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Abstract — We propose in this paper a new methodology to
generate the output signals of an artificial retinal stimulator to
selectively stimulate the human optic nerve. The output signal
generator is based on clinical electrical patterns recorded from
a multi-focal electroretinography. An adaptive filter is
proposed to estimate the weights of a set of finte impulse
response (FIR) filters, that generate each electrical response
highly correlated with the visual patterns. The proposed model
let to analyse the behaviour of the retina coded signals with a
set of linear FIR filters.

Keywords — Adaptive filter, elctroretinography, retinal
artificial prosthesis.

1. INTRODUCTION

In the last three decades, researchers around the world,
have focused their attention on the creation of some models
to describe faithfully the most complicated functions of the
human eye [1]. Among others, is required to model the
electrical response of the human retina to different light
patterns. The purpose of these research is not only to
determine electrical thresholds required for extra cellular
activation of retinal ganglion cells as part of a project to
develop a retinal prosthesis, but also to understand what
kind of information is preserved by the electrical signals the
human retina produces. It is required to understand properly
the codification processes involved in the light to electrical
signal conversion and modulation signals to be transmitted
throughout the optic nerve.

We can find in recent literature, basically square
electrical signals for stimulation of the human optic nerve
like proposed by F. Prdmafing [2], Warren E. Finn [3] and
J.F. Rizzo [4]. We propose in this paper an alternative
procedure for the generation of stimulus signals. The main
idea is to get a multi output electrical signals system to
simulate the ganglional cells of retina looking the more alike
stimulation waveforms like the biological retina does. The
waveforms proposed to stimulate the optic nerve are
extracted from the ones acquired from a multifocal
electroretinograpy (MF-ERG). The MF-ERG used is known
as "Vision Monitor WIN 8000A4" made by Metrovision [5].
The base system proposed to generate the stimulation
waveforms is a set of finite impulse response (FIR) filters,
which impulse response is the same obtained by the MF-
ERG, then we can generate highly correlated stimulation
waveforms with the visual pattern used.

We show in Fig. | results of an electroretinography
(ERG) common test of a patient without retinal illness.
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Fig. 1 ERG, distributed by zones.

The electrical signal is taken by means of a gold ring
electrode, located in the inner face of a polimetil-
metacrylate (PMMA) contact lens connected by a monopole
electrical wire to a CPU. The electrical response
corresponds to a visual pattern as can be seen in Fig. 2.

We can appreciate that the pattern distribution of the
signals, keeps a hexagonal form, corresponding to the same
luminous patterns that are used to stimulate the retina by a
screen of the MF-ERG during the test. Then each signal,
represents the retinal electrical response in that zone, or
summation of the electrical response of the cones or rods
inside each hexagon [5].

We represent in Fig. 2 the black areas like dark points or
points not illuminated, and the white areas indicate the
luminous points. The circles surrounding the sample
indicate the opening angle and therefore the area where the
voltage reading occurs.

Fig. 2 Example of test’s pattern with 19 points.



II. METHODOLOGY

With the purpose to obtain a mathematical function that
describes in a precise way the dynamic behaviour of the
electrical ocular response to a light pulse, we model the
electroretinogram (ERG) curves by both: a set of continues
polynomials and an a set of discrete values as will be
describe in the next paragraph [6].

In this way, it is possible to get a group of data that
allow the description of the ERG by means of a continuous
polynomial. We use the statistical regression method mean
square [6, 7], to model each signal as indicated in equation

(.
Approach (x)= agx’+a;x'+ax*+...+a,x" (1)

The polynomial approach presents some fitting errors
when the hole curve is fitted by only one polynomial, to
avoid those difficulties the curve fitting was divided in three
sections, then we founded an approach with a maximum
error of 0.03%, as shown in Fig. 4 [7]. This approach is a
non linear approximation of the waveform required, even
this approximation is good enough to describe the signal, the
synthesis of the function is much more complicated, in
comparison with a set of adaptive finite impulse response
filters (AFIR filters).

