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stimulator, or generally to the interface. )
A number of attempts have been made to develop vision prostheses for various groups

of blind persons by implantation of micro-contacts at the output layer of the retina (RET)
or within the visual cortex (VCO) and by coupling these implants with an external signal
transmitter (the encoder) in order to elicit functional visual perceptions. For example,
encoders for implantable vision prostheses are described in US 5.498.521, US
5.351.314 or W095/06288; implantable micro-contacts for the retina, visual cortex or
auditory system are described in US 5.597.381, US 5.569.307, US 5.549.658, US
5.545.219, US 5.496.369, US 5.411.540, US 2.215.088, US 5.109.844 and US
4.628.933. US 5.277.886, EP 0435559, US 3.766.311 are concerned with neural
networks and the visual system; US 5.571.148, US 5.512.906, US 5.501.703, US
5.441.532, US 5.411.540 are concerned with addressing micro-contacts.

The target groups of the RET projects suffer retinal degenerative disease (for example,
retinitis pigmentosa, macular degeneration), whereby the photoreceptor layer has
degenerated but at least a portion of the retinal ganglion cells and part of the optic nerve
originating there, as well as the central visual system are still functional. As is
demonstrated by the publications mentioned above, work is being done on development
of a variety of types of implantable micro-contact structures (stimulators), that are
applied inside the globus oculi [eyeball] onto the éanglion cell layer of the retina and on
the development of wireless signal and energy transfer systems for connection between
the external encoder and the implanted stimulator, or generally to the interface.
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simple image patterns (for example, lines) are forwarded directly as stimulation signals
at the locally distributed micro-contacts without individually adapted information
processing as a substitute for that part of the visual system that is to be technologically
bridged (for example, the retina). The visual system that has been so rudimentarily and
unadaptively stimulated is confronted with the difficult problem of generating visual
perceptions, that are sufficiently similar to the image pattern, from the locally and
temporally incorrectly processed or coded signal paths. Furthermore the physiological
adjustment of the visual sensitivity (brightness adaptation) over approximately 10
decades [sic] and the functional alteration of the receptive field characteristics or
features connected with it in technical photosensor systems is not taken into account.

The currently developed implant systems using available technology do not use visual
prostheses for the purpose of warning the implant carrier of hazards and reporting
technically identified patterns. The same applies to currently developed implant systems
for the auditory system.
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cells or the cells in the visual cortex. Therefore, the visual system, using the implants
that are currently in the development stage and which are based on normal cooperation
with eye movements, can perform only unsatisfactory visual perception, if any at all.

In various visually challenged persons there occur, in addition, undesired, non-visually
induced eye movements with slow and fast phases, that can significantly impair optimal
utilization — and thus the acceptance — of this type of visual prosthesis. If, for example,
the encoder with photosensor array is fixed onto the globus oculi, the then desired locus
of fixation is constantly shifted by the undesired eye movements. If, on the other hand,
the encoder is built into an eyeglass frame, then the visual system will interpret the
image pattern with the eye movements that have not been harmonized with the image
pattern, as ambiguous visual perceptions, for example, as apparent movement, és is, for
example, the case in vertiginous perceptions.
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lesinnot be adjusted to the spontaneous activity of the neurons. Furthermore, the
triggering of neurobiological impulses by stimulation [excitatory] pulse cannot be directly
monitored. Furthermore, there is no sure opportunity for impulse monitoring for a
possible temporal tuning and synchronization of the impulse sequence of several
neurons. The same applies to the auditory system.

The task of the present invention is to eliminate these disadvantages and to provide an
adaptive sensory-motor encoder.

This problem is solved by a device having the characteristics described in Claim 1.

Because the encoder operates in bi-directional coupling with implanted micro-contacts
on the retina or on the visual cortex after — preferably with the aid of neural networks in
carried out in dialogue with the implant carrier— functional tuning as individually
required, various visual recognition, tracking, and location identification tasks as well as
reporting of hazards and tecnically identified patterns can be performed by technical
image pattern shifting and simulated eye movements, the number of selectively
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activity to the encoder. Because of a bi-directional wireless signal and energy transfer

the encoder can be installed in an eyeglass frame, attached to a contact lens on the eye,

placed on the body, or at a body-remote site. Finally, the spatio-temporal functional

range of the RF filter includes, for example for use as a retinal encoder, the receptive

field characteristics of retinal ganglion cells or other intra-retinal neuron classes of the

primate retina. The same applies to the preferred designs of the encoder in coupling with

the neurons of the visual cortex or in the case of an acoustic prosthesis for coupling with

neurons of the auditory system.

