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Gaze Detection System by Wide and Narrow View
Camera
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ABSTRACT

(Gaze detection is to locate the position on a monitor screen where a user is looking by
computer vision. Previous gaze detection system uses a wide view camera, which can capture
the whole face of user. However, the image resolution is too low with such a camera and the
fine movements of user’'s eye cannot be exactly detected. So, we implement the gaze detection
system with a wide view camera and a narrow view camera. In order to detect the position of
user’s eye changed by facial movements, the narrow view camera has the functionalities of auto
focusing and auto pan/tilt based on the detected 3D facial feature positions.

As experimental results, we can obtain the facial and eye gaze position on a monitor and the
gaze position accuracy between the computed positions and the real ones is about 3.1 cm of
RMS error in case of permitting facial movements and 3.57 cm in case of permitting facial and
eve movement. The processing time is so short as to be implemented in real-time system(below
30 msec in Pentium -1V 1.8 GHz)
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Fig. 1. The Gaze Detecting Camera
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(3) Wide View Camera
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Fig. 2. The IR_LED controls for detecting
facial features
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Fig. 4. 4 steps in order to compute a gaze position on a monitor

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



=E/34 2 37 st ol 8F A X 3 Axd

a7 49 YElY QlE AANY, 92 EAHS
FE2¢% F EUHAY AA 94X o8y
A = TEoME 4249 A4 L AR
A BH2][3][22]. 3 WA GAdAE AR
TUE Aol " AAH 3 YA(LE A, F
Y, FHF sIhHE AdBEozy dojn ARE
S HEeE %7 d= 5FH 3344 SIxE
Asor #3547 "o F oAA L A dHm o
Aol A ALE27E RUE A g A HL Agr
7] A8 28 FHoA He AL(FA 2 o
), 329 29 FAH(BD motion estimation)
9 o}yl ¥ (affine transformation)o] ¢]s] #
3td 42 EAFEY A& +E + YA .
A ut gl A=, WalE dE EAHEY 9
AZEE sthe 42 HAY HHAL T 5
o, o] WAy Byyg fHwo] viue ¢34
7} 429 A g AH JH7 "k Al
HA Ao A dEF EAH wEtd 339 9
A7 AlxEe] AW, oL EUE HEA L
A AR dAeA F& sieE eiAEe AR
& ol&dd svEl REAES 71FeE AN
ol A £ Gl o9} B AEE Hges
2 =RdAE 488 F529 9XE HS59)
7] 918l "zt F}vlek(narrow view camera)S
AE de/ES- A A2 ¢ AA g3 d 1
o] (5) #FZ). B =&oA Algs= gz g9
gt Ze 37 (eF 30 ~ 45 mme 2 2AA
) 2t 9o, o 54 i & o
& Fdisted 98 & U T3 ALEAT)
EUEe 3 HE Agry] fse IFL
A3HA FASE AE d2 942 IASE7
g 37} Fho e (wide view camera)oll A 2
= Gol ofel AlElA WEE AL 24T
ol ol H g AS, dZt Al s o} F e Asl/z
S At sdets, B7 G AletA
3 Z F 998 3L F 94 g9 az==2
olglgk 7o chu|slr] ko] B =FdAE
AHE-AL7E BUE Y€ ATRE 3 4=

g BEF FAL, ofF A& 424 4
sHA At % v FHY F A= BL,
Hex Hole UE F E9E FHFOEH
TEA YA o HEH AH fHE
ofstch ¥zt Fivlgke] 4d 2 #S AL
918 420 pps(pulse per second)E zt: 271 ¢]
2% EEE AME3Ht =3, e 3§

Z+ Fivietel 749 2 ¥4 DOF(depth of
field) & ZE 540l geoemz, P8 AL A}
829 Z w3 &3 Yo] "t 4A %o &
HAE 54& vgdg. 94 o7 DOFE 7t
Hgte] ofolE]lx A7|7t FHE4E, FALA 9 A
2|7l Hs AXE BE42 gkl oy
o] =EAAe Fo] AlgAS AM YAE T
otst= S& EokolAME BRUE o oF 50 ~
70 cm®] H9FF ZAZ ESloA AL &
T Jem, Fivee elelglx A7|E FA|
AL FFHo= Fivel CCD AAME
= Yo S FoA =Hol 949 dAte]
Ae 23E 24 20 azez 2 =
t 923 d2E oAM= OUF Z