An adaptive filter is then proposed to estimate each
output signal, the filter coefficients are estimated from an
adaptive identification system which coefficients are
calculated by the normalized least mean square (NLMS)
algorithm. The desired signals are represented like S1, S2 ...
Sn, in Fig. 3, are modeled from equation (1). All tests were
made with 10 delay blocks per each digital filter.
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Fig. 3. Scheme of the AFIR, variant of the system recognition
configuration, with the electrodes array proposed.
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The system’s adaptation is carried out using the
normalised convergence algorithm or, NLMS algorithm
shown in equation (2) [8].

*x(n) *e(n) @)

The proposed system output in Fig. 3, is connected to an
array of electrodes, the selected electrode is taken by an
output multiplexer, a DAC is needed for the digital to analog
conversion [4, 9, 10].

III. RESULTS

We show in Fig. 4 a graphical comparison between the
discrete data from the FIR filter, the polynomial approach,
and the required system, the shown results are for a single
waveform.

We show in table 1 time intervals and values of the
coefficients of each section polynomial and for such
adjustment are respectively.

TABLE 1
TIME INTERVALS AND FITTING POLYNOMIAL FOR 2
DEGEES CENTRAL GRAPH.
Section 1 Section 2 Section 3
Start time (ms) 0 36.95 71.73
End time (ms) 39.13 69.56 100
Section Fitting Polynomial for Fig. 4
1 -0.1517-0.1683£+0.1234 £%-0.1798 £°+0.1293 ¢*
2 (1x10% * (1.1975-0.1024£+0.0032 2-0.000012 £)
31 (1x10% * (3.0895-0.146310.00267-0.00001346%)

Response 0° < Angle < 2°

VOLTAGE (nV)

TIME (ms)

Fig. 4 Graphical representation of the polynomial approach into the curve
of 2° central.



In order to verify that the proposed system fulfils the
design expectations, we evaluated its performance for the 5°
central test. We show in the Fig. 5-a), a zoom into the
obtained graph with the MF-ERG test, and in the Fig. 5-b),
the simulation of the system, for the same areas.

The simulation for the electrode array in Fig. 6, is
shown in Fig. 7, 8 and 9, we can see that the AFIR system
response has the morphology and amplitude corresponding
to the graphs given by the MF-ERG tests, observed in Fig.
5-b), with a maximum error about 0.03% [7].

IV. DISCUSSION

The waveform in the MF-ERG [2, 3, 4], has by nature,
two parts, the negative and the positive. The negative part
corresponding to the depolarization of the ganglional cells
of the retina. The positive part seems to represent the
conversion from the luminous energy to the ionic energy.

We can see from the results that output signals from the
proposed system, keep a very close correlation with the
ERG signals clinically obtained.

The electrodes array proposed (Fig. 6), is totally feasible
to be implemented [9, 10].
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Fig. 5 a) ERG of 5° central, b) Simulations for 5° central.
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Fig. 6 Array of micro-electrodes proposed.
V. CONCLUSION

The graphical analysis of the signals obtained by the
AFIR, takes us to the conclusion that, the proposed system
reproduces with a high correlation, the graphical result that
provides the MF-ERG test, and allows to make future
meticulous analyses for the response to the light pulse of
each zone of the retina under test.

The application of the electrodes array, for epiretinal
tests, justifies that the present investigation acquires the
challenge to develop an intra-eyeglass investigation
prosthesis, with the purpose of verifying different
hypotheses respect to the codification from visual signals.
Those hypotheses can be studied in terms of the coefficient
variation of the adaptive filters which performance is very
well known.
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Fig. 7 AFIR system responses.
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Fig. 8 AFIR system responses (continuation).
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AFIR Output, Rigth Down 5° Response

VOLTAGE (nV)

Fig. 9 AFIR system responses (continuation).
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