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R

R (1)

ARAGAMPD —HBRREFN X H3AHR
—HE R R = T AN = 4 383 & & (3-D head
motion)Z ¥ & & ¥ ¥ ik -

WER o ABA B ARG Y%%K BH A (model-

_based image coding)E %+ & > A+ THAMNER £ 5

% 41t & i@ M (visual communication) » 4| 4o MPEG-4 ¥ 2
2] ¢ R WM E % (video phone) K # R & H (visual
meeting) e £ A BLGEM ¥ » &7 X £ 442 89 (subject)
REAFAR - EB)SBE ARG ED KA
B (head) MR PR EH2ETHE B —BT MR
& &3 AN —18 = 4% 38 3 4 A (3-D head model) 2 & 3 &4
H W 8 B (texture mapping) H #F © ww & A FF B 4o #)
CANDIDE m ¥ # & & %A — 4#| (Mikael
Rydfalk "CANDIDE-a Parameterised Face,” Linkoping
University, Report LiTH-ISY-I-0866, OCT.1987) - 4 #
| Bas RBEFAUEAARBRORSN B EHBET —&
% #% B A (general system model of model-based face
image coding) * & & 44 A48 A 3 o9 AR 2R B 18 H N & 15
(encoder)10 - & 4% 3 ¥ (adapt) — B #F 2 & U F 4 (fit) &
RESHREBHG  HR> 2 A &R Z R4 Y (face
feature) ¥ 58 ¥ 3 $ (head motion) R S H T H - & 2 >
AEESHEHEBEHEN 15 F32 2 850
(decoder)20 A 4 g (synthesize)i& & & & ¥ % 1 (realistic

face image) -
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B (2 )

b S 0 K = 4 & & 4 B H & (3-D motion
estimation) * & — # ¥ i HE & (infer) = %€ & o ¥ %
(methods for inferring 3-D motion from 2-D images) < 4
R 5 B4 F R
1. #] B = 4 % #4 % (2-D feature points)

2.8 B k% 4 & F M (optic flow information)

RETA T EE A GR GO R BB ELTYHE
FFRIHAEMA  BEARRESONRT > ARE
. 4% % (perspective projection) R £ § = 4 F & -

Ed AL E—BH% ¥ > £ Thomas S. Huang,
and Arun N. netravali, “Motion and Structure from

Feature Correspondences: A Review,”Proceedings of the

IEEE, vol. 82, No. 2, pp. 252-268, Feb.1994 ¥ > Huang #v
Netravali 3 RETABRBK T EREES =B HESH -
FARARREFETURBR=ZGH =% - ¥ =4 - %=
HH BRI BEENG RELPAOARTER 24
Bl & (figure out) ¥ B¢ = # iE $ (actual 3-D motion) » % b
FELZMBUA LI - B4 0 £ Roger Y. Tsai, and
Thomas S. Huang, “Uniqueness and Estimation of Three-
Dimensional Motion Parameters of Rigid Objects with
Curved Surfaces,” IEEE Trans. on Pattern Analysis and
Machine Intelligence, vol. PAMI-6, No. 1, pp. 13-27,
Jan.1984 % » Tsai #v Huang & —BHE M EE > i+ it
AR N AE 5B R AR E (solve) = 4 $F = 4 e 45 HOH R B
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4~ B (3 )

% -

RoBU Tk EEZRAARR Y R2IHOEE
(luminance) 2 £ « R X % £ & & KR B & F % (fixed
lighting)#y 5 # F ° & K& & & 1% (two consecutive video
frames) % f4] &) 84 8% 4 4t (intensity differences)* £ % &
78 &9 £ & (object motion)Af i% 5 o st — F /& 4 Hannover
KEm#E R4 OBASC(Object-Based Analysis-Synthesis
Coder) & KBASC(Knowledge-Based Analysis-Synthesis
Coder) A7+ #% H (Liang Zhang, “Tracking a face for
knowledge-based coding of videophone sequences,”
Signal Processing: Image communication, vol. 10, pp. 93-
114, 1997 ; Jorn Ostermann, “Object-based analysis
synthesis coding based on the source model of moving
rigid 3D  objects,” Signal Processing: Image
communication, vol. 6, pp. 143-161, 1994)- % 4s» &£ Haibo
Li, Pertti Roivainen, and Robert Forchheimer, “3-D
Motion Estimation in Model-Based Facial Image Coding,”