A suitable form of a procedure for adjustment or setting the RF filter of the encoder in the
dialogue with the user is illustrated diagrammatically in Fig. 1 and Fig. 2. The RF filters
are executed as spatio-temporal filters whose spatial and temporal functional
parameters are modified in a sufficiently large function range for approximation of the
receptive field characteristics of visual neurons, namely by externally accessible
parameter exchange points placed at appropriate positions in the filter algorithms. A
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In the production of asynchronous impulse sequences the output signals of the individual
RF filters are transformed by appropriate conversion algorithms form the quasi-
continuous temporal functions of the RF filter into asynchronous impulse sequences
appropriate to the activity of the visual neurons in the primate visual system and impulse
sequences—temporal courses of the occurrence of individual impulses are shifted by
variable time delay elements in the dialogue phase.

Normal-sighted persons can carry out a perception comparison between the desired
pattern on the left screen and a corresponding actual pattern on the right screen. A
suitable form of the vision system model for the perception comparison in normal-sighted
persons is found in the fact that for a series of RF filters, individually or as a group, the
respective appropriate inverse representation is provided and thus parameter vectors
are established as precise. Through sequential switching with the encoder an actual



I mage is produced on the right screen with considerable simlarity to the
desired pattern. At the start of the dial ogue the paranmeter vectors of the
RF filter are set to randomstart values so that initially there is a clear
di fference between the patterns, but in the course of the dialogue with
non- noni t ored adapt ati on becones consistently less. The functié%
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.[err] dialogue occurs in contrast with the functional adaptati 179, % A
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For the purpose of functional enhancement of the number of separations [resolving
powers] of the selectively reachable stimulation sites with a given number of stationary
micro-contact implants the impulse signals from a given RF filter are guided to several,
neighboring micro-contacts.

The characteristic time courses of the electromagnetic field in the area of the neurons to
be stimulated — based on the encoder commands and set exactly for each micro-
contact and decoded stimulation time functions corresponding in the interface with
respect to current amplitude, polarity and phase length — have the effect that these
stimulation signals that are tuned to each other by superpositioning, trigger local and



per cepti on-based di al ogue with the inplant carrier occur via the neural
network signal variation processes at the adjacent el ectrodes, such as, for
_exanple,__a continuous, sweeplike automatic shift of the functions

paranmeters of the stinulation inpulses that are superinposed upon the n e
tissue and used in the determnation of as many as possible stinulation
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eye movement sequences with fast and slow phases optimal adaptation of the sensory

data flow results at the responsive central vision system. With respect to the production
of eye tracking movements there is a suitable design form in that an adaptive, neural
predictor picks up the initially unknown movement time function of the object to be
followed from the position and movement errors of its projection on the photosensor
array, [and] using an appropriate non-linear adaptive prediction algorithm with
consideration of the analyzed frequency segments of the object movement an object
tracking-time function with minimal delay or even with minimal lead is generated
internally with rapidly increasing reliability and, in the case of temporary disappearance
of the object being tracked, for example, similar to the situation in which the eye tracking
movement system in primates produces a movement time function, which, depending on
the nature of the object results in a continuation of the tracking on reappearance of the



the control | oop undesired eye novenents are conpensated foll ow ng an
appropriate period of adaptation and so that an adequately satisfactory
simul ation of the vestibular- ocular reflex (that is, the automatic reflex
stabilization of the direction of vision in space by eye novenents that
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| mpul ses %&ﬁpensator% eye movements. _ _
10 ot her physical or chem cal signals fromthe inplanted structure

are repor Saflulbredteye nmﬁféﬁfs and dohﬁaeaﬁétb@myéaﬁ@eﬁremmldvaia@@a@nd opti cal
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function Pﬁﬁﬁ@“‘&&?@é&&“ “over six to ten brightness

The implant carrier can select the desired “Active Vision” functions, such as looking
around or object tracking, by means of a portable command input device; for example, a
handheld device with keypad.

Ongoing communication to the implant carrier of the current position of objects picked up
visually or acoustically in space consists of the encoder’s assessment of the object’s
position by evaluation of image patterns or sound patterns, eye and head movements
using an appropriate, portable signal transmitter reported to the appropriate sensory
organ; for example to the tactile sense, and that the encoder by means of an internal
pattern recognition program, in particular in conjunction with automatically occurring eye
movements, warns the implant carrier of obstacles or hazards and reports type and
position of technically identified patterns or objects.

