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Segmentation and motion Estimation in Image
Sequences

Author: Dongmin Ma

Supervisor: Veronique Prinet

Abstract

People can easily acquire huge videos as a result of the development of com-
puter technology, Internet Technology and Manufacturing technology of all kinds
of cameras. For it contain abundant information in videos, video analysis technol-
ogy is given more and more attention, such as video tracking, fluid analysis, 3D
reconstruction, etc. In many other fields of science where need image sequences to
conduct the researches, such as oceanography, atmospheric science, climatology,
medicine, people also have done a lot of theory and application works.

As an important aspect of video analysis, optical flow estimation is becoming
popular among researchers, because of its advantages such as the direct description
about motions and not easily affected by the appearances of motion objects. Now,
optical flow estimation is one important method in fields of motion detection, edge
extraction and others. Though great achievements have been done about motion
estimation and it can be applied to many aspects, there is still much work to do.

In this master thesis, the theme is to retrieve more accurate motion field
in videos. The specific objectives of this thesis are to 1. build more descriptive
optical flow estimation model, 2. build model that can retrieve more accurate
motion field for multi-motion and segment the motion simultaneously. Based on
a general review and analysis of existing methods on motion estimation(Chapter 2)
and after studying the above two objectives, we propose two optical flow estimate
methods. The main contributions are,

(1) Propose Statistical Modeling of Optical Flow method.

In this method, by introducing Radial Basis Function Neural Network
model, the statistical for brightness variant and spatial derivative of velocity
field are learnt, and thus establish the statistical model of optical flow. The
advantage of this method is it can be applied to more motions by choosing
different training set.

(2 Propose Optical Flow Estimation and Segmentation in Image Sequences.

In order to conquer the problem in existing methods which can only retrieve
motion field for one specific type of motion, and thus not robust for multi-
motion, we propose motion regularization selection method. It is a more
general method. By propose basis motions and combining them efficiently,
the method can choose the best basis motion combination for different mo-
tions. And thus can we retrieve more accurate motion field. The contri-
butions of this method are: 1. For different motions, by choosing a most
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appropriate regularization, can we retrieve more accurate motion field. 2.
It can retrieve motion field and segmentation simultaneously. 3. By choos-
ing different basis motion set, it can be extended to detect more types of
motions.

Key Words: Statistical modeling, Radial Basis Function Neural Network(RBF),

motion selection, motion segmentation, Markov Random Field(MRF), image se-
quence.
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XSSP AAEARREAT 5 S I AN S BT R AT e TR . Rk, al ik
PR () B AA IR JEE B K B AT B I ANAZ 1), AT T ARRRA RO R B g

- 10 -
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AP aE AR A Rie sl . AR AT R -
VI-v+I1L;+1-div(v)=0 (2-15)

[N AE & L8 1, AR 2N s R G P A, T SRz )
T A=K, WH Y EIZ )77 TR, A R ARIE Bl 2L K (A
ALY, R L A R AR, B R AT T, AR R X
KR J7 AT A EE, Ao A PSR B A R A B R o AR A 8 4 H 1 S 56 4
R, EXATHERRREF N T TR 2 BTk ig, (HRfEX KB Gl T =
A EARBE R AR GEmEHRINEED = BN BUERSEZ 8 —4Ei85),
TRAE LR FE R I S B AR AR B, BRI 7 AT 5 Bt — 20 ek

Bereziat [I8]K H M PSR D500 G 51, it AR yikiz
AR R R M . AEUE TV, ABATIR ] T — iR 2 7 v (bi-model ) R
BRI, RS TS AR AR S BRI LA I 0 T2 AR AT
ISR AT S e B AR R IE ) 7 RREAT I 2 o . X R AT T 2 R il
IR ANV G HAE UG . 0T R S TR A B, A T oK o B AN AR 2R
b5 AR BEANAR L AR Rl 2 R 45 SR AF B — MR AR B T DL 12 )
YRR R SR BRI AR . AR aT DS

V(z,y) e Q,VI-v+ L+ 1 -div(v)¥o =0 (2-16)
Hrp, QARG O aX, H(z,y) € OFY, = 1R, = 0,

BRI T LB 4 (2, y) € ORIV, = 1, IBAFAAR G R BAAS 7R, wl i
TRR = ZEXIIZF); M(2,y) ¢ ON IV, =0, IRABIRAR N 72 ARAR L 30y
e, FTHT SRR 22 XIESMNIZ S,  IXRE I AN [F]Z ) DA AN ] A5
A LLEE IR SR fift O

T2 i i R OB T — B bRk 2 RO BOR AT G 91 I
ittt e AR TR B R T MO KRS 2 R 2 WAs Tk, BIDRE e 4
FEE N RS 2 Mk R Gl ok o IX RO AR KA BB B o T
BB, [ S h 7 vt BT A5 1) 5 T A T

2014t T — R 1) 772 T Sk 8 2 ah MR IR 4 SR ig S R i is 8l . B
SR ST AERIMA Y 118 g iRk i O I TR Z B i id, R X T
W4 K s s RIE 5, XD kM BES A RSk, LR RIZE T
W ARIZ B 5 T AR AR . S0 RO T — Rk ARS

S 11 -



TSR LU E 5 SOV AR WA Y 7 da sl 2847 42 R AR R R TR . /E 3K
REINEFEA MR — DR EALAR B AKX (Generalized Constant
intensity Constraint) , 73— &2 UL RSN R R T . HS A
LAY Sl /NS WAE

VI-(vy+v)+ % =0,v; << v, (2-17)
ool v, WA REIENE, v RGN . B A IR, TR
AT HEN & 2 Rie sl Rk ie sh i ARRAAE B BEHEATAR I DG ISR -

2.2.1.4 ETHITFIMNFMAT

L2 S DA T R R A RTR2L R3] A T . R ARHE R
KRAARXMITVEAR, Sun 22857 T —ANMiash s il, JFadAcf
R385 A7 G AL P PGP 510 R I 5 4 ROEEA T A i N 2 > o e R ]
T EAR S LM 2R, A B R R P 26 — iR IE (warp) 225 — v T 55
FrEERRZE, DL Al DR AN B AR BB PP 41 b — SRR B ] w3 S
(K1, JF H AT LA R T A Se A — BURBER B,

222 HEXMMIHEERGE

fib O R AG D7k T AL A X UL G VL (matching) o FE T A8
(frequency-based method) . J& T4 177 (phase-based) 5. X H DLAE
BRVCHC 7 ik — T ik .

FEZE e v, BT MG A1 sl WA A e 7, DR I A ) SR
FRBIAIL . I AR B ARB RS T 55— Fh 7 VA R L T SR UL S 7
Vo XA T VAL e B AN I 21 BG  B AE VU G X R SR BOG IR [4]. 4 T 45
BAEVCHS, AT PR H S R A AL S an ) — A AH oG SR, #E-AT IR Ak iR
SRIE IR, AT R MEEE

Anandan [24)% FH T 3T hr 3% iy 107 <67 55 MK 20 41 1) SSD (sum-of-squared
difference) ILECHE0G . HAEZEAT =30 Ml 800, e mT AR RO ) 5
(R R BE AR A o> T ULHCSRIG s P, ORI TIAS [A) RS i) B Ak 2 55 F
MATIE S R . Brad [25)2K RIS PR DL RC SR0VE L A g AR A ade P4 5 55 1) o
A ARG I T, DU AENIAIZ ) .

