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Real Time Gaze Discrimination for Computer Interface

Suen-Ki Hwang*, Moon-Hwan Kim:*

ABSTRACT

This paper describes a computer vision system based on active IR illumination for real-time gaze
discrimination system. Unlike most of the existing gaze discrimination techniques, which often
require assuming a static head to work well and require a cumbersome calibration process for each
person, our gaze discrimination system can perform robust and accurate gaze estimation without
calibration and under rather significant head movement. This is made possible by a new gaze
calibration procedure that identifies the mapping from pupil parameters to screen coordinates using
generalized regression neural networks (GRNNs). With GRNNs, the mapping does not have to be an
analytical function and head movement is explicitly accounted for by the gaze mapping function.
Furthermore, the mapping function can generalize to other individuals not used in the training. To
further improve the gaze estimation accuracy, we employ a reclassification scheme that deals with
the classes that tend to be misclassified. This leads to a 10% improvement in classification error.
The angular gaze accuracy is about 5°horizontally and 8°vertically. The effectiveness of our gaze

tracker is demonstrated by experiments that involve gaze—contingent interactive graphic display.
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Fig. 5. Relative spatial relationship between glint

(a

sol, o}

[¢)

A Aol

2
=
2
=
&

E

=

glints.
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(a) Bright pupil images with glints.
(b) Dark pupil images with glints.

72l 2JeiA

oy

Ny

sk

S

i

s}

No
A



Zo] 1ol 7 HE wE S 1S OE A3 2
Al stk 19 62 GRNN 725 X5 gk

A 0 AR BA olale] Y e
ol A4 HE A7 sxo} sy® Rl T )
£F GRNNG PG, Q12 ALg v/
S oz Al el wel derd wals %
oF g,

<12 WEl= GRNNeIN AF857] o] A5ai]
Aitsl slojop Hr) Aitshs mE QY 5450
2o wglel Al sl Euh vhe vz 91K
2 uha ok dlolElZk GRNNS] spow wo}
A3, o vlolE7t S Btel, AL} 7
A Gelel AR AFES aHstel, 217t
Aol gEE ek AR 1079 WANS =
e

GRNNell A& 19 wiEf= o2} 2

i, 1 sl B ERele] Mlgoltk T1ela o
ERele] 71871013, gxo} gy SRE Gy i

hidden layer

summation layer

O output layer

I8 6. Al IHE 28t GRNN 7=,
Fig. 6. GBRNN architecture used for gaze calibration.

r& A WS AE) flsle] ARgei
o] WS Feta ok Hle2 1o 7P
olal, dwo] FHuh flolelE 2ZQIrhd 1
Ho}h AXNAY o) 7]87] o
gske] ARE3IL) (gx, gy)E HW o
sto] AlgEofZIT) o]t WIRIFES
2A dZ FFo] oW dF 7
oS Akt 1o FEse viyiEsRE A
o224, #E Yol w2 J&Fs 4
ol T3 RS Tae) Av)dd thsjA
Holmg AlA vl 71%S gwtsiE & 9o o
AHEAFE 918 AR AS mIH e R AA

o
T AU

(o3

il

il
of

rlo

tob o
2

1) m e

53 N

)

*;F; ”
P> off oot

r'
P ru
o X0 oo ol [o o mo . . @

> O

e i

V. A g3 & nF

ARkl A Qe Ee A Slske] U
g 2aRe QR GYow Psha, e
7} Ae Az S0l HAM dolA =
U ANSHE e SABES stk el
Zzte] melQlel A A ANZE AEstel A
A SiFIste] A Zgse

o

AL

ek

ORRORNORNO

®| | @© ® G

O 7. AFEH 2320 AXS = A|M AA,
Fig. 7. Quantized eye gaze regions on a computer




0
a
L

SUE 23)
A3
(42423468
BUZ 23)
Tl 4
(¥R 3458
8L 23)

o~
m
ks
=4

hal

& A A7)

AA

1

ks)

at7] 4

pil

L

=

392 A

T2E 19 8l YERAAT

o] Al geol o

GRNN & 98 Al Al
(87 SAS BHLIZ £3)

F2t

Z}

Al BE|
AL

NzE

AR 6
(FA 35678

BUZ £3)
a7
(B226788
BUE 23)

Fig. 8. Structure of gaze reclassifier.

o

ate] A

= ol

dlelH

]

5

x

FEfoll A GRNN

X ®M3d A
AQzHA

(=]
=

=

o=
dEs

ot
o

19 4971 gol veht @

Gaze discrimination results using GRNN

Ao AHgAich

IYLHNENIE

l.

P

4vge] ARgARA

screen.
5.1 Al
O
E
for a person whose data with head movement.

=

3 15
Table 1.

44

o)
Nt
o
M5 | | | a2 | 3% | a0 | a0 | eR | R
ioZ778W7844
O [®| BRSO |N|o|d|0
S
80000000.%.&E
To) <
o
7000000%3,ﬁ
ST )
olo|ojo|olo|g (& ou
So B
vlo|o|o|v|S|Rlo|e
<o) o
o)
tlo|o|R|g|e|8|e|o|®
300%00000.A
< =
ST 9
alf|@|lo|lo|o|o|o|o|R
S o
o)
— QS
Slolo|eoo|o|RR
— o
ololo|lolo|o|o|o
PMWOOOOOOOO%
THh|®|®|o|e|aa a6
ar
= Bo
uao]12345678.‘_w
W i
s

]

e

bk e A4

=
=

2

1

A
ol

1

RS

%

o

]

tol 28] 9ol LiERY
_(;)_o
ShHS 4x2F
= 3poA

3|
1

al

99 13} 24}e] ]

13} v|w
al
18%0ll A 8%=, AlA <3< 33} 4A}o]e] Q.

£

|

o
R

LRI e

e}

o

R
=

3

1

& gk 53,
<t

[e)

R

sttt Al

S

o)
qAsE

A

T

]_

S

=

=

—
-

B

Ho 3
==

]

W 4

}

ks)
o




g% ol Aol $O= 10em, 5
o BemAEQT % FHOR SR 4
o 5w ekt

Agke AR A7le) shgEsk sl v
A sl v @ S gAu, GRNNG
stol A4 WAL AnskgoA Al
& wgaede] Be g, zel SAde] gl
FE AQSA BAske Aol 2 olxlolet &

olc}.

o [o
fu

2N
>

W oox & ol

o1 g2 g3 FA4 g5 g6 F7 gy B

TR 9 AN AlY ZAD} B{W,
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2 MAMI|E 0|5 AlM AlY Haf
Table 2. The gaze discrimination results using the
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