A monitoring system for a partially sensory-motor autonomously operating implanted
structure of the encoder consists in the implanted micro-contacts being used both for the
stimulation and for recording of neural impulses, such that the recorded impulses and
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| evel s, that includes both large portions of the scotoptic range of dark
adaptation as well as the photoptic range of bright adaptation, a rapidly
adj ust abl e el ectronic display on an internal operating range for the
encoder, relative to size and adaptation brightness, is adjusted
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rocess s V, [ 1 il s | At ' ' nces
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it can be used also for the production of warnings and for data reduction in the

communications channel between the camera and the encoder.

It is of further advantage if in the course of a process the adaptation of the
accommodation initially, for example, in the foreground, is sharply [selectively] adjusted,
these ranges are stored, and then second([ary] ranges of the visual field are adjusted
sharp as images; for example the background of a visual field. The initial ranges that
now become flat [unsharp] are faded out of the second image pattern and replaced by
the first stored, sharp ranges. By doing this, a depth of definition is produced that is
unattainable in the scope of geometric optics. With the cyclically repetitive course of this
process step and corresponding image balancing the user remains unaware of the
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possible to the part of the visual systemor auditory system contacted. The
various pre- processing functions are set directly by the user or selected
by a perception-based di al ogue or set automatically. The image sinplified

in this process [and] communicated to the retinal encoder is advantageous
for figure recognition even in the case of a limted nunber of vis

system neurons contacted. In the pre-processing for acou r ost deses,
*correspondi ng benefits result if conplex sound patterns aé}%e are {A&Ghe ,

course of pre-processing for speech recognition. 1In the
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accessory processes are explained using the draw ng. ovm ng are
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prostheses, corresponding benefits result if complex sound patterns are prepared in the

course of pre-processing for speech recognition.

In the following, a design form of the encoder device as described in the invention and
the accessory processes are explained using the drawing. The following are illustrated:

Figure 1: A visual prosthesis using the example of a retinal implant;
Figure 2: An adaptive encoder with dialogue system; and
Figure 3: A drawing of the head movement and eye movement detectors, the retina

encoder anterior to the eye and a neck collar for tactile response of object
position;

Figure 4: A schemaitic illustration of an implanted micro-contact structure for
stimulation of nerve tissue not contacted directly;

Figure 5: The illustration of a scene with very different brightness ranges and areas
of different focal distance; and

Figure 6: The course of brightness stages in the camera image for four different
image areas from Figure 5.

12



characteristics, for exanple, of ganglion cells of the primate retina, or
of neurons in the visual cortex and are individually adjustable as to

