Free Viewpoint'Video Synthesis using
2-D Camera Array Signals

Foyod ik

R REE B L

| s
',;lT—: it

doE R R4 L A E = B






(R = 1 aiEd
&= p d ARLEEAR L

Free Viewpoint Video Synthesis using

2-D Camera Array Signals

e S il Student: Chung-Yu Hsu
iR F R Advisor: Dr. Hsueh-Ming Hang
B = 2 d % %
R 1 E2F 4 ReF A OTARLA
e
AThesis

Submitted to Department of Electronics Engineering & Institute of Electronics
College of Electrical and Computer Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of Master
in
Electronics Engineering

July 2009
Hsinchu, Taiwan, Republic of China

PERRL L AES D






@ Z RS SR
&4 pd LB

Frd thEe R g gL

R

& =
THEIRE  TIAEY TAALSL

i

I BB (i | Y £ %ﬁ;?ﬁﬁ‘;}iﬂzf[lpfﬂmﬁ} W T ETE IEFJ%J%EIEE[ HIFYE
fIBRREY — o [T U B R AR I TV RY i b e & 1) ORI
RTISIRG B W £ |V IR = for | Rt % (1) Py S gV gy i
TR S AR (2) £ 5 (iR E R R I R -

R AR G i AR e L
PECIH ™ ET G RER2  ZERR o 5 ) SR ey BT~ ARy RSIH 15
BRI o f SRR BT B RRSRTEVEYI T AOIRE S - 25 P
ORI & R RS [l -

A 2 RS TFRIE - (L= ARS8 o = (- (2)
PRS2 (D2 R0 15 - 1w G)RU P PR R 55 55 P R 24 = =t
5 PR Iy T I o8 YRy e i fRARIPORRELS st BTHE poterp > 2511
URCE AR AR ORISR S R o SRR IR B R
=5 A Do 2 Bl =t P R 2 R TR RS RY o 2 B R PSR



ORI RO ETE SRR T RS YRR R R B R
[0 S PR LB AR LR F ORISR - ST E 0 GoP poffsd. -
5l GoP 03y~ G=H B SE E o 10 R SR ETEY 25 (P R PR
GoP Fl FEIERH I [ - 5 P2 IR » 25 P IR o o s Y A P
IIFOTEREL: « SRR R FT RIS I EVRCR U= 53 V= 2 SRR

HTE Y ) 0.05dB °




Free Viewpoint Video Synthesis using

2-D Camera Array Signals

Student: Chung-Yu Hsu Advisor: Dr. Hsueh-Ming Hang

Department of Electronic Engineering &
Institute of Electronics
National Chiao Tung University

Abstract

Stereo image technology:becomes a-popularresearch topic in multimedia, and the free
viewpoint video is one of the important issues in this'topic. The purpose of free viewpoint
video is to generate video signals at a nearly-arbitrarily chosen virtual viewing point based on
the captured videos by a camera array. There are-two principal steps in free viewpoint video
synthesis: (1) estimate the 3D information from the camera-array captured images, and (2)
synthesize the virtual video at the user’s chosen viewpoint.

Nowadays, most free viewpoint video systems focus on one dimensional camera array
in recording the image information. Also, images, rather than videos, are often the subject of
study. We like to extend the existing research results to cover the 2D camera array and the
image sequences (videos). Because of the large amount of the increased data, in addition to
the ordinary accuracy problem in information extraction, we also need to consider the
computational complexity issue.

In this thesis, we propose three algorithms: (1) disparity estimation using 2D camera
array pictures, (2) checker-board disparity estimation and image synthesis, and (3)

free-viewpoint video synthesis using the motion compensation technique. First, we use four



cameras at different locations to improve the accuracy of disparity estimation. Due to the
increased computational complexity, we process the data mainly on the cameras at the
checker-board locations. That is, we estimate the disparity map of an in-between camera
from the maps of its nearby four cameras by using the disparity map shifting property. Thus,
we save nearly half of the computations and the results are as good as the original method
that processes every camera data. Because the temporally close images in a sequence are
strongly correlated, we adopt the group of pictures (GoP) concept that process the first
frame of a GOP first. Then, we use the motion vectors to estimate the disparity maps of the
remaining frames in a GoP to reduce computation. We improve the motion estimation
accuracy by including the disparity information in the motion estimation index. The
experimental results show that the'computing time is reduced to one third of original time,

