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Fast and Precise Measurement of Rotational Eye Movement by Detecting

Conjunctiva Blood Vessel End
Hiroyuki NAKAGOMI'®) and Kiyoshi HOSHINO?)
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Fig.1 Position of conjunctival blood vessel end.
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Fig.2 Conjunctiva and conjunctival end focused in
this study.
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Fig. 3 Experiment'al device.
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Fig.4 Regions illuminated with infrared and blue
LED.
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Fig.5 Polar coordinate system obtained with ellipse
approximation parameters.
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Fig.6 Manually selected region to obtain conjuncti-
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val blood vessel end for tracking.
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Fig.7 Image processing of conjunctiva blood vessel
end. (a) original image, (b) binarized image,
and (c¢) thinning and noise removal image.
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Fig.8 Method of emphasizing blood vessel areas.
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Fig.9 Method to obtain position of conjunctival
blood vessel end.

879

NI | -El ectronic Library Service



The Institute of Electronics

I nformation and Conmuni cati on Engi neers

T HHGEIE 5 &5 CRE 2013/4 Vol. J96-D No. 4

moved positon

template positon

720 | £0) )+ £® ) £000)]

(__FFT ][Ff'r] [FFIT][FFT]

5
>

[ iFFT | (GFFT ) [ iFFT )

normalization

[ rotational angle(tentative) |
10 HC¥ % AV 7oK E A2 BRERE e Esh & )7 i

Fig.10 Method of measuring tentative angle of ro-

tational eye movement using conventional
method [9].
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through conjunctiva vessel end
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Fig.11 Eye model used to obtain tentative position
of conjunctival blood vessel end.
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Fig. 12 Region for template matching.
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Lo THEREHO—BORS (ANEZBOKEZ) &,
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13 BELEELOMT | (a) BERE, (b) MR
Fig. 13 Changes in pupil diameter. (a) mydriasis,
(b) miosis.
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ZNZx T 2 RBEOEN RN, RBELEREGEH LT
YT L — MIUERE GO A X eRKD L, MERES

Z WIS 5720, #HEEOHMZ 0 [degree] {12
57 A F12xF L TREHFEIC 40 [degree] fFiE £ TEAL
gL A, MEHESREOERIIN 15 D L)
2 Y, M & SR OMEEEL 15 [pixel] LT & 2o
7z, ko CHEH#EMIL, AAELETORLEZEETS L,
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Fig.14 Method of measuring true position of
conjunctival blood vessel end.
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Fig.15 Relationship between eye direction and dis-

tance from reference point to conjunctiva
vessel end.
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Fig. 16 Relationship between size of template image
and error of estimated rotational angle of eye
movement.

X1 HEREILOBILEZEX
Table 1 Pupil diameter of each subject.

small [pixel] | medium [pixel] | large [pixel]
subject A 153~210 211~240 241~259
subject B 139~160 161~200 201~228
subject C 141~180 181~198 199~210
subject D | 146~173 174~203 203~231
subject E 152~174 175~193 194~211
subject F 151~183 184~211 212~243

77— MEBEOY A X 430 [pixel] O H ATt
Geb. 77— MIERBEEOKE ZIZONWT
&, 77— VEBOY A X2 EZHEDEER
UBEIZOWTEHMEZIT) &, 16 DL H Tk,
77— FDRES% 10 x 10 [pixel] & L7z& &2
BESRL LI b, /4, 77— A4 X%
KELLTWLE, HHEDATOTF YT L -2 F
YT RfTo TV AD, HENER,SHENLSIZON
BRI B DAL R A LERES L, o8
BaOXMSEMLTLE) 20, HBELUEEELZ
R, BT VTV — MFA XiE 10 x 10 [pixel]
TH ), HEHREHMIZ 40 x 40 [pixel] £ 5.

4.5 [EAERERUVRIEERE

WERE 6 BOMRKEIIER O, BEffd OMxRERY
EHEREEY, BILOKEITE (F1) IZH 17 IIRT.
COFERIT 6 HOWEREIZBIT D MRS L IERERE
FENENFEYLERL TS, AFHRTIE, BILE
PEAL L 72358 T b F3RRZE 0.25 [degree] LT TOHR
KEGEEHAATTRETH B 2 L0 b, T, EEIZ

§° : Nproposed
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Fig. 17 Relationship between average error of esti-
mated rotational angle and size of pupil di-
ameter.
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Moy FrrET, BREAEZRS ETIZ 1.87 [ms]
THholz. 7 ATOHRBIIODANBELEFILL 7272
O, SEOWEE LCiX, B 78.1 [ OBRIKE] e
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FE 640 x 480 [pixel] TO®WFEERED, WF/Y — O
FLA O & O FEEE IS AR RERF 1249 75 [pixel], BEERFIC
130 [pixel] £ %0, ThEFEETIHFLIIBNT
FAMLESVESRBLAVERET S L, WLV
W6 O bEf B ERE L B B X FHERERF 0.75 [degree],
PAERF 0.44 [degree] 12725, 3F LT, #HPEIME bn D&
FLHL 2 & OFEREIX 190~210 [pixel] & 72 0, 7R
IEBB L% 0.3 [degree] 75 0.27 [degree] & 2 5728,
DRI OVTHIMETHVLHEL) SERLTNS
EWVR 5.
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