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17  Hypothesized polygon based human head tracking

(=T PN T1 %]
3WEHBEIL, BElrETIC/SNLRITEEBRRTO, =(0,,...,0,) ERHAWVT, AMOHE

DESRX=(x,7,2,0,,0,,0.] oFEmEHHERDEZ L THS, b LENKRKwL T

e, Tbb p(X, | X, 5 Xo) = p(X, | X, ) 2T, BEHESS p(X, |0,,) i}
KDL ckEhD,

— 378 —



T—Y5—4 AFREAMKYOSTEMERHICET SHE

P(X,10,) = [p(X, 1X,,)p(X, 10, ,)dX,,

s p(X, | X)) EREEBEE TS, © L CERRBERNRIESA RO —L% AT,

p(X,10,)=x(0,|X,)p(X,10,,)

DEHICETIENTES, moCiRX, KBIAERIERTH S, pO, | X,)EEEE

wa&é $%%4%ﬁi%7»#%ﬁ&xﬂﬁ®%A IEEENTRIZEHE TE R VDT,
SEFEEUTEEDIIA—F 4 I AT 4 NANERANENE, X—F 4 777 4 VEDEKRHN

nE LI, RN pX, |0,) B ERMT SR IAEE O, 20 n =1, Nfic &

STHETEVILDTHD, ZOV U ITNVEREERNICEHFTB2 L TEREESAEHE
TA, ZOFaERIUTOEY THDH,

1. p(X,,]0,) OHFEH-THY TV VT 21T

EOin=1,..,N}~ p(X,,10,.)
2. ZOYVUTINVERIIR L TCREBBEZHET S,
p(Xt lXt 1 _St(nl))

ZOfRER s RBLND,
3. FHELBELEROLDICFHET S,
7 = p(©, X, =5")

3. 3. 4 ®HAETFTIL
EEEE p(O|X)ix, EHEPEZEXICH D LB INIRITEERO OBEHMER

T, TOLEBRBREBALTZDIZ, AT VUAIHATOER, HEOBR, 2T LvEvyF 7o
RHENPESEEFTNMETHIUNERD D, FRO XS, BEFIETIIEBEBY & FHEHEE TN
ﬁbﬂé@f\;®t§%ﬁiﬁ®i9~%?;kbf%éo

p(X[0)=p(X, 10,)pX, O,)
oo, X, =yl X, =10..6,,0, thr. 01527 viu 2T nbELNS R

W, O, 134T & EROEHERTH D,
SREGERRO 7 ) O R E RS, BATE EREFMT A Z LItk o TABN S,
r(04[X})

BATEXDOEIIIATD /AR, ¥ VT —a v OREREBAR /A RXZL-TEELS
TB, BITEEBICETE /A XE2ETMET2HFERN OPBREI N TV H[30][29]148 .
BExxro L IcETNMMET B,

— 379 —



o, 0 0
=10 o, 0
0 0 o

z

BRESH N HOK Y T X o TSN TV S LT3,
M=1{m;j=1..N|

RY I Hm CHIST 52 R0, BRWIEAY hV) BETEEBRD ORI SN 5 HEIL,
BIRLERGMHERANTROLICRTZENTE D,

N
PO, | X)) =T]xp,
=1

[\
fy
2!

_ exp(—1/2(0, —x,,) 7 (0, — X,
(2z)[z]

p;

THD, 0 3BTEEBT AR SN EAD 3 REAT MThD, X idm, D 3 &

TERTZ ML TH B,

IS BATIIOTFIRTH B, g, EHATPERADEDRY =
VHETZHET A 00RKTHY ., WO LI ITKRD B,

|1 mn,-n] <0
Hi 0 otherwise

ZITN IR ETHD, nlik jEEORY IHOBERNZ PATHD, 03RO L -
T&ES,

0, :argmjin“odl. —xpjl]
HEHEEDO D ORERBRHIL, BITEEROAZFM T LiIcL>THELND, LEBRK
pOJX ) iZ, EEAX I2HD &0, P’BRShEERIMTHD, Zhix, EHELT
ERSNERY TV ERRIBONTASHERBET I LICE o THESND, (BHOX
VEvREH e, gME OCHERER > TWeEE, BEBRBIIKO LSR5,

A,
pOJX,) ="
Zu

J

2T LR EEERRTRETHY, ROXTHESNS,

1 d.<r.
1. = Jor
7|10 otherwise

7 ILRETH 5, dj WBHROL DT ) ERAEMETH D,

d; = \/(Ocj _“j)TZ;jl (ocj _“j)

— 380 —




F—T5—4 SEREBASNSMOSTECEERRCMT 2HME

Depth map

Camera

Polygon model

El18 Likelihood computation

3. 3. 5 EBER

RELEFEEZWMBTOAOEDICERZITo . /L7 =27 E 2 — # [TAthlon XP240000CPU
2HTALOTHE, EIOIERRBLFRH LD AT THS, HHLMED A FILSONY
FCB-IX47T&H o .0 A 7 OMMKIZI2ZcmTH 5. H20EIZTFT £ S ICAHEBO K E S 1K320x240
2 ELTHD, ERBRTEEROKESREGICTFET LS IC100x80E 7 A THDH, R
TN, BR1ICFT LMz bozA0vi, RV I -EIZI08THS