and the synthesized image quality drops only 0.05dB.
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FOE PRV R A D @ﬁ € B [jip) 2% 5% (disparity sequence) ¥ 2V
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Py ﬁ [ RLEH S HAR BRI pixel o T A 1o 5 7 S BEEFLY pixel fiY cost
b flt pixel I FJpzE el fifi o PSRRI B2 I T i (dissimilarity function) - =5 Y]
e PR VR o 5Y B DTRLE TS SRR pivel -
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1. Pixel-Based Dissimilarity Function
Pixel-Based Dissimilarity Function F5— [ et §L 4 B¢ 112][14] #75 {1
A > IEJ?ﬂﬁwﬁ*bf[IEJFﬂﬁﬁ* FR i pixel POAHFIAEG [ S EER R
It pixel [l [fIfo6E i (absolute) i ffi(square) » Y1 3-7 - FI 3k
Eak//LILEE
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EF11 A pixel fUfLE A | o Plxel Based Dissimilarity Function E@@%&[}ﬂ F@Eﬂ
CErTUSREART g '[a*_ | %,rg&wg,é TSI
T R R [ Eid*ﬁ’ﬂ*’*%ﬁﬁ!ﬁ @Lhﬂ'@” SRR
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q@;ﬂ' 3-7 Pixel-Based Dissimilarity Function

2. Window-Based Dissimilarity Function

Window-Based Dissimilarity Function[12][14][16] 7 2{&r{[i pixel At [T
THRRIE] > 1) 0 A8 pixel O ETERET L - KRR LRI pixel - i
G0t BEL YR 3-8 o HFE I [12][24] ¢
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k=-R
D(xL, xR) = ZR: w(k) x (1 (XL + k) = (xR +k))* > (Square) (18)
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Function g PREEAH{VRS 01| b i gl BT SR [ A TR R PR R 1 >

fj= S0 P P R RS occlusion THIEIBH ISPV HTEARL -

27



W=3

7 T 7 | Left Scanline

T T T | Right Scanline

Low
dissimilarity
value

.ﬂgﬁﬁ-}@éﬁh

T T T | Left Scanline

7 7 T | Right Scanline

dissimilarity
value

(b)

ﬁ%ﬂ[ 3-10 Single-Side Window-Based Dissimilarly Function v I™ isl (xL,xR )%= ﬁlﬁ%ﬂ' (a)

R T (b) % R g

28



BRI 3-9 =5 (P 1 AR RN B BLP o B E Y cost SET IRV
[iﬁJF'i,IF[J £ Y flﬁfiﬁ’" PRIF= s = BRI LQFE?[ DIk I8 S S E | 35
AR PTG PSRl « FUACT ] AR R RUR T R 2 pixel £Lf 15
[ e B ol T T - DR 3-10 = Ry T fo%ﬁjl?’i” A
FIFTREIY cost 175 (P I cost P fT b Bt AL SRAR eI 45
TR B g | iU cost {E4T 285 fU < [X = Single-Side Window-Based Dissimilarly

Function fi' I'J fiERy I em =02
R

D(xL, XR) = min(Z| I(XL+K) = T(R+K) |, Y | (XL +K) = 1(xR+Kk)|) »  (19)

k=-R k=0

(Absolute)
D(xL, xR) = min( 20: (1(XL + k) = k(xR + Kk))?, ZR: (| 1(XL +K) = (xR +Kk))?) > (20)

(Square)

3.2.4 ?&é}ﬁf

FIZ SRS [ A ML o A RL LT RIS o 2 et - 5 fl
AR SR BT CL o 3 Ry T AR F”FT;JI R C2Aes s Y
F e AR o [ 3-11 8- W)W 3.6 KA A O A if!;ﬁ‘r%é[’@%‘c?@@
L 0% 4 VR > 2 cost G ET O RLVRIEY M1 2 B I < 1
[P R S505T BIDRLSER ] [RS8 e XL B0 ey (USRS R e R
(XL —d s = oo g om0 2 fel(0,0)F1L" il (1,0) B B Y I 2 7 =
R - R o b g I{?ﬁ'w?ﬁdi{?ﬁ R
T 51 5y Sl e 5 g e S BT R > Z5
PPFIR IR T SSHT R A (23] -

29



[ o]

3 4 5

Y
Eeee g e
B RRQQ

EE B @ .

