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Clinical Application of Eye Tracker in Pursuit Eye Movements
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Purpose: This study evaluated the feasibility of clinical application of an eye tracker in pursuit eye movements test.
Methods: Twenty-five subjects (mean age, 21.04+1.67 years) with normal phoria were included. Pursuit eye movements in
horizontal, vertical, and diagonal directions using the Clinical Eye Tracker were measured, and analyzed by calculating
bivariate contour ellipse area (BCEA) and standard deviation (SD) area. Pursuit eye movements were evaluated based on 40
deg(°®) of the range of the moving target. Results: Pursuit eye movements were from 58.42 deg? for the vertical direction to
100.60 deg? for the left diagonal direction in the evaluation by the BCEA, and from 42.45 deg? for the horizontal direction
to 81.57 deg? for the left diagonal direction by the SD area. In the relative comparison, the evaluation by the BCEA and SD
area showed overestimation and underestimation, respectively. The Spearman’s correlation coefficients between BCEAs and
SD areas ranged from 0.665 for the left diagonal direction to 0.993 for the vertical direction. In both evaluations, the
horizontal and vertical directions were more stable and accurate than diagonal directions. Conclusions: This study
demonstrated the feasibility of evaluating pursuit eye movements based on the BCEA and SD area in several directions

using the eye tracker for subjects with normal phoria.
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OF -85 (ocular motor) H7F= FA] g A (fixation
stability), %& St (saccadic eye movements)¥} 5%
OF--$-5 (pursuit eye movements)yS E3FSHC) I F=H Qb
>52 2Eole EAE TP mEkE 5 EAE Bt
sk Ao = ok Aol fiut A 2
Fo} AEE ARE AT 23 YA AFgo|th Y &
EfEg FopillA FAJMFE Bt e =& AF
FHESEA Y NSUCO(Northeastern State University College
of Optometry) F72& A ALE & 4 ATkl 2ej o]
g WHES e} B AREo 4% ARE
T2 Jrlste o2 AFAtel et & W o= 1Y
2 & doplll HZoll= o3t olo]EgF (eye tracker)S
0]-&3}AY} 7]AI8H5 (machine learning) 7140 285+
A7 s ARste] H-E-S Hrlskarl ot

Ol EJAE o] &3t A= o5} okl A FrH L
21|51 Ik ofo] EgfA ] o5t FAMFE] ¢
7} 282 BF Aol BbA Wy Qg &
A Ag FHoF Frleiar glow W gk BIAAIA

r_l

o
o)

ekl o) (non-strabismic vision anomalies)ol = &-&3}
UTHI 92 = g AFol|A] oo EZfAE o] &
Al QF87d w7tel B3 A5 a0 o] &
sto] of ] 2 FAtel] olo|ErfA ] Zgo] s A
2 A7t FEAED Foke] At HARA F2RM
e T2 A FEAQ] B JristEE AE
Jo] B=3k SWo] ot

A HIARAG AREAO) 7N AR EE
7he AEEE Folal, 84 HUEE wiAlsr] Al Bt
2 7 o g RS de o] ltkal Bk E A
= olg IHAA A HAS AFIE 7H AL

o187 FHATLFE U 7

(

dor T
[0 o 4N K

of

¢

o,

olo

1. CHAFRE

A= = dgko] 9lom, AAZ (6 m) A7 F el
A 2 A QAF, A0 em) AFI7F A 6 A 9]
A1) A WSlolH, 3 dAl e SRR oY e FH

*Corresponding author: Dong-Sik Yu, TEL: +82-33-540-3415, E-mail: yds@kangwon.ac.kr
Authors ORCID: https://orcid.org/0000-0003-0645-4938, Phttps://orcid.org/0000-0002-8267-3801, “https://orcid.org/0000-0001-6806-3305, “https://orcid.org/0000-0002-4387-4408


https://crossmark.crossref.org/dialog/?doi=10.14479/jkoos.2023.28.3.209&domain=http://jkoos.or.kr/&uri_scheme=http:&cm_version=v1.5

210 Byeong-Yeon Moon, Hyun Gug Cho, Sang-Yeob Kim, and Dong-Sik Yu

El= 2§ Aol Ay HIRRE AdEjoll A AlEE 070014
122 259 (e 139, o 127, B 21.04x1. 67*11)0104E}
AEe &9 /\]E—:}E{(ACP 8, Topcon, Japan)Z 34319l

WA A=Y FHEN = Y t’:ﬂi‘ﬂ‘;ﬂ(LM—
15, Topcon, Japan)Z =73t} YAE e} A Q] A9
+ 2 g5 vHHB 16, Astron International, USA)S ©]-8-3}
73819 QJARRI9F WA= 22 53 4] R E
F718HA. o] At st e el U3 = RE
521 (KWNUIRB-2023-02-007-001)% #ro} H8y3}3ict.

