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~ 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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system 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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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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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
fdllowing 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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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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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
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30 keyboard and numeric LCD display that allows the user to manually
set the stjmulation sequence paraneters for each node. The gl obal
control | er MRRIPTEPmuni cation |ink with a host conput ECTEPEI0OER023
online or offline adjustnents of the rul e-base control. WO

2011/ 079866PCT/ EP2009/ 068023 8 The oper ati on of the device has two
phases: Setup and Functional use. Sw tching between these phases IS
performed by t [ e of eration.qf th r
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consi sts of i nert Sensors, £ery power suppﬁ/ and
connelt ors. MENE?H'%?H%I sensors, accel eroneters (22) and gyroscopes
(23) are utilized for obtai ni ng body parts spatial orientation by t he

controller. 25 sens in r at nto the sytemo erate as
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be rechargeable or rres Is con
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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/ 079866PCT1EP2009/ 068023 9 recharging of the batteries. The
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(pronation /suppination as well as radial/ul nar deviation)
measur enent glove (3) is part of the syst9em designed for use 5 mainly
during Setup phase, and in sone nodes of operation in Functi onal

f f , A | o
ensors: NS TRBATL EBres TheabPR SuRdEr SRRt b LReti 2
The pr essure seblsor g8 wirelasuinterfabeen the fingers are in contact with an

obj ect Lhe 91 95 AL BSion iRkl 3560 BADLE IhhGRusIC 001N 85 Wk Tas

hand function sensaory i npu
| SC unit (23) raigiyiner denationumeassierndrd gblveé& iRt afsihé oystarx degigredifor tese

hand grasp or thas) §ufrg gt prake, 3 ’sﬁ?ﬂ&ﬁg@ (ﬂ F)%%'ﬁ@ﬁ% FQJE\@A?ERaWhas? fa

configurations (configurations o ers
be set up wit HOrEHE YA L@?%CT%G'QV‘{ Gensigs tOIﬁéNLt”mR:Iﬁe@@r%d\ﬂEM§ ingrijal

the Functi onalsepge Iéﬁ&ﬁ%eﬁ&ir&%d%r@ésuk&e s&RLRC 1R %W's@%&g rﬁé&‘é‘ure

hand 15orientation, position and configuration using based

control | er. qﬂ@ﬁaﬁh%ﬁm%a@ra ”brCS'\‘/t?‘éfe“é“”héﬁ‘lo@&Cf 81 @r@ﬁ@ erfPe o?he rule-based

i ndi vi dual pa(ibSntbﬁémlefmés ARASIOF arldeiRdtiof@iyPusiddlihesd e@isdhenpus. The glove
avai Iﬁ)bl ein th Setlgepglt &grunctl onal phase. The nain functional

principl e of é] 19 ect/command the distribution of
stinulation pW feedioha wesi thedlqidde iammmxamyblefrf alhianﬁmgrrasp Artissi @ikt of

f troll th

appl 1 eq on  ne- SEHERS of tdlertaran ToffrdignditbirEBuRtarsCfr M BaMEran
adj ust nent el &ngars), Q\@@hwf f,ve et L@e&/!ébthedlalnnémbele¢trqdal ainigihe paith sensors ).
under neat h Chﬁ'ﬁ‘Q@f P‘Enfn&Foﬁal dé‘%é \esdihp G@PB&%e&é&fe‘at néﬂg & fE. hand

versa. The contr gor it m Fs shown 1n Uﬁ? nul ati on
anpl itPude is Sdentatipm; P%S@tqnﬁnéﬁo'ﬁflﬁlém@%t'@@ﬂ a baseﬁmmrqllﬁt erf ace.

25Mbde 2 i NCOKRRFAbLE Mmatfel wkaawactw .oﬁﬁéon%péfl ihdiAGuA Babks bERR G seH3bs
feature is availahle in ot Sretu and Functional phase. During

the Setup phas¥ef fdaubls eﬁ‘&’rr? éﬁﬁ’@ %ﬁiﬁ’s@%%g‘p(ﬁ"dsﬁqnﬁ‘iﬂ“él Prlﬂﬁepmes'@ém

anpl i tude for falctioagandihiaiot rrad 1te tb%e%@ﬂdo\ﬁﬁﬁeﬁ@ thd Ristriukise oasmhmétwale
will be adjuste

by the
e ety yofebl bRl ete 5F G5 ELDuhte F SR Ko e 420
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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 Mobde 3 allows both activation and anplitude adjusting functions.
Fig. 12 Shows control algorithmfor enbodinment 4. In node 4 a
processi ngVQIYHhge unit is used which allows to st SEERAPIEHD
setups nmade in the manner as descri bed |n t he previous enbodi nents.
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is switched to onl'y one excl
uni quel y det erting ﬂlectnctailcueamh applied ¢hrangh adlive gede (g h&d Ths rasoibegl field enay

di stribution Q%geagrg%%u%{u 84 ﬁer9§sd§/hﬁﬂ rd BEIoWHlLh &S %En% %Ee%% eddh

al-l ows better at1ron paraneters.
2011/ 079866PCT¥9\§F329@9196}68/@23 51r101w1¢s SV RGEFGTRLS w,m atirsdif wads dwingSetup and

doublgs | ayer %h&ﬂonﬁ%a%beﬁﬁué QRS mdredgsiranest f*?é‘“ed@m%ﬂ%rﬁul&%sédr%@ters
| ayer with stinmulation and sensory layers on its sides and shown in