= AMgARY Fe dd 24& @
&eoll, A7 10mme cjolglx =z
7 23 A2 9 AF 238 &
(420 pps)E o] 83le Ko AHE & gae
HASIFAHIE 19 BF=). ol e AF
FaH/ET Sd 2 23 715 a9 194 1
By e Ftvigtdig mlolaz Z2EEH (DY
19] (E=x)d o8 Aod =g g4 & 4
el 23& 237 A ZIEFoz Fvg
£ 7IE2E ARA E71A9 Z A E Lojo}
Gt B =EoAME I¥ 49 @A 394 w3
H A2 SAH(EE £)2 344 X 2 Z A
ZE 7 £ ooz o8 nigoz ¥ g4
o AF =H L A "o 23y g7
Zhvl 2l DOF(depth of field)7} 3 A3 27
& ojgt #E Z A A e HFE
AE Zx3o o]FoA7| oyt adEzE B
=ENME AU J4E 7H9 W3 Ao &
FAsts 9 =24 53 QudsS HYs
o ALgBRTh &, @4 394 AiE 92 5
AA(E)Y 3349 9% HRE wigow Hz
Ftelet s 48t 2 # ¢ AL 2 AT 2H
TPFo A ¥ G4 FHESIG. o F
S8 942 PCE A4E F, 94U Zas
7t Hol2 EHsle 2H 2 G1g Zd
& FAe 23 AEE Hrler wy 9A
o =3 A=7 v AFES A AR =&
e 24 HAEE 0dA 1007+A 9] HYS
e d53Q oz AFdH e, 2471 A
AFE 2FHo] A D= Az HASYUT 9
AXE 0oz ALgse, 28 AE7F 90 o4

e

B VA 1 L=
M2 J1 2 |n
g > do o ¢

N
105
o
S
=

it
w
rir

£
ks

I wo

Copyright (C) 2003 NuriMedia Co., Ltd. 1243
www.dbpia.co.kr



5183 =54 ‘03-12 Vol.28 No.12C

29,
)

498 2o B R AU BF
A Bl Ae, A vhela A

T
-
"JW

o
&

2 =25 A5 23 A= 23U HH
AeslA ®o) o714, =Ho| A U=
qato]l A5 4%, 23 A=2g o= U
2 A okste A(Y &L F) AAEY] o
o BA7t Q) o2 AAd Y] SlEe B =
AR AlEh wARY AuE weges
g 7t FelzdE@ WG 94 Bl

A

zo Fgn= 7y A9 A
lo] AEelA w 2 I4E HEE T
e F 9ol FH5EHY, £
g AFHGE HAER)S &
Aol o ZUE Ao AlA
% —49}0}9&4 o] &, %?"ﬂ’*l g el
oo g A|A fA9 wEA AU

A 92 AlsFoR Eisﬁﬁg_aw #
Aoz U Ald EF e 2
t}. olo] g AAF &L 5FA 7]ET
o 19 49 3 WA Aol g AR g
e [2l9A #zE £ gk A dA DANA
T 27] 92 5349 33 AA o] €
= EA4He Ax $A(3D position tracker
sensor® %) Atol9l Hzx AE o (RMS
error)= 9F 115 ecm(X%2 2 064 cm, YH2
2 05cm, ZZo & 08lcm)e AB¥E=E e
on, Agd= “i" EAH FE5E 98 ALE
A 20 22| dHolHE o453t

o
820
0O

i3
A
A= gA)5E 9
2

3}
Hol

do o O fI 3R op [T R A1 % Jo A s (M 3
g

ﬁﬁﬂ.&.é_\l

o,

4. 929 349 4449 9 ol F =4

o] oA AW Y& 3FoNA A 2
g 49 29 A o ﬂf&q. 7| &l W 33
2 €49 34 WYE ATH K=,
ST E g4 zZ-uk ¥ (extended kalman
filter)(1], AZAW21] 22 ok F9 WH
(affine projection method)[61[7] S°] U}, Zt
s ge A gl FAYEES AL

glom[22], ol olfE E E=EdAME 7|E
o 3k +AY F4L2 A8l 7HF Wol AE
HE xS 3 247 ZHE ASIAe
w[1], & Zut D s} ofy WHWHE o] &3l
g= EAHe WiE 339 AAE Fsith
oo tha AAF A [11[20]1[22]°1 A F=

Copyfight (C) 2003 NuriMedia Co., Ltd.

3 4 9t B =FdA g Zg e o
= AeE 329 94 F%  Avl(polhemus
sensor)[22]¢} wlmEUT. 4y AH S 2
gk dEje}l 339 A F3H AFujete HHE
aole oY 9 I HFAAM Z+7t ldem H
298¢ ol 4%& etk

