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Abstract 3D face tracking is one of essential tech—
niques in computer vision such as surveillance, HCI
(Human-Computer Interface), Entertainment and etc.
However, 3D face tracking demands high computational
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cost. It is a serious obstacle to applying 3D face tracking
to mobile devices which usually have low computing
capacity. In this paper, to reduce computational cost of
3D tracking and extend 3D face tracking to mobile
devices, an efficient particle filtering method using
MLESAC(Maximum Likelihood Estimation SAmple Con~
sensus) motion estimation is proposed. Finally, its speed
and performance are evaluated experimentally.

Key words @ 3D face tracking, MLESAC, motion

estimation, particle filter

1.ME

3D ¥F FF[1-518 B, HCL JdHEHJIDE
AFE vldag BEE o8 Eopo) A4 rlgEA
1o A77F IAPHw glck 53], HE)E dHe u
RS FAME 3D BF FH g AAFHA B
oz 2 ¢8R JeH. =3 &5 2 4% e
13le] HTole gk d-Eel #as] mEgsEn Ql
th (4515 (1614 Akg 3D d¢y g sjlez
He]E Yel9} LK(Lucas-Kanade) €1e]&-g& ZAgs}
o PC 3740 Xz 57 7153 3D €2 F3
duE&L ALt e, [6]= Random Projection¥}
RANSAC(Random Sampling Consensus)% ©]-&3}
Adel HE5§ dE 947t 3D HETRAE HEF I
Elo} ZAgste] A Aol Aoz 3 sies
3D €2 4 ¢1dE L AL EE, [4-6190A4 A
Srel 3D €F F3 siyEo] EdAeln =& Uit PC
AN AAter FaslARl, o M3 2 kW
o8 st mupd whdr] Feo] AANY EREA
= H&ar] e Heol vk 53], muld vzt o
Z3 5o} e 2EY 3D 4= F3o| 23 PC ¥9
I AN ZUEFAAMT HE JtEdige AL 3D EF
F3 9] 34 Fof Fue] Fort Hx ok

E =FJAMe 3D €8 F3H 2 g3 v EA
£ sFstn §8& Eoks A AF ERELE Hulg)
A3A rIEe FEE g E EdFoE JfdEe &
=9t A% A 9 e $Ed 4 7
ghe] HE]lE HEE Aigich

2 off

o o

o et

o

2. T 2O0F HiAH X4
2.1 EIE TE|E 0138 3D Y2 55
3D FEIA L= A 6= 4 (D3 2o FY
He, 6 b, € I A2 AT EH wy, wy, w T
T4l 53 Setole depdd,
9 = [Wx Wy Wz L b tz]T (1)

MEY 7E e g e AEE gHIgIE o



334 BRI EEA:

€3 3D ¥ FF A 4dY FHIA 34 oy
%, 429l 3D IS 4 4, & e BAZ
AEty. @9 91 AgelA 6, & BEG Zi ol 93t
o HaRe ALE FEUEGS p(6,]Z1)0) et F
A =Y, pl6,1Z1)e A7 348 JE g9 A
st={(09, w?)}_ 9 $E(Likelihood)ell elste 75
%) w ¢} pdf(Probability Density Function) & ZA}
3 "3+ Ak 99 FA@Le A Aol ®d(State
transition model)® #& 29 (Observation mode)Z
FA5HE 54 E9(Dynamic modeDZ T8 Hrk

O = f(O-1,u) 2)

Observation model Zi = g(Gr,v1) 3

99l 2 2,304 = 8, 014 6, 29 e Ao]
§<=(Transition function), g+ A9 #=g Z o
e 6, 8 #AE YEE Measurement 55 9
A, w s vt A% A2Y xojzsh BE wol2E
g9 itk w3 4 sEEY sHEAE $E(Like-
lihood)p(Z, |8 7)ell o)tef olehs} ko) AlRrgrt.

p(Z|8")
o p(Z16")