IEEE Tran. on Pattern Analysis and Machine Intelligence,
vol. 15, No. 6, pp. 545-555, Jun.1993 % - Li % A4 R iE
TREBRSRET BT ERASE " E£HEWA L (no
correspondence problem)&) iE & - 3 4 » £ A. N. Netravali
Fu J. Salz, “Algorithms for Estimation of Three-

Dimensional Motion,” AT&T Technical Journal, vol. 64,

No. 2, pp. 335-346, Feb.1985 ¥ » Netravali #v Salz % #
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o~ BOABLER (4 )

—ERBHENTE D TURBHRBFORABER
HERBEHOEYN  ABHNHTABYARAYRBES
(B 30 &)t £ -

R £ KB RE A K H# (software-based) &y #, %
TCRAEAZF > AT HRERHL AR E R
1.4 L i@ 3 (on-line communication)ss 48 & £ Bp 85 % (real

time)
2. % 5 BB WE A S B WP (pattern

recognition)#y T 4F -

FENL  AEARME-BERARFZBHEHE

NP EH IV REREF N O  RE—FAE
ZEREABHVBETFT R ~RELEL HREAFZE-¥4
PR —RELXE AR REEEITERE-—BH2
MEZEHRE  BR-ZHEBRBZAL NER L
THTAEGT  BREAE2SEE PR TE_RE R
B I EHRULERPEAH R IR TP EEHE B —
RBEXAT _HBBZAY  AARKRTHREREE=
HHB AN FEBEEATE ERETERBEE G
REELEE B U AR BREATELSZEMY R &
FERATRILB PR ZIRR KR HWAHELEH
HRZLBMEHR B R LMY RELER -—REH
E UL EREA IR L PR AAHBRZHENESY -
EfmarzHun GHoBRIMNBARETFE=
BHUBAETFRATEREZ B4 - £k §=
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&~ BB (S )

BHRUBHERL BB =AM EETRE A RERE
BEGHMOES IR EAMNABBENRES A AL
1 (characteristics) » BF(1)B R B M B E T R & C W=
Rk eI = AR A H R (rigid body) ; (2)3g 2
BEURG AL CORTEHH N O AALAERFC
BoUBEZTHARRTRERZRBE UG FTRE
4PN EHZHEAME - B AZHBFEH 248
BARAEETH > FHARLZAF o Grey System T8 8] 3k #
W4 ENESIARAAETHBEIL -

RBEABEARBELTRG P X E2HB=ZAKBRTE
BEAK-—LENBETRERSNEH 2 A HE - B
FiREZSFERBENSFELR AAER —BH M-
MURARAEEMBERAMET  HAALALEXET R 4HEH I HE
NEB TS OE MAXREHBERGHFELREGHME -

it BAREARAABEIOHBEREDHET A%
Bl =+ 3k 0 £t 4o db 45 89 M FR (small period)F » A X 38 2
EHmEA B EIRING  BRTED "TERTHER
7% 4 (steepest-decent iterative method) & 3] &% & — @ /)5
MBHER REHBRBERRE X4f 28 8 (unknown
transformation) * B N AW — B HE P L & — 8 £
1& 31 & 40 4 %% #] (initial guess) » A EH {F B N 2 ﬁ?
& A 13 2 B X # (local minimum) $t & 1 # (global
minimum)JE ¥ & i -

B ABMBXREHY — LB R EH RN R T —

g
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Fo EEAEER (6 )

