WV INNHNUS MIAaMUMININVVR TR Taslduuudiaosaauia

¥ y A
ALNABIUAYY
Y A a L4 @
ey w1591 1aaam
Seyan Aranssuenaasauiudia enssuluih)
d‘ a =) o v
AnzNIsSNMINU3n IA.AT. UNUT TITINY 9191501/ nEMan
a o £ dy a J s 1
IA.A3. 1@3NANA 1DOAIITAA 919150N1/5 11590
@ S J dy o Jdaa s J
HALA3. AUEE 1DoNUTIIoZNA 919150N1/3 11590
%4 v
Unnaege

[

Y

a o a 1 9 o aAa o [
NUITBUTUAUDITVUMIAANINMIININEIUUIOMN TaslFuundiaesmauia dmsums
o o ' 1 % V) 1 { Y 1
AIBIMIUHUIM IR IU MWL LER Tula Tagyaanuaulannmsuniyrininim
gnAeInINMslsziiumid i NueIuuIeNIMIAIaAas NNAUNANITIAADUNVOIRTHY

Y Y 1 o aa 9 da! v Y 1 1 =) Y
YBIAIUTINNAADY HUUTABINAWNAYNAT 1YY TAg 15 UBYa TE 8L INTENINATHEYDIHTIY

Yo 9 a a dy Y ax 1 ant 9y
NAABDIULASIDNIN Ulﬂi’ﬂiﬂﬂﬂaf]\i!ﬂﬂ'l NT1UH Elullﬂ!,ﬁu'f)'l‘ﬁﬂ'lilli%iJ'lmiZEJ%?ﬂ\? 3 'J‘ﬁﬂ'lijﬂ‘(’lblﬂf

¥ v
W'ﬁﬂﬂWEﬂUWMLﬂTiJGUEJ\‘IL!ﬁQ‘iZﬂ‘]JWH waﬂmimaﬂymzmwwmmmumuagmﬂ%’ﬁuﬁmum

a, ~ o a 4 o ]
dmshue lasumsngainnugndeslasldoraaing 51 swlumsnagoumsmanesun
ax o ] 1 I a
VNN 1501INA09 IAN N UATLEZHIITEWINATHEUAZ MW UTLZ 60 (FUANAT IUD
S2Y 80 FUALAT NMTUTZINUMAHUINTINIVDIVUIDMN IANATOUA T 0IIT NI NAUD
9 [ 9 [ 9)3 ~ ] o [

Taen13 191anN15V0IANWVVVDILAITEALINT LAz IFNURveUIE T UM szna
1 [ 1 [} 4 { 1 1
ATLIZHNTLHINAAZIDNN HAGHTN 1d910NTUTLUIUTLHLHNTEHINMNAZIONIN Tag

o w

Tdnanmsanuduveaasszaumi gnasd nuuudiaesdaredsmaiaesioogauesnyuiy
Juataes ldaunasanugnaesdosas 96.54 TaedtmsmianyuzmnIzaInuUUsIae ey
Fo o yyr 4 y_ v At v & A ' v 9
Firae lanunasnugnasdiosas 96.69 naz Iasdsms Idnunvosiiual lavinnisly

o 2o oyyr A Yy
Lmumamgawmaq‘lﬂmmaammgﬂmmiaaaz 97.43



v Ja 9 a 1 o [ 1 Aas 9 [
WﬁaW‘ﬁT]]lﬂﬁ]'lﬂﬂ"liﬂﬁgllluﬂ'mul‘Viu\iﬂ15L‘W\13J@\1°]J‘Lﬁ]@ﬂTWIﬂEJ'JTJﬂ"Iiﬂ’J"I?JHJ?J"’IJ@QLLﬁQi%ﬂUW]1
o o A =) 9 A A A A 3’1 a 9 1T Aa
mmmmu”lwmmm zj‘nﬂaawumsmaauwmﬁmwﬁmﬂmm NANINATINANNIDNTN
= = a = Y] 9 A A
ATHSIDYININUI LASATHILDYIININEIIUDIIDNIN llﬂﬂ?LﬂﬁElﬂWﬂ?ﬁJNﬂWﬁTﬂ 2.55,2.72 U

N o w v AN YY ax gy & A ' K] A A
2.81 HUALUAT AU Waa‘W‘ﬁ‘Vlhl@ﬂjﬂl‘ﬁmﬂﬂf‘w'Ll‘VIEUE]QmumblﬂmmaEJmﬂ’JNJWﬂ‘Wﬁm

2.44, 2.50, Qg 2.53 LFUAIAT

{ Yo a 2 ° R i ¢ o v o ' '
QgﬁﬂWiﬁLﬁu@nﬂiﬂﬂ1§‘W€;ﬁ]uIﬂﬂﬂ"lﬁﬂTH’J‘EIH’TW’H‘B”N?YN?JL%@iluﬁ'l‘ﬂillG]TLLWUQﬂWi!WQ?J@Q‘LI‘Ll
o 1 v oA 9 A =) ] a Y A )