BARILE T CAa3E B TR Z HimEie Tk, Hoh i e o BRIt

_12-
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K g7 vk [26,27,28,29,B0) W IT, H BTG A 5L E 1)
CanZe T ) JEUA, ) TS 1 UG 51 3EAT HEAF (1032 S Ak T AT5 AR & — AN P IR
(1) 1) 7

23 BREFRZE

AT, B TRG R SIha SR KA Ie s (R T IME R
7)), RXATAFE ST G U R AR HME AR A I BX L KA A IE El, WA K
TRARE BRI, IREZ A R aeE R AME, A REIL 24 )5
et 310, XAESRIR OGRS WARAHER . AT LA R H 22 NORE 7 V0 XA 1]
AUMCAE G 3], BERAMH B (coarse-fine) 757 [31L32,33,34]. 7EIXA™
JiiEr, NATE 2 2 ROE D < 7 1 [35436] 5 B 5 51 AR R 2]
N K H TR R, ERRRE R B BREBEAT GoR iR . X
e FE RN, Prgieshfitg /s, Bh ik e Rmii. Rk, RRREER
EBCFR) D vt 2 4 e 38 A 408 B B v — UG OR N, I HIHEHEL S DGR R X — 2
HIEMRIEATICIE (warped) o HIT3HT TRE, ®RIE)JSRIEBFIRi2 807 #
A ENAIR AL o XA RT LUR 5 55 (R X — G G P 51 SR UL A3 42 Je) B
DT T X%, PRGN AR, 2 S E T3 100
WA HEATIEINA BEAG B — B B AR S o G T 3R AR RBE 31 v R
JE . BRI, BERR T OGTSKRIE KA i 3 I R 3 21 IR DGR
Byt )t

2.4 Markov Random Field (MRF)4&ZY [g] i

MRFBEHLE EE S AT IR S MR RIS 1 — 52 % [T, (T
20 B B 0 (RO AT S0, MIRFFLE g I . 24 ) M 0 o B
TATTEA IR [37). W, SIS I T SRS 5 P (R AL B
B BSEIAE . BEHR AR SCEAHT . ORI DGR, A
A MR T

J T A GAMRE, T AL B B 5 25, SRR AR
i 5 41 6 MR o 25 W05 ) S T L 5 2
B, AT A 140 PR 1% 25 R A 1 — R 1) i
AR SRR ALN . RATIOBFON SR £ 3, (s — MR E TR

- 13-



—NETD) o RIREmANIETT, WEETCERIAT R U5 AR,

S=1{1,2,3,....,m} (2-18)
FonE AR R g H I I TR R AR, AT AR AR AR R W T,
N = {N;|Vi € S} (2-19)

Horpr, NRFETGI AR, IX S REIOC R A W N a1k,
o MLITAETEHCKAE: ¢ N
o AR LLER: i e Ny =i € No
XF RIS T AL SRS S, R RBHRT LUE SO A8 A2 e R [ A A &0 3

JG,
N ={i' € Sllley — 2l < il # 1} (2-20)

BN S SR P Ml TR 3 T I E e N R WA T AR U] e A ER SRR VG -5 1 BU S
730 FHAT s R AR T AT AR S o

(@) (b) (©

Bl 2-2 MK T (lattice) 445 (neighborhood ) 5 1 (clique) 7 i B (B ke [T
Kl (a) W PULE IR SE, Kl (D) (c) R ATE

(S, NO)R R T BATH W R R I . oy, ST, N AR IESC R e
iR ER: . fEXRE L, TATRE e A Cclique) , E=&SH—
MNFEE. el LA el e = {i} B=2(b), W AT LAl AR 3 — X 3ol
elie = {i,4} B=2(c), BH HARRN = ANANFEFECA R, 5. BRAOTHW ™
T EATHAT R R,

Cy = {ili € S} (2-21)

14 -
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Cy = {{i,i }|i' € N;,i € SYHEMTEA IS &5 AT 46 ) (2-22)
KIS, ER i AT U e = ¢, U, UG- KExn. A8k 5 H
ety B AT DL 2 0 Rl AR B, R2a) S — AN — AT AR St 44T
R GE . B2Ab) 52c) M A M AR R G A s . KPS
P R . 6 AN = 5, N = {2,4,6,8}, C, = {5}, Cy =
{(5,2),(5,4),(5,6),(5,8)}«

EMRFEL & b, BIA5 3 0 8 8 LAESHE & L B HL A & AEX =
(X1, Xo,..., Xy} GEXANEST, BAMEHLEX N Ey; Hey, € L, LA
TS . ATRES XN . BRATHX; = 238 " BEHLAR 5 X, 1
Fitk, (X =21, Xo = 29, ..., Xop = 2 FRBE T N T RALER, BE
HO TR S HX =2, Hhe = 2y, 20, ..., 2 W RERENLIZI—ASZI. X T4
FENRZEEEL, FENAL BEX B MR P(X, = o)Eow, BWENP(f). B
MEEHP(X, =21, Xy = 29, ..., Xy = ) FoR, W5 NP(). M4, UXHH
DO RIS SAERE, A Bk 8 XAE(S,N) L E R A] KR .

P(xz)>0,Vx e L™ (2-23)
P(zi|rs—gy) = P(wilzn;) (2-24)
o, DA R R, S — (VA ERZE, veu R
5SS — {i} LR, HHay = {oy]i’ € Ni}o SF—NANMHE TIREEN
(AT ] bR B O MER R 1o 28 AN A UERIE T SR bk, BIHER TR A FIY
JRREE o AT AR bR PRI T ILAR AL T, B U A AR AR B 2 A A
REMEAT LR A AH B FH R A 5 o rh AR A 2 30 23X P A SR AR A [39)
i Hammersley 55 N (1) TAE, AR T35 A kE#1% (Gibbs Random Field,
GRF) 5 9 /R ] KEEHLI A Ve . AT mT LU FH Gibbs 23 A ok K g 1 2R 7] 5%
ML IR A (158, B9, 40, 4T] . 1 1% 75 A B B LA HEA T 17 A4

HF(S,N) ERENVE AR, I L S A A, Rk A B L
Yo EAH A FRIE T,

P(z) = %e%’”“) (2-25)
H = > e V@R H—RH T, THEEEE, BHEIMERNL, Ul)h
e E%E@fﬁlﬂea@ﬁb%uaw(x) S Vi), CHBHRLHE A

ceC

PiAT BRI EE S, Vo)t AR B 3 ph B, e RUAORSE 3 [AT Bl ) 1 B

Horp

_15-



1.
o T FRE, H AT A Ry R TR R,
U)= > Vilz)+ Y Valwizy)+-- (2-26)

