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THE POSSIBILITIESOF OPTOKINETIC NYSTAGMUS
CYCLESAVERAGING

The analysis of eyes movements is a crucial paryels examination performed by clinicians. One h&f t
characteristic type of eyes movements is a sactsdeccurate detection is the base for furthecg@ssing including the
estimation of saccade parameters such as velagitglitude and duration. This paper presents avegagfi optokinetic
nystagmus (OKN) cycles that allows comparing anttaang different types of nystagmus phenomeneortier to
average the OKN cycles the ENG signal needs torbeepsed. The saccade detection function is uséhdahe
location of saccades in OKN waveform allowing tHd@& signal to be divided into cycles. The resultoygles are
aligned using the Fourier shift method and thenrayed providing the OKN cycle model, which can tsedi for
evaluating the eyes at different movement condition

1. INTRODUCTION

Eyes are photosensitive sensory organs being amtegdspart of human visual system. Its primary
function consists in focusing the light entering #hye from the visual field onto the retina, cosi@r of
the incident light into nerve impulses, and trarssion of nerve impulses (information) towards the
brain [9]. Eyes can be monitored in order to deteetweariness or diseases of a person based on th
results of observation of eyelids, pupils or thareleter of gazes. The analysis of eyes movemeras is
crucial part of eyes examination performed by clams. Different methods can be used to recorchdr/a
analyze eye movements [9]. In ophthalmology, th®kinetic nystagmus (OKN) is regarded as one of
the important phenomena to be evaluated as it ggsva large amount of information about conditibn o
eyes. OKN is a visually driven eye movement whosg@se is to stabilize the retinal image during
global movement of the visual field [5].

The electronystagmography (ENG) signal can be agplior investigation of nystagmus.
Nystagmus is a type of eye movement produced &s@onse to stimuli which activate the vestibular
and/or the optokinetic systems [12]. There are tyyes of nystagmus being distinguished: congenital
(CN) and optokinetic (OKN). Congenital nystagmusaisocular motor oscillation that usually appears i
early infancy. It is characterized by involuntacgnjugated, bilateral to and from ocular oscillaioCN
is predominantly horizontal, with some torsionati ararely, vertical motion. In CN patients, a clead
stable vision of the world is corrupted by rhythatioscillations, which result in rapid movementdio#
target image in the retina [11]. Unfortunately, th&thogenesis of CN is still unknown [1, 11]. The
optokinetic nystagmus is characterized as an imtaly eye movement response when moving stimulus
is presented in a large visual field [2, 13]. ThENDcycle consists of a slow phase which relates to
tracking of the moving object and the fast phasehim opposite direction corresponding to saccade
movement [4, 8]. Figure 1 presents an example dbkipetic nystagmus cycles corrupted with
spontaneous blinks and the baseline drift.
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Fig. 1. Example of horizontal ENG signal for thestagmus cycles corrupted with the baseline drift.

The quasi-periodic nature of ENG signal with chagastic OKN waveforms whose repetition rate
varies over time allows their averaging in time @ém The signal averaging aggregates informatiomfr
individual cycles of the periodical signal [7]. Tlaplication of the arithmetic mean is the simplest
method of noise reduction with minimal risk of thsignal distortion. Under the assumption that thiseno
is stationary, with zero mean and not being coredlavith the signal [7] the noise-reduction faci®r

equal to/N , whereN is the number of averaged signals.

This paper presents a method of OKN cycles avegagihich provides models of OKN for both
eyes, allowing for the comparison and detectiondibferences in eyes movement as well as the
recognition of the nystagmus type.

2. OKN CYCLES EXTRACTION METHOD

The first step of the OKN nystagmus processing ists &1 saccades detection in the ENG signal. It
is based on the detection function described if, MMich can be applied for each eye separatelyhén
figures 2 and 3 two cases of OKN cycles determomadire presented. The first (Fig. 2), represemsdy
ENG signal where all saccades were correctly detexn In the second (Fig. 3), only the first two
saccades were correctly detected and OKN cycles determined without any mistake. The erroneously
appointed cycles should be disregarded and nontizke account when creating a model of the average
cycle. Therefore, before averaging the correctioé$3KN cycle should be checked. For that reason we
apply a simple triangle model of OKN cycle withwland fast phase recognition.
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Fig. 2. An example of the ENG signal with detectadcades determining the OKN nystagmus cycles.
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Fig. 3. An example of the ENG signal with probleimatccade detections.

