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Figure 1. Digitalized Nystagmography.
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Figure 3. Screen Layout.
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Figure 5. (A) The graph shows left beat jerk whoes am-
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Neutral Zone.
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Figure 6-1. Measurement of Saccadic Velocity :
two points.
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Figure 9. Lt 6th Nerve Palsy, Saccadic Velocity.
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Figure 6-2. Measurement of Saccadic Velocity : Selected

two points.

H

L 1 {

- | |

= .

] |

“...—Jﬁ-...- T & = B omm mm m m .
masiiammsd 1 e

1a—— ——— 1 my - 2

4 - LE

-8 . L]

i t u

" . a1

" = = Lo |

. pe ]

4 L e —

= 1 .

1 @ |

nd - # el e

3} 74 phH|E Rol= 304 oAtEAle] 4=
&35S %78"5‘ ‘ﬁ‘:} HAEto 2 minjgE Wl

TEETE aE e Y= &
% T HelAd A A3 44.20
deg/secZ Al&5 =7 A4 200~550 deg/sec
o ws A FAaEel YeHFig. 9)°7

n

e Aokl Aeksle] Aaly] QA kel
A7 2 ﬁavg% Z4ste] 7128 4 9t ALF 7]
=427 Bashl ATk sl s B QheE

2413



— ottt ol Xl A 44 & M 10 = 2003 —

g 4» b i

g 4&54; i,

Zo] Oiiqﬂi F Q A] OU}"% ol mechanical
transducer® H2 Al7l $o ‘?_}—i—%% 7158 W
Hol 9tE T, O]% Hzg Fo %7%‘%‘% 7—‘.‘%}7512

kg olgatd o] $HYS %Oﬂv& FreEL B
Mgk ol AR E T o] Y-S 5L A
H £QHE Alztol YR di 98 BEL JFHL
2 EAste e A AN AR AR
A ZA? Zutel] A4S F F Aol A WAk
e vt e Fe] xajeie] BAlshs wgol 4

H9lek. ol W vl %ul%& Thsstgont
LaE Fol7] fEA mMelE AL sk, FA 9
e $£Foz H9HE Hyes ;Hahz%gi B
HhH o] m&sle] QAdo g AFRE A Ealgu, 2t
of Ago] Had ZUEN=E 8 F AgolA w
A8 UE g pi) ndsld esigen 10
& w|gre] vAS QheB V1%o) s atel ehdl

o ARE-E T ?

A PO b ol ol HeBIE

Zyat)

ol A7|A = (electronystagmo graphy)E 2
2l

ko]l M7 thE thAS-(metabolic rate) 2
A S = A714S © 79 g5 £2d J3S 53}
o] 7|25k WHolt). o] Hhale A HH o7 9ok
A UeE A5 E EAFHE WHao] ofu 7] wjio] A3}
3 Qb Ao B3 AW E ATty o 4 Qg T
3k gixte] 22 9o wE A= Bzt Aeje] W3l g
I Foll o TFA e Wl wzste] A5
calibration< stejof df= ©Ho] Ao, 2] 7159
AFS o] HAA|ACL slER Loh) 21 2 F
2 k= BAlo] QoA 7Atel ofelgo] wr} ;‘47]
MAEE FAeF9 4 Al HPATAAM YL
Jal2l 2ol A o= 4lavt F—.Qoi T
7HA] ¢te-FS FEE=d —:—Xﬂﬂ et ArHEE
135 AH8-5H7] wliol 9Fo] Frlad gk
otk ? o]g ol 125 9
3k QS Zo)7] Yote] AVHAEE ALESle] de
A7NFS HFEol 943t Fourier transform=

Hﬂ

=
el
>
ol
o
0>~

11

ol g3l EAFGOL o G4 AT WA FA7H
otz gAololA] o] WAl BHe BF gty
0] PEG @A) e BREe AR
AT WAL ohtza4L AR Hel: A P4S
AEHI QT BAY ALFL wiee] =8e F
Mt Sho] A7I9HAE] IS AYFORA A
AU TN AA SHY 2HZE B
s

A7 e 7Y W (magnetic search coil method)