{i}eC {i,i’ YeCy

ST RGO, XIS T AR i LR AT,
U)= > Vilz)+ Y Va(ziay) (2-27)

{itecr {i.i' }€Cs
R #5 Hammersley-Clifford € 3 [41], —MBEAL & R T B R S HIMRF,
1 AA L IXAN BN A2 5 T-AR 3k R G Gibbs i o T4k R G N I 5 R ] K
BB 5 A o A AN TR T AR IR BT
1 1
P(z) = — exp(—( Y Vilw)+ > Va(wiay))) (2-28)

{ieCh {i,i' }eCs
W b U o 7 SKMRE 28 70 A 0 ME &, A AMRF I B 53 5 46 oA X 35
PRELV. (WS [39), Bl KALP ()5 T /MUEREERU = > Vi(x) +
{i}eC1
S Valms,ay)e kT RMBOO G2 AT AR 255, ERE RPN T
{i,i' YeCs

PRI R M BR O, KRR T AEMAPHERE F IS At V- 371,
T=argmin( Y Vie)+A Y Vil ay)) (2-29)

{iteCy {i,i' }eCy

2.5 MALKERZE
LT MRFAE B8 1 % i B 1tz Jim 8 % A O SK A AEMAPAHE 28 1 1 e A Al o
11 [37],
T = arg min (Z V(x;, xj) + Z D(x;,v:)) (2-30)

For, Vi, o) 5D (2, ys) 3 0 0 ~F 5 T00RE 1 08 20 2090 0 RE & pR . A2
B, O TR EAIRE, AR B 5 e 2 2-284 TS . Vi, x)
2R2-28HVy (s, 2y VT, D (i, 43)5H2-28 Vi ()M ], F8 My TR miX—
U5 25 8 B R R o

i A 4k J5 ¥ WiBelief Propagation (BP) [42, 43, 44) 45, 46, 47]« Iterated
Conditional Modes (ICM) [48]. simulated annealing [49]. Graph Cuts [50,
51]+ Tree-Reweighted Max-Product Message Passing (TRW) [52]. sequential
tree-reweighted algorithm (TRW-S) [53]55 nf UL xJ #5 2Y gF 47 K fi# , IF H 7

- 16 -
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154, (551 [56] 4 4t 13X e 7 v IR e Lh s o A K R IS 42 % 1 X Belief Prop-
agation (BP)A#Iterated Conditional Modes (ICM)BEAT /] FLA2H o

2.5.1 B{F&iEF EBelief Propagation (BP)

XFTAE R DU S p 2, oH LSS R IA S o3 A & NP hardlf] . 4
TR RIEA ), Pearl 11988442 T & {5 4% 14 J7 i%Belief Propagation (£ T
LA EBPERIR) o Bt ML T Ry BT AT 0 A R A 3L I 3 ) AT R T
W, RS g Gl AR AR 4 s A% 1) B R CANVEL R & A% ) 1) 45 1D
I 18 e b AL ) () 45 35 1) ) 29 R 28 0 5 SEAG SR I S . 1 ooy JL AT
faj A4

MRF PR 2 — NP, N HBPEIE T DO HgE AT sk g . 2 Fir LA
TR, MRFAFIRE . BPHEVICH B v] Ll it A PR IE A K B
K. (HEX THHE, HT RS BIES . REEEARSIPTGN, Kb
TR I SR AT AT YO B 1 R e AR BRI L -

AR N I BP S SK BUMRF S K ARt v SR 34T B 28 4

e LR s MR, BPEIEM S MR B EIE S AL
RIRWE . fEXE, O T B 2 3R 45 RRIUETE:, JRAT TR 20t kg i 58
OF: BN B E N EAT R SR AR s B 00 O e A G R SR A B AR A
SRR T 4 B SR Sk S 4 SRR

o HEEHEIL,

my;(z;) = min(D(z;, i) + V(@i ;) + > mig (@) (2-31)
' kEN (i) /3

PR WA LIS KA, 4 AR i
UL SO I L 45 S R s S TR 5 T L
TR BB R BRI (), V() AT L

o BT A RAN UL

b(x;) = Dl y) + > mgy(;) (2-32)

qeN(j)
M R BT AC e aE, T SR ENAS AS NAR  h  IN BLE ) DL e SR Y
SRR, TR R A KR [ 7 AT R L

_17-



6 A T S B TR R B KD (), SRR £ 1 A
i
o BRAGIKARA
T; = arg min b(z;) (2-33)

rjeL™

SR A3 R N A A R A () e K I B ey X 2B
HBPHE I AL .

BPHE —MNMEREA D, ISR 75 20 A — A G i 2L AR IS s
T EAT SR, D R SR A R R S S HT L. T B LRI AN, HAR
S B QAL ORI AN, 1 TR P A3 Y B3 S BT T 2

o [FE R EEHHLEL,  BIOHRE AN Y mU A O A Y R PR
R R
o FTT IR S EHHLAL, RO B T AT A3 SR R 5 [ )

AT

txJr AT BPSEE M T 14

o BPIEASEL. ST 42 R RE e s g IR AR B Fl o

o (EIEACIE S, TN AT A B AU s, DL B AT B
B nER=3PTR.

o XFIEIAE, BP A LGHENAT RUGEMGRFHERE; X TAHE, BPalL
3 P 9 SR BB A WS R AR L A

252 KR ZHEERE terated Conditional Modes (ICM)

ICM(Iterated Conditional Mode)s& 55 — # Fl T° K f#EMRFI®) J7 % - H
TICME L BN, WA SR 8E, REGlL i SIsesl, K
Mz, T HIXFEEIT 4.

ICM# V%At tHBesag 4819, H it S KJa 5 ir i . ICMELIE A kAU
% RN BEAMGRBATHEAR T2, MRS 5 AT 70 A0 2 RO AT A T

_ 18-
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ST Muky) T N Ma(xs) .

n— My —n3

/,/ Myi(x1) w Max(x2) A

B 2-3 RSB T e nhaim, MOWHE, oIyl R

(a) Ma; B, FRITH EAL M, (b) EAF SR AR
2-4 BPSLk: I EH A ST 1 B SRARALE (K 7 R Aggeliki Tsoli)

B —4EBENLIA IR /NAM x N, ICM&A PR [37)WiAlgorithm M 7R .

TRA PR LA 2 TR . it AN R EOR

R AR I 16 J5 B0 A B, 3 LI I/ il B0 O FRR 508 1 4 k46 Pt e PR 2

3o 05— KR AT M B 00 45 AR AS T S 7 5 3
FRUERITOMSLVE M2 A A2 R AS FAR TR N, A Rk FIs. o

RS AR R WIX — WE R A, AARARAEE B EOR, Mk, ol BLE e
BrUEA: A B SAR)  AF -

@ i e e S ARk A BB EOE 2R, 2 EIEA.