The identification of each phase of OKN cycle ig mosimple task due to random changes in
beating directions, different waveform types anel tioise presence [11]. As stated in [11], varigbdif
eye position and foveation time are key feature€Mhh visual acuity estimation. Hence, a correct and
robust measure of both those parameters is crt@iabtain reliable results. In this paper we assame
linear model of nystagmus cycle. This assumptiarsea a necessity for estimation of two lines: trst f
line defines the slow phase of nystagmus cycle)eathie second the fast (saccadic) phase of the.cycl
The most important parameter is the slape

y=alt+b (1)

wheret denotes time. The slope determines the speedowf @&;) and fast &) eye movements. To
calculate the OKN cycle parameters we used a meliasgéd on a mean gradient of samples in the
specified range. In order to calculate the slopesystagmus phases, firstly the characteristic §goin
should be determined. The locations of these pair@presented in the figure 4.
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Fig. 4. An example of the single OKN cycle with @gtd saccade (dashed line) and the locationsap@cteristic points in OKN
nystagmus cycle that are needed for the cycle ipiscr.

The position of the-th saccade is denoted Bsi = 1,...,N whereN is the total number of detected

saccades. For the OKN cycle the following four p®in should be determined
Pi(timin, Yimin), Po(timax Yimay, Ps(t2max Yemay and R(tamin, Y2min). The section between points &d B
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corresponds to the slow phase. These two pointgbeb the range fromi.; to T;. In order to find Pand
P, the following conditions should be fulfilled:

= min_y(n), @

Y1min |t1min

and

Yimas e = MX Y{0). 3)

The second stage consists in determination oféhgasm between pointssRRnd R that corresponds
to saccade movements. These points are searchibd mnge fronT; to T' whereT'=T; + &(Ti+1 — T)),
whereeg is the correction factor (in this wok= 0.4). Such correction is necessary in orderrtaegt
algorithm against finding the maximum of the neystagmus cycle. The point;,Pwith coordinates
(tmax Y2max, 1S @ point for which the previous amplitude bktsignal sample is lower thgRmax
Similarly, P, is the point for which the next signal sample reager thany,min. This requirements
guarantee that fast phase of nystagmus cycleics\gtrelated to the saccade.

The slopea can be calculated directly from coordinates ofniR, i ({1, 2, 3, 4} using the
gradient method. The concept of a slope is cruoiaifferential calculus. For non-linear functiorte
rate of change varies along the curve. The deveaif the function at a point is the slope of tine fthat
is tangent to the curve at the point, and consetyyénis equal to the rate of change of the fumttvalue
at this point. If we denotAt andAy as the distances (along thandy axes, respectively) between two
points on a curve, then the slope is given as:

ai(n) - A(ﬂ) Y(n) ,
At @)

where:At=1/fs, Anyy(n)=y(n) — y(n—1) andtimin< N < timax Then the slopem," are averaged:

a = >a.
t]max _tlmin -1 n (5)
Similarly, the slopey, of fast phase of OKN cycle is calculated. Suchatghentation is required to make

cycle averaging possible.
The parameterg; anda, are used for the selection of OKN cycles to beayed. For the correct
cycles classification we defined the ratigla; which, according to our experiments, should beigme

than 5 to guarantee that all deformed and errorigadesected OKN cycles are rejected.

3. AVERAGING CYCLES OF OPTOKINETIC NYSTAGMUS

Signal averaging is a signal processing methodvalig the repeated or periodic waveforms, which
are contaminated by noise, to be enhanced. By stimgnaoisy waveforms the random components (the
noise) are decreased while the deterministic compisn(the desired signal) remain unchanged. The
following requirements must be fulfilled for tempbaveraging to work effectively [3]:

» the signal of interest must be repetitive or inzble,
« signal of interest must be time locked to a fidupiaint,
* noise must be random with uncorrelated to the fadymint.