2 ZHEN= Yo dAdo] WAH e 772 ke
A o= 259 A7 M7 WskE aejxs) st
= BAoz oz WaS AEs AL A=
o} oy} 289 ZAA AT E Alsle] vluA
g3l mlAg g S AYE 23} sbEsith =8 5
B 2 A kEs T 7EE 5 e At
EA kAT Al wiAlstY £ At FAY
< A¥Aoz Jepd 4 gtk ey o] WhEe £
ERZE Agslojof slng HEAo|oA vl &

3

b E Lol oA Aol AFEE @ol At
Infrared limbus tracking method, corneal
reflection method= Zehell 2948 2ARE & 4t
,\]__1:4}: Hl.e 71-1:L3r,1r 71-1:1-001]/\1 WAL= H] oz /\—]Hﬂé].
o QhgEel AFE Eashs Polth. deFel /)=
3} Aze] $Ao] UAY PAol HeFL FATIE
AAle] FaRg flste] dulolu FEd =S 1F

stejof sl whgol kM
MG HAFE 9 AHeE&E 9 §7Fo] F7ghel wat
d7e] FMLEES HYest HFES pattern
recognition 7IHE& o|&3ty 7IEdtE= A=EH
golAFE ol AR § WAL S FAE com-
puter vision systems ©|-83to] ¢ 2
24 2 AEE 239 E At R
252 vtz 890 1 ARHE ol 85 9 o
4 2 P AHE YS3he] o 52 A
4 £HLEL FA0 7125 Wiel ggle

CERERE
W ool WEe AFE Y} SE0| AR AN A

A B AT o] WHE 7|22 Sl FFYY
2o QUYES AE3h] AN E2F FH 4AE
Astns s, 9ol AFARe] AT I
e B BFolt RAFS A Fx, e o
A $BAA 15T 4 gom, 7 £l $39L 7]
=5a, one) Fasel GFS Al Tl A 3
A Ze| £52 BT & Y WU Rob W)

9t} 2 Ao So] A}3) Aule] AXA ohlE 1 AFTE
AFE tAE 25 A g gREAsTE



158 5 A9 YA 7P Bol A
2E azs A7) A8 4 3t
) olutol HolH Fo
o]£x4 o7 =3 A8 HJYu
0.222rE = vwd 3 ‘3}3}
2 aoele) ok e o8] ok AT A
HIHEAoln whebr] Fxrt & e $Ate] 7§T
AAE goldttt, &4, UAEANSE AREstER 9%
JNE7F 7145 2247 glon, AAete A7/gdo] 7F
S, ShESolA Yot FHE= A7) g 7
;}(;17_(12_; _z.zLo]. l:ﬂ-l:H_]jr‘—‘ D)-g] _r_,] E_xlcﬁo 7(11—1
o}, @131]] FH o] obAAT TS Wiz Q=
i, +% THLFE Al 34 7hssitt. o| U1
AAAME 7150] 7hsdith. dAA, 22 ks
7150] 7hsdte] & UVﬂ ;ﬂ«l Oﬂ?oﬂ

J_—‘L—X]E'. T

=]

HT='=

—r—‘

R, ol
rol

‘g

rua’L'r

IO E

L
&
[¢]

Qi

=i
o] A
FE

rlo tlo

sl= °4]°1«1 7]L
A= o dA)
A= pattern reco-

I, 3| Aeke-ES

AZrEY,

Ak s ol&shd
& okl A
gnition7|H<
FAlol AAtom 7128 4

_&HunEHrTQEE&J[N'
(o3

)

k)

A
3.0

Elﬂ‘r

1) Yee RD, Schiller VL, Lim V, et al. Velocities of vertical
saccades with different eye movement recording methods.
Invest Ophthalmol Vis Sci 1985;26:938-44.

2) Dell'Osso LF, Daroff RB. Eye movement characteristics and
recording techniques. In : Tasman W, eds. Duane's Clinical
Ophthalmology, revised ed. Philadelphia : JB. Lippincott, 1991;
14-6.

3) Dell'Osso LF, Daroff RB, Troost BT. Nystagmus and saccadic

Duane's

JB. Lippin-

intrusions and oscillations. In : Tasman W, eds.
Clinical Ophthalmology, revised ed. Philadelphia :
cott, 1991:1-3.

