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# # 5371420221 : MAJOR COMPUTER SCIENCE
KEYWORDS : HEAD POSE ESTIMATION / MOTION MATCHING / FACE DETECTION
/ GPGPU

NAWARAT AUTTANUGUNE : HEAD POSE ESTIMATION USING FACIAL
FEATURE MOTION MATCHING FOR INTERACTIVE SYSTEMS . ADVISOR:
ASST.PROF. THANARAT H. CHALIDABHONGSE, Ph.D., 62 pp.

This research proposes an algorithm for head pose estimation. The algorithm
takes a 2D image sequence and returns 3D angles of yaw, pitch and roll of each
input frame. The algorithm is based on motion vector matching between motions
extracted from face image and motions computed by rotating the CANDIDE 3D head
model. The implemented system is suitable for real time processing via general
camera devices such as a web camera. The system works automatically so any prior
configuration and setup are not required.

The proposed algorithm is composed of 3 main parts, initialization, head
pose estimation, and result display. The initialization is for the face detection and for
automatic camera noise calibration. The head pose estimation phase begins with the
computing of the optical flow of a facial image. Later, the process rotates the
CANDIDE model into a predicted direction and projects the model into 2D to
generate optical flows. These two sources of optical flow are compared and repeated
until the best match is found.

The experiment results show that the system is suitable for real-time
interactive processing. The error of head pose estimation is lower than 5 degrees on
each rotation angle of the head. The proposed algorithm has also been applied to a

3D character animation.

Department : . Computer Engineering Student’s Signature

Field of Study : Computer Science Advisor’s Signature
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f(x,t) = 1(x(t),t) = | (x(t +dt),t +dt) (2.1)
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Temporal derivative at 2"d iteration
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[\L\ 1‘%
T t Keep the same estimate
for spatial derivative

=7 %

previous _]_x Converges in about 5 iterations

917 2-3 nstszannuisidunisiaaaun
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Spacial Coherence
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Image plane
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2.1.3 Haar - like Feature
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. o " o 3 o o e dny
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Al ' o = = a A Aad Ao P
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1. Edge features

1 1=K’ 2\

(a) (b) (<) (d)

2. Line features

(a) (b)y (© (d) (e) (:) lg: (h:

3. Center-surround features

.
(a) (;;

gﬂﬁ 2-5 Haar - Like Features
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214  NMSAUMLUUAUYUAER (Least Cost Search)

\HeasuIN s uAsHeaasNedluguuuaeelyuinisAu (Searching

problem) @zwudﬁimmgwﬁmmmmuﬁ 3 N (3 Degrees of freedom) TneLAas

v
%

wnuannsnuyulfilszanns 180 aAn AU auIRTasigRanusiueAaLiy 180°
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2.2.1 Head Pose Estimation Survey

E. Murphy-Chutorian 4a2 M.M. Trivedi [5] lfd159a9n13aeineaiunnsdseann
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2.2.1.1 Appearance Template Methods
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3171 2-7 Appearance Template Methods
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2.2.1.2 Detector Array Methods
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3171 2-8 Detector Array Methods
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2.2.1.3 Nonlinear Regression Methods

|

y=fx))
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2.2.1.4 Manifold Embedding Methods
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gﬂ‘ﬁ 2-10 Manifold Embedding Methods
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2.2.1.5 Flexible Model Methods
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317 2-11 Flexible Model Methods
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2.2.1.6 Geometric Methods
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gﬂ‘f/‘l 2-12 Geometric Methods
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2.2.1.7 Tracking Methods
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small changes in pose