In our method, we defined the fiducial pointRs(Fig. 4). The detected and separated OKN cycles
have the standardized length which was defineti@si¢arest value of the power of 2 that is greatan
real length of OKN cycles. This requirement is rexetbr the applied alignment method in time domain.
However, before the alignment in time domain thgrehent in amplitude domain is performed. The
OKN cycles are aligned according to the amplitutlthe last sample of the last OKN cycle in the &fet
OKN cycles to be averaged. The procedure is predantthe figure 5.
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The next step is the alignment in time domain. un work, we applied the Fourier Shift Method
(FSM) presented in [6], ensuring the high accumafcthe alignment. In FSM method one of the correct

signal cycles is selected as the reference foaligament process. The other cycles are shiftetime
domain:

ya(n) =x(n - d). (6)

The x(n) andygy(n) signals correspond to subsequent periods ofligaed cycles<’(n) and x*Y(n).
Using discrete Fourier transform (DFT) we get:
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Fig. 5. The alignment OKN cycles in amplitude domai

N - 2mk

X(k)=Y x(n+De V; k=0,.,N-1

n=0

=

(7)

The equation (7) can be written also as:
X (k) = F{x(n}} ®)

For signalyy(n) which is shifted in time domain witthsamples we get the following form of the equation

(8):

Y, (k) = F{x(n-d)}.

)
On the basis of the Fourier transform propertiegete
27kd
Y, (k)= X(Ke N . (10)
The error of signals matching is defined as:
es(d)= X[yl - x| =3[ xfn- ) olF-
n=1 n=1 (11)

Using the fact that the aligned signals are redlapplying the Parseval's theorem we obtained:
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N
—-1
2 2
8y(d)= - 2| Ya(k)- X (k)"
k=1 (12)
The shift of the signaly(k) is determined as the result of the minimizatioocpss:
d, =mine,(d)
o =mine, (d) .

The Newton-Raphson method is used to find an argufiee which the error functior,(d) reaches the
minimum value [6].The FSM method allows us to determine the timet shth accuracy greater than the
sampling period.

4. EXPERIMENTS

In order to evaluate of the optokinetic cycles agarg method, the ENG signal was recorded with
BIOPAC MP-36 system for each eye separately irhtirezontal eye movement plane using six Ag/AgCI
electrodes. The frequency sampling was 500 Hz.oftekinetic nystagmus was induced by rotating the
black and white alternating stripes with the widih6é mm and the rotating speed 0.86 cycle/cm. An
example of the averaged OKN cycles (21 OKN cyclesavaveraged for the right and 16 OKN cycles for
the left eye) is presented in the figure 6.
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Fig. 6. An example of averaged OKN cycles for tightrand left eye.

On the basis of the averaged cycles, the basianmteas (the duration of cycle phases and eye
velocity during the cycle) of the optokinetic nygtiaus can be measured. The values of the paranieters
the averaged OKN cycles presented in the figune&laown in the Table 1.

Table 1. Parameters of the averaged OKN cycles

ap [’/sec] | ap[%/sec] | Toow[S€C] | Tsaccad [SEC]
Right eye 6.00 -75.31 0.58 0.06
Left eye 6.05 -58.96 0.57 0.07

5. CONCLUSIONS

In this paper a new approach for analysis of opietit nystagmus was presented. A simple linear
model of the OKN cycles was applied. It requires definition of two lines that correspond to slomda
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fast phase of the cycle. The slope parameters sgynel to the velocity in changing the eyes position
The proposed criterion on the slopes ratio allowvsselecting the cycles to be averaged. The Foshidr
method was used for accurate alignment of the Okdes in time domain. The averaged cycles and
their parameters can be used in evaluating the ma@slity at different movement conditions. The
proposed method is the starting point for the fiinwestigations of the eye electrophysiology.
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