4) Baloh RW, Sills AW, Kumley WE, Honrubia V. Quantitative

measurement of saccade amplitude, duration, and velocity.
Neurology 1975;25:1065-70.

5) Baloh RW, Langhofer L, Honrubia V, Yee RD. On-line Analy-
sis of Eye Movements Using a Digital Computer. Aviation
Space Environ Med 1980;51:563-7.

6) Stathacopoulos RA, Yee RD, Bateman JB . Vertical Saccades
in Superior Oblique Palsy. Invest Ophthalmol Vis Sci 1991;
32:1938-43.

7) Collewijn H, van der Mark F, Jansen TC. Precise recording of
human eye movements. Vision Res 1975;15:447-50.

8) Metz HS. Quantitative evaluation of the strabismus patient. Int
Ophthalmol Clin 1985;25:13.

9) Yee RD, Whitcup SM, Williams IM. Saccadic eye movements
in myasthenia gravis. Ophthalmology 1987;94:219.

10) Wright KW. Strabismus and Pediatric ophthalmology, Ist ed.
St. Louis : Mosby - Year Book, 1995;753-5.

11) Metz HS. Restrictive Factors in Strabismus. Surv Ophthalmol
1983;28:71-83.

12) Metz HS. Saccadic velocity measurements in strabismus. In :
Tasman W, eds. Duane's Clinical Ophthalmology. 2nd ed.
Philadelphia, J.B. Lippincott, 1991:1-13.

13) Longridge NS, Pilley SF. Superimposition of ENG Recording
on Video Eye Movements (Congenital Nystagmus).Adv
Otorhinolaryngol 1988;42;85-9.

14) Jones R. Two dimensional eye movement recording using a
photo-electric matrix method. Vision Res 1973;13:425-31.

15) Yamanobe S, Taira S, Morizono T, et al. Eye movement
analysis system using computerized image recognition. Arch
Otolaryngol Head Neck Surg 1990;116:338-41.

16) Curthoys IS, Moore ST, McCoy SG, et al. VIM-a new
method of measuring ocular torsion using image processing
techniques. Annals New York Academy of Sciences 1992;22:
826-8.

17) Brown CM, Terzopoulos D, eds. Real time computer vision.
Ist ed. Camdridge, Camdridge University Press, 1994;71-89.

18) stgh AFEE o] &3 tAE Y £ A& EsEE
=74, 3HekA] 1995; 36:1199-06.

19) &3 AEE, o] 8 Tt g W9 ¢ke5TES S
A0 AAA. A 1999;40:197-210.

20) stk FrEldh o] E. A Y WS o] &3 AN &
2. 3 998,39:740-5.

21) §3h A, olF 8. tix g w9 s dztE 54
2 A, kx| 1998;39:1571-77.

2415



— ottt ol Xl A 44 & M 10 = 2003 —

=ABSTRACT=

Eye Movement Recording using
Computer Image Recognition Technique

Seung han Han, M.D.l, Seung kab Kim, M.D.l,
Jong bok Lee, M.D.' Hoon Jung, M.D.

Department of Ophthalmology, Yonsei University College of Medicine and Institute of Vision Research'
HOW Corpora tion”

Purpose: To describe that Computer image recognition technique is more accurately and less invasive than
other methods, which using contact lens with a search probe or electrodes for record of eye movements
Methods : A reference marker which was infrared was attached to the center of the forehead of the patients
and the infrared light was illuminated to both eyes. Video image sequences were recorded using digital CCD
camera and the captured image frames (640 X480) were processed using a image analysis program. From
which each image frame captured, pupil area was saperated using difference of brightness in pupil and iris.
And then the pupil center was determined by calculating the center-of-mass of black pixels to meet the pupil
threshold criteria.

Results: In a post-processing process, we could acquire horizontal and vertical eye position and velocity data.
Inverse fast fourier transformation(FFT) and digital filtering algorithm were applied to filter out noise due to
limited resolution of the CCD camera and sampling rates. Experimental result showed that the system could
detect about 0.2mm positional location and 30Hz horizontal and vertical eye movements simultaneously.
Conclusions: We could accurately measure and record two dimensional eye movements of patients (horizontal
and vertical simultaneously) in real time with some head movements.
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Key Words: Captured image frames, Digital CCD camera, Two dimensional eye movements, Vision-based
method
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