- function by parameter—vectors. The interface-receives not—enly—stiutat+on -

signals fromthe encoder but al so sends recorded neural inpulse si naI sto
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Figure 1. Figure 2 shows the |ayout of the encoder (1 di al ogue
?yst fm l nlilggléouﬂidwwsdhbmml(}‘éﬂ? aWdar Brosthesis abing s exampie 611‘H3I‘e|tlﬂ5| 'm{’m‘ﬂ?'
i mpl enen ion.in a norma [son r as_an ua em from
Che' | ovel Wih af Ageqtive, skrsBa-ter scda ity Erds sPEaH wades i Spid 3
(inpl erfenfrﬁhé@"hnﬁéﬂfabbﬂrﬁplﬁhlémh tlﬁEﬁé)lre I?{p}oxnﬂ'ityétoahgbmgﬁten eﬁmpémr | B
attern o ot osensor array (le res a e et e '
8e3| red p%l’?@?wp dtrﬁ‘é° ﬂlqs&mcgé]pgﬁa%&gg APTEFSPAY SuegH* he N
connecting b|-mévuaﬁé| Wikdlgss sﬁgﬁan an@eﬁérgwahetfertsysfendmeenh mémndaeéddyc ' 7
anot hor  clIEIERF e INAvEHEPaparoRTe Alers (RE THELEt B eDroue" Wit sARaumy % ot
shift as dmammb&{ly tounficatoutsld theTﬂmt@sehemrtay (a)ia tmeh bt Ia )7 ”4
Pt ol - ey -Gl m1Bs oot VSTl e eresh R FESBIEIRY per cept i on
area (i rrpbmhctéﬂertics o) exahpste, &f ghmglion Zkildbfibe mameﬁrrapm ofreesronisdh thed o
The man (VBB CORPERR s taydiall Feh R o edubiion By PRt e o e
conpar i soimtérface h&%l rioé onig Btin&htmmﬁgm% fromithe enmdeabuﬁdlso sémls nedorded
e e R T e
par amet er wuﬁtﬂwénd‘oder ad:hlagt foe ekarmple tthe é:aﬂrr]él icomteot uan‘bt the rpe@bmcﬁmmgh of y
i mage, att S Wit ou atter nd the visua stemwith the auditory
syotem Fi bspuspolibeed BbSARERLES BF PG 418 RelariBun B foder o 1or acoust: &
01305 1S Figure.2 stiows te auout e Speder (1) WIhJRlogHs YSIGL NG oBlng Wit 15
encoder vvcemtrai eispaicsystem, eftieerass modeli(inplererdationl it diomealssighted pgrsbnjnott i oni ng
head novenen I r uncti oni ng
eye m)verrgﬁﬁh?gﬁgﬁgysfé&é(}rgﬁgg%/%gggﬁé@ lg?plfr“gqjmﬁ%:gg cﬁ@taﬁs% ?é&%g?led into an
eye gl ass pércepiionfirnplemediation exthenwgldnti czeripe). ﬂ'he*aegla gs@xemplaolirmage pia’eberrf or the
roductio 0
Br ovi des P ng é@oﬁggvxenn%ﬁ%r%yg(}éﬁtgFelspg%\‘g’e?%g%rtae %\ag"q%(ﬁ'“glaodceai‘ea h%?% é’ﬁqrc‘) | ect
rel ati ve tonitbre whishrmoves Lmyvam te the fight ng thencdnnedtingdhtelmatimagedeattern o t he
a2t Sroh Bl e by B 1 BIGRiR, BiEARME BT, L
i|lustrat adothelastplttleg@bsiﬁbmincarbﬁmrdtre&lo(rah ordextto mdmategbedunctlem vkatissue (8).
{ Eet Egr \F;r t P RcafitRAER shinldY 8Bt iR AR AC e bdrBen fo'the HEht Sous'ti®! anted in

appropriate actual image pattern and represents either a second monitor (normal-
sighted person), or a virtual projection of the visual perception area (implant carrier). The
elliptical disc moving from upper left to downward right represents the corresponding
perceived actual image pattern. The man (lower right) articulates his subjective
evaluation of the comparison of the desired and actual patterns over a multichannel
evaluation input. The dialogue module as neural network with a decision system (below)
forms the output signals of the evaluation input on a parameter vector for adjustment of
the RF filter. With replacement of image, patterns with sound patterns and the visual
system with the auditory system Figure 1 applies correspondingly to the use of encoders
for acoustic prostheses.
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tissue (8) and there positioned nore or |less randomy close to certain
nerve cells. The mcro-contact structure (6, 16, 17, 18) is unifornmy
essentially coarser than the matrix of the nerve cells (8). Mcro-contacts
(16, 17, 18) are supplied with Signals (S1, S2 and S3) by way of the
stimulator (12). 1In order to create targeted neural excit

stinulation focus, for exanple (F), nust be reached that gizgg ect
-affected by a micro-contact. The stinulation focus (F), équga
reached if the signals (S1, S2, S3) are passed to the el ectrodes (16, 17
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14 by way rofitherstimatetér (dR). opt i mal signal time function for the

el ectrodes (16, 17, 18) for stinulation of the stinmulation focus (F) is
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Goor _( 30) PPecabel i s R gl b h 5, B Sl R ©
(31), a khphewller ¢8)e ceadhed ifl thersigratee(S1( 83) S3)lane passet! tothet dlectabdes (tBangl es a
1 U na fn i g stEndhP AR bolfses” an T Bboke it gl o HW4iBpE, ) T
area of t loesamevimpoation of the signalsrgrodubedican bp setug inesueh aavayfthatitbe spi der and

cobert] o Yomleadlde b HCudfinthe WCrIRLINARBT R balith fo8ud 89 Bikdode 101 © 1)
Si mul t ane ewsitajion thyefol okindividualior arfew oeoie celisrhils theratidfichen thessigualen wi t

the human agye n tha Fedtiof Y 1ES Br REINIRIIE Bs RGEMEMs Beltid he WiatibR tréhold.