-19 -



Algorithm 1 ICM%.i%
1 X BN R — 4 ST, BIaa B KIE IRk .

20 M RIOBINY )i MN TSGR BN [RPIR A N 1R R AR e
3: XPREANEE R EPERENS AR TR e RN PRS2 ) IR A E
4: FEOPIR2 NUPIRS, H RIS I8 B 5 IR EL .

@ 4R e AR A AR WSk . T EARRRIE G R REEIT
FUGEAGTH A R I RE R LEAL,  WERAEBOE BN, 5 1354

Fisz b, RIRP A ERE AT DA AR, B[R] 45 R e e RSB S B K
AR S AR S RIBARIR B N B IO, GRS ks =l e KR AR
B ae ARSI, FIFE A 1 EIRAGE S XA T LLBT ik il 1 e R B 8
ol AT 5 1 I SE A 3E o

2.6 INEE

RIS AR A 1) K FE S SUIR DL B &, T AR i B
YU P& e sh kB e vk Sia s m v B AT 2R, ARMESR R Fhid 5
REMRY R [N R B S S AT LR E S, ARMESR SR
PR EETNX A F Iz 8o P AT 8 K ST, W& BB
SIS LTI HAR AL, DU g ) L

A, OGRS T ESROR AR B B ob R R, BB SR I R RN AL
NG R KANAS o TK SR AME EE ST A8 G RAEAY, 3 EA PR A 2
ARG ITVE 2L SR AR

EEXSEATIT IR ), BATTREAE 1 T 5574 Hh 3RA T i o i o

- 920 -
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F=ZE  ETHITFICRMAITRR

3.1 3§

[19814FHorn [5] 4 Hi 63 it =AM (1. R B3 AR I TH R P s - 2.
BB A 1 06 B2 5053, BB AR 2 10T DY B S 2 P 1 HL A3 TR 282) BL R P A
A RAR (1. PARARIE AT AR 2. e JE R 3 )L AL AL )
AR Lo — DRt VOB TERIAL . Ie)E, IR WU AR XA
TAERHE T Horn X —HIE BT 10

HHEr, RHET S ITER R TAEIRA R K Z . 52 22,23/ 21]1)
JAR, FEARFIRATIE 2 TMRFHES ) Ge v 27 2 Tk o XA 7 A 34—
DI AT AR G vt 2% 3 J5iEn O RS T 2% 20, IXFE T LIS 37 A 8 0]
B 7 5 (32 B 5 HLAR v, il il S 2 3 AT DU AT s e Y, G 24k
[ 4K 520 b 8 R T3 S Horn B I [22]: 59—y, i T ae
FMRFERL, Fefi 1] LUR A E 4 HAT RO TT VR0 R AR AT SR A o

EARTTIEF, BAT57I N T 2 TRBF(Radial Basis Function) il £8 4 4% [57,
BRI SRR . AR T w4 5T SRFE 7R F LUK UG 7 41 o iR R Ay
¥iz3).

AEMARALWM T 310515, FIHETAL, 3.2 T4l 2%
SJPCTAN TR, FEIX b, Koy ol T A ) S 5 1T 2 R I AT S A
Mo 33V HTATTI 2 R, IXAMERAEAS KA A% 18 ) 1T DARE KA H
Ko 34N BRI LRI S 45 3.5 154 tH T L S ) — Se S Hk e
SR, 5 CAN LIk g AT T IR . BJE3.6° 14 H T/
g, BAEIX IS T AR ks, SR LA SR TR 25
AR T

3.2 ETHITFIMERMAITRE

FEARRERL R, AP ET AL F ) B8 —BYMREFAERHEHL 0] 8. 4 ¢
KRG ALL, LIEMET, FATKRBOR S N E R P(w|, ). BARRR
T

P(wlIy, I5; Q) o< p(1i|w, I2;Q4) - p(w; €2,.) (3-1)

~91 -



% ZF A THRIUTF Ot i A

Hor, Q= {Qqr Q30 BB S B S I 2, w = (u,0) 0
MR, T, LK P

X7 BT I — logf5 2115 T MRF [ fig i RIA 3,

B(w, I 1) = Y Valwa, L 1, Q) + 4 3 ViwawyiQ)  (3:2)

seCy 5,8’ €Cy

Hod, Vi(we, s Ins, ) = —log(p(V,(Lis, Ins, Ws); Qa)) A B0 #5200 3
B Vi(ws, wys Q) = —log(p(us — ug; Q) - plvs — vg5€0)) A 2T A IS
B, Q= {0, Q) w= (u,0) HIEERE, sHEBRIBRAEMIR, C bR BAL
B HB (single-site clique) , Cy2 AR BRI (pair-site clique) , A4
TN, I, I, NESEPWEG .

FEIXAS 7, K FHRBFA 48 W 26 155 08 A0 Bl I Ly 2 SR 47 5%
o TERENER IR p (1 |w, To; Q) WIS, FRATT 7 2l Jo 5 FH G I B AR X 56
MR LBATAS A, XA B B R R TR A AT A S St
BB N AL EAR R o JLIR, AEAS 205 i EHR AR IE )G, R4 RIER S5 —
W BOR Z R RS EAARE . Ba, SRECTEAZRZE MG IF il RBFAR
RUREAT S 5] o IXFEME T DA BB I 68 TP g I, JA i v 4300 it S Tk
JE A S gett, IFFRERIRBFA AL EAT 7 > L P . Ry
FAT TS Bt 05 -1 T ) AR SEELREA T PR A 4

BR|
PR|

321 HEDHEILISFS

FA TR P 2 B AN AR B HS D PAR R 10 el TR AR DA O T 5 B AR AL [ M 4 A
Mo BERLIA T

p(Lw, 1; Q) = [ o(Vils, ws); Qa) (3-3)

seC1

Hrh, whEEREW = (u,v), p(-) BRI, shEGAERE, CioAE
G L E B (single-site clique) , QBRI SEL, V, (I, ws) NZEEA
RV, EABR, AT 7 2 T e MR A RIRIE T, AR
SO/

o THJEARARVIE U AL T EE TR AL 2 S,
Vi (Is, wg) = In(s + wg) — I1(s) (3-4)

~99 .
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o SEIEAAR BRI AR AR . T RO,
V, (I, wg) = VIy(s) - ws + L(s) (3-5)

Hod, L, LB WAL, oA BRI [RS8, VLR i
B LIS )3

BAZ P LLER H 5 JE AR B IR P A IR 3, b FRATT 3 37 () 2 s 0 )
TEREAT S8 2] 5 IR SN IR g 1) o TNt 2 vh, AR AT DL i
T BT TR, R AT A b Tk R FH O A B 5 it 5
ITRIE, ARG S8 —WiEGKZE. XIS T EW, . Kk,
MG RN BEE R R RIE T X Tt S, RiE i H
BRI A, R EE ARk AE R B, 1 B — Ak S S A A T S AR BR
M. FER