M_&FF

01

2. FH72E £ FH| ¢ MH
FH 15 H7l= Tobii Eye Tracker(Tobii eyeX,

Tobii Technology, Sweden) 7]¥FS] Clinical Eye Tracker
(Version 18.04, Thomson Software Solutions, UK)!!>!"181=-
o]-g3t3tt. o] Arle AR AlojE 4= U= 26914
3} (control monitor)Z} IHAAAPE EFS B 4 e 27
Q%] LCD(1920x1080 pixels, LG, Korea) 3}H o2 FAJs}
At

Y ZARAReE 3P Aole] A7) 550 mmol ™, 3 AR}
o] AAdo] 3 FYE HEE i ojuphtolr} Qle 11
AR E o]&ate] AT Bp3le] A7+ oF 0.22 A
E_:}oﬂ Hﬂ-’g]»_ 3.7 mm 7<17ﬂ_,] xbxﬂ OJEJQE 7&%/\“ uHﬁ
3hA ‘/}E]r‘/]r 0}93\"4' T2k \_%9] Wk g%

it
oz I

o
e
f
o
Y
o
o
QL
W
QL
m)
2o
=
o 9
off
of
%
I to
ﬂ

0%
oL o

ofr
‘I|—’

o o2 Jo
ak U ofN ofy

o To

()
o
a
]
—~
o
‘\/

4

T2 Wkl A 30deg® 3HAIL, EHZlY olF
25~40 deg/sec!Ht} =7 9~10 deg/secE ST}
Q=2 o7 WkskS =410 2 Elglo] A&FH oz 240

= 32.5 sec Bl o]FAAXEE 3}, 7t Wkl x5
TS Slel 798 WES ol Fsh] HollM 1 sec A,
2|3} thzbd ke o] F3k7] Aol 0.5 sec AASES 8}
RIL, Z4zre] AAAIZEE o]y oA Al 25t

N
i

_|
X
o rlr

—

3. FHotF2E EH1 HO|IH F&

Clinical Eye Tracker®] #|o] spH-S- A3YA|A z} 3] 7AL
A1) w0 S Evltoolbar)oll A= ‘Calibrate’ S Z7
St “Stimulus'E ZFAIA Sl A T2 b5
9] Bzlo] UBUES g T YREFA] E1F ‘Binoc S
ZEAIZL & RecordE AR 7159 HoE= <
A ad = AgkeIar 2t WEke] HolHE s 3

Vol. 28, No. 3, September 2023

) * S
g-399] T4 S35k Aoz ;WEM a1t

4. ZHOITSE 7|t
F=3 dHlolHollA 33 72 o] FAMMEES
x-Z1 yFoAe] AT = T FH X} (standard deviation,
SD)= gA Hetd & AAT W] FY FA/E
T xoh y-FolX e xEUAE A B ok o
E]"ﬁ W ek EEAAE AR5 S8 9% a7
A ‘:Mﬁl FOF 45 deg, LBZ M WIS
AAYEFLE 45 deg 3HAA xoF y-F0 =2 H7I8IAT
FARMMTEE Hrhe EFUAL 7o g 7kA] Wi e
2 Frrsidnt. A e AR E 0l E]'Ok?ﬂ' W

° 2 P THe xof y= FHEE o] FoIX wAZH
cu %A 4 00 Sl WEHE e v
o|F x%} yFo] FFAUAE FAS 5 AT} ]
2A 23S Fee= Bhe WA= g o Ut A
()@ 2o] do](length)o} F(width) o2 o] Foi3] Bl
™% Q1 BCEA(bivariate contour ellipse area)?’'Z 3 7}3}