currently
By changing the temporal sequence and of the temporal signal flow of the various
signals tuned to each other the stimulation focus (F) can also be shifted to (F’). For the
pre-compensation of these stimulation functions that attain a stimulation focus that is not
in direct connection with an electrode, an adaptive process is required. Since it is not
precisely known which stimulation focus (F) an (F’) for a particular neural stimulation
must be addressed, the adaptive sensory-motor control unit can offer only a particular
signal pattern that the implant carrier then assesses by way of a sensory perception or
another sensor data evaluation. A second signal pattern that has been changed in
comparison to the first one, is then also subsequently assessed as to whether it attains
the targeted neural excitation or not. The user needs only say whether the later signal
pattern is better or worse than the preceding one. Using this control mechanism of a
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observed area. Figure 6 shows in diagrammatic form how the pre-processing
nodul e of the canera (1), because of its pattern recognition functions,
delimts the individual areas from one another and converts them using

different functions in the brightness |ayers of the canera imaging. On the
X-"axi s the brightness [lum nance] is represented in cd/nferr] gvepn a total

of 9 decades, just as they occur in the actual picture in Figuyr .agie

*y-axis shows the 256 relative units of the brightness infor ,q//du"‘
attributed to the image representation by the canmera or its pré-processing
modul e, 2gdurbimetwork@hroptimansighal timelfunhgioh fiertse sledinbdesi(06, 171, 18)forts.  An
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i
Four “ai 11 R0 KPR oACare et dandllaes dhof B Mol iRy bl 2T Yol
from one ﬁmugmethewmdoaa(eh)abemad(%)uWMpbl mal resolution to e 20 e

brightness levels of the canera imaging. In the result the sc
t o t he ob3be ilamirationdifierenges imthisisganelibbetweain approxlmatelmgé chif

34) are i s e t Do
1 uct ur i ATH 0O G0 SebteE A R LB 58 Sl nd ' ﬁﬁé’%ﬁ o be

unus ual bttte ddor pérfieiion up to i16hAd8%5cdim? in the outdoors area. Such bnghtness

1 ust o STOEBRS piehol SRl ihe i oRfbrGha B Al iR

i |1 ustrat even with thegquwnanteyeal e biightsessisdastrserd tocours imbvays dnlytiatheesurrentiyis, f or
exanpl e, 9 ' s (32, 33 and 34) are at a distance of 2 mfromthe
observer, V\%ereas %‘err] (36) in the outdoors area (35) can be at a distance

Co s mul ¢ ERsEe FOOHERditainn A Rh Rl FE i Bhcessil mBE oFteleata PACS. 1 ©
The avai | bbtausdef itmpatteyn recogyidion wnetlmnsadelqmtstthe indlividi@abanebs famidries.  Usi ng
the pre- p%ﬂ&ﬁgﬁ%ﬁhg%éﬁ?g@% fhe Ssu‘c?]%@ﬂ&’e Ffuﬁaﬂﬁg .ﬁ’fh@%ﬁﬁtn@?&fa s offe I nitially

put the reno I'nition and recogfl ze an storeth
cont our - dsémaeadmaging. On the x-aX|s the brightness [luminance] is represented in cd/m? over a

total of 9 decades, just as they occur in the actual picture in Figure 5. The y-axis shows
the 256 relative units of the brightness information, as attributed to the image
representation by the camera or its pre-processing module, 265 units correspond to a
brightness modulation of 8 bits.

An initial brightness curve L32 shows the area of the brightness of the door latch (32),
illustrated on the 256 relative brightness levels of the camera imaging. Corresponding
brightness curves L33 for the door panel (33), L34 for the spider (34) and L35 for the
outdoors area (35) are likewise illustrated.

The pre-processing module recognizes in the detailed imaging different and delimited
from one another with sharp contours areas with the four different brightness areas.
These areas are constructively separated from one another and each transposed with
optimal resolution to the 256 brightness levels of the camera imaging. In the result the
scene is shown to the observer as an image in Figure 5 in which the image areas (32,
33, 34) are illustrated with equal brightness and with the corresponding structuring in the
various brightness levels. Such an illustration can be unusual but it offers a richness of

15



delimted regions (the palm there. Then a second range [distance] can be
selected in which the spider (34) is set up sharply defined, whereby the
area (35) becones unsharp [blurred]. The pre-processing nodul e can

recogni ze this condition and instead of the blurred region (35) wll

I ncorporate the previously determ ned and captured sharp i mage,ury t
constructively into the i mage focused at short distance. Thi s/ uede an

.be cyclically repeated in a kind of focus scanning so that fr{o r &.e/
focal distances sharp areas are continuously determ ned, captured and
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to be stigHiBiRbge e RARBOTAYIsAAMANG & ﬁaﬁé’ﬁ'\”t?'nfs% i8 nfdlh§ tirdds/deft@f | on of
t he adapti veraenc%der versus the previ %ugﬁy o\eve opec}I au_cﬁ?'?_ory rost hesi s
syst ens. than that of a normal optical system. With adequate frequency of reiteration of the
y
process the image produced can be distinguished by the use only by the particular

definition.