317 2-13 Tracking Methods

2 1
{ o a

= ~ | = a A
Lﬂuﬂ@]mﬂ@ﬂmum@u(lﬁwﬂ?gﬂxl"lmmq‘wq\ﬂ]@\iﬂ?ﬂgqqﬂﬂq?mﬁmqﬂﬂqﬂﬂ@ﬂu-

v
= ¥

dl a K ' A‘ aa 1 d”d o
wlasninnTuNaziasaInAINLARZ NG sﬁmﬁmﬂuﬂ@quummmzﬂum@ﬂizmm

o

| = aa Ay a ' A A = '
NINNUANATHEANNNTINIAN AL Tmﬁls\l‘ﬂﬂ’&m\lmgﬁum ﬂ’]ﬁ‘Lﬂ@@uwm@\‘]ﬂ?HZIULLmﬂx

wrnazilasullasnaziias

125 daide
v 1 = '2“ % QI % t:llil 1 =
® AUMNYINMINLRNATEZANNNNTLLREU- ® FRalFNAURININTNNGVINNITBIATHE
= @ o e A . Yy oa Ao o eal
uwashaztieslunn-isn naansasi NOUANS L1 ABSENANNATNIRTIFUN
ANHUNUENG fliuniinmes s
o lLiidadadndudnwnizglinesdsne | @ fasBEnsiunisinanlud (Reinitialize)
pRp \ Ve L vey A a | P
Piglsauansiraillannusias i WanisAanndaunntesluntigey
® 11190 M ussULLULYINNG (Real el (Tracking is lost)
time) 1# ® anaAAUINIIATANIBIAINN

a = =
NG’]W@qﬂluﬂqﬁ‘ﬂﬁ‘zu’]MHN"ﬂ@\?ﬂﬁ‘E’zw

a dy 1
INATUANNUFAAZINTH




19

2.2.1.8 Hybrid Methods

Prototype Initialization

3
be @ @ Tracking System
@ - Begin

-= Tracking

1e___N l

OAO . ..vo i '.OAO | = >
=) @ AN/
New —
Head (i".‘: = ‘.
View e

317 2-14 Hybrid Methods
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Reinitialize if track is lost
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lEnanIsunIwLNeamAaLaga (Monocular)
b % o Yy o‘dgj 1
svunfiesannsanieulFfegunaniiugau iy anisndssunn

1 = v Vv o aa [~1 %
YIMNIATHEAVLNAAITUAIN 2 WADIINAN 1TlUmY
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wisenmuaA laangldann
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a 1 al U6 ¥
ITUUAIHANAINITA LNITszi Ui As e el [ Euane-

dl 1 a = a
mumﬂmﬂgﬂﬂﬂummuwm PNENATNLAED

Tiausagn wuaIwazAIYAAa (Identity & Lighting Invariant)

¥ ° v 1 |d9/ o
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szazlng (Far Field) lilaeliifiadninfuasinazidaanasninauns
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srUUHRIANNNT DTN N NNSTee AT IFatiNgN B uLA T A LTiag

IneldanTavinnnareenaang (Discrete Pose)

Uszuranalanuununia (Real-Time)
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2.2.2 Estimating 3D Facial Pose in Video with Just Three Points
G. Garica-Mateos wazAn [6] MHHLALEATN1TUTENUNINI9URIATHEFRE
qpdnAtyuuluniinies 3 A1unida Ae anaaeaigesuazlin Tednidudunenuisly
NENATIIINALIA (Geometric Methods) TneidnnilszasAnaziinauadunanion 1
fayalunislszananaliitionngn was Tianilufieanmunalasawuy (Configuration)
1 £ 1 v dI 09; andl ) d’l v :/j o v 1
AN NI Y Teduneudanuaue dsenav sy 4 duneunan tawn nng

o o !

AuALaed luniha I waunm, nsdunnandiAyandsun wluniin, nns

v
o o o

AARNAAFIATY wazdumeuNITUsEHNUINN9TRaA Ty
2.2.2.1 MSANMIAILAINIBIEIUNINlLUTNIAINITWEUNR

nzdumdaunwluutiutseanitiy 2 funeudes naduneuusnende
Haar-like feature lunstlszannipiuniiaaesiBnmudauginianuiiiazilulumii
annnauns Tnanistszanadluduusntianansanuiiznniaiadianulumii

! 1 v
Tuanasniaan dvdauninaasninauyanaiadnaviiiuluniiviomn azgnd s
v

Tfvdunautiasnaashanisdpnsasdaimanassdauninluniisuanslugiln 2-15

Face Detector 1. Face Detector 2.