AxHoz TElF Yy A2 A @) FIA=
74%x wie] RE(distribution)e] ¢lEHo] k. 2
B, 4 @el e wi'e Adxoz 4 (2),3)
A HaE 54 =dn JE S o 22 A N
oE2AYL & & Uk F, SElF e Aol g
54 2d5} N o W ohdsh 2ol WD % Aok

BE 2 e 5By 2 Y PN (5)

AW 4 Gt B 29 7o BYA 49 3T
Holl A HElE Wejg Ad = Aol dig Aoy E
F3 ok YA FElF EOM N2 iaF 49
oA AF 6, % FH3Y) AHA AslE HEA
w? o] AFe SYSEE N9 AFE ol AL &
= g AL Bl Aok zevl, A ()l o3t
W N9 /RFE Zold o9 ¥ HelF Hejy A%
o] Zadt. metA, N9 JFE Fo7] HiMs 5
A mde] Aol vix FyEoof gl
2.2 MEZ2I3 MLE 749l S3g &3
[9lel o3A AgkE MLESACS 7]&¢ RANSAC
1 712 JdF GAZH Threshold) &A1& &]Astn A
38 7)4te] FA(Estimation) 71'He A%< FIAA
t}. [9]ell ©}8hd MLESACS olg8 23 42 9

State transition model :

() _
w =

4)

o

o A4 2 8E A 16 A A 8 5(0108)

A HA nRe) e Baz o

My = arg:nax[p(M;, J Rk)]

~ p(M,) (®)
_arg:nax{p(Rthh)m:{

A (6)IA nAY dgd JTS hekn 33, ML S
s AY he 82Y 7FY(notion hypothesis), R
£ Mol 984 de3d JFE rolAd 24 deEtn
stehd, AME #E(posterior probability) p(MuiRy)S
HUZ 3= MxE 7€ F dth =T, 4 B)A
p(Mp) & p(RyE AbE #E(prior probability)2 o]n)
deld A o Z g gt A (6)2 $E(Like-
lihood)p(M;|Ry) S84 oleie} o] & & Qi)

M yyresac = arg hmax[p(R,, |Mh)] )

EZ, 2 (DA AANE Ry oA WA ti-e-3e)
A& r, i7F FEI H2HY BEL pli), Myl
% dEHE 29 o7t 71H$-A12HGaussian)ol gk
7Hd8tE  $%(Likelihood) p(RxMn)e olefiel zte)
&3 Ed(Mixture mode) 2 E¥ "o}

p(&%)ﬂﬁp(n!&!h)

[zt o2

2 @M we= WA (7} FESA BE FEF 1-
plod ol i 7453 4= & A9 ek £33, A%
9] A8AS Y8 & (DL 21 $%(log likelihood) S
o] g3te] ofefjel o] HF AHegc)

M

MLESAC

: L 1
arg max [Z log {(g\/lﬂ € )p(v)+ (;)(1 - P@»H
@

8

3. MLESAC &3¢ 8 7|t| mEIZ TH

3.1 33 £ 7jue| TielE U] g2lF

(78114 Aietd =ElE HEE 53 Zdol 94&3
olth. &, Aol B T4 ¥de 2 vEE ¥y
o B¢ uE FAE M e JAsd deEs
3 dloF Bk wbd, o G)oll gsbE $4E B3 R
doj tisjMe H& s HEjFe o3t L HF
& BRAY 4 dor g 48 &5 oA gL 5
Ak £ =894 ARkl e 54 2de 4 (2)
9] e Ho] & MLESAC $3¢ 34 wdg i
Ao EN siesidct. dutyem wlelE HeloA



MLESAC &3¢ %

e o) Bde ol HuE F=HuE WA ol
Lk H%M(Umemim )& @8 AAN) ot
et 2HUMe AT BE HHFTL Aol e

F23F 911l %E}.

d1gF 1 39 F4 71 sEE gy

Initialization: ZJ1 SLANA HEU s2s N e mes zz
Sy ={(8",1),..., (67, )} 8 2y N,
Fort=1,2,..,T

Motion Estimation: 2 D215 2 o MM SHY 6 8§ =ZSO

'

6 =ME,,..(S_)

MLLYA('(
1 = Wl )
Forn=12,..,.N
(1) Patticle Generation: Sx2 2= p(f) o AsHA I
e (07, 1) s eyac.
(2) Welght Computation: likelihood p(Z|8™) il sHAM
REX W B Heso.