d
I:ﬁ[ 3-11 I I:ﬁ[ 3.6 Eb%ﬁ]?“}l J_f Fﬂ)fﬁ]"‘ ‘f:‘l I:lhi[r—r‘yﬁjéj_{‘]‘ggl—t %L[I_E%Jﬁ IS!J—[E E}'IH Sl
7

0 I

m ﬂ"ﬂ\

PR 3-11 55057 > =5 [PEJF' . IF%CEKEI?WIE iFh P YR 3-12 0 LRI
gl xL {4 pixel 7 IEJE”;‘F#{"@\ Fp AR b ikt d ﬁ%ﬁfafrﬂ‘:pdﬁ% fill o flihSE)
~ AL IR dissimilarity cost RLIFFIRN {0 SR HGIAVE > S A
T ﬁﬁ“pﬁﬁfj dissimilarity cost =< adi el T HIE y o AP P,L‘E}ﬁ‘ﬁ@%g% » B
MR LT = AR R AR ERAE 2 - 5L e SRR A = AR
GRS ‘“&lf'ﬂfféﬁ I TSR~ ARy o8 el R iy 2 el
(AFS 0 - ¥\ AR LI AR HREIRAD F o g i I T A5 [y
FAHE{H BRI costo il 3-13 RLE 1= FER-EEYN — 45T 0 Ryl T SR T
ST EPORRG o HoRE AR o 25 P (Tl (I TS R
‘I cost PR TR AT 2 BRI TT el S aREO: e - R 5 e
PR ERE T

30



01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
4 slalalolololo|s]2l3]|3]4
3 233 lala 11|l ]2]1]2
2 tlil2lslsl2lol2]s5]oflololo]1
1 olololsle6lel1l1|l6]lel1l2]1]1]o0
o1t lsl7l7ls]ols|7l733]|2]2]/1

d
I'o 1 2 3 4 5 II o0 1 2 3 4 5

xLL

| e T P T

sz JES = LI»..-\‘ e v oo :. .'»._‘ R .
FOFSIE - B A RRARETRIRT |- (W P

31

,

[ 3-12 B ORI RARRIE [ TR BRI T I TT ER M

i

e

xL.

xL



xLﬂr
3
2
] 1
0
d d
(a)
F'op 1 2 3 4 5 IT o0 1 2 3 4 5
4 4| s Loy Flo
3 24| 3 Flo|
2 124 2 F 1
1l {ol1]2 w| 1 Flof1 0
ofl1]2 oo 0lE|o0 0
d d

(b)

i 3-13 H1 1 T T R TSR T (@) A WO (o) AR s

32

xL

xL



SIDE R AERSYASRITIL B 5

FEIHE PRI 1 ST RGP | SRR Y
Vg rifrﬂ&f* I B EREEEI T AT e A il
25 U RS RSP R S R H PR ) T S I S
B o =9 > = AP T CRLBGRRIR 0 D 2 RS TRV OB e R 1
KRG Y (175> PEEU A SRR P ET 7 - B P Oy oy e
BT T AR o 0 TR IS 9 e PR PO - T G 1 P Y
RS 73 55 D B e I Byt -

B il Z U O R - SEBRYAST e 2 ] Ao e
AR l’ﬁuﬁ'ur&ﬁlﬁ* FYTHIRE 2 T [l 2 PR ot P2 1 e o (XSO T
TR RO TR -

4.1 [ = fﬁﬂﬁﬂﬁﬂﬁfﬂ@

o SRR R (e g B 0 P IR S T [ PVRRRYRS S S
T = BESRFR I EEAIR Y ) A IR R [ (disparity map) > EURL5IRTY
EIRIE FF}HF&E (DRI PRV RIVE (depth) T IRITH & 2 2R - !
A [ R R B %Ew;m@uocdus.on,i/pq{;v a-1 ] (=
Wil o (2)7% Y LR I AT Rd o R 8 O AT T JIRE S 5]
TR AR .Y RO B s (RSl BT [ 4-2 PR pofiips -
BRI RY it EUf IR PO RRIFRY G0Rg b HIFV I8  EDSURTTI EOTR -
DR 4-3 ASHRRIFO T8 o ELRURORLER R i, AT ) SBHPom 2 ef oe f
cost 5\ 1k RAA AR IETL A A e et |

Gl 25 PSRRI A single-side window-based dissimilarly
function EBELEET Y[l JarqHn > AR E T SRR ARE R