HRSZHER  RIGFHERFRERER - KW\ >
FEMTHREASERSOEL r Bl EHREBRTOHSY
e h R o B4y - B E E E (prediction algorithm) ¥ 4%
ARBBIAMERNENRRBERAT - SHTHREE
B MIANTEH T ISBFRMNEELIRELBRYA
(error recovery)®y L4 - FE L JIANFBREE X LA
BN EHEOERETFIREE

o AT RF-—EARERES > R LA A
TABBHEGY —LEHFHRHLEBARENER
BAHERA

FIEGEBETFT—CoUBENARHRORN VL %S
B4 e

F2BGBAERZ—FHel HBEFTERARIN =2
HHRAENZ4 BN EH 2R REI LARLE -

S3EGEATE BT RMNARABZLA & -

FARGBAEIBZAEEEZRER

FSa~ShBGEBET_HBHU_ABIRE -

# B8a BB TH 4G AERAET G EMBRZ T

¥ b BABETARENF LG OG> & =
AR fu T R 2T B -
B ol - U B M ANARN ARG
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B

Lo~ BEASLEE (T )

PR EHZ G -
[(# 3 ¥
B ~10 S ER~IS: RES~20; P —AEEE
~40 ) B R B R B30 R E E~32 g B34
HEHWN~35; BRI H~42; BBF B ~44; & 5% ~46 ;
ZHBFBZAR~50 REHFHIB~310 320 330; &%
¥TrE~60: F-BBHE~T B _KEHE~T3 RER
B~T5 MMARE~TT ko E~93; HHM=Z AM~91-
B

FLHME 2B 22 AEBEBRRAEIBZHGATA & -
EBr - HEARN BB BUEN B EH 2 B1g
RE Nk OETHIHE:

KESR S10 RE-—BFRAFZRLB4LTF— 8% —
REEE  oBBREEF 40,

RETH S20 BRERAEZE BB ¥R
BRE WEERELE 30;

KBS S30 B FE—REEE 30 PERE -
BRI ZBHERE R ZHEBRZABH

WAL BR S40> AR HRITHLEH o > Hg
AEZREVHTE_REL E 30;

KIE SR S50 EHMBELEFZHEHEZ RN ZE
HEEB R EBLAFT BB HR=ZAR

WIFEL R S60 A AR THREREB B H=
AVHERERRYR PRAEITEREEERMAT
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B?

Lo~ HEH )

—HBRBMZANRLEZATE S 2SS A THA
TRELRVBIRA R HAHRL LR Y E 28
T4k, &
RELHR STO FRALBAERELEIE —EEy
B4 RAGRAFXIRUY R ELAH B ZBEYEY -
UNFab&TBmALA -
¥ 8% S10
BRATEGHBRAN AN S ERAS T E 42 ER
ToOBRAL  B-REEETAORAE -_ATEEIOLRY
BLRAAAZR  WwEBHLEIR TERAZTLARE
~REEE 30 20 F - FHER  -HPUSHEEn
RUE—FEAZFZIELPRLIBAEIRE R L2HAYR
HREZBRABYPREBREALLEE _AEEE 30
BT R -RELE 40 BHBRHEBR - @ —
BYBRRELEWE 4 BAan G —KREE 42, —
BT R MU BR—YREREELBELH 46
% B S
REATE > ik THEERARESLEY
#%%ﬁﬁﬁm%z%~%@%%;£ﬁﬁﬁ3m
% B S30
RBEZFTH hBEF _REEE 30 FERE —
BXZRAZMBEHHUE  oEBFREXLMEE 32 &5
EFX - BBRITERIAUBARETFE=BHHADL > 2 &
FREATFTOERE  UMA—HEZSLBH=ZAWY

\\\
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ﬂ~&%%%@ )

CATERAEATHAMNELLE o 4R % K R
&%%%ﬁ&%i%uﬁﬁ’ﬁﬁﬁﬂkﬁwoﬁﬁ’
AR GO RERFOFUB B A I B U AN ES -1
ﬁﬁﬁ’%ﬁﬂmkﬁﬁﬁﬁﬁﬁﬁkﬁmﬁﬁﬁﬁﬁ
@R -