T REST AR, FRATT Sk R A I DGR AR B it R AT
BAE, JFSRBCHE —mi B R 5 R s R SEE ) 5 7 Bl gt . 1l 0 ge vt 45
RREAT 2], Bn] LESZIRATI Bl 0. AR 2 J5E AT LU 27 2] I A
WIGSM(Gaussian Scale Mixture) B8 . 4%, A 28 il B H— 2L AT 1Y
5 Egiut B 7 B 25 B M 2 ARARLT) ek B8ORS AR g B TS A . (X AP ph T A
JEAEHLER I B H T B A R B, AR FIE R ANHER, B AS e R 1 B .
THEAS R E T B S R

FERATREA AR T RBF(Radial Basis Function )15 /4 25 bk 7k
7 S AR I

f;9) = X w; - exp(—(x — )% /0?) + C (3-6)

o, w4 7T RIEAMBCE, g p A 7 RIEA MY
B, CHWEM, oW 7, HAHEE LK T3hB0E.
RBFHAAT A T2 2 A

o ZHn] LUBRL ] A1 R RT3 R8T 2
o MIBAK, I LA Bl i A AL S A A B 0 i 590

i B ), RBEFHZE M ZR 52 S AR BRI —log(; Q) = f(2;Q).
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3.22 RMEILEES]
BT AR IR W

pwi ) oo [ plus —ug; Q) - plos — vg; ) (3-7)
(s,s")eCy
Hrbu v b EwW S E, s, s RGBT EARR, Oyt ARk xS p()N

LIRIBRH Q= (Q, Q) 70 R 7KV 1) b K b 38 L 17 45 R SO R 2 5
FATHH A7 U ZR B £ 20 ) T S A o BB . IF R 55
K 0 L7 B AU 5 2003 sl TH R BB B (e vt o BAT TS ARR ] 5 B=GPk 2% >
ZURI. XA, BATENL T A RIR  IXAMRERRIR T AR 1R 3R
FEZ ISR AR
i 2 AR K0S, RBFFIZ M 48 52 2] 45 R 2 AT Vi(wg, wy; Q) =

—log(p(us — ug; Q) - p(vs — vg; )

3.3 RFEITRIS REEE

B BT IE, ATROGRBR CA R, HE e KRR MBIz E) (R
NI BB EN) BEAT R AR . 0 TS B8 prd iR e H - KA A2 183,
AT FLEAT SO A BB TG VE K 2 JUSEREA, AR ) LUK At P 45 41 5
FALBUT KA AR IE Z)

AR 2 RPL R T7 g B A a2 RO 7 B B B 2
MNZFoR, TFMORBEZEG, TV hEIE 288 B R R M 2. R
N RPE TR, wEE WG LN LY B 3 — 287 . At
SRR I AR 2 WAl A 2 ARIL K b )=, AR BRI 56028 i B AR AT A%
Eo EATNES, TATRARLNE ZEAGIER B REAT I (. 8= s 2 T
A H ) 2

@O RS iR, DU FAHN 2 ]S 5 B AR = (R G TR A o
@ HMN 2 REe 7R HNEEER S, DL B2 e

B
BATHIW* 7R WA 2 AT IR AT A, SR FRATT AT LU e 2068 27— ot &
BRATIZIE :

To(s) = I*(s + W") (3-8)
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B &7 5w B R it 5 1m 20 4

Kb, To NAEREAGIE RIS, s b B ARER
TSR R G, 8 AT LA TRREAT Ik 1 D6 SR MR8 5T . 2E 3R AT 10 U7 3
i, BATRA T4RME N LT,

3.4 BHEFES]
N THTRAT 0 AR K T 24 SRS T AT ] A 2

o HHEI 2

O, % # I : & 17 x H il
fmiddlebury(http://vision.middlebury.edu/flow/data/)#1 Kl 14
FeoEE, BRI A OG I AR B BB 91 m] USRI 25 0T 5 4 A
Mo fEARTES, TAMEH R EHydrangea 557 41 LA S H 6 7L AH

(Z WIHXB) .

@ BGZEENIG T ER
A6 FAE R 5 iR AR, RECE L 55— Wl R ) 22 (EB-T,
RN E R S NE WIS

i ﬁ‘n J Ji." A ’L”?‘ ﬁ:ﬂ

B 3-1 RIERGR S iGN AR, bbb ZEa RIER L, FRAIERX
LT AR R, R ah R UMD BT T AL, BB RO O ZE AL, A
Dol ZE (/N T4 T4
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LB, ATRUE Y, ZEEBORRMT GEER T4 A1 EHR
WIS Ry o IXFEFRATAT LU S T B R I Ge A 2. 24
RKIG(3 — D KR A vy, SRR 3 R E AR
(R, BRI, AR HAR Y, X
PR T AR, LA S, BN, N, B
R AR B

@ MY AT, (R — 2RI 4
T RAT BRI T B, 325, SR L5 B %
B 77 PR AT A B SR PR, 55 AT 5.
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i FRBEEALR 1453157 B M 45 AT 5, AT L1 5]
£ L L 2 A B
o ZIIY ]

FAVA I GRBtia £, 73 9 v S50 58 T A 0 7K ) 06 JEE 45 31 45 2R
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J7 AT SR G o AR V5 1) 5 SRUB-DIB-GL 1 5 19 A AR KT [ R G -2 24
AR, PRI DA T i A A R AT 100 3 1 8 b 5O [ P 2

PRI RBF R 2 > (Y 4 R o I BAB=T] Ut 5 &0 30 9 e 1 3 5 7 5
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3-5 L FRu/KCF [ S EUN STt

3.0 SLWERS5HR

FRATTR T B BRI AU SR AR T 3000 ST B AT SR A o o0 AR, ]
i Sequential Tree-Rewighted message passing(TRW-S)% 1 5 Graph-Cut .72
XSG REAT K AR, T IS T A X R T ik

e Sequential Tree-Reweighted message passing(TRW-S)%.i%

TRW-St 1Y J5 %1 b [ Tree-Reweighted max-product message pass-
ing(TRW) & % tiKolmogorov [B3[# th , & Z2TRW [52]# o 2F & fix
A . TRWHE H I H 52 4 T f# e fEmax-product =K fi¢ 1, fFFFGE & T
T KA R (HE, EIFAREIRUERE R — LT, e 28t
FRe o MR, SIANTRWEER IFA B2 8l [B3]. 5 T ltKolmogorov
XMTRWHEAT T M, DRSS e R A< F . 5BPH L MGraph-
CutFEHEAHLL, TRW-SHIRZHL A, WGraph-Cut L GEf# ¥k [50,61]4 R
(2R e o D SR it e ) R el XA B, ol L RE R S E AT
KARUIEHBP, TRWA .

e Graph-Cut&H.yk
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Bl 3-6 ML oK PR SETT
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B 3-7 LRI > R

FATRALH] T Graph-Cut BER M HRATHAR AL, PR a5 8, SCHE
P BV S BT I/ B NANC] U R NAN P A K SR AN el IR INANC R e D B
f/ME [pA] o AZHARES — H B oy Gl A 1k, BRI AR Al AT i 24 fiE
ISR/ AT SEBAZ ST, Tl R N /e KL