According to the invention an encoder is recommended that optimizes the diverse
functions by neural networks in dialogue with the implant carrier, in which various
functional modes can be selected and the positions of objects picked up can be used
and which warns of obstacles, reports technical recognition of patterns as well as
functionally increases the number of selectively addressable stimulation sites and
monitors the neural activity of individual neurons. The implanted structure can operate
almost with sensory-motor autonomy by using suitable sensory and motor components
as well as an adaptive control system.

Advantageous designs and variations of the invention are discernable in the subordinate
claims.
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The adaptability of the imaging functions of the individually adjustable
spatio-tenporal filters of the encoder using receptive field properties (RF
filters) in the entire neurophysiol ogical relevant functional range will be
assured in conjunction with neural networks or other paraneter setting
processes when used for visual or acoustic prostheses, The indivjdual ;

I mging functions of the individual RF filters ascertained in pe
- based di al ogue are sufficiently simlar to the receptive field p
expected by the visual system thus they adapt to the function 4
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anel y ¢ nane Acapoly b heiraBb saan: fruf i uplistilpBb AR et "
changes; filtars ekmsmne;)dera:smgsed:eptmé fi elu@ranehcusz(RFdllter[symrthagahrang] of I I
t vi sua
Syst em caneneonysiegleal PR iclorat Forol Vil b B BT BoRheloruiERLE LT
adapt at i onetwforkshar dRferfpiarareetef seiting prosessds whdn asedifpe vishaltonacougtiche RF

filters f}%‘\s&ﬂgﬁ in the dialogue with the inplant carrier consists in the
consi derat’i on of 'aspects of function that only the inplant carrier can

bring in 34d ifdifduaP Mhagitd fuhBRIns O thef iRGITEN RF filters ascertained in perception-

based dialogue are sufficiently similar to the receptive field properties expected by the

visual system; thus they adapt to the function of the visual system created by the tandem
connection of encoder and coupled central vision system. This means on the one hand
that the épatio-temporal function range prepared by the RF filters incorporates the
neurophysiologically relevant function range and, on the other hand, that the RF filters
permits, with the aid of a neural network, a continuous movement in the function range
with suitable adjustment procedures. The same applies with use of the encoder in
acoustic prostheses.

Already in its use in normal-sighted persons a reasonable default setting of the RF filter
has been undertaken using corresponding neurophysiological data on the function of the
visual system or the auditory systems of primates. In addition, the dialogue process is
being tested using the associated components under realistic conditions by stimulation
of the perception process. The same applies with use of the encoder in acoustic
prostheses.
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subj ective evaluation of his visual perceptions and their inplenentation in
encoder adjustnent in the optim zation process. The sane applies to an

acoustic prosthesis. The asynchronous inmpul se sequences of the individual

RF filter outputs of the currently functionally separate encoder channels

are tuned to one another as stimulation signals for selective stinulatio

sites in the dialogue with the inplant carrier in consideration/

- recorded neural inpulses. Because the tenporal coupling or syrch #E dﬁy
of the neural inpulses of several neurons for neurobiol ogical st codlng
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Furt her nore esired act
can be cosplenetiondtiatonatheinplehtaariesican beng i mcbthmoelmmhalhfﬁrmfbyrt her,

suppress
roverent s SeHe ReaEER i A8Id pElcSpiss et (oI BRBRIGETY
as progr aadjustment Mhebptlmzatm prdcess. Thep same appliesdo abianeustip pmsthasis. and has

the advantage that the inplant carrier hinself can select the prograns
dependi ng Tbe arynshraneys fnapulsehsequiencesl of e individualRI élterjoutmits eftble carrentlyng

subj ect t @,Rfi r?dﬂ&%gﬁé({bfe ér’cé@&ér‘ ManndEURS tLA meté}%trﬁé'?%%ﬁmﬁéﬂorpﬁgﬁﬂge

bet ween automat | t1on operation. 'S very 1 nmpor tant to
i mpl ant c#arsetectivesstimula nesltes)lrﬁbedalqwetvw@ the impiant cauisr in eansigieration of

the recorded neural impulses.