Look for candidates Verify face candidates Final detection

result

317 2-15 nzdnansassa@aniunaeslunii

o o A v 9;3/’ aa dl dl
nadnansessaiaanaedlunii lfdunauisainunaciudaizes “nislszunana
Tunthayeeifossiauuy 1.5D" Miaualaeiidaanzimaniull [7] ilensasey
] a t:ll [ v QII Y o o
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AU g Ao NN i nimana llLaRe BLAZILWIRT (Projection profile) A
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17 2-16 udntin il BeunauiudeyadedsninisAumaunisassluuiiey
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2.2.2.2 MIAUMARIATYTBIAIUNIW LN

v
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v 1 v
TURAUATNINLAUTaTAt Haar-like feature AM5UANATLAZLNN TAtIAZAUMNAIN
& Al 4 =y Y z ZN 4 &odd
NuNNaulannI AN LI NTIWIUNENIANNTUADUNLAY LAZLNEATIANUNUNNAIAI1AY
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2 a 09; 09; 1 = o o 09; ac %
AN N BIN N ETATIG LI UAWLATLUIAT LA AUALTWARUAT MNFALNN

Aumbirasluniin Auansnadwinlalugin 2-17 Tnanadnwinlfazinvualiiiu
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Step 3.
Step 2. Horizontal
Step 1. Vertical alignment
Orientation alignment

estimation

PVeyes(y) PV’'eyes{y) 5

PV

50 250 50 150 250
ce(y) PV'facely)

317 2-17 madumesAtlszneuaeslumii
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m\iﬁmsﬁ@mﬂuzﬁqugﬂ%u% (Region of Interest) LTI NPT
nnBunaluusivls G9lkdiaualen G. Garcia-Mateos [8] Tnsan1af uIns
Uusil azgnlievendumitludaesluniiuazqpdrfyadloviian
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N19LsTanYinnIgTesAsHEe AL B 19INSAANIN 2 HA %q@qmﬁ'mmq
mmlw{if]ﬁ’mqmmm‘mﬁlmmwwdwmqmVTymm%mLm:mﬂ Tneluszuudine
3 85 Aunisaasluniiunudsuunudaadyanenl p= ( P, Py pz) doulu

szuw 2 fRresnmBunadeuunudion C =(c,.c, ) Awanslugila 2-18
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XY
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atin9lsfinu G. Garica-Mateos wazpnsznudn I Ao uduiusiv
FrevUNTENINANRTIadeualin Addugln 2-19 srazinaseid1enaemna
y < o o : ad
ansdnvazudslasulpnusfazyinn1aesfismy LAWNUEN18999ETINARI AR

AUENANNTB9RNAYINaasTnasngapally 25 wiss

717 2-19 unwanageadsuudaunanluniiniludipd
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o o

ety Asansnagiifumyiandaainislsan (Covariance Matrix)

v

! Gy o ANy o A
?Sﬁqqﬂﬂ‘ﬂ@]uﬁlﬂﬂﬁﬂﬂ‘ﬂﬂmflﬂm’]LL@%ﬂ’mﬂUQ\‘iﬁ‘vL@ U

Vo 1 el,-c, el —c,

_N X Xy _ = .y
2= . _§P -P;P=le2, -c, €2 -c,
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(2.7)

ANANEILELANIE (Eigen Value) 184 2. AALIN AANUaIRLANENILNWLEN
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r
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L
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dxt _dxo
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2.2.3 Motion regularization for model-based head tracking
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2.2.3.1 AAUUATEE 3 WA

' $2
aadslw D o

o = a A a dld o [~1
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o

Tnanasisauuu i luntsAuanile avendenisquiaanan (X, Y,z) Luvuin
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%
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.
=

2.2.3.2 AALLUUNITLARAU
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Y :mmﬁlumwguummu X
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WYisndUaInNI17uLaa (Transformation Matrix) NAMANAL
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2.2.3.3 NM5USLUUIUIATRIAILLUATEHE 3 NE
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2.2.3.6 NS UFEUNAUNITLARDUN
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1
=

THLaaNSINNzaNNgA (Optimal Solution) AREABNNTLARBUAYANTNAIINTL

(Gradient Descent) el @BuWNUAN UL ARELITNIANER Fiael
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