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Abstract: In this paper a new device is described which
has been designed and realised to acquire and to onalyse
the eye movements and the related electrical octivity of the
extra-ocular muscles. The apparatus, based on the Virtual
Instrument concept, permits a user friendly approach
together with a high flexibility for easy modifications of the
system; this is appropriated in the analysis of the relation
between the electrical and motor activities of the extraocular muscles and in the study of pathologies of the ocular
motility associated to muscular problems.

stimulator:

2) a bi-channel infrared (IR)
phototransistors, able

The analysis of simultaneous recordings of eye
the electrical activity of extraocular
muscles during saccadic or smooth pursuit visual
Gaucher

syndrome or in the hyperthyroidism and for a more precise
diagnosis of some ophthalmologic pathology like paralytic
or retraction strabismi [1-2].
Since in the ophthalmologic field a device able to carry
out these studies is not present, we developed and built up a
Virtual Instrument (National Instrument t") for the visual
stimulation of the ocular system and for the acquisition and

detect the horizontal

eye

3) a bi-channel

electromyographic system (EMG Probe)
for the acquisition of electrical activity of the lateral and
medial recti muscles of one eye picked up by means of
stainless needles;

4) a dot visual stimulator (LED anay),

5)

constituted by a

double 255-LEDs red/green aftay, covering a visual
angle of 70 deg, and controlled by the program via the
acquisition card which permits the acquisition to be
synchronised with the stimulation;
a control unit composed by a PC Pentium in
Windows95 environment.

The acquisition procedures are written in

stimulations could be important for a better understanding

of neural and muscular mechanisms in the

to

movements of both eyes;

INTRODUCTION
movements and

sensory system (IR Probe)
of IR LEDs and IR

composed, for each eye, by affays

LabWindows/CVl which realised the virtual instrument

by linking each graphic element in a series of
displayed control panels to a specific software routine
concept

devoted to the selected function.

In the smooth pursuit and saccadic tests, the

standard

procedure can be divided in three steps:

l)

Set-up of the IR and EMG Probes: the gains and the
offsets of both signals are set, the non-linear

the eye positions and the

of

an

characteristics between

infrared system, and the related muscles signal, by means
extra-ocular electromyography (EMC).

of

detected signals are evaluated, by asking the subject to
pursue a saccadic sequence covering a range of+35 deg.
When the tests are performed on strabismic subjects, the

analysis

of both the eye movements, by

means

gains and the characteristics of the two eyes
separately evaluated, by recording alternatively

THE VIRTUAL INSTRUMENT
The realised device (Fig.l) consists of five areas:

l)

an acquisition card (LabPC+ , National Instrument @)
able to sample eight channels up to 83KHz with a
resolution of 12 bits and to control a 24 bit input/output
digital port by which the program can update the visual

I
S

2)

movement of one eye while the other one is patched;
Set-up of the stimulator: according to the operator's
choices, the proper time and amplitude look-up tables
for the stimulation patterns are loaded from the disk.

VISUAL STIMULATOR

DIGITAL OUTPUT PORT

LED Anay)
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are
the

Acquisition card
i (LabPC+ National Instruments)

PC PENTIUM

Figure 1: Block diagram of the device
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Figure 2: Main panel of the Virtual Instrument.

3) Test execution: the stimuli generation and

For the saccadic tests automatic/interactive

the

saccade

acquisition and visualisation on the PC monitor (fig. 2)
of the IR and the EMG signals and the stimulation
pattern, are the real-time operations executed by the

identification, automatic parameters evaluation and
statistical analyses are provided. For the smooth pursuit

device. The data, temporarily saved on RAM, are
transferred as a binary file to the disk at the end of the

fittting, evaluate phase and gain of the slow phase of the

signals, automatic procedures, based on a sinusoidal bestresponse as well as of the overall response.

test together with a general-information card.

The same program permits, by selecting

the

corresponding option in the File menu bar, to display any
previously acquired data also visualising the information

to the acquisition (i.e. sampling frequency,
recording duration, type of stimulation, etc.) and to the
related

subject (i.e. age, sex, name and surname, pathologies, etc.).
By means of a calibration panel (similar to the main
panel in fig.2) it is possible to control the manual offsets

compensation and gain adjustments of the IR and EMG
probes. The calibration is realised by turning on and off
three LEDs placed at -10,0 and +10 deg in front of the
subject and adjusting the probes until the ocular and EMG
signals fit suitable signs in the display panel.
The test is controlled by a callback function which uses

CONCLUSIONS
By means of the realised device it is possible to acquire
to analyse the muscular activity during saccadic,
vergence and smooth pursuit eye movements elicited by
visual stimulation. The synchronised acquisition permits a
precise evaluation of the relationship between the muscular

and

motor unit recruitment and the ocular motility, thus
highlighting, for example, possible anatomical defects of
the orbital system supporting the eyeball.
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a suitable dynamic link library (dll) ad hoc realised to
permit the simultaneous acquisition and visual stimulation;
the acquired signals are visualised in real time on the PC
monitor. The acquisition can be interrupted at any moment
and, at the end of the test, the data can be immediately
examined, saved or printed.
Many analysis procedures can be selected off-line; they

are performed on the same PC by using MATLAB@
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routines. Pre-processing procedures, executed for both
saccadic and smooth pursuit analyses, include data
linearisation, digital filtering and velocity estimation.
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