 18(2), 2008):
» Models of electrical field (current density) distribution when electrical stimulation
is applied;
= Surface electrodes with adhesive hydrogel in various sizes;
20 » Textile substrate single pad or multi-pad electrodes in various sizes with
hydrogel or made conductive when wet;
» Various garment type alignments for the electrodes;
» Microprocessor based current regulated or voltage regulated multi-channel
stimulators suitable for safe application of surface electrical stimulation;
25 » Electronic stimulators with up to eight channels with numerous predefined
stimulation patterns for exercise and limited number of functional movements
(grasping, walking);
= MEMS and EMG sensors that measure acceleration, position, joint angle,
pressure, force, and level of muscle effort;
30 = Model-based controllers that drive the multi-channel stimulator to allow the
tracking of predefined trajectories;
» Finite-state controllers that operate based on feedback and predefined
synergies.
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15 claim 1, which solves the problems of adjusting location and/or stimulus intensity at
multiple stimulation points and therefore eases the use of a multichannel

electrostimulation system e.g. in an configured array. Advantageous embodiments
are defined in the dependent claims.

20 BRIEF DESCRIPTION OF THE DRAWINGS
To complete the description and in order to provide for a better
understanding of the invention, a set of drawings is provided. Said drawings form an
integral part of the description and illustrate preferred embodiments of the invention,
which should not be interpreted as restricting the scope of the invention, but just as
25 examples of how the invention can be embodied. The drawings comprise the

following figures:

Figure 1.-soft interface according to the invention integrating the multi-pad

electrodes contacting the skin and the back layer comprising controls and
30 stimulation electronics.

Figure 2.-soft interface according to the invention integrating the strip multi-pad

electrodes contacting the skin and the back layer comprising controls and

stimulation electronics.
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Figure 9.-general embodiment of the multi-layer intelligent FES.

Figure 10.-flowchart showing an activation control procedure.
15 Figure 11.-flowchart showing an amplitude adjustments procedure.
Figure 12.-flowchart showing an activation/amplitude adjustments control procedure.
Figure 13.-graph of the synchronous stimulation.
Figure 14.-graph of the asynchronous stimulation.
Figure 15.-single substrate multi-pad electrode.
20 Figure 16.-double substrate multi-pad electrode.
Figure 17.-ASIC Multi-pad electrode module.

DETAILED DESCRIPTION OF THE INVENTION

25 The multi-pad sleeve of the invention is made of soft Neoprene or a similar skin
friendly material (8), which integrates the multi-pad electrodes (7) contacting the skin
and the back layer comprising controls and stimulation electronics as seen in Fig. 1
and Fig. 2. Multi-pad electrodes are part of the multi-layer interface between the
stimulator and the skin, where pads are small enough to allow controlled current
30 flow between the anode and cathode. The location of the cathode (called electrode
through this text) on the body determines where muscles or nerves are activated.
The anode, can be located at any position of the same body and is often referred as
indifferent electrode. Thus, a multi-pad electrode used as cathode can direct the
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possi bl e. distributed in 3x3 or 1x8 matrixes. The size and shape of the pads within the multi-

pad electrode is chosen so as to produce comfortable but also selective stimulation.

These requests are opposite in terms of pad’s size. Bigger pads create lesser

current densities during stimulation therefore producing less pain. In contrast,

20 smaller pads create greater current densities followed with pain generation. The
invention is provided with a relatively small pad base on top of which conductive gel
is positioned. Gel size and shape determines effective electrode area (gel,
commonly used conductive hydrogel is with respect to the skin a relatively good
conductor; as such the size of the gel will determine the electrode area).

25 The sensory layer (32) overlaps stimulation layer and has the same shape and
number of stimulation adjustment elements as electrodes, adjusting activation
and/or intensity; one sensor per contact. Pressure sensors located in sensory layer
allow the control system to determine which contacts need to be active and which
inactive. Data obtained by these sensors is available to the controller via connector

30 (33).

Contact switches or capacitive switches could be used instead of pressure sensors.
Connectors for the multi-pad electrode are attached to the cable by a clamp.

The back side of the multi-pad electrodes is the support for the smart driver units
that are controlled by the built in controller (26) shown in Fig. 5. The controller can



Fig. 3 and Fig. 4 show the design of two preferred multi-pad nmulti-Iayer
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30 keyboard and nunmeric LCD display that allows the user to manually set
the stimulation sequence paraneters for each node. The gl obal controller
has a corworzbciz7dsss | i nk with a host computer (PC) for eariErecoonesees | i ne
adj ustnments of the rul e-base control. W) 2011/079866PCT/ EP2009/ 068023 8
The operation of the device has two phase&s: Setup and Functional use.
Swi t chi ng between these phases is perforned by the user as a node of
operation of the controller. The Setup phase considers the use of multiple
sensor s ( son® heapeltation exfplog device bag bod elmastee Shwpm@yFmtiMrmsbeSwitching
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menbers; thus providing informati on about the functionality and conmand
signal for the novenents to reproduce the desired novenent. Sensory signal
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mul tiple Sys%%@m‘?‘%cﬂ' I%@N%odule consists of MEMS inertial sensors, a battery power
supply and connectors. MEMS inertial sensors, accelerometers (22) and gyroscopes

(23) are utilized for obtaining body parts spatial orientation by the controller. The

25 sensors integrated into the system operate as a network and provide qualitative
information about the functional status of the body members; thus providing

information about the functionality and command signal for the movements to

reproduce the desired movement. Sensory signal conditioning and processing

circuitry is also located in the ISC. The power supply can be located in any ISC and

