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A simple device for detecting saccades
and judging their intervals
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A simple device is described with which the occurrence of saccades can be detected and their intervals
classified by reference intervals determined by experimental requirements. The device reliably detects

saccades of greater than 2 deg.

Detection of the eye movements and measurement of
their time course are useful measurements in various
fields of visual research (Ohtani, 1971). Two typical
methods of recording eye movements are the eye camera
and electro-oculography (EQG). Although an eye camera
can measure the exact shift of line of sight, it does not
lend itself easily to finding the exact time interval of eye
movements. As EOG is an electric analog signal which
changes in proportion to the shift of the eye line
(Shackel, 1967), it is relatively simple to determine the
time course of eye movements, especially in the case of
saccadic movements. Furthermore, EOG can be recorded
simultaneously with other electrical events {e.g., EEG,
ECG, and GSR) on the same magnetic tape for further
analysis by a computer.

The simple and inexpensive device described here can
detect the occurrence of saccades by analyzing EOG
signals. 1t also can classify the saccades by their intervals.
The early stages of the device detect saccadic movements
or REM; the later stages classify saccades by reference
intervals that are arbitrarily set by the experimenter.

PRINCIPLE OF OPERATION

A block diagram of the apparatus is shown in
Figure 1. The device was designed so that the occurrence
of saccades can be detected exactly irrespective of their
direction. After horizontal and vertical EOGs are
separately processed in pairs of differentiators and
full-wave rectifiers for each channel, both EOGs are
added with a summing amplifier. The differentiator
separates sudden changes of EOG potentials induced by
saccades or REM from the slow drift of the potentials
accompanied by following movements. The full-wave
rectifier converts the biphasic outputs of the
differentiator into monophasic so that opposite phasic
potentials from the two channels do not cancel at the
summing amplifier. The output of the summing
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amplifier is applied to the monostable multivibrator
(Mono P), whose output pulses signify the occurrence of
the saccadic movements.

If the experiment requires only that the investigator
knows the times of the saccadic movements and does
not require classifying the intervals of saccades according
to critical intervals, the output pulses of Mono P may be
used as the signals of saccades.

Classification of saccades’ intervals is done in the later
stages of the device as follows: An integrator is used for
measuring time intervals. The output of Mono P is
applied to the base of the transistor that resets the
integrator whose output voltage increases linearly in
proportion to elapsed time. The output of the integrated
is applied to two comparators that compare the time
intervals between saccades with reference intervals set by
the experimenter. Since the device can classify the
intervals of saccades into three categories, two
comparators are used. For finer classifications, more
comparators may be used.

The output voltage of each comparator changes from
logical “1” to logical “*0” at the moment its input
voltage exceeds the reference voltage. The output
voltage of each comparator is fed to the corresponding
Mono A and B. These monostable multivibrators are
triggered when their input voltage changes from logical
“0” to logical “1”. The outputs of the Mono A and B
are fed to AND gates. Mono A is triggered when the
saccades’ intervals exceed the longer reference interval.
AND Gate A, whose two inputs are supplied from the
inverted output of Mono A, and the noninverted output
of Mono B, emits output pulses only when the saccades’
interval is between the two reference intervals. AND
Gate B, whose two inputs are supplies from Mono P and
the inverted output of Mono B, emits pulses only when
the saccades’ interval is smaller than the shorter
reference interval.

NOTES ON CIRCUIT DESIGN

Details of the device, which consists chiefly of
monolithic integrated circuits, are shown in Figure 2.

Operational amplifier 709 has no inner circuit for
phase compensation. Therefore, a capacitor and a
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Figure 1. Block diagram of the device.

resistor should be connected in series between Pin 1 and
Pin 8, and a capacitor between Pin S and Pin 6. An
attenuator is placed between the operational amplifier
and TTL IC, so that the output voltage of the
operational amplifier might be reduced below the
recommended input voltage (5 V) of a TTL IC. The
accuracy of resistors and capacitors used in the device
are 5%.