End
Weight Normalizaton: 2t IEIR2| JIEXE R8I0
Oy _ p(Z16")
P AL
Final Estlmatlon Jiakwﬂ SAMA 2B SNYE FHEO.
6, =argmax w”
6,

d

End

dngF 194 ALY FHY 3 e gy F

daFES 71EY FHEE HEge 2 (- 1959
HE]Z ¥ S MLESAC 229 34 6,2 78
71 98 AHgER A #3yE Jg

S,=1{(6,1),...(6, M, 1)} p(6)1 st 2w
the Aotk ZoHoE ARd 85 & A4 p(g)d
aA wad HelF WY S we FER AF 4
B 34 6,9 ) YRske] ExaA He) w3
2 59 dElZe JdHME 3D dF 34 45 B4
A3 AN w2 3D 9F FHL shss) dk

3.2 MEIZ LEE QI8 MLESAC S 53

=R At TE 12 $AY F4E )

o am Utk 2E 4319 3L AME dF
e £Be 239 3 Mol ssdth sAw,
74A o2 qlstod MLESACS 53] A Alf S
oA sl Feel AHgsy] AFE 49 23 Y
olgtz & 4 Utk

AR, MLESACS E]lg Hejo} o] AEg 7
Rog dm 7] WEe) 712 gE $AY 33 3
W7 wmsle) whaA AgEc

=

7 7Iktel selg UEE 0] 8% 3D €F F4 835

E#, MLESAC 7|%te] 239 F3olAM delgd ¥
B9 e 67} AY 7ME dA shedith 2eE,
7)&2] MLESACAIAM #3849 7Hd& 73171 9434 F
23Y 54 € ueH F3F0] AF siedith

2udF 25 d3FE 194 At HElF FEHE
9% MLESAC ¥4 F38& B F3 Qlch ghellA
AF HAFo ¢x:IE: 2% [919M Ag" 7IE9]
MLESAC 7iwre] 239l FAAe 2= U3y F&
BAS Aty HEF FEY ol AEdA vz &
29 7HEE HMEHIh F ¢aEE 204 HMEHE
0’ = 7189 MLESACHIMS €29 74 M, ol
e

32F 2 AEF YHS A% MLESAC <49 F74

Input: ¢-1GIA N IEISS 2= ZBS, | S LHOZ 0.

S' -—{(6‘“,14“)), ,(B(M,w::))}

Forn=1,2,...N
(1) Sampling: OI® MIEIZ Z&Q JISNE HBsI0I M2 It
EI29 a6 7 aBYBD,
(2) Feature Extraction: 221 J&H0IM 67 0 20 #E =
N we Fo 028 S5 We F 8 380,

F=[v, . v, 1,F=[v, .. v,1]
(3) MLE Computation: &{(Q)UIA r =v, —v,@ 801 MLE™ 8
A,
(4) Threshold decision: orel, Baix gt T of w80l of
Y ME DIESIR BESE NOUCH
MLE™
End
Output: HTHtE = MLE O #Bet= 6,8 55 839 42
=3 B0

et

=EA AMS dES A 3D 4F FFHd
8371 $18te (11414 A%k 3D Ay =43 [10]
oA A 5F F& WPE o84tk PC 7Ny
T8 Windows Visual C++& ©]&€3}o] Intel Pen-
tium 4 CPU 280 GHzZ ®A& PCAlA FdHEUL
o, 789 ¢318ZF BU Data Set[l]194 7=
t. 19 12 3D %é‘ FHg A% 54 & E5S
Ho F3 3om FZFFE 532 =EoA AE
U1elE 13 28 o83ty 3D 4F FHo| IS
T Ak