30 consists of one or more batteries. Batteries could be rechargeable or disposable.
Charging of batteries is conducted through the connector of an ISC by an external

charger. If the global controller (27) is in use, it provides battery power supply for all

units. The global controller has multiple functions: it supervises and powers all units,

synchronizes and facilitates communication between multiple systems and allows



WO 2011/ 079866PCT/ EP2009/ 068023 9 rechargi ng of the batteries. The gl obal
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det er m ned by sensor pressing. val

stored in nempoisgsite desu:m padﬁ mea o8 ffi mamaicAi mn@bolpﬂ@asenmll@ectueff@m t

val s WO %9&&4)938&995@4@889?&8%8&% on the sensory layer. When a rising slope
on a stimulation adjustment element (sensor) is detected, the stimulation pad
underneath changes state, if active it becomes inactive and vice versa. The control
algorithm is shown in (Fig. 10). The stimulation amplitude is set indirectly on the
control unit input interface.

25 Mode 2 incorporates stimulation pulses amplitude adjustments. This feature is
available in both the Setup and Functional phase. During the Setup phase the user
performs adjustments of stimulation pulses amplitude for all pads that need to be
activated. The pulse amplitude will be adjusted by the user according to the specific
need that can be selectivity, comfort, motor or sensory threshold or performance.

30 The control procedure is shown in Fig. 11. Default stimulation amplitudes in Setup
phase are 0. an increase of the stimulation amplitude is determined by the duration
of sensor pressing. Values set by user are stored in memory in order to be used in
Functional phase as the default values.



10 Mode 3 allows both activation and anplitude adjusting functions. Fig. 12
Shows control algorithmfor enbodinent 4. In node 4 a processing and
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25 Functional phase. This way, more degrees of freedom for stimulation parameters
are introduced when stimulating with spatially fixed multi-pad electrode.
Asynchronous stimulation relays on sending stimulation pulses to pads within the
multi-pad electrode sequentially, by delaying one stimulation pulse after another in a
short time (Fig. 14). Mode 6 includes asynchronous stimulation of pads during Setup
30 and Functional phase. When stimulated asynchronously a stimulation pulse is
switched to only one pad, such that the excitation of nerves, is uniquely determined
for each pulse and not determined by impedance distribution between multiple pads
and the indifferent electrode. It allows better reproducibility of stimulation

parameters.



Figure 17 shows an enbodi nent of a nulti-pad el ectrode conprising ASIC
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separately

and 2 communication wires with the information about stimulation channel switching,
20 channel synchronization, stimulation amplitudes and pulse durations. Alternatively,
ASIC modules can be wired using only 2 connection lines providing high voltage

with superimposed communication signals.

In this text, the term “comprises” and its derivations (such as “comprising”,
25 etc.) should not be understood in an excluding sense, that is, these terms should not
be interpreted as excluding the possibility that what is described and defined may
include further elements, steps, etc.
On the other hand, the invention is obviously not limited to the specific
embodiments described herein, but also encompasses any variations that may be
30 considered by any person skilled in the art (for example, as regards the choice of
materials, dimensions, components, configuration, etc.), within the general scope of

the invention as defined in the claims.



2.- Apparatus according to claim1l wherein each electrode is provided with
a 10corresponding activator in a position facing the electrode wth the

mat eri al wb 20hi@7346eeve t here between. 3.- Apparatus ac@ordiPagotesoes ai m 1
or 2 further conprising a controller neans adapted to control all the
activators. 15 4.- Apparatus according t®» claim3 wherein the controller

I s adapted to be connected to a personal conputer. 5. - Appar at us
according to any of the preceding clains wherein the activators are
20pressure driven. 6.- Apparatus accor@LAMS$o any of the preceding clains
further conprising novenent and/or position sensors (22) connected to the
controller. 257.- The apparatus of claim6 wherein the sensors are force
sensors, accéleApmr‘awssforiaxtﬁ'rtlalaact'wehim'opfs,pagg}yzeslcbtpxb'sparrlnj/b(yrstlrmﬂgﬁdm of bend

sensors. Aﬁeas r‘r’esrv@schEﬁJsQIg L oni %oﬁf %e s o‘?t"é Yol (3 Brovided il

corrprlsmga oneA hee str Iae carryi ng
sti bl ati on padspdd tlectiodbs3Oowbies eida (Bh)earrmacttwaq[r@mealm:om didaesthalr sdgr(iﬁﬂ)ped,

the ASI C bei g, adaRbés! it Gndiob’ Qivhii Waha%fe SBhRI BRI Uvalh 4 ed to

t he group.
control of a delivered electrical pulse to each multi-pad electrode separately.

2.- Apparatus according to claim 1 wherein each electrode is provided with a
10 corresponding activator in a position facing the electrode with the material of the
sleeve there between.

3.- Apparatus according to claim 1 or 2 further comprising a controller means
adapted to control all the activators.

15
4.- Apparatus according to claim 3 wherein the controller is adapted to be connected
to a personal computer.

5.-Apparatus according to any of the preceding claims wherein the activators are
20 pressure driven.

6.- Apparatus according to any of the preceding claims further comprising
movement and/or position sensors (22) connected to the controller.

25 7.- The apparatus of claim 6 wherein the sensors are force sensors, accelerometers,
inertial sensors, gyroscopes and/or length or bend sensors.

8.- Apparatus according to any of the previous claims, further comprising at least
one ASIC on the electrode substrate layer carrying stimulation pads (31) and

30 wherein the multi-pad electrodes are grouped, the ASIC being adapted to control the
voltage and/or amplitude delivered to the group.



