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Real-Time Measurement of 3-Dimensional Eye Movements by Videooculography

Mee Hyun Song, M.D.!, Soo Chan Kim, PhD.2, Ki Chang Nam, PhD.?, Deok Won Kim, PhD.?,
Yoo Sup Shin, M.D.!, Won Sang Lee, M.D.!
Department of Otorhinolaryngologyl, Department of Medical Engineeringz,

Yonsei University College of Medicine, Seoul, Korea

Background and Objectives : In order to analyze and understand the oculomotor system completely, it is essential
to measure horizontal, vertical, and torsional eye movements. We developed a new system of 3-dimensional
videooculography that can accurately estimate the pupil center and measure torsional eye movement in real time while
minimizing the errors caused by upper eyelid droop, eyelashes, corneal reflection, and eye blinking.

Materials and Method : For accurate estimation of the center and diameter of the pupil, the edges of the pupil
were searched by using a sector-form window and circle fitting was performed using the least square regression.
Torsional eye movement was measured using polar cross-correlation technique with modification to lessen the errors
produced by the change in pupil size. Calibrations were performed and to verify the proposed system, the linearity
between the measured and actual eye movements was measured. Also, the results of the proposed system were
compared with those of another commercialized system.

Results - The linearity between the measured and actual eye movements showed errors of less than 1%. The spatial
resolutions of the system for horizontal, vertical, and torsional eye movements were 0.3, 0.4, and 0.2, respectively
whereas the temporal resolution was 30 frames/sec. In comparison to the commercialized system, our system showed
less artifact by eye blinking when measuring vertical eye movement.

Conclusion : We proposed an algorithm and a system for measuring horizontal, vertical, and torsional eye
movements which minimized the influence of partial eyelid closure, eyelashes, corneal reflections, and change in pupil

size.

Key Words : Eye movement Vestibulo ocular reflex, Measurement.
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Fig. 1. 3-Dimensional VOG system description.

Table 1. The specifications of CCD camera

[tems Specifications

Total pixels 537 (H)x805 (W)
Cell size 7.15 m(H)*x5.5 m(W)
Video out IV p-p75 ohm

S/N ratio 46dB

Shutter speed 1/60 1/100,000 sec

Power source DC 9V, 110 mA
Dimensions 28 mmx24 mmx14.8 mm
Focal length 3.8 mm

F point 20

Minimum illumination 0.8Lx

Weight 199

Goggle
e GUide
P LED. Camera
power board

Fig. 2. Design of the goggle.

Table 2. The specifications of the goggle
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[tems Specifications

Weight 183 ¢

IR llumination power <3 mW

IR llumination wavelength 880 nm

Horizontal range 40

Vertical range 25
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Table 3. Processing time for pupil center detection

Methods Processing fime (msec)
Proposed method (Sector method) 7
Center of gravity 7
Histogram 16
ModHist 16
Maximum likelihood method 22

Table 4. The specifications for three dimensional
videooculography

Horizontal  Vertical Torsional
Spatial resolution 0.3 04 02
Temporal resolution  30Hz (60Hz*) 30Hz (60Hz*) 30Hz
Measurement range 35 25 18

*Without measurement of torsional eye movement
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Fig. 3. 3-Dimensional VOG measurement.
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<Cartesian coordinate system:

Fig. 4. Cartesian and polar coordinate systems in polar
cross-correlation technique.
(r: radius, o: rotation angle)
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Fig. 6. Relational database used in the proposed system
for data storage.
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Fig. 7. Linearity of horizontal (a) and vertical (b) eye
movements using the calibrated system.
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Fig. 8. Comparison of measurement on right and left eyes
by the cadlibrated system. The measurement was
performed 3 times for right (R1, R2, R3) and left (L1, L2, L3)
eyes.
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Fig. 10. Cross-correlation functions for measurement of
torsional eye movement using iral pattern of fixed radius
((@)~(c)) and of constant distance from pupil margin (A)~()).

(a) Self cross correlation function of Fig. 9 (a) using iral
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(b) Cross correlation function of Fig. 9 (a) and 9 (b) using
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(c) Cross correlation function of Fig. 9 (a) and 9 (¢) using
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