5. wUE Ao AN 1A shet
5.1 29§40l oj@ A4 947 shot

of FolAl At e 17 49 3, 44
gl AP 3ol dYEdE 2ud
HAAE 7NEo vty 7] 42 HYA
329 91X (¥ 39 P ~ Pe ¥F H#EA
Agew wdHol 4 F Ak o F, ol
sq4e AAE AEAT BUH g @ A
e At 2 W wAse NAIR ] Y 9%
[T Jdgeld A9 g 2w Dol o
249E) Gdo] s waksv, of YAg o
S obyl W Ayl o8 wstd AT 57
qel 148 T@ & sloh oAy AHgAI =
e gel @ A AvE W 4T 534
o X8 AvEY, ol BUEH HEAES 7]
o YA WHs, o BRREC YA
A2 WW % Pue Wael muee} whis
A7k ALgAre] A7 feHl,

it m‘im

52 wEAS FA9N @ AN 1A o}

54 1dolA AWd AL Ald A= &
=AY #3923 610}11 e g B
o eajAyt muUE A AMYAE FHetg A
ol i} fRE9 AL, AIEAYL EUH
o] o AHS AR doj= dF @ =FA
o] SF Yol FAe T, aEER R =
B mo A AH AAE ety
9lata] ALERLS] EEA SAYE dotste A
T2 3l AL =53 FAUS 1
Y 67 o] 948 Pl FE=2H 5 AR
2 7|Foz motdrt 1Y 62 oA MW
A As/aAS 3 A 2 2H 715E M ¥
Fidiale] o8 FA5E ¥ FAelth o] el
X E2E w5344 99 2 74 A7 BAH

www.dbpia.co.kr



=] 31
=5/

7 9 H7 shetE o 8@ AA 914 24 A4y

(Gaze at Left Position
of Monitor Rht Eye)

Gaze at kS (x.y) = P, i
Momtor Center ;/’ Q' Q(x, y) = Py(x, y) ‘\?\:\‘ X
S Pal, V) =@ y) - \P
P(x, V) = Qi(x, ¥) \ / X Gaze
& \)& ~ Position (AX)
/N N X
QoY) = Px.y) /7 \3 el
Qlx, y) = (x I /Y
[

Plalx, ) = Q5(x, y) /

S

’ P,4 P4(x’
Gaze at Right Position
of Monitor (Left Eye)

y)

i QE(X. y) 2

a9 5 =FA 23U 3 A 912 b 93 EAA 9 AAY pz
Fig. 5. The features and the neural network for detecting gaze position

bv eve movements

of Atk oA71M EEA L E2A G 23

stz flete] 98 AA AZ(circular edge
detection) @ SVM7ZI¥F &7-4] =lZgl WS

AH8-EtdTt. o] Whe 24l Mg 3z 7]
detel X = EAHLS &80 A8 AHedd
WA Aol frAbstol. #&F ulel go] ALg
27} 219] 4FE HeA A= A4S, 19
8 Eol 2k Ahvlgiel A Helx oA Hi=
A7t FF A asns B =i e
ad 69 (bye} #Zo] ALEArt RUEH F4e
At B W 4 & 25 PESL, 29 69
(a), (c)9} o] AMEA7F BUE 9 § AHL
ARz 93 d=& AFA
HolA He % w(dF 3o
FAsHA foh dwkH o ALER]
of we} F%Z}QI '%7—‘1
Ak €l

AFE 52 2 —l.E—Q] 5 "1 ‘I']Z](PI. Pz,
Pa, =P, Pl s Bla) (PipAlSlel-Fel &= A]—%—X]-E]
Al 9o mrel wslElA gk 2 =R A

ol

& 39 59 2ol £EA 24 # % A4
A% Apols] BAE a7 bl 417w
F ANER)S ABsdc o714 AFTL
A U e e mUE F3E A

:

2o as
Apole} Az
2aw o4
4
) e, f«}%zu

2]
2

i

A

o,
on of

=4
+

o

r
—.—FI'F_'_
ler-B-":E;mOEZ
2

Seuhg

]
T op

o]t} %

F7F EUHA dy "HolAA u%.‘i 75‘ -5t}

® 949 277 AAA d2z U By
Byl & AWz 3% FHe Aguda

= £5A49 234 A 7} A A gl o]
oA BuUE e 98 AlgzLe ZAR =
50 ~ 70 cm Aol t}sl7] wjfo), 18 5
Xt 22 Z Agl Atsk= dasi) o)A
ZAgYE RYUEH FYdAM AlgA E71R9 3

i

AAEE Yehdle Aoln, B =RoME
polhemus position tracker[23] #H] & o] &3}
ko b R

1245

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



(a) (b)
a3 6 A% As/AES g4 @ 24 AvEE o &8 ¥ 94 A=
Fig. 6. The captured eye image with auto pan/tilt/focusing narrow view camera (a)Gazing at
right position of monitor (b)Gazing at monitor center (c)Gazing at left position of monitor
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Fig. 7. Detecting gaze position on a monitor by face and eve movements
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Table 1. Gaze error about test data including only facial movements (cm)
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Table 2. Gaze error about test data including face and eve movements (cm)
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