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& movements ~Caera coordinates- [x-red, y-green, pupil radivs-bine, relibility-yellow]

Computer with video Simulus display
capture board

CCDcamera

7 IrLED
Eye CRT

Head

ot



Jduobobobttddbobobobototddun

Jubobobobogtddboboobogtddboooind
API OO dubg

Jodoooooooooo void EPH_Init()
Dooooood void EPH_GetImage();
Oo0odoooooooooooooon int EPH_Read(int x,int y);
Jooodoooooo void EPH_End();
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eyeball pupil

pupil center (Xp,Yp)

pupil CRT /

S

CCD camera

video capture
board

—

(Xo,Yo)‘\\_/ X
(Vx,Vy,Vz) \

A view axis vector. . . .
A view axis projected to xy plane.

The rotation center projected to xy plane.

X, X, Xo-Y, RZ-(X,-X )% (X,-Y,)?

(v

ARV E , ,
X Y ’ RIO RIO Rp

Captured image.
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\ (X0,Y0)The rotation center projected to xy plane.

The rotation center projected to xy plane exists on the extended line of ellipses’ minor axises.

———X
4 900 V/@? X g =sint minor axis
—oin (major axis )
Eyeball 7
y Rotate the pupil counterclockwise. y minor axis
X
major axis
z YK -X)2+(Y Y )2
R =
P coso
@ CD camera (Rp:A length between the rotation center and the pupil center)
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The view axis in the camera coordinate system.

cornea curvature center(Xc,Yc) XX, Y,-Y, \/er)c_(xp_xc)z_(yp_yc)z

Ry ' Ry R

rotation center(Xo,Y0) (Vs ’Vy V)=

eyeball The rotation center.

pupil center(Xp,Yp)

oy o B ReXe RY,RyY
T oo\ T RR, " RR,

CCDcamera
The pupil center , the cornea curvature center and rotation center exist on the same line.

\ 4
\ Rpc

A
] ot

+ 4+

Pupil center

cornea

Cornea curvatuyeé center ¥

Rotation genter %

Rpc Rp=y/(Xp-Xc)2+(Yp-Yc)2 O y(Xp-X0)2+(Yp-Yo)?

Eyeball Rc=Rp-Rpc
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CCDcamera

%IrLED

reflection

. cornea curvature center
rotation center

eyeball
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H CCDcamera “
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&LED
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cornea curvature center
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reflection

\ A 0
reflection >

cornea E / B
B S — B
cornea curvature center / i(// T
cornea
cornea curvature center \cornea curvature center

rotation center
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Xcll Xrl-a
Ycll Yrl-3
alXcl+blYcl+cl=0

a reflection (Xr1,Yrl)
+—

e y
| N

!

al(Xrl-a O +b1(Yrl-p O +cl=0

cornea curvature center (Xcl,Ycl)

alx+bly+c1=0 \

reflection (Xr2,Yr2) a éggg égg
J, NP a2Xc2+b2Yc2+c2=0
Bl (

!

a2(Xr2-a O +b2(Yr2-p O +c2=0

cornea curvature center (Xc2,Yc2)
f az2x+b2y+c2=0
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reflection (Xr,YT)

pupil /

T RN S
AB : \ #RD #Rc A

rotation center (Xo,Y0)

pupil center (Xp,Yp)

XX+ Y Y B RZA(X,-X 40 )2-(Y - 4B )2

0O00ooo (V. V. V)= ,
xVyr Vs 2 R, 2
RX,-Ry(X,-a ) R.Y,-R(Y,-B)
nooooooo (XY :( Pt ,
(Xo:Yo) R.R, R.R,
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X,Yy,z:camera coordinate system

Z
CCD camera
N
k&\ 7
.
X

X,Y,Z:the target coordinate system

CRT

The view axis in the camera coordinate system
(C..C,.C)

(T, T,.T,)

The view axis in the target coordinate system

oot




OO o
=D O
e N ()

Y
4deg
stimulus display
a 2 a 3
4deg
! 1 X
N
|CRT y .
[deg]

[ n n
gcii zcm y| ZCZICXI zcm XIZCXI y| zcm ZI X
n
= zcm yi zcyl /zlcyiczi zcyl mzcleyl zcyl ZI
i= i=
n
_zlczicxi gcyiczi chiu zcm XIXCZI y| zcm ZI Yy
[ 1= i= i=

time
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Stimulus movements

Previous method.

New method.

[deg] X-eyemovements
-0.00+ 0.24[deg]
0 ¥ "sfﬂ
5 - —
10[sec]
: -0.00+ 0.33[deg]
0 T ad
! Phlatsg
-5 S
0 10[sec]

oo

[deg]

y-eyemovements

-0.01+ 0.26[deg]

,W ) )
0 10[sec]
-0.01+ 0.28[deg]
kmf\w '
0 10[sec]



[pixel]

220 .
X-direction head movements.
1[mm]
0.03[deg]
Head movements. 210 -
200 - w y
9 10 11 12 [sec]
[deg]
X-direction eye movements mesured by previous method.
Previous method
-35 w w
9 10 11 12 [sec]
[deg]
X-direction eye movements mesured by new method.
-25 7
New method W\/\/W
-35 w w
9 10 11 12 [sec]
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