Because the temporal coupling or synchronization of the neural impulses of several
neurons for neurobiological signal coding in sensory systems is co-employed, this
technically (also by evaluation of the recorded neural activity of neurons to be
stimulated) effected, temporal coupling brings with it the advantage of enhancement of
the quality of the visual perception.

The numbér of selectively reachable stimulation sites and their definition (separation
sharpness) or Gbersprechdédmpfung in the case of a fixed number of implanted micro-
contacts is functionally increased.

With a given relatively small number of implanted and permanently functional micro-
contacts, whose position relative to the neurons can not be modified, it is of considerable
advantage, functionally speaking; that is, by production of suitable signals, to increase
the number of selectively reachable stimulation sites or neurons and thus at the same
time the number of separately accessible encoder channels with a sufficient reserve in
RF filters. This effects an improvement of the visual perception quality.
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percei ved visual or auditory object in order to be able to accordingly
correct his orientation in space and, if necessary, his activities.
Furthernore, it is of considerable benefit that the inplant carrier is

war ned autonatically of obstacles or hazards and the technical recognition
of patterns or objects is reported in support of orientation in space

Wth the encoder a direct connection to a part of the nervous s n1|s
_established that is already spontaneously active. Thus, neural ncl
fromindividual neurons are generated w thout technical stinul /m'
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t he neur ahpréit\thdveRient orS@iRoal neurons.  Wth technical ad 1&

operating range it is possible to adapt, in the bright- adapt!
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sound pattern to accord gl vary the spatjo- te or al
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benefit that the implant carrier is warned automatically of obstacles or hazards and the
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technical recognition of patterns or objects is reported in support of orientation in space.

With the encoder a direct connection to a part of the nervous system is established that
is already spontaneously active. Thus, neural impulses from individual neurons are
generated without technical stimulation. Monitoring of the neural activity of individual
neurons to be stimulated is of considerable advantage for optimum adaptation of the
stimulation impulse sequences to the respective spontaneous activity, for precise
determination of the stimulation parameters for assured and simultaneous biologically
compatible conversion of stimulation impulses into neural impulses as well as for
improved optimization of the temporal tuning and synchronization of the neural activities
of several neurons. '

With technical adaptation of the operating range it is possible to adapt, in the bright-
adapted or dark-adapted brightness range, the function to the image pattern or the
sound pattern, to accordingly vary the spatio-temporal filter parameters, or to technically
compose a operating range that, for example, consists of partial areas of the larger
photosensor function range that are separated from one another’s by decades.

Pre-processing of incoming image patterns, particularly with respect to rapid selection
and change opportunities of the respective pre-processing function is made possible in
accordance with the proposal in Claim 7.
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With the pre-processing module connected the function of an encoder consisting of only
a limited number of RF filters is facilitated by the essential simplification of the image
pattern or sound pattern and accordingly the perception quality is improved.
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neural activity of neurons is recorded and transmtted to a nonitoring

syst em of the central control unit. 7. An encoder asdescribed in
Claim 1 and characterized by the fact t hat an adaptive
pre-programm ng nodule is provided in the central control unlt of

t he encoder (1) for sinplification of inage patterns or sound [
Anencoder asdescri bedinC aim 1l and characterized by the fact thée
. For the purpose of individual adjustrment of the signal prodg rr

a di al ogue process a m ni num singl e-channel evaluation entry unit (3)
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sequences of paﬁarfesﬁada.ﬁ%%sprdgrhmrn%frﬁwlﬁIstpwdeaqnwé ceMal&srifrol t h non-
noni t ored adaptation rules di al ogue nodul e (3 ener_ e
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si gnal proce55|ng functions to be adjuste *: -es ribeg - ]
in one of 8t he f\BrEgeiaigsdessredanGiaim ali'drc '&aéat“é"r'ze‘% léydthe acty, &t h

ef actt h ghiatthe signal processing functions are comoseg@%

filters. 10. A process as described in one of the foregoin

haracteglif ELtJrﬁose of individudl abjustrhert of the signal ﬁo&eésh&fdhﬁhﬂﬂdﬁmm Tp
fz

nmodul e (3) establlshes propriate pattern seque
adapti ve phase i rP éialogue erq‘;ﬁS%ym'@mumm@?ﬁba@%?vamaﬂon engy 80 Bpt i ni zat i on

of the RF filtersgyppildd us1ng°a BUKIE&RE e@ﬁluﬂﬁﬁﬁéeﬁﬁ%ﬁ&e%e@mﬁ:ﬁﬁoﬁﬁcﬂﬂm ng
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process as descrlbed in one of the foregoing Claims and c har act er i

zed bey thehewvildation Yedtot inlthédibloblié nddulel (B) i§ Er%nQﬂiﬂ@d %o a
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space of the receRArameter ?@Pﬁtnﬁ"bﬁéﬁt@mé@" the pyrpesref REpduging suitable

sequences of parameter vectors, in particular to a neural network with non-
monitored adaptation rules;

¢ The dialogue module (3) generates a parameter vector at a multi-channel
output for the respective signal processing functions to be adjusted.