33



w(k) = (R—| k | +1)2 (21)
E 1R £} single-side window-based dissimilarly function [ 1L3¥ pixel fuasE! > &
“E"r?HI‘&IF'ﬁ]%JJH\J £5.10 > [k [l pixel T IO AP o T IREY,
(R 25 IR o =7 2 B et Ty R Ry (i e o l'p‘ﬂEH?f I
[FIFMRY > ok = B AR YA HE E 'ﬁﬁw‘wjf }i@ﬂﬂ%‘fr’ﬁ po kN A TR GFJ
D[[*DIEB“ TP S R 2 s (2 LA S SR E P il

[l 4-1 PRI IF_LE‘/EJ occlusion.i(a) FU’IP?J[%J (b)r}%'lilfww%\ﬁ@ﬁ?]% [l > HIE:

& |5 I8 occlusion [hdek

(a)
[l 4-2 PRUERRPIR 0Lt IR ST A Ry  RIP E AEL: (a) L
Ik i (b) RUIRIRG fRrmp e - L pl VSRR G R % (e Jof

34



(a) (b)
(B! 4-3 PUERPORICE N TRY [Gudad o BRI TIPS TS - (a)RL
BB 5 (OYRUIFRY R [ B I B i i 2 l}!ﬁﬁﬁ;‘i@a@

42 ST REETE

= ASEYASII] B S R O AIE T R O f‘ﬁ”}i
fﬂ’gij[[&al 4-4 Fr=. 5 El H'Or O, ~ 0, K0; ﬁ@iqf 0, "“_L'fﬁllfmflii N TR L T
AL PUEEYARS - BRE R 4-STRbE, 1 BRI ATV SR (e 2 IR

%E%&HHIJ@%“' L L e

& @
- - B

[l 4-4 fﬁtﬁ UREHYES O, A TRV I lpu b FI'F%JI,I

35



(b) (c) (d)

() O posioviy e (b O oy
(chds O ORIV i (VEMYAS O, ORIV i

(e O progioviy i

TR 1 PO O LU S T SRR, - 3 P
T )0 BB 5T LD IR s AP (A R 46 - T

s BRL - 2R R [ 55 SRS o s AR

36



@A 0D 1T R BRI 0, (R ERIERL 1,

[P o f= SR (A 0 st Y pieel [EB 8 IR T 9000
Ul 4-7(a) 3 3 B HESYBIVREVRY IR L o FIERLER A R

SRR 20T AR P pixel [EELRSIIUEGRE IR 4-7(b) -

(a) (b)
(c) (d)
q%ﬁ' 4-6 2H ] Il "“ffﬁl[ FREYES -t 2] = 2l
()= HEEES O, (b)=HELYESO,

(c)2 HHERYFS O, (d)3 By O,

37



o

xC: | 0 1‘2‘3‘4‘5‘6‘7‘8‘ vee

Scanline xD

54
‘m‘\"@‘m%ﬂw‘“‘ﬂ‘o‘ S

(b)
R ATV ASEEASOS SR ) (b) 2 YR R
Bl p@ﬁ]ﬁ,;gw )

38

=
B
~
o
%"
K
- N
&



B 1T PR o 2 BT A 5 (R R R saa - 25 PR Ry
FORTRERG I T pixel 2 {1 <SPS 0 i (b 0t AR pivel P
I ORI ORI T T [l 2 W [T R s )
t‘? Ji pixel TE AUz fifl o xﬁ%ﬁﬁﬁ\i:— (e SUE IR PIPES E S R
Eﬁ‘ﬁ'? P E@H'@‘%‘EF ['[ﬁ‘ﬁjﬁi ?“}Hﬁ”ﬁi[[ PR - T R TN IS
Wfl %E'T [flﬁjlfi'l

1) ! Eﬁﬂ'?ﬂ'ﬁﬁaﬁﬁj il =4 Féﬁ
%rlj\%ﬁ?ﬂﬁ;@eﬁj [F'J ; Ejlﬁjg;,fﬁ_ i }%HFP L1 {/[[[ﬁl 4-8 >
ol X?ﬂ‘%&ﬁﬁ, occlusion =% [FRARE [ 4= 2 q@ﬁ‘]' :jﬁlﬁi?f[ | I e