H T B OO A SR AR 5 10 T SR IEMRE R (K bR (8, W7 A 2 g b 1
o, AT S0 R RS, d)m SR I & B R B 3R (H . e fU i
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YL, RPN, BERERES I QRS PO e « HEELR
Kifrp, MR ENES R, JFAARAME, Dt JAT5 2T Lenikt
B, AEAIX LA Tk T DOSRHAT T AAEA

TREBEVE AR R - U e K, BRATIAR R T XA L T ERATI P
R SR TR B RO, BATE o ER L etk . %8 RI{E R
— R TP EG TS BA S KRA2ME R, AR E 5 7 1[0, 255 7>
ANAy s IXAEAT B LA S5 AT N2 AN R B AR R 5,

U U1
Ug V2

V= Uz V3 (3_9)

Un2 Un2

RATCLHE SEIRAEE AT IR 5 1A N HARZEAT B RS pR 4L,

V(i) = [, vi] (3-10)

MR ERTE, BAG R T ARSI R e . A R, X
FERET R T BIRRZS  BATT AR I I A P 3 A WA bR BOHObR 25T SRS o 3K
P, HIGSATIN BAGEAE N PR B AT IS, SERR R AR 1) R EA T IR FE
ML AR, BT IE AR 1B 200 2 DA SR AR 5 AN BESR AR BAT T A T 11
7]

&
o

FEREN AR, 5 SR S B RO VE AL Tk N A dd e W )
ARG VS 7T I A R ZZAAE(Average Angle Error). 112 Z M F5
#E Z2STDAE(Standard Deviation of Angle Error). ~FIJIliE {8 i 2 AEP (average
end-point). TE{E % 2 W Fr#E ZZSTDEP (standard deviation of end-point), 734k
AT R ZEAE(Angle Error), B H T HA M4 H PR30 5 OGS
FLABAH AL B A BEZE 0] (PR SRAD .

A7 E SRR er Al vk, RAIFE NGO TSR i) e S R E
S8 85 oy H
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3.5.1 KWIRTE

FESEE AT AR e A AT TR . R RS 5 RE )
[fYosemite &l 5 7 51, g — M B SE (R 8 ) UG P 1 o 63X iy el 1] 45 e 41
FA1 9 7 H Sequential Tree-Reweighted message passing(TRW-S)%772%: 5 Graph-
Cut S50 FATE L BB BEAT Gt K o 20 REAT T ORI AL v 45 R VP Al
TR A S L, S A % s sk R T4 ks 86,
I, BATEHEAT G VPAL I BRI S 10ME R AT T 200%

eI AL THRE I, AT BOE S P IR A%, DG EE I Algorithm 2.

3.5.2 RO
ST FRATTIIRE RS, JRATT R I TRW-S A Graph-cuts 9§ A Ak K #7572 55 93
AN BTG R F AT T 6k g, 1 T o e B sk g8 SR T 40 BT

e Yosemite 574 U RS LA EE R MEs) . FATR
HTRW-SHIGraph-cuts5i%, HERATTEE L (IR LG 7 51 s it AT

Algorithm 2 Y KR H %
1 WG TR 2N = 4, ¥Rz RIEEEMW = 0 (R

PERTRE S — AL, SRR & TSRO R AR AR, I RN
G TR 22 P B R R RN — B0

o LIEGRIN, T, (T, WEOEGHEG, % TR EET, = 1D WA,
K TRW-SH% % # Graph-Cut Hik v 5 26w -

3 N4V EEGE Rooy 15 BN BB FEWAR BN, 4545 L XU VA (Vi 1
FARIE ) 2, WM RS 2 e T G AT R A .
145 SR T A7 8 AN R 10 PR A W

4: N=N -1,

5 WIHN =0, HATFEEE, GEEH25,

6: DR AR W B, KIS ZSR AR (K i

7. NSRS RIS TAAE. STDAEVEY .
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KA, i REBRS. MIE B8 K BIE, FILAE Hif iR 2 UK
Rt s A2 1A S BRI AL, 38k, AR AL /NI A %
ZW AR XA RGE, s AR, AR ORT
AR ZAE SR UG T BT X DL AR EE,  SXFF AN BE SRR I LA (10 T2
B XFH A, JRNRAERRESY, mRNSERRERL, X
FERJZH R AR WU s AR A AR, AR A0 N R RO
PR e IXFESE XA KUK FRTSE

FEAR3-1H, AL I T A R AR SR A 7 53 Yosemite B 45 )3 91 SR fige &5
RIEAVHL . AEREAT BAL DAL IR, AT R S 10 MR R AT T 22
i, XA R TIie s ARAE I Gl T RE AN B RS, SR
RS N BRI A R A E . B, XN PRI KA s
KRB R OR B R . I TRW-S3R M (1 2 RAHR o — 28 et Mo,
HITRW-SRA 1 45 R A2 HHBLBIRCR -

o KBTIz

B SR AE S S P B 2, s s ik i e sl .
BIFPIFEIRRE A G =, A N5 ME R [19. AERBEIh T

YAt v vk AAE | STD

Anandan(Barron 1994) | 13.36 | 15.64

Liu et al.(2002) 13.18 | 13.24
Roy et al.(2000) 13.00 |
Singh(Barron 1994) 10.44 | 13.94

Our Model+Graph-Cut | 10.42 | 12.31
Our Model+TRW-S 10.23 | 12.27

Cassisa et al.(2008) 7.02 | 7.96

F 3-1 Yosemitels 14 )7 %1 06 Uit vt 5 45 AR 19 & 4k VF A . AAE=Average Angle Er-

ror, STD= Standard Deviation,
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P15 51 14 14 55— E14% 5 SR I TRW-S 8355 5 Graph- Cut 835 6 #6785k 75
(g o eS8 RIE T, TR E T AE L 175 A 92 bR KRz 8l
BT U SR FH TRW-SHL SR A 1) 6 I 5 78 e G2 3 1 % 11 X 3
DR MR B T Graph-Cut . RS e B2 T 0 iz g X
1%, TRW-SHESRF K737 A U Graph-Cut H kSRR (04 . {H S Sk b
IXPIRACA 7 VE T AT S it 1) &5 L3 ot LU A e B NI

3.6 NG

FEIRX 3, FATPEA A4 T BT 3 1 G0 ot 22 S DG i A vH s Y,
IR PR A R AL T i TRW-S VA M Graph-Cut FLA XM HEAT SR, IF
T T R R AU S A R . XA QT AE T AEARI
PAI5I N T RBF(Radial Basis Function Neural Network )84 5%f B4 741 A
WEA AR AT 2], DA B R KD e Al v AL . BT R4 Y T 57 T H
it ) HMREWR G ROCHAG TR, RS 7 53T o R b, R
T AR SEEARRE N RS ) SMREEANR G @A, JATn]
PAAE T 3 BRI DE A SR A 532 Ge vt 23 AN TRW-SHLI2 A Graph- Cut Sk 0 A 13t
(N