9. A process as described in one of the foregoing Claims andcharacterized
by the fact that the signal processing functions are composed of RF
filters.

10. A process as described in one of the foregoing Claims andcharacterized
by the fact that the dialogue module (3) establishes the appropriate
pattern sequences for the adaptive phase in a decision system for single or
group optimization of the RF filters.

11. A process as described in one of the foregoing Claims andcharacterized
by the fact that internally stored sequences of parameter vectors are
generated for the purpose of establishment of typical RF filter functions.

12. A process as described in one of the foregoing Claims andcharacterized
by the fact that the RF filters have a spatio-temporal function space that
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neurons at the respective inplantation site. 13. A process as descri bed
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sinmul ated by neans of electronic inage pattern shifts and/or opti cal
vari ation16. A process as described in one of the foregoing Claims andcharacterized

23 by the fact that the variation in the stimulation signals (S1, S2, S3) for
the shift of the stimulation focus (F, F’) and in perception-based dialogue with the
implant carrier occurs via a neural network of other optimization algorithm in the
central control unit for the determination of the greatest possible stimulation sites
resulting in selective and defined neural excitation.

17. A process as described in one of the foregoing Claims andcharacterized
by the fact that, by comparison of recorded neural impulses to the
stimulation signals (81, S2, S3), the additional impulses resulting from
spontaneously occurring neural impulses and those produced by stimulation,
composite neural excitation is improved with respect to selectivity and
biocompatibility.

18. A process as described in one of the foregoing Claims andcharacterized
by the fact that for the purposes of stimulation of eye movements, head
movements and undesirable real eye movements are detected; eye movements
are simulated by means of electronic image pattern shifts and/or optical variation
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of the direction of vision and/or novenent of the photosensors; by use of

t he detected real head and eye novenent signals as well as the
stinulation eye novenents using a novenent control or guidance fast
and sl ow novenents are produced for the tasks of pattern recogpition,
tracki ng of noved objects and for rapid circunspectiopy n19. A
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of the fonggoi AGprééeds B dasétibed!in anéoﬂhéféregbuﬁg Claim€afidcharacbeyiiel €
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f BF'€t he
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byt he t a.suit.ab mV|s
scunes 2. % fabrocesd a8 descrbeli i o0 of thE oR0IRE GG A BA TR FFBF LB 4
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22. A process as described in one of the foregoing Claims andcharacterized
by the fact that by means of a suitable imaging system visual scenes
(32, 33, 34, 35) with local subsets of very different brightness (L32, L33, L34,
L35) can be transposed into the actual, common brightness operating range of
the encoder and, thus, for example, the visual perception can be rendered
invariant versus a change of the average scene brightness.

23. A process as described in one of the foregoing Claims andcharacterized
by the fact that the RF filter functions for stimulation of perception in the
bright or dark adapted range, if required, are shifted using the brightness
operating range of the encoder.
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recognition. 25. A process as described in one of the foregoing C ains

and ¢c haracterized byt hefactthatina
process, by variation of acconmodation, initial areas of the visual
field (35 36) are sharply defined and said area [err] stored
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obj ect s. adjusted sharply as an image, whereby the first areas (35, 36) become flat and,
25 further, the first-stored areas (35, 36) are faded into the image in place of the first
areas that became flat.

26. A process as described in one of the foregoing Claims andcharacterized
by the fact that the process repeats itself cyclically.

27. A process as described in one of the foregoing Claims andcharacterized
by the fact that the position of a visually detected object in space
determined by the encoder (1) by the evaluation of image pattern, eye and head
movements or that the position of an object in space detected acoustically by
interpretation of sound pattern movements is relayed to an appropriate sensory
organ with a suitable, portable signal transmitter (H).

28. A process as described in one of the foregoing Claims andcharacterized
by the fact that the encoder, by means of internal pattern recognition
programs, particularly in connection with automatically running, simulated eye
movements, warns the implant carrier of obstacles or hazards and reports the
type and position of tecnically identified patterns or objects.
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