P He(occlusion Bt 38 /H ,Iﬁ'iﬁjr) ERSIV R 2pushi l"eg@gﬁ

‘11._“

PREZR - S ﬁ' <A
2[2[2[2]2]2]>2 -‘H S BNE

2 [2J2Tafa2]2] 2 ]2]2

2 313])3 ﬁ_a al En i S &
> 33 (3 2212 A K
) 31313 el 2] 2|2 l
5 3133 2122 l
2 3133 2122 l

(a) (b)
[ 4-8 0 PETHFARRE ) [ RO P YSIRIETAT S0 ffoBhdp > 7 A
i+ SRS AR [ ¢ QW (DM e

2) i) @l’ﬁ'?ﬂ?’ﬁ*ﬁﬁﬂj [FiAH TR
F R [PPSR [ AR L P e~ R BB o AR
IR0 > YT 4-9 -

39



e | tex a3 B e | ey | B2 | B2
el | e 3 Bt | | B e
[ I B I T I I I SO
[N S (T T [ S [ S
[T S (T S T [ [ S

(a) (b)
[ 4-9 AT PAE S AR I > P SO H R <R SRR R
i o 2 cmﬂ£ﬁﬁmgﬁrm&#F,(mﬁ#m&%mﬁ*#j(MEﬁ%&ﬂmJ =

aliiEs
3) WA oI,
2 ,.-.- e~
£ ) *['F}’”Frﬁ& ra E'uf i "’WQ%%P EUFI 1S AR = [
..... = 3.| Hadh e
AU, - T 4 _i_ﬁi"‘i (5 | -I:-..‘,-":-’__j [ :'::
22222202227z 2-
| = o
2021212121212 2121212
) 3 (3|3 a2 f2f2]2]3]3]3
L
9 333 222121333
2 3|3 SI 2 Iz 2 . 3|3
7 333 2 lal2t2)3|3]3
3 3 (3|3 222121333
(a) (b)

[}{"‘1[ 4-10 ﬂ‘}ﬂg[ L[jf*}"*“gﬂj [f' fﬁ[ pj[?ﬂi/ ﬁ&#%ﬂ P g pru b i PF' TS M
Bl U M‘?—“Fﬂtu?ﬁﬁ@'* e (a)]?]?}*”nﬁdj [l BBt (b)?ﬂﬁwﬁﬁj [EEE

uﬁ

L[
LIIF)J

(B! 4-11 ]Lo3 PII) = FEm R 4-6 3E 5 HERIFURGR N o 1T R
ﬂ}flrilﬁxg’?ﬂﬁﬁ *.#F'Fﬁ[ pyR s [T iy 5 FEAISY = A8 2 g R 2

40



[if}ﬂ?ﬂ AP B o

(b) (c)
@4413Eﬁ%ﬁmﬁ¢6§5%$wﬁﬁwihﬁ%ﬁﬁﬁﬁ&?%(W@ﬁwﬁ»
TR [ AR (i AR s =

L R PR BV AT A B 5 I 4-12 3 R
SSRGS 4-13 FEA o it EUNEY R R s SRR I 91 5%
B F%:@@&Mﬁﬁ®%ﬁ&@%ﬁ¢@ﬁﬁ3@¢%@W*’ﬁ?ﬁ
DYFTEIFom % e s s > D0 4- 13(b)H|F'%7F€J Fghias - fji 28T
= e PR 7 PO BRI R (A R oA e
TR RUR B 5 - PO 25 PR P4 [T AR [ ) (025 IO

i

“T'”R

41



A 4-12

(b (C)
[ 4-13 = RIS 4-12 36 LRI ¢ (@) BT oV
RRIARTL (LA [l

42



[ 414 RLER P RS = PR B RO S R
HPEER T HIHE 5 > 10~ 15~ 1) 20 i pixel « B '] 5E gf,ﬁwgﬁ \
TR - IR R R R G m— ’vﬂ&%ﬁ' 4140

BRI DD s [ RO R I*‘ff’ﬂ?ﬂﬂ I - @ R B
iﬁ%@% R PRI S0P FSHREL > O[T 4-14(d) < ASHARREIRN R » IR

] 10 i pixel #{F °

a
(b) (d)