ERiHEEAIEOX-ZEGoREFRT. BOREERICERTSBE L2 E 1,
R ERERETT, E2AMEOHERITH L, BRAOHEMEESLTHTOME
FaT. 17 —AbdhhoEREEH 1B THES,

B 20 Input image and depth map

—

-~

21 Polygon model used in our experiment

— 381 —



23 An example of tracking sequence

53

[20] Sumit Basu, Irfan Issa, and Alex Pentland, “Motion regularization for model-based head tracking,”
In Proceedings of the International Conference on Pattern Recognition, 1996,

[21] Xavier L.C. Brolly, Constantinos Stratelos and Jeffrey B. Mulligan, “Model-based head pose
estimation for air-traffic controllers,” In Proceedings of the Iniernational Conference on lmage
Processing, 2003,

[22] Marco La Cascia, Stan Sclaroff and Vassilis Athitsos, “Fast, Reliable Head Tracking under Varying
[Mlumination: An Approach Based on Registiration of Texture-Mapped 3D Models,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol. 22, No. 4, pp. 322-336, 2000,

[23] F. Dornaika and J. Ahlberg, “Model-based Head and Facial Motion Tracking,” In Proceedings of
the 12th International Conference on Image Analysis and Processing, 2003.

[24] Arnaud Doucet, Nando De Freitas and Neil Gordon, “Sequential Monte Carlo Methods in
Practice,” Springer Verlag, 2001.

[25] Michael Acheson Isard, “Visual Motion Analysis by Probabilistic Propagation of Conditional
Density.” D.Phil. Thesis, Oxford University, 1998,

[26] Michael Isard and Andrew Blake, “CONDENSATION -- conditional density propagation for visual
tracking,” International Journal of Computer Vision, Vol. 29, No. 1, pp. 5-28, 1998,

[27] S. Malasiotis and M.G. Strintzis, “Real-Time Head Tracking and 3D Pose Estimation From Range
Data,” [n Proc. of the International Conference on Image Processing, 2003,

[28] Marius Malciu and Francoise Préteux, *A Robust Model-Based Approach for 3D Head Tracking in
Video Sequences,” In Proc. of the 4th IEEE International Conference on Automatic Face and
Gesture Recognition, Vol. 1, pp. 169-174, 2000,

[29] G. Kamberova, R. Mandelbaum, and M, Mintz, “Stereo Depth Estimation: A Confidence Interval
Approach,” In Proceedings of the International Conference on Computer Vision, pp. 503-509,

— ‘382 —



T—Y5—4 XFEREANKYOSTEMERBICET TR

1998.

[30] Larry Matthies and Steven A. Shafer, “Error Modeling in Stereo Navigation,” IEEE Journal of
Robotics and Automation, Vol. RA-3, No. 3, pp. 239-250, 1987.

[31] Thomas B. Moeslund and Erik Granum, “A Survey of Computer Vision-Based Human Motion
Capture,” Computer Vision and Image Understanding, Vol. 81, No. 3, pp. 231-268, 2001.

[32] Francesc Moreno, Adria Tarrida, Juan Andrade-Cetto, and Alberto Sanfeliu, “3D Real-Time Head
Tracking Fusing Color Histograms and Stereovision,” In Proc. 16th IAPR International Conference
on Pattern Recognition, Vol. I, pp. 368-371, 2002.

[33] Frederic H. Pighin, Richard Szeliski, and David H. Salesin, “Resynthesizing Facial Animation
through 3D Model-based Tracking,” In Proc. of the International Conference on Computer Vision,
pp. 143-150, 1999.

[34] Daniel B. Russakoff and Martin Herman, “Head tracking using stereo,” In Proc. of the IAPR
Workshop on Machine Vision and Applications, Vol. 13, No. 3, pp. 164-173, 2002.

[35] Arno Schédl, Antonio Haro, and Irfan A. Essa, “Head Tracking Using a Textured Polygonal
Model,” In Proceedings of Workshop on Perceptual User Interfaces, 1998.

[36] Jamie Sherrah and Shaogang Gong, “Fusion of perceptual cues for robust tracking of head pose
and position,” Pattern Recognition, Vol. 34, No. 8, pp. 1565-1572, 2001.

[37] Hedvig Sidenbladh, Michael J. Black, and David J. Fleet, “Stochastic Tracking of 3D Human
Figures Using 2D Image Motion,” In Proc. of the 6th European Conference on Computer Vision,
pp. 702-718, 2000.

[38] B. Stenger, A. Thayananthan, P.H.S. Torr and R. Cipolla, “Filtering Using a Tree-Based Estimator,”
In Proc. of the 9th International Conference on Computer Vision, Vol. II, pp. 1063-1070, 2003,

[39] Jacob Strom, “Model-Based Real-Time Head Tracking,” EURASIP Journal on Applied Signal
Processing, Vol. 2002, No. 10, pp. 1039-1052, 2002.

[40] Ruigang Yang and Zhengyou Zhang, “Model-based head pose tracking with stereovision,” In Proc.
of the 5th IEEE International Conference on Automatic Face and Gesture Recognition, 2002.

71x—XII
SEROMYEH

ZHUETOMEICBNT, /A XD REG O LR, HEIAYERIR O R HBIR,
RIE LI N OBETEMEIINOFEDMEN TSN, SBROMVELR L LTI, ThLDM%ET
BonRREGH L, MOEMICKIT 5 AMOREREHE~ORRAXEZOND, ZOT
DIZIE, EEOEFRENTOEEZER LLREZT TR L., £ HITHIE L2 EIR OmEsL
BLETH D,

— 383 —