WIS AE R, AT IR BRAT TP i R, (HR e AR 2 A
A, AR 2y b it

© ZHd .
BA DR AL R P ST E, I T &AT i iias) (S)ikias), Jig
Fe25) B Nt . Ak KRR TS, BN T8
TSR 2R ), 2 S AR I P S Tl 2 B R a1

@ HA,

BURSORAIER . 1SS AR EH E T . I K B
HE, AT LS AT, JPRAIER . IR R 42
K BV SATIRIE B DIk TR T LR T U1K 1 10 B SR 138 30 5 i o
B BTN
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(d) Graph-CutSyETE 516 A B 2=

(e) TRW-SEETHH G (f) TRW-SEVETH B GIf fEt 22
E 3-8 X

F Graph-Cut5 TRW-SE: %) Yosemite 7 51 5K £43 [ 6 Al v &5 JE DL K A i
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(b) Graph-Cut=Kfif#43 21 1) (c) TRW-SKA#AF 211K i
3-9 X HGraph-Cut5 TRW-SH VLN B Lyt iz ) UG 7 81 SR g 45 20 G i fb vk
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FNE  EGFIFRIRGETS5EE S E

4.1 3|8

MR B R SCRRESE v BL TR, H AT CAT 7R L AR A B )
AR PR I e AT AT DARGS 1 13RS AT IR SRIs s R P 51l (HIE,
MBI s s IR R A T AR, BE BB S S 2 Rls s 5 U
EARARECTR I A FF AU EATR € 8 SR I E R 8 o Js 2, AT
FERR E R ALE B R TR T B T 29, X ELfE st A agid T
WRMIag) . AT, BAVKRAEBR I SH 2 MARRKZS), JFH -
T8 3 o REDCTAG THERD B 51 h 51T 1K 2 Mg sh 34T L iR, )
I X X L ia Bk AT 50 %

ABEALGUNE 4.2 3745 HBATEE B K JEAR, IR B R AT S AR
4 A3 WM AR B 4.4 A AR ARIN, AR RS
HAFEIEZN 2 A, ST LIRS B DL AR A LR 4.5 A4
AR RS S NP AR #E4.670, 25 H IR RS (R 45 R L SAE TR Sl
INf AL PRI — L 4.7 WP RATS SR SIS 4 R s B e AE4.8 T
BATAT RS, WRAFEIR NN AAMIE RS AL, IR PR,

4.2 R B Sk

T T A DGTAS T 7 T ) ) 8 B AT T R, A TV R A X R E
TUEEHH IR o 1R N P T A 8 X RIS s I ST 51, A TTRE K
MBS AW AT Lo BRE, AATE Ry e RS sh g T & 1 i i s
ZUWIS, XEe— ELfE A R RS TR S . BATRIVEAN] - RE &6 %
Fhigzlh, I BBATHE B RIEATT LA LA SEAR RIS S 4 A SeBl. A T3
T APPSR IZE), FEESEAE B T v S5iE 8 B,

TEFRATHA A, FRATTACN BRI P A& A 2 Rz, TA T H B2 g
- B L RE B A U RO G TR, (AT DA L 38 3
B S FIBAT Se i il v FEARSCH, AR T 4R iz 5h: S1iEs).
F R I Bl R MR A AN AR A B (132 B LA SGE B MR AR S A RS )iz
F1. T XPISEE s LR 5 M B AT A, eAIER AR P o 5 TRk, N
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FUE ERTIF LRI EE 5 aE

I, BATESL 1T IR R BB AR

R Tigah i BAR, ekl R b, JRATAVE T LUK ECE 55 51
oG, P LSRN R 8 (0 73 8 200 T 5 SEHEAT Ia 34 A4 70 31 1) 454k
In F R ERER AR A H o

RS —wrp, TATE A TMRFEAL, & 8l il 5 2RI e, A T
BELE L S — AL RDGRAG VIR, AT AR IEAT T is, Bl s ia 53
A, TP 29 R R B BR BT DO AN [R] )38 31 R AN [ BT 1 20
(Rl AT TS I T I8 s 2R AL A] ) R HE 200R, BORERIA AT,

E(l,p,0,0,0) = E4(1,p,a) + AE,.(p, ., 0,0) + E.({) (4-1)

Hrp, TAHERE, W= (p,a) WIAFRR NIEERIEL, 0 HARARZE) M
RO, CNIBEIIRRINREE, NNLPRIBE, By, B, S5E, 70308800, F
THI, A8 ZhRIE] [P 2R

FEIXARBARL A, AR SR AR bR o BRI : 1. SRR AT DU A3 AT
RE T H Rt &4 b LR d2 5y, 2. TR IR AN TR 2R AR bR R R ) 7
HuGuR M IR, FAVANFENABFR § p 5 oo ML s XFEn] DUAE#33. 3k
AT B p o S &) [RLBTHY,  fe BE 5 8 A T8 I A5 S BAS 732

4.3 IR
FATEE T2 AR RBHEAT AR A ) s iR . LIRS AR T
Ed I » Py & Z Vd [svpsaas (4'2)

seCy

A, ToHEEG, s WIEGRAE AR, O b ER P ALE B (single-site
clique) , Vi WEARIF AL, (p, ) JRARR R TR LA

TRAT TR B T35 e B VAT B — P SR T

Va(Is, ps, as) = (I(s,t + 1)pscos as + I, (s, t + 1)pssinas + Ii(s, t))*  (4-3)
Horr, L(s,t + 1) 51,(s, t + 1)70 50 o 58 Wi MR 17K P 1) 55 2 1 ) 4, 36—
TR A ARG, T(s,t) = Lo(s,t + 1) — Ii(s, t) A BRI A S,

7r By,

ps cos(as) = ug (4-4)

ps sin(as) = v (4-5)
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b, (u,0) A ARIRABBRR T IE RS

A RS TAENAR R R _EEAT AL, 3K L5040 T 45 o A7 4 b AR
A MR R T ARRAS R RIS, IR AT S R S AR R
2O BETCI I E AR e TR AR, I I R R AR AR R
P ARAR (2, y) AT R G R R AR AR AT R 5], R ARAF AR 3. BT LA
T ERMEREIE T RG], e EE R AR AR AR )1 R IR AR AR R R ksK
o

4.4 FEIENRIN

AT RS S AT IR AW, JAFRE T Is sh L
TR X 7 vk AT T — 8 H T X RGP R s s T AW . o 75
MR T A, BATEH T — g . EnH T ARz )k FEA R
IR AT IR AR IR A W,