%%ﬁ%SwaE’i%iﬁEiﬁﬁ&E%%
IRFEF - FAANAT RO EE By = EREHS
HE 3103200330 FRMBEUZAN 50, H & i
BMEZARTEEBRBHR 34 RBEREALZHREES M
BERE - FHARABGOEAT LR AL T
REBREOREF  ARBATHRPORANE T
BANATHB AWK~ > S — 28 &e
TR EHGHE -

ARG RBABBRS EH B ML TS
L HMZAN SOMAR - TURAZ—BEH% wit

RALIBBELERETERAME -
2HEFTHREBS pivot(FH ¥ B )M B B
vec pivot> TR AR ~EE T & A&

Ww# Sa~Sb BATHBERRY BTG EE &

FITT AF 3T aey X F .
=L
F z
Eb FRED & camera(O 0,0)8 & % -F & 60 4y &

B(EE) z REMZABAW S0m S ok £ — Mo B
%ﬁ%ﬁ&iﬁﬂ50ﬁXZ$ﬁmﬁﬁﬁ’ﬂﬁﬁﬁ
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£ AR (10 )
ROWE RALEORLALHERVA - Aga=
HHBZAROAR L ARBRVEABYFE 60 Loy &
B ZEEzRINKEL -8 ATHAEAOH
2% & 600.0mm # 220.0mm > @ L #4944 & & %4 ¥ 3

FRHMBU=ANOA R B FOBETHIE R & -

RBEREF 2 KQ)
x=r%f , y=rZ (2)

AP L pAFRZ4 MY —B Gy P K%
HEZERBBZTHREY =% &2 (x,y)
MEn FTURF z 9t —Mpgey=
B 45 4L 8 310, 320,330 £ X AF B 6944 0 B 4 4 L E
MERPTUHS X Fo Y B Tk k= 8485
OGN E  RELOBUZABBEH Z e
TE o mEANMERAERLE0,0,0)H 1 E -
ERCRATRBUBCHZGHME  THA —F
FH A E vecpivotr REARTHM T4 E LA
00-80.01100) » BR AR FHHEBATHF(BRBEAN) -
K IE S B S40 LA ESS > BB R 2
XEBYETE _REELE 30
¥ B8 S40
RBEZT R waTAmd > ANER L EITHTES
%’%%%ﬁﬁﬁﬁb%%%46ﬁﬂﬁﬁ%z§$%
B THE-_REZLE 30-
¥ B S50
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4 BEUHLEA (11 )

REZL B GHLERIELEVEHBIRY =
18 4% % e %&'é$zﬁa;$ﬁ%3ﬁ%°

EY HF4MEOBZARE RS BT

RESH SI10 AR EBEHRE — %122 B
ZEAFas

RESHE SI20 BRA BB UABBHBAEZ S
BEAR  PRIFZZIREER S &

RIEHHR SI30> HAMBUFZLEEYEHA
ZRAZBEH UGB R -

ERFRBIT  EBMANRE2HHL HE—B2
ME GAEBRBRIEFHUE Sl BEBIHELEE 32 4
BREMER  wEAATHERALEFE_BEAL
MAE  RERBT=ZAHULBGHRELTE—E5 %
Bfi(gradient) £ > wR A2 Z R LE K > 2% 4 A 4
F #| Bf A8 B K (correlation)ty % X B 8 2 7% o945 2L B &
1 45 1085 38 9 - ﬁﬂl’#ﬁﬁﬁ éﬁ&i&n"ﬁ‘

score(m,,m,) = ==
Qn+1)Q2m+ l)Ja () xa*(1,)
S ¥ L+ive )
# _=A
E v Ty e A(u, v) BEME9EE I,

B F B k=1, 2,

J Z!(u+1)(v+j) . Y
m N i@y ke ok (U, V) &5

2o+ D)xC2m+ 1)K/ NHEE [, hiBE £ o
HHESENLE -1 (R2FREM) & 1(£2488)
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Lo~ BeASLER (12 )

Zf c MR E 48 M E &AM A EF (correlation window)
& A E (2n+D)x(2m+1). -

EEREPEIHOMGOE TEAT £8 — %
BRINTEE B8 m @ BOHE _HFH 13 £$H
BRI FERE 75(search window) P M E Z S48 M &
RE TRAF-REGPRIBHEESLE m, -

