
Short Communication

Real-time video recording of eye movements – an
inexpensive system
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Abstract
Analysis of eye movements is essential for investigating vestibular disturbances. Video-oculography, although
expensive, is a valuable and sensitive tool that allows accurate estimation of eye movements. We describe a
simple and inexpensive method of recording as well as analysing eye movements using a commercially
available miniature digital video surveillance camera and an MP4 digital media recorder.
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Introduction

Assessment of the vestibulo-ocular reflex has been the cor-
nerstone of vestibular function testing. Historically, elec-
tronystagmography has been widely used to record eye
movements. However, although useful, electronystagmo-
graphy has certain limitations such as the necessity to ade-
quately prepare the skin prior to electrode placement,
repeated calibration, sensitivity to myogenic activity,
inadequate vertical eye movement recording and inability
to record torsional eye movement. Video-oculography, on
the other hand, yields very reliable information with regard
to horizontal, vertical and, in the case of three-dimensional
recording techniques, torsional eye movements. With the
use of infrared cameras, video-oculography systems can
record adequately in total darkness, although, obviously,
video-oculography does not help when the eyes are closed.
Video-oculography systems are increasingly being used as
a sensitive technique to record eye movements in response
to vestibular stimuli.

Commercially available video-oculography systems are
generally more expensive and few hospitals can afford to
invest in these. We describe an inexpensive and clinically
useful method of recording eye movements with the use of
a commercially available digital video camera and MP4
digital recorder, inspired by the second author AP. Our
system has the advantages of simplicity of construction
and a clinically adequate method of recording eye move-
ments. It also allows for later review of the recordings made.

Method

A commercially available wireless surveillance video
camera (specifications in Table I) is mounted onto a head
band using a simple device that allows for adjustments in
the distance between the camera and the eyes (Figure 1).
The camera is small (2 � 2 cm in size), light weight and
mounted on a swivel mechanism that allows it to be
rotated in such a manner that it can focus on each eye

individually, or adjusted further away from the head for
simultaneous recording of both eyes (Figure 2). It has its
own power supply in the form of a commercially available
‘9V’ battery that is easily housed on the headband. The
camera is connected to a low-priced commercially avail-
able MP4 digital recorder (JDX Portable Media Player
in this instance) (JDX, Hongkong, China) via a wireless
receiver (Figure 3), which then records the images. Cap-
tured images could be replayed on the device itself,
viewed on the television or uploaded on to a computer
for more detailed analysis if required. Our unit is far less
expensive and can meet most clinical requirements in the
absence of a commercially available more expensive
video-oculography kit.

Discussion

Video-oculography is a modern, sensitive tool for eye
movement recording and analysis. It is based upon the
use of a small camera that captures images of the eyes
and digital image processing which allows movements of

TABLE I

CAMERA SPECIFICATIONS

Camera specifications

Image pickup 1/3
TV system PAL/CCIR NTSC/EIA
Definition 380TV Lines
Scan frequency PAL/CCIR:50 Hz

NTSC/EIA:60 Hz
Minimum illumination 1LUX
Output power 10 mW
Output frequency 2.4G
Camera power DC þ5V/8V
Transmission distance without

blocking
50 m–100 m

Received power DC þ9V/12V
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the eyes to be adequately assessed. Computational
methods extract eye movements from the video images.
Two-dimensional video-oculography systems yield infor-
mation about horizontal and vertical eye movements,
while three-dimensional video-oculography systems
additionally give information about torsional eye move-
ments.1 Advances in computer technology have led to the
formulation of necessary image processing software so
that video-oculography systems are now more accessible
and can be based on personal computers.2

Video-oculography systems use an image contrast para-
digm (where the pupil is dark compared to surrounding
eye structures) in order to compute eye movements. Analy-
sis of the structure of the iris is additionally used in three-
dimensional systems for highlighting torsional eye move-
ments.1 Fluorescent markers affixed to each eye have also
been used to construct a mathematical matrix to compute
eye movements.3 Compared to the accurate research tool
of scleral search coil used to measure eye movements,
video-oculography is almost equally reliable for measure-
ment of three-dimensional human eye movements.4

Simple observation of eye movements is more accurate
compared to electronystagmographic records in situations
such as caloric testing.5 A method of recording eye move-
ments in clinic should prove useful for patient review and
teaching. While a formal video-oculography system may
be more accurate in quantifying eye movements, the
system described here has the advantages of being rela-
tively inexpensive, easy to construct and efficient in record-
ing both monocular and binocular eye movements in
response to vestibular stimuli.
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FIG. 2

System in situ for eye movement recording.

FIG. 3

Blueprint for setup of the system.

FIG. 1

The essential components of the inexpensive
video-oculography system.
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