Iy 2¢ &

Setoll A 3D €=

£2olA Abe YneZel BU Data
7 A% dF HAFT ok



886 AR A =

a9 1 3D Adg 2dF BU data sete] Z+ 21E9)
g 54 A9, (a) 3D 499 249, (b),(0),
(d,(e)(f) ZF jaml, jiml, Iml, saml,vaml$]
A #A) GG Foll] Held EJE(H o] &
g A7)

4.2 Ms oI} uiy

gxneEe e H7E AsiM PCelAM FdE 3D
dF $3L o]&3td BU Data seto)A 3D L8 33
A% 2 Ay &7 A=Y

49 34 A%

F 8=

g 2 gel A AF a0

3 e 99 A (109 s Hod FHER
HAEAG A 10elA ‘A" G4 HA AT
BU Data Set #A o|m|A] AxGHEY g, AEF 9
N FTYY AE & FENT 200 Y oA =i
) 91 900077 =, “FAE 93 AFe 4 5%
gl 3D dF F3Ho] Hx dAWEy] AAR FAH4
AEE oHA Aot BE, FHY I dds
2 (1Dell 2siA fd= i)

e =[a,~3,]'S"'[a,~3,] (11)

fel & (1DelA ai e WA B89N 3D € F
Hel og xX= FHolv 3; & oWl Ground truth
el T BE @MY Xz sl g TE
A PPz GoEtk dF FHL o 7 A dARS
g gow AFFHQ Aer APt B =F9 4
HolMe ¢ 5 3022 Hsluch

A AFEY A4 F HE A 16 9 A 8 520108

4.3 845 Y &= 53 Ay

olzle] ¥ 1& MLESAC $3% 34 7wt slel&
(MLESAC-PF) ¥Ejs} 7129 e o] nde 9%
3E]E€ HE(STANDARD-PF)d|A 2] 3D A2 F3 o]
3 Ay 2 459 st BU Data setollA] £3d
A3 BeFa gt

¥ 1 MLESAC-PF$} STANDARD-PFY] 4% % &%

Bl

g328Z& 8 | STANDARD-PF MLESAC-PF

g8 | 21 &8 23 &5
G2 (% %%

e F2&(%) (fps) FHE(%) (ps)
50 638 61 879 50
70 732 47 89.2 39
90 789 39 905 30
130 81.4 28 92.8 23
170 843 23 89.6 18
210 86.4 20 941 15

¥ 13 2§ 3¢9 Ao 2lslE MLESAC-PFe) €
& FHgL 50709 TElE g AME3HElE, STAN-
DARD-PFIA 21070 AHE31S o BT 22 452
Holx glth

DB ER AT U BHB HID
95 !

MLESAC-PF +
= STANDARDPF )
N e A S

s 20 55 6o

%305 w0 e s
ZHOYE SH THYFPS)

19 33D €F FY 49 4= 4% o ¥

a2, MLESAC-PFE A ARF Z3EAM 3D
Z 339 &% P4 M NS FaAZ W 2
= A% AsE Ao wxE £ e, oA
E =Foa Aoksle MLESAC €3Y 34 7g
o SElg et 2ok 717] 59 A AlY FHE
23 olf7t "k

4.4 ZHIY CHDI0IMe] 3D HE 5

B =FoA AltE gaEiFe] A AR ZdlEolA
anHoz F3 beEe Holrl fsA dutiez
ARREE Bebd 9ol gAlsEels Hrhs ek At
H 4nEes Buid wuvle gAsy] s A4

-

fo o m®



MLESAC &34

a4 SPH M465091141¢] 3D €& F3

QAo A W G837 vz AR 5o gukdy

Azl 7o) FEHJLr “XSCALE PXA300"S #®&
A3 “Windows Mobile 6.0"71¥te] 4+A “SPH-M4650"
g2rle ¥ Uk