[l 4-14 T[T ]SSR PO @) R £ 5 [ pixel (b R

" 10 flif pixel () i B 1S flif pixel  (d)i! =% £ 20 fli pixel

_-EIIH

=9t 2 R R RAR RIS TP > 55 MR I i (e bl -
RLPNERIE L TS (PRSP TS - H P ISR 1 o AR S

43



P O ORI RO DR R R -

4.3 HHH fﬁ[?ﬁﬂ

b BT 5 P S (R ok SRR [ T
I R R G (R 2 i R “‘Pfﬁ FIop b= W2 AERYAS I
RYFSUTRIEIRY GBI 1 g 1 0 # T R R PRy, g 2 s R PO Tl 7 21
ﬁf»zggk @ [N o 7 BTN PIRUEE AERSYASI I | PR AR fR [[ﬁ‘ﬂiﬁ (&
ROPRL 7 AT FTRI P2 i R

PR O, RYIRALGERY (2 [T 7 58— - FERORRER - B9

il 4-15 53 Il YBR[ ARG L - Dy (O BB 02
[Fﬂi, mapR | S p J,gy/[%gﬁ SiTAES lﬁ‘ o I HI[E”WEF&:J@E S/ [;eq 8’”?&' STAES [Eltr'zz 2.

AP [ 1 5800 SR Dyl B 58 ) 7 72 8 [ pivee
FORE 3 Y S R O L PR D 1S pixel [ % FSAIE
2N PRI P HESIE R T R B D © BP0 (SERET— AEREYASII | Ak

2 V] R IR ST 2 P TRt A
DIERSYRSRREVRY (e oom 2 > 2 ERAVERYAS VY A = TR e pompl =
e Gl PR R S R I [ &‘aﬁ‘(primarv
disparity map) » == E EPERVEEYASH FL = $5YAS (primary camera) 5 [ F(] | 2 i
[pHEIRD A 25 oo 2 [75 £ Y 2 [l (secondiary disparity map) » 7 £ S5 ELEY B
ﬁ&@’m}%%ﬁ}(secondary camera) °

44



1)
YRS BEYES L RAIPVEREE T N ?%ﬁ‘ﬁ%‘*@ﬁw%ﬁ*w : ﬁlﬁpf&/[ﬂ
~ FPPOPRTE T IR Rt T 2y S e frOosi) 2 [t A
PR [ £ o BIUR 4-16 > [UERRYT RSYASHES at - ST TJ6 S
FERYRSAOAY (i [ EpoaRe B S IREAE S T B EYASY fT [1 Epae Bh i
I e (20 9 E R R R ESA R SR [ PR
ﬁ*ﬁlil}a’ll‘ﬁhw&ﬁuﬁiﬁ i = PRI 8 (APPSR - vl 2k
P2 (| (- JPREEESRE R gl > R 4-17 -

45



Trepe Flane K -J, f o
| S

—d

fil 4-16 Wﬁ'ﬁﬁ'ﬁ“”@?‘kwﬁ"f fi i’a‘%‘g - [ 75 e o Et 7 Tl

pr e j\.
F !LI | ""'i b :l"'_ H'i 3
e - |

xRe O [ L2344 |56 |7 |89 |1W0)11]12)13[14]15

[p 4-17 RyFE] RO SR - &#ﬂﬂjp UEE R %

[l 4-18 RLIJ 5 3B G (0D = I B Do B B2 [ D U7 2
=5 I'F%\'FQDEI?]/ DmapL_ INESES %F [ﬂ T FEH I A IE—& | Tlt:[ffl 1 pixel 7 EIH—I
92 D, W5 Do+ ' HEZRL AT O 0 3 B — A 35

46



O i e (i [?F[ D7) o (T FEPUETR G F) > K] Dy - F,%'TH TF =
Dpnapr VB ['Eﬁ Il PO R R 2 o i (] VBRI R D
SRR BRI  [U 2 (B  T F T JIR 4-19 o [ i3S
Ty E PR ’FE‘;[ E”#Ehiﬁﬁﬁ’?%ﬁ}’?ﬁ} Do [T BT 0 B VI )

LR occlusion ﬁJ

i 4-18 1'J 5 SELAY T [ R SRR S ¢ () S ST [ D

()% 4 D LT [ L [ D

xL: 0] 1

[
Led
o
n
ol

|
0

9 110|111

(o
—
Led

14 | 1

L

-]
ol

xR:‘[} 1l2l3lals]e

o lwlinli2]izla 15‘

[ 419 [T i35 PSRBT [ 5 R R 20 1

47



R (TR | R BT R B O » S5 IR 2 Y
PHRFEVERY I prom = [ e F,E% %{,ﬂﬁ% [ ELELA A 4-20 [l 4-21 £
WO [ 51 O RLFTHERHS O~ Opt ~ Opo 1% Opy 57 IS5

