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Abstract

By integrating the eye and head-position monitoring devices, the present authors developed an eye-controlled
human/computer interface based on the line-of-sight and an intentional blink to invoke commands. Also modified was
an existing calibration method to reduce the visual angle between the target center and the intersection point of the
derived line-of-sight. This modified calibration method allowed 108 or more command blocks to be displayed on the
14 inch monitor with the target acquisition probability(hit rate) of 98% when viewed at the distance of 500 mm apart.
An active triggering method using an intentional blink was proposed and was shown to be a feasible and efficient
alternative to invoke commands with total triggering time of 0.8 sec or less. The system could be used by the normal
people as well as the handicapped individuals as a new human/computer interface.
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Figure 2. Relationship among transmitter, receiver, and monitor.
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the calibration map(right) in the modified calibration method
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Table 1. ANOVA on the two calibration methods

Source DF Mean Square F value Pr>F

Method 1 50053.08333 419.95 0.0001
Subject 5 331.56400 2.76 0.0175
Session 1 330.75000 2,75 0.0976
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Figure 5. An example for 5x5 calibration points in the proposed calibration method.

Table 2. ANOVA on the calibration methods with various calibration points

Source DF Mean Square F value Pr>F
Method 2 1029.417778 514.708889 0.0004
Subject 5 88.174222 1.33 0.2484

' 1 68.835556 1.04 0.3083
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Figure 6. Schematic diagram of eye triggering
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Figure 7. Triggering time(bar=mean, error bar=s.d.).

Table 3. The mean and the standard deviation of the visual anglebetween the
target point and the calculated intersection point of LOS(unit : degree).

variables calibration mean s.d.
method
X 0.0436 0.4028
Y 9 points(3x3) -0.0325 0.5046
d 0.5556 0.3102
X 0.0812 0.3798
Y 16 points(4x4) -0.0142 0.4665
d 0.5196 0.2892
X 0.0620 0.3816
Y 25 points(5x5) 0.0885 0.4135
d 0.4893 0.2753
X : angle deviation on horizontal axis Y : angle deviation on vertical axis
d=-vX*+1?

Table 4. Target acquisition rate(sessions were pooled).

correct hits commission errors  omission errors

ftrials [trials /trials
subject 1 199/200 17200 0/200
subject 2 197/200 3/200 0/200
subject 3 198/200 1/200 1/200
subject 4 198/200 2/200 0/200
subject 5 198/200 2/200 0/200
subject 6 199/200 1/200 0/200
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APPENDIX : w3]H7} A H A

FFFUEC)T AHNAPH(CRC)Y AE o] 83 A vl gt —-—-4 Z+% 9 (raw and pitch) 3] H-& A
it gHEAS7] A% HE2nxn el




notations :i =1,..n, GHXAH $£FA$ 10] RAFH
j =1..n, GHZAAY $3YAF, 10] BHAF
PCi,j GHZHHG, )Y HFEH
CRCij= FAZH4 G,)od ZeedE4
Di,j = PCi,j * CRCi,j.
L g8=d Fo] 9Jolo] e Huj pc-CRC HE]9] Aol B3} HE Pub 3txE P& POllA
HEE yaw®} pitcholth.

2. O 22 HAE PE TS AHYE T
2.1)Poll 7H4 717+ Dij & DstEh dhak Dstell M o3t 2ol sMe] S gElE AT
t} (Figure A-1)
Pu = (Pux, Puy),
Uu = (Uux, Uuy),
Ru = (Rux, Ruy),
Du = (Dux, Duy),
Lu = (Lux, Luy).

22)Dst 2912] 4o} AhEY Fol4 P 7F Q& AMEYL 7] A8 e Lol EFTT
If ((Pux>= Uux) and (Puy>=Ruy)),
. then P falls in the upper-right quadrilateral from Ds.t.
If ((Pux<= Uux) and (Puy>=Luy)),
then P falls in the upper-left quadrilateral from Dst.
If ((Pux<= Dux) and (Puy<=Luy)),
then P falls in the lower-left quadrilateral from Ds,t.
If ((Pux>= Dux) and (Puy<=Ruy)),
then P falls in the lower-right quadrilateral from Ds.t.
Let the upper-left corner index of the quadrilateral obtained above be (a,b).
3 AEES HAZFgo s MBS b A ZhEe B d¥BAR =¥ 4 At (Figure
A-2) ,
upper side =u X Da+1,b+ (1-u) X Dab,
lower side = u X Da+1,b+1 + (1-u) X Dab+1,
Find u and v by letting v X lower side + (1-v) X upper side =P,
w(E1]) = APARe D ol wlv(e(ol) & APAFY AFAH S EFWY y|
4 28 g 220 JHZA WS HCR I VCR & 3k pol sl33te £9 yaws} pitch= o5
rige g
yaw = -HCR/2 + (a+u) X (HCR/n),
pitch = VCR/2 - (b+v) X (VCR/n).

amza el BTl Losol tsl HCR2 9] yawst VCR2 9 pitch?t $171 2o HCR2 &

®3 VCR2ES ©tiohth ZaAgl volua 3 HEFA AHwEel A7 Aolth 9 roll
LOSol 9&S FA g7 "ol oozt 7MY



s+1,t-1

D : D s+t

D, i

\Ds.m

Figure A-1. Calibration map around the quadrilateral in which P falis.

'
a+l, b D'&'b Da+1,b

> VCR/n

(] —r

D'y b

DH],M]

1 4
Da. b+l lD atl, b+l

HCR/n

Figure A-2. Transforming a quadrilateral into a rectangle.