1% 4+ BU Data setollA 50749] FHE]l&FE AREs)
AL o zHzh 1, 40, 80, 120,160, 200 WA Za| Yol
o F4 A#AE HFa Qth olwy] 3D dF F3
SZE YT 8 fpsE APHALE E 1o 9Jstd FJE|F
e 747t 501y | FH&L 87.9%0|v). WA,
2 =FoM A¢E MLESAC €39 3% 7¥kg =t
EZ deo) 9% 3D dE F3ol Tuld ¥y F9
A A BREAA FE3]) B2RADS S F Uk

54 8

B sRdMe A A FRE 7wy 3D 42 34
€ 1% MLESAC 3¢ 3 7I¢te} 9E|Z FHE
Aglon A% 92 Hrlo ojsly %3 AFHYS
Pt EE, B mRA ksl Wy oleld 3D
A A9 Ay £T& Y 4 dE e

274 7o) BE)2 YHE o83 3D YT 27 887

thekstAl £A3HA, B =& A g MLESAC &
A F3 7hite] HEE HEe MR AE HAHA
ZdoA HAHgHUthe oM vzt Q. F, 71&
9] 5E]2 Pe|= MLESACH 9dte 23448 &Y
4 9len] 3 MLESACE 3ElE Heo 93td o
2 &2 AzgonA Hrh 82 gneFol
"ck old, 4% Hed A e A Bud o
Dol oy FEI) aHge] HUHHUL =
g B =R gk dmEe] dA B =fY F
Yol HEH B4 & 9 HAHz Ho g€
Eo] Hedthd ¥4 vy Rew AzbgEch

gaogd

[1] M. Cascia, S. Sclaroff, V. Athitsos, Fast, reliable
head tracking under varying illumination: an app-
roach based on registration of texture-mapped 3d
model,” IEEE Trans. Pattern Anal. Mach Intell,
vol.22, no.4, pp.322-336, 2000.

[2] J. Xiao, T. Kanade, J. Cohn, "Roust full motion
recovery of head by dynamic templates and re-
registration technique,” Int. J. Imaging Syst.
Technol., vol.13, pp.85-94, 2003.

[3] G. Aggaward, A. Veeraraghavan, R. Chellappa, "3d
facial pose tracking in uncalibrated videos,” Inter-
national Conference on Pattern Recognition and
Machine Intelligence, vol.3776, pp.515-520, 2005.

[4]1 S. Chio, D. Kim, "Robust head tracking using 3D
ellipsoidal head model in particle filter,” Pattern
Recognition, vol.4l, no.9, pp.2901-2915, 2008.

[5] J. Sung, T. Kanade, D. Kim, "Pose Robust Face
Tracking by Combining Active Appearance Models
and Cylinder Head Models,” Int. Journal of
Computer Vision, vol.80, pp.260-274, 2008.

[6] L. Lu, X. Dai, and gd Hager, "Efficient particle
filtering using. RANSAC with application to 3D
face tracking,” Image Vision. Computing, vol.24,
no.6, pp.581-592, 2006.

[7]1 A. Doucet, S.J. Godsill, C. Andrieu, "On sequential
Monte Carlo sampling methods for Bayesian fil-
tering,” Statist. Comput., vol.10, no.3, pp.197-209,
2000.

[8] M. Isard and A. Blake, "Condensation—conditional
density propagation for visual tracking,” Int. Jou-
rnal of Computer Vision, vol29, no.l, pp.5-28,
1998.

[9] PHS. Torr and A. Zisserman, "MLESAC: a new
robust estimator with application to estimating
image geometry,” Computer Vision and Image
Understanding, vol.78, no.1l, pp.138-156, 2000.

[10] H. Sung, H. Byun, "Fast 3D face tracking using
feature selection and particle filter,” Proc. of the
KIISE Korea Computer Congress 2009, vol.36,
no.1(C), pp.546-561, 2009. (in Korean)