EARAERBF  HERE 75 HRIE 13x130 &
ABMERE TTHRAE 17x17 HERE TS MRS
7T D RBER HBBE AR MUFHFSEHEHEY
B wBELE -REE - ATHRRILHBEREH > TH#§
BERETSED FEL BAHAHERE 75 i)
PR AR R AELT R RLHHEE AAHHEM
RE TT T A LLH P ok ek o
¥ B S60

R EHIEE BRI AR MBE FTHER &
ETHERZ ) R EHRG=ZGBHESY -

RIES B S60 - HAMBRTHEBRESZ 85K
AR ERERATS BERAEFEREELERMEA
TS BU AR EL TR I AT RAEE4H
ALBRELEYBIER KR O MARHELEE B4 2
BT -

ARKHEEA G~ L ELRABHUBZBH AR
T = % € & 2 4 B (3-D motion estimation from a

sequence of faial feature points) > ¥ &G &Z X — N #k
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B~ BB (13 )
F=Z%EHt 4 %104k -
PRHAE A p AT ST T 4 — 2 (ny2)

PREAEAZARBYITHESG — 4 E2 (Y 8
x=r% , y=r? (2)
Z

AT FREZRIRYToMeER App
ZRIREHTR B
p’=Rp+t > &,

1

X X
V(=R y|+t (3)
z z

X

i h ns
Sl T |y
2

Iy Ty Iy

4
+| 1,
5

EHP REAKHBER -t REBHE -
ERXEFRRPB I B BHUE : PPPA
RRLRY Rl — M B PP PI B #E B —ta =
EHMBRAPPHAERBATS) AHBEY = 48
MHHRBK FHIRACXAFIRE LG THAE &
PBETHERE ) REE - AT R ¥ A GARZEHHL
RRAE(pre-built) ~BZ @B M=% K& HHEZE=
ERHB_ABEARE BEUEERHBELLE— 4
NIE-—EPLAT BB RZARY  MARR TR
BEREFBVDHEL BB R ARG GERATHE B
ARO12 BEMGHR ERETERGCLAERBET — 4
HUEZAMNBRLERATRESLE WA —HRHEz =44
M=ZAHW ABRRKREFUGSEX 4B R AR RAER
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4o eAsLEE (14 )

EHRFUEZAYN  FTHAN -SRI LBBEYBR2EH
—HROEAHBEEEE B R ST
= Bt T 3%k & Kk

o LRRR U AN A RERTR - R
BEAUATEAES HLXHARRME 8 X &8 Y
$of ZBZE-BFAERERTES Ao p
B RITLERERBUZARE X &Y & o Z @
MHERRARBE T QO %RE > UBE X B LB T8H
BB AFBRE  PTLFARH R AL X Y
oo ZRHEGREAEG TS ABHFAEZ s
BB EH R IER T B gL TBHEHRPER
ERR B UBPALE B an R PR E
EREEH RSB ERLEASE HIBEBRER
BTRERXOBEUT AR EFRFHREUBERMA 2
RAE HA-—GEXZGBHRZEN REKEFEH
M-S REEAYGIRE - VAHBRLEL TG
Z R H

R Ba BAMr  AEARARBET d_4epm
REAEAZRE -2 Z4E8 - w8 A2 X #
By WAZAM B AAMEUFAITGQATZ ARG
% 1 & (surface normal) > M TUH B H DM E & &
RETEH 2 AHY XSSP s sy ng
ME LMK RBRER -

S B HBRY A TG EFH A TER
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o B (15 )

AFH EAFTHRTERT R K -
$§ﬁﬁﬂﬂkﬁﬁkﬁﬁﬁﬁﬁzﬁﬁ’$%%
AT i B RE o

EPABBLREGLAE LT HM
(). FREBRXAH I HUE > YRS MNOBRAERELET
THEHBEZAS BN BUBELRY > G
@ﬁﬁ%ﬁwhﬁ%ﬁﬁi%ﬂﬁ?ﬁﬁmﬁﬁ®d
body) o
(2). B HEUABEH A X -