Differentiator

The time constant to each differentiator is determined
by the product of Capacitor C; and Resistor R, shown
in Figure 2.1t should be set so that the differentiator will
pass only the fast change of potentials due to saccades.
The time constant of 20 msec had been found to be
optimal; this seems reasonable since duration of most
saccadic movements is between 20 and 100 msec.
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Figure 2. Circuit diagram of the device.!



DETECTING SACCADES AND THEIR INTERVALS

Resistor R; and Capacitor C, are attached to avoid
mistriggering due to fast noise components riding on the
original EQOG. The offset voltage at output of the
differentiator must be nulled with Potentiometer Ry . If
any offset voltage remains at the output of the
differentiator, the amplitude of the EOG signal with the
polarity opposite to the offset voltage is subtracted by
the latter. Consequently, the signals that are opposite
and smaller than the output offset are never transmitted
to the later stages.

Summing Amplifer

The polarity of the output voltage of the rectifier is
always negative. On the other hand, the input polarity of
the MonoP must be positive. So the inverting
configuration is used in the summing. amplifier. The
gains of the horizontal and vertical EOG channels are
separately controlled by the potentiomenters, Rg
(rough) and R, (fine). If the gains are too high, the
Mono P is triggered even by noise, and if they are too
low, Mono P is not triggered by small saccades, so they
must be carefully adjusted.

Monostable Multivibrator

The pulse width of MonoP, determined by
Capacitor Cg and Resistor Rg, is set at 100 mscc. This
pulse width was chosen to avoid mistriggering by
damping oscillations which occur immediately after
termination of very large ¢cye movements lasting nearly
100 msec. As it is rare to find a shorter saccadic interval
than 100 msec, the 100-msec pulse width does not
noticeably impair the performance of the device.

Integrator

The time constant and the constant input voltage
supplied to the inverted input of the integrator are
selected so that its output voltage might not reach the
saturation level within the longest reference interval. The
time constant is determined by Resistors Rg and R,
and Capacitor C,. The voltage for the constant input is
obtained by means of dividing the negative power supply
of —15 V with these resistors.

The transistor (Toshiba 2SC735) used in the switching
circuit influences the performance of the device. In
order to achieve negligible reset time, it must have the
following characteristics: (a) high gain (hgg), (b) large I,
and (c) small leakage current.

Comparator

The reference voltage is set by adjusting
Potentiometer R;; or Ry, so that the output of the
comparator changes for logical “1” to logical “0”
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immediately after the corresponding reference interval
passed.

TEST OF THE DEVICE

We tested the device in order to determine the
smallest saccades that could be detected. The subjects
were three males. The stimuli, located 1 m in front of
the subjects, were two dots whose visual angles were
changed from 10 to 1 deg. The inclination of dots in the
horizontal plane was changed by steps of 22.5 deg.
Subjects were required to move their eyes alternatively
between the two dots. A pair of Ag-AgCl electrodes
(Beckman) was placed at the outer canthi of the two
eyes to measure horizontal movements. Another pair
was placed above and below the right eye for vertical
movements. EQOGs were amplified by high gain dc
amplifiers (Nihonkoden, RUD-5) and recorded on
magnetic tape by a Sony DFM-45 FM tape recorder for
subsequent analysis. Horizontal and vertical EOG signals
to the differentiator were set to 100 mV/deg for
corresponding eye movements.

Where visual angles change from 10 to 2 deg, Mono P
emits pulses in response to all the saccades regardless of
the inclination of the dots. When the gain of the
summing amplifier is increased so that Mono P is
triggered cven by l-deg saccades, Mono P is spuriously
triggered by EEG alpha waves or by electric noise. This
oceurs because the EOG change due to 1-deg saccades is
nearly the same as that due to alpha waves. The optimal
adjustment of the summing amplifier gain is such that
Mono P is triggered by visual angle changes of 2 deg or
greater.

We have another electric analog signal similar to the
EOG signal by the photocell method of measuring a
reflected light beam off the corneo-scleral junction.
Analysis of the signal taken from the photocell is
expected to bring similar results by the authors’ device.
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NOTE

1. The diagram for the vertical is omitted in Figure 2 since the
circuit for the vertical channel preceding the summing amplifier
duplicates the horizontal circuit.
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