%*E%ﬁ‘}‘ﬁ@‘ﬁ“[“"” By Iﬁi%?éﬁqv%[%ém PIEBIE 4-22 L9110~ 1
RN iﬁlﬁﬂﬁﬂiﬁ“ S REIS =S A O 4-23 < K2 )

2P BT FEAEL T FAEFIRY pixel B - S5O EIDERET )
1 = 2 [T | PRI A B DR 4-24 © 25 PR PR e = - IRl
[l T AT S | A FT D7 D391 = S [ e

SR - "&iﬁ PHERTE [ ) 'vElsz[ngT fel o E T PRBE ARG I o ] S
o R 25 PPURLE U RIS - 2 AT [ SRR R S Hest 2o i (R

o EAEN IR 4-25(b) ©

mages 0
secondary

v ————— 1
) )
Computing . Computing .

: : primary primary
primary primary o secondary o
came disparity disparity disparity disparity

s

i 4-20 {712 A2 [ £ 5 OAR [t A

48



[

U'n:u

L
=

Un:n

Ll

ot

[fi 4-21 ZEERRYES O FIVHIE }%?W%Elf@fgfﬁj‘%fﬁ‘:

422 S5 O, FIUT BB ORI (3 : (2) Opey PRV 2b) Oy fOEE

B (0)Opc [FORIZVEYR () Opun FOREIVE 5t (€) Opep [OREZV I

49



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

i 4-23 5= BEYRSRCVEY o i -
(2) Oy HFEVEY i3t V2 (! (0) Oy FZVERY, (i L 2%

(¢) Opep FVRY, i V2 ! () Oy HFEVAY; (2. 02

50



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

424 [j7 1T 192 o (RS i |, i U

(@) (17 3 = o2 IR (o) 2 3= 2 [ A
()™ ™™ 7 = o2 [RIERIFOAE N (d)fp ™71 = o [ A

51



(b)

(c)

[l 4-25 '} 4-24 &5 TR 2ERY 92 1 P 2 (5 (a)l'ElE'J%’EZI'F‘[‘JEH%?“?WF

9, VI (b)EHE R T [V i (R i Al o B

[ 4-26 RUII 4-21 PRSI = g = RGBS - 2 A Y
BHEL BYAS » Be EYAS ERFI YA o =5 I ) 3 H T B AS IR = YA
PRI RS (= AR ) [0 S - 7 - SRR AR R © T A el 25 PP
I (R ARSI IR RY o = i 24 SRR =2 fifif(check-board
disparity estimation) o “ A = 2 I (B e R BT T SR 1= Pty
BSREVRY 5 AV REVAY BRI - 2 POy RV AY (R
VRGO o) 2 FIIEH RIRLY = 2 [ 1555 P P el AEAE R
AR fify e RE S o AOFE R o pobe YA 2 [ IR A

52



;—;;'[ﬁi sl e Nl ’?’F” > kI Fl»;i,jsrg\l@ﬁ T EL@AE, IFWEUF’?E B q%ﬂl

z
” d--

W 4-26 = j%;%i&f lﬁ'ﬁ%ﬁj&,%?: ?ﬂ%ﬁ%’%f@ IO R £

44 WHRED

4.4.1 - RERBYFSRTIRY 5 7

i £ R G - 25 PP P Y 275 B RV A - B
75 [ e £ (1) w&%v&&ﬁfuw uﬂﬁﬁeﬁuﬁlﬁ il ERLAE B 59
R B E LT PRI T TR (S R SR 15

PR PRI oY T2 S (2 s 35 T 1 ) 55

53



Hal B R gl s = [ﬁjfﬁwjf‘.%‘E‘«éﬁ%ﬁﬂﬁf@j%ﬁl%ﬁé@ﬁ%ﬁgﬁiﬂ?up@
'[‘?TI/& o
1. R o 2 W SSPIRET Y g 2 [ [ Pt > DI 4-27(a) -
*E‘II?EH%J’E (P2 R 2 T - AR BRI
BRIV - SERTIREL T (3 fEIPY o PP P2kt IS
TR I > T B R 2 T JAESSP IR Sy i i 2V
[ YR 4-27(b)

e (O [ D23 (45|67 B [9|10)1T]12)13[14]15

xR: 1 0|1

xL: 0] 1

xR: | O

—

(b)
[ 4-27 (a) = B8y (k! 2 A SR T (s i 2 i (oo 2 [ ST om0

54



2. YR Eh]"#yﬂfm%ﬁ%[%\ﬁlﬁ (EAFRIF & fef i/[‘[ﬁ‘ 4-28(a) :
P8 £ 75 R QR s RO I 2 At SR o TP R R
Frob D EERIS R ) AR RS [ 15 pixel ril“xzi&—
9% (ATIFIFU P s Ascrp st e T S > FISY pivel [ [ 6 2 % a0
ST JASE HEEY = SR - DITR 4-28(0) = I IR A U
P 429+ i 1T B A PR B RS