AT},

o]-no

BCEA=2k70,0,(1-p%)"" (1)
A7 ok o A7 5B 57 FA] Kol HE
F0A, g 45 +9 FA 09 Tl FAE 4

Al4=(Pearson product-moment correlation)®]™, k= &
Aol o3l A= FEHH0] 68.2%=ISD)Y W 1.146
ot}

A WHE 2(2)0 olal Zolet Lo g o]Fol %
Hzpe] HA(SD area)o-Z H7}5FATE

M

SD,;=4SD,SD, 2

o714 SDy¢} SD= 22t 33 2] FA| 945‘101 Fﬁﬂ
Ao} 9o F AellA e F2bE
3} of| 24 RStudio AT E9|o](Version 1.3.1093, RStud10
USAYE AF&3ke] Fig. 12} o] viephoick

o371 H7} A= pixel’ZE YERHI S pixel FHE
deg T E B2He17] 98 550 mmE 71Eo2 Sz}
0.032 deg/pixel!'*?1S- A}-8-5}A}. w8t =53} )z Wb
Fur g £ W] wE AR 13302 S8
o} Z}zte] WhHo A gk A o] S E Fiko] Zot
3. W50l ol LYol RIS Aslole). 3
WFY] FAME T 7 o E e A A
710 &3t "o"ﬂﬁ H]EQ} FHAAE AT

J Korean Ophthalmic Opt Soc.



Clinical Application of Eye Tracker in Pursuit Eye Movements 211

{ Right diagonal

Horizontal

500

250

X-axis
magnification

Length (pixels)
o

-250

-500

-100 -50 0 50 100
Width (pixels)

E

500

250
0
o
x
a . - £
2o B AT s Syt TIPSR 2
S b
2

-250

-500

-500 0 500
Length (pixels)

500

250
@
[}
X
Q
= 0
£
<]
2

-250

-500

-500 0 500
Length (pixels)

500

Width (pixels)
o

-250

-500

-500

500

Length (pixels)

Fig. 1. Examples for gaze points of pursuit eye movements in the nine directions.
A. Nine directions (center, left, right, upper, lower, upper left, lower right, upper right, and lower left), B. Horizontal
eye movements, C. Vertical eye movements, D. Left diagonal eye movements (a counterclockwise rotation by 45°
to represent length and width): E. Right diagonal eye movements (a clockwise rotation by 45° to represent length

and width)

Bivariate contour ellipse area (BCEA) is the red ellippse area, and standard deviation (SD) area is the green-gray

rectangular area.
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Table 1. Characteristics of the subjects

Characteristics Value
Male/female (N) 13/12
Age (years) 21.04+1.67
Visual acuity with correction (decimal) 0.7 to 1.2
Spherical equivalent (D) -3.714£2.62
Phoria at distance (A)" —0.80+0.81
Phoria at near (A) -3.40+2.33
Gradient AC/A* 5.25+0.97
With/without correction (N) 20/5

Data are presented as meantstandard deviation (SD).

*: Plus and minus sign in phoria indicate esophoria and exophoria,
respectively

f; Accommodative convergence/accommodation ratio
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Fig. 2. Bivariate contour ellipse area (BCEA) for pursuit eye
movements; error bars represent standard deviation
(SD).
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Fig. 3. Areas (length x width) for pursuit eye movements;
error bars represent standard deviation (SD).
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Table 2. Comparisons between BCEA and SD area

Direction N BCEA (deg?)’ SD area (deg?) p-value*
Horizontal 25 70.91+£30.40 (63.90) 42.45+17.66 (40.65) p<0.001"
Vertical 25 58.42+31.04 (47.47) 45.78+25.15 (36.66) p<0.001"
Left diagonal 25 100.60+41.31 (89.91) 81.57+29.64 (77.53) p=0.007"
Right diagonal 25 93.61+44.01 (77.94) 68.99+32.16 (67.60) p<0.001"
All 100 80.89+40.40 (71.69) 59.70+£30.97 (50.91) p<0.001"

Data are presented as meantstandard deviation (SD), and median
BCEA = bivariate contour ellipse area.

in parentheses.

SD area is the area based on the standard deviation of length and width.

*: Bivariate contour ellipse area for +1SD.
¥ Wilcoxon test.
*: p<0.05 indicates significant difference.
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