DNINNNAULUUN WﬁaW‘ﬁT]vlﬂﬁﬂﬂN@uhl"Uﬁﬁ’]&lgﬂgiuﬂﬁﬂ'lﬂﬁiﬂﬂﬁ'l\‘i"l]’f]ﬂ'l‘w llﬂﬂ'lﬂ’ﬂlll,‘]f’t’]ﬂu
g‘/ am J [ Jas 9 (% Qldy d' 1

MIADIITNITININU Fl]'lﬂﬂ15EL“]J"J'ﬁﬂ'liﬂl'i]\?ﬂ’)'lllﬂlhell’ﬁ]\ul,ﬁ\ﬁ$ﬂllL‘Vl'l uazmﬂ%wu‘wmum

v JAy ¥ 9 A = Ao & = y&X A A a A o '

waaWﬁ%"lﬂmEﬂmau"ﬁJﬁwz%umimaaum i]'lﬂﬂ'lﬁi“])"wuﬂlﬂu@'lllﬂ'lﬂ?]'lllNﬂWﬁ'lﬂ‘ﬂﬁ1ﬂ'J'l

9 Y [ a a am d' dy Yo a Al
N5 1FA MWV HUDILUAITEAVLIN ‘]Ji%ﬁﬂ‘ﬁﬂTV\l"lJ'O\?’J‘ﬁﬂWﬂ/]LﬁuE]uulﬂiﬂﬂ1§W1ji]Uﬂ1ﬂ’J1ll
A 4 )

a z; [ [ { ’q Y o (% a
AANATIAAULASATT INAITULY uu‘ﬁﬁmm ﬁuJ’lﬁﬂﬂ58Qﬂﬁi‘lf\‘l'luﬁ'lw51J§'3°]J‘]Jﬂ'li€°’]ﬂﬁ'lllﬂ'l§

] @ oA o [ 9 A A A = Y
LWQM@QLLUU@QIHN@@TTW?UW %QWU%MﬂWiLﬂﬁ@uWﬂl@ﬂﬁiquﬂ

U



Thesis Title Automatic Eye Gaze Tracking Using Three-Dimensional

Eye Model with Single Camera

Author Mr. Wirot Ponglangka

Degree Doctor of Philosophy (Electrical Engineering)

Advisory Committee Assoc. Prof. Dr. Nipon Theera-Umpon Advisor
Assoc. Prof. Dr. Sermsak Uatrongjit Co-advisor

Asst. Prof. Dr. Sansanee Auephanwiriyakul ~ Co-advisor

ABSTRACT

This thesis proposes eye gaze tracking system by using a three-dimensional eye model
to automatically compute the eye gaze point on the screen. The problem is challenging
since head movements can decrease the accuracy of the eye gaze point estimation. The
system consisting of a single camera and a three-dimensional eye model was
constructed by using the information of a distance between the head and the screen.
Three methods for eye gaze distance estimation are proposed using the principle of the

gray-level intensity, the principle of the eigenvalues, and the principle of the iris area.

The proposed methods were verified by using 51 volunteers for the eye gaze on the
screen estimation. The experiment was performed by setting the distance between the
participant’s head and the screen from 60 to 80 cm. The eye gaze points on the screen
estimation were determined by two approaches: the principle of the gray-level intensity
of image patches and the principle of the iris area for eye gaze distance estimation. The
results obtained from the two approaches were then compared with each other. The
results of the eye gaze distance estimation from the principle of gray-level intensity
modeled by the least squares second order polynomial showed 96.54% accuracy; those
obtained by the eigenvalues modeled by the exponential regression method showed
96.69 % accuracy; and those obtained from the iris area modeled by the exponential

regression method showed 97.43% accuracy. The results of eye gaze point on the screen



by using the gray-level intensity of image patches under three conditions including
when the head was placed at the middle of the screen, when the head was tilted to the
right, and the left are 2.55, 2.72, and 2.81 cm root mean square errors, respectively.
Whereas, the results from the principle of the iris area showed 2.44, 2.50, and 2.53 cm

root mean square errors, respectively.

The performances of the proposed methods were analyzed by using the confidence
interval computation for all of the eye gaze points on the screen. Under the condition
when the head was placed at the center of the screen, the results obtained from both
methods, which were gray-level intensity of the image patch and the iris area, were the
same. Under the condition of the head movements, the iris area method is superior to
gray-level intensity method. Such performances confirmed that the proposed method
could provide results with low root mean square error and low confidence interval. As a
result, it can be used for eye gaze tracking system application with the user's head

movements.