Er(p,,0,0) = > Vilps,as, py, 0y, 0, L) (4-6)

s,s €Cy

A, s HEMRBALE IR, Cy A EMR Al S B Ak, v, A-FIg e
B, (p, o) IRAAFR R T ERIA, 0 ALRAFEZESEGERE, s
IR IFREE
2R I A bR BOR o AN R LR R A AT IR, DASEIU AN RS 3l 1 240 R,
H Ik,
V(s s, pas 0, 0.0) = 3 (h(ls) - [ (pssaspy o)) (47)

keL

h, R() NI TR, GBS . OB, 6, h0 K 10 AT
, FRHERETE, TR ARNE, LYEHRMRsE, ik

T,
1 if V¢s=kelL
Iy (ls) =

0 elsewise

4

/|

il

Heh, ShRUEME, LWEHHRbFSME, kSR

EEARTH, G : 1 6 2. f: 3. (o B0 E THR
IR A3, (A I (38 Bh 27 T LIRS R I B . o 0 f e —
A R, IR B A . FHRIR A IZ B R B A
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FUE ERTIF LRI EE 5 aE

RN, BB — ANEE . 57, B8RS H ke
BT Mzsh b bl G, Kk, @3- RbRZ R PEAR 2L,
441 BEIHE

— 1, BAVNIZE) R EAT R N 4 . AR P SRR A S AR R AR
1, FRATERIUE T4 B 12 ), AT XSz g3y T RIE, MiIgidl &
FE— i H X BG5S E 12 B AT AN E P 20 . O T AT IS AR B L
Pk, ERXAEA A, FRATRA T AR bR RIFEAT
4411 ETAESIEERNDE

T HEZRMES AERZN, RO T4 Es), HH XXt
B TN REX . EHE R AMERE 2097, TAOGH TN E
X Ay =ys —yy, HPy W TEERSHNAE, shs WA EMR. BARTHR
AUF,

O iz,
' Ap [|= 0, [ Aa[|=0-
@ HEEMEAL, EAR R NEIES),
I A(Ap) =0, || Aa [|= 0.
® HLMREAL, MRz,
I Ap[|= 0, [ A(Aa) [|= 0.
@ MRS A R AL 1 iz 3,
I A(Ap) [|= 0, [ A(Aa) [|= 0.
A, p NSRS . R IXAR IR A S il AR T 3K
(NERTESE 4 E A N o v bTﬁ el X BTt & (4R ML RLE Zh A T A R,
PRI AT UL Bissh A & 1ies), WL IEFAFE RS 10 ] LR a1
2R
N TR D) TREF S, BAD Bid Rkt 47 T 1t — b ot A

fhe L AAp) 1= Ap = Dp I | A(Aa) =] Aa — Ao || XHEApSAad)
AApE Aal¥fE . IR, AT RS o o i) B 3 BaL L.
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142 ETFEHNHERFETHELE

FES A58 MR E B CL 28 T SO A il 1) B P B e, AR X
EIORATHE DI EIT o 0 T 9B, BB Sy Bl i ) i, X
RIRFERL . LK, BATT T B k1 R FE R BUH T8 ARG AL
SERIE T AW, DBSRBCEAER Ot . &a, BITHE AR
B, T 5 B QO RERIB A & U7 5, B WA NI E T R AAER A
MEBIRPE RIS R IEATD X =70 7090 7 LLEE /41

4421 ER¥YE2

PR B 1) S AR (R S, R A e PR S W] DU B X138 ) 1) 42
. AR “IETAEEMWEER I b, FATABUE b e £ e

i, o
f1 | Aa |2
- | S I Ap |7
f = = i (4-8)
f5 | Ao — A ||
A [ 1ap-Bp1P

X, Aa 5Ap AAa H5Ap HI¥IMH,

W AR I, AR AN ME— ). B IRATTIR I ) S R B vk
€, MNIATUARIEA R ) F 4, g m sz iz gk b, =
Fizght, HEZEgh . k. itk &y iizssh, Xeizsh il dar
— AR E ) DRI IX s S . Sk, T IRATTIR I s B, B 2
Wz, HEEEA R T Wz, AN T O, R
ok, JUH RS Z Mz EBR .

4422 HEEFEFEH

AR — R ROE ARG IR . JRATESERT EX B R AT, R
JE ARG XAFR AT AR BB A R . PG, BRAS A TR A P R e 4 P R A
W HIHERATE . ARG R AT LIRSS, 4 Rels h L FAE A
R CLBEATC TR . 53— 7, iz s iR ia 2 3Rk SR B w5 b
BN IERTE. A B Ae s i e g Rk AR B T U AR A8 2h 3T _EIEA 1)

PR2E
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FWE E&FIF LR EIT 5z 0%

FEARRBIR A, AR 5 i R B LB T R AT T AR %8 . X — MR
s BATENUP M N FOr Bl —ARZE, TV SR A XA BRI 1K) Ja) 8 fE
A VL PEALAT = FR BE B B MBS AT I D IR E R IXFEST 22 (1 i) 8L n]
DAl v AESSIRATARZEZ e, B Tl T LI I 2 4% 7 AT I8 Zh 21 i

AT SEBLERE T HA R,

1 if ls=kelL
hi(ls) =

0 elsewise
Hdr, sHALEMFR, LAIBEIRMRSLE, LNIEshRARL,

R HIEFE T, W DUSANE (32 s R b 2 IE AN N I S A . XA
UL T A FIE B2

4423 BB

SRR AR o — AT . SEURBOE BN HE AR Lk
AT BAPRBASHBL DS HOERE, 0 XA AT B0E
A BURF AR AT R A Al Rk o 6 S E0 B ) e W] LLE S R iR sSe it —
ot 3 i A CAT (10 B8 1 5 OGS B R AR R BEA T I 2ok ¥ e S HOE Y
gy Mo T LA ST BOE . P ings AT S AR,

01 011 012 013 014
0 Oa1 O Oo3 0
g | 2] _ | V2V U2 O (4-9)
05 O31 039 033 O34
04 _941 042 O43 944_

Rl O RN SRR 60, = 1.

4.5 BEHIEEHFEBAR

FEICHORME T, AT L2/ N iR 732K, D A5 v SR 20 1 45
RABUNIIL . O T BRI L, AT T I2shRIE L . B R
X E A FIARRE QR 3 sl AT “ a7 o W R AR SR i IR IR 2,
RS 3 “smabqn” , MWK SIANEZMfER, 2R, XM, HiEnr
HIbR BB IE ok, DUBRRRERE . XAk, R0 XS E e
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U QU N T e EN IR S EA) e v v

= s, ty) (4-10)

(s,s)

A, (s, £y ) Mknechel functionf iy

0 if fg=10,
(s, by) = (4-11)

1 otherwise
IXAMBL T 73 e A A RIFR AR Z AT “48517 . DUME IR 75
PIFR2E

4.6 SLIME)ER
4.6.1 BEERIS TG
AA T TS T — 260 3k 2K 1 R 25510
I 4RIE g FIA XTATHES, BA VSR T XL T RERI . (EIX S 1g 3L

fiti b, AR AR R T A A X SR AR A i B R e Ao 1 T RAT 45 2R
I3 (4 757

2
Apl|=0
| 2| )
| A [[=0
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