Fig. 15. 3 A ced MY ﬁ%ﬂ@t"@fwﬂé S@BLFB'V dxghPuiH-Pad plertrosied
el ectrode is d%%h@iﬁ&%u@%ﬂhﬂ@tl& Eeevasyaroaht @enam@sdnmta(ﬂom pUIRES to AR within the
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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 ment of a nulti-pad el ectrode conpri sing
ASIC stinulators with controllers (application specific integrated
circuits). WRE1HQIPe6 i ons of switching on/of f of the stiRATVER2§03/06842%
the setting of the stinmulation intensities for 10 each pad are
integrated in an ASIC placed on the el ecttode substrate. One ASIC is
responsi bl e of, for exanple, 4 pads and has as input a high supply
vol tage and a co trol . Such an odi nent ves the pro
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claims. 12 CLAl or exter activation par al

body parts by Sﬁ‘ﬁhﬂﬂ‘?&tﬁAE mduﬁﬁ@rﬁfﬁ\f’@r fll fynetienadtyder medas! &g, F'Q\Hﬂ(ﬂﬁ‘ows 4

conprises a SQbhnRRORS SardBdy BN ‘M’S'l(ﬂ%d\’}!e&hz ﬁlgWottageO%r@ ffdd @ge%m
one side (31) and activating nean e other sid aél wherein

the activati ng"*“ﬁ@a?ﬁg‘”&W@a&%‘ﬁ'feédm?‘dh%lnf%mﬁmqt\?at $tighlating CW"%‘(‘tC@f‘g’a
dﬁ' i \m{ ed el g%amﬁbyﬂ@ubﬁﬁaﬁﬁl tembxagnﬂ iﬁmplms@r@cmgédﬁ;rmarﬁtemarvely,
char ac er|Ze a eac nmu | a el e rO e 1S r ovi

e ot oo Adle s B e P S e RS S bR e

mat eri al of t hethapperingdostdhesrembetatieesignalhe acti vators

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.



10bei ng pressure driven . 2.- Apparatus according to claim1 further
conprising a controller nmeans adapted to control all the activators.
153. - Apparatus according to claim2 wherein the controller is
adapted to be connected to a personal cofputer. 4.-Apparatus
according to any of the preceding clains wherein. 205.- Apparatus
according to any of the preceding clains further conprising novenment
and/ or position sensors (22) connect edSt8IM$ie controller. 6.- The
apparatus of claim5 wherein the sensors are force sensors
acceleroneters inertial sensors, gyroscopes and/or ngth or bend

Sensors. 17 APpgple aPDseXK‘é'é%r%ﬁ“M@'% ohRprarzed h@qdr So@% ginylafion of

further corrprpbﬁpmanaﬁerb@@%tr nm@eésmcﬂnc&ﬁ&sskeé:%é@%p%b%é)r @bedb@mfh
carrél ng stinulation pads (31) and wherein -pad el'ectrodes

are grouped, W%M@P@cw%g%a%ﬂéa (8D wn@qtlaatmwéew %&@ ciher 9de (32),
anpl i tude delyjn¢pdi®dnd AckiRing’ AEshs are adapted to allow activation and control of a

delivered electrical pulse to each multi-pad electrode separately characterized in
that each multi-pad electrode is provided with a corresponding activator in a position
facing the electrode with the material of the apparel there between, the activators

10 being pressure driven .

2.- Apparatus according to claim 1 further comprising a controller means adapted to

control all the activators.

15 3.- Apparatus according to claim 2 wherein the controller is adapted to be connected

to a personal computer.
4.-Apparatus according to any of the preceding claims wherein.

20 5.- Apparatus according to any of the preceding claims further comprising

movement and/or position sensors (22) connected to the controller.

6.- The apparatus of claim 5 wherein the sensors are force sensors, accelerometers,
inertial sensors, gyroscopes and/or length or bend sensors.

25
7.- Apparatus according to any of the previous claims, further comprising at least
one ASIC on the electrode substrate layer carrying stimulation pads (31) and
wherein the multi-pad electrodes are grouped, the ASIC being adapted to control the

voltage and/or amplitude delivered to the group.