(3). ARG U OLABAL PO -

RBFR() A X RFAGEE BSOS 8E -
WHBRIMGBRARET S BREBHQ) AT % 6] 4
AAREE > RAEFAREB S BRBESHOG) B Ta
RBEES Ba BxHH > BAWE SbEAMA  Di B
TRERTER GUEN P OB A pivotr B it
HOX MR E S S QO RG  E Y F L
TEAMMLS -

ERENBEY  ATHRARSE -BEHRLE L XS
—IFBREAAURE IR B E YR AHET
— M B = AR (real 2-D feature triangle)#i 44 § 2 ~ %
¥ # Z A Y (estimated 2-D feature triangle)w 1A bk # -
TR EZERIRHAGBREGHESY - £ PET #4854
ZARGEEEERR T BERFZEHHMLEE - H
RO BB AU R TS E R 0 = sy =

18
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R

% B (16)
AW BBEARBRYOEE LG
HRHBRERRE R T -
ErrR =al, +bT, +cTy +dT, > £ ¥

real estimated
B P

2 : s
Tl _ Z . Rreal %U Resnmm’ed 4& % ﬁ % _Eﬁ\_ ;r# :@'_ é{]

i=0

BN =B
(7, ' B EfeE)
1,=3

real _aligned __ preal _ preal estimated _aligned _ pesiimated _ pyestimated
£r =p=-p P = promaed _p

Preal _aligned P estimated _aligned I ,
i i

13 . 1 i
fﬁ-] Pcreal =_ -P, real })Cesnmared —_ };: estimated
32; 32:

(L HEA X FHUBMESEY= A A
LK)

_ ’ })0 real P] real ~ Poestimated Pl estimated l P[ real Pzrea.’ ~ P[ estimated Pzesrr'mared
l P] real Pzrem' P] estimated Pzes?r'mated i | Pzreai P() real Pzesumated Po estimated
(L' RO EXFOZAB B RBUE)

< l 0 p é ]_)ﬂrea.’}reaf) —g l o p é R)esrimale?;l;emmarei +s l Op é Rma! gea.’) —5 I Op é Resnmare?);sn‘marei +

I,

T, =

lopETE) o F R

slope(PP ) = —.

(T, IR B2HEN A REUE)

e,

e

Ry TR AB L% 8a BxRAENEL B
ARG H BB R AEF T BbBuashal
TER—BABRANTLIE -7, T, RTLBFAARAEAE
THRYU AV EGES BB ABESREME
B T REAFT-_4BB-_AVAREH iy =

19
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BB (17)

AR E T x# T EEHERSHGERE > LA

R R LLERENAETE 4B HA-_AEFE 4

FREZAXOBLUE  TRHAARSERREMNAT -4
HBREARARSEH 4B U =BV RBME - £4F
b o EABa b dAETHE 0302
0.2-0.3-

seoh s FHBHRELKX ET AIZE A

EnT=T, » HE P+ FBHBEHRAERBELH G E
BEE -

i RERFARE-SRDEDE > BRKRE
FAEHIEN L ER T BN QGEAE NS & KT
EPREMAEBMABRBOTRE  BREZCHEHE M- X
T b3 A AR E E k4 Jiann-Rong Wu, and Ming
Ouhyoung,”Reducing The Latency in Head-Mounted
Display by a Novel Predition Method Using Grey System
Theory,” Computer Graphics Forum, Vol. 13, No. 3, pp.
C503-512,1994 & ff 32 = © Grey System T B & | & 18 3t
FoaRafl 24868 - REAXRBEHESETYE
# o Grey System BRI FZEHEM=_EAHBBLLH T — @
ZHRHE  PHLBAMERAN LB UZABLEER
BEYFH-—BFRA_GRUZAN > BT R AT 2 E
MBZRARAEIRA RV _AVAREAT 44
MEZABAWZHBEZE PREBELZEALEGHANELE RS
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