)L O[T 2314567819 [10]11]12]1314]15

s JO P 203 (4510678910011 121131415

virtual viewpoint
Image pla

(b)
[ 4-28 (@) 1 O AATFIROR Y (DS RET i 5

55



i 4-29 #ER2 £

S A SR AR T (RSO ) T 4-30(0) :
Ffp ﬁwdﬁwﬂ@FWW%WWW¢%wTH?M%@%%
i
TUS%*PEFIF“E_*E{E‘I/]_ %ﬁ%«w ST
-.-7"

W%%ﬂqal 4-31(2) 351 » i

1:':]Igé l-f}.l 376 (i pixel fLI'] =34

[
[ '—%'Al%!‘[l ﬂ’\?‘;‘ *?b‘o
ﬁ.fﬂ%ﬁlfégﬂ b) » FILELI | % S5 557 10

&
[l pixel & FI&EJIE#%'?'W@" P TR Y i pIadi 4N i/[quen‘ 4-32

HVfEﬁ;clEaiﬁﬁ o

56



xR: 1O |1 |2

415016 (7|89 101112131415

— T N T EF=FLF
R s
o

A () ?*.-
[ 4-30 (a) % SR jenl 2 - SO SR (25 1

(b) B ERFVEHETH

LFS]

iy
.

57



)L O 21314516 (T8 9[0T )12)13]14]15

virtual viewpoint
image plane

xR O T2 1314 (516 T899 101112113 [14]15

xLe O[T 2345167 89 1071112131415

virtual viewpoint
image plane

xRef O 1234516789101 ]12]13]14]15

[ 4-32 133 S ORI

58



4. ir) FE AR E o S PR AR E T OB R Y
RLER RV > IR 4-33 o EUSCRI AR ~ AR e RS
;:Lp%\[y[[[ﬁ[ 4-34 1 Jfﬂﬁtlﬁaiﬁ&

Lo O 123456 7|89 101112113 [14]15

xR: 1O |1 |2

Lo
£
_h
[l
-
[ a]
O

10111211314 |15

q%.‘\' 4-33 F[,%E‘J

e AR

[ 4-34 HER 4 SRS EfUREN

5. D RECHIE o 25 P SR T B P 1 SR
RBGEH R (7 o SOOI - 5% Y - PR T
o= ARG T TR s fﬁ*f o PR RY AR AT~ AR
BT poom s e 55 - B O 4-35 -

59



B 4-35 )AL R 2Rk }%@fyl%w T S ) A

4.4.2 = FERBYBIRTIY i £

SEPI SRS Jﬁ%ﬁ%@ﬁ% 1&[F'EJ|EI B Ry BT - FEERIEYES

F[Eif' 7 “%Equgﬂ[ 4-36 ° '3-_:'1'1‘

Tk
Disparity i : "

maps Synthesizing | < »| Synthesized [ N

Virtual disparity maps Synthesizing .
images and - Virtual vie\IN ;c?int

disparity maps imagesin ¥ o

1n horizontal Yertlgal

. direction Synthesized direction

Source images :
source images

B 4-36 1T RERRSITI IO i ST

IJig 4-37 $567- HE1(0,0) ~ (01) ~ (LO) )™ (L) TR v Uiy o 1 -
= SRS RRIVEY R [T =11« ol £ 5 AR (0.3,04) R

60



HIRG (G 25 fFﬂﬁiLF’—‘lE*}H',ﬂjﬁ?@%' (0.3.0) ') % (0.3.) Eﬁjrg%]%ﬁ%@ T
RO AR [ S O £ AT IR R - SRR
R - REESYASII PR iR S S RE S ARy - B FIFIR(0.30) A
(0.3.0) FRURY e | i it £5 (65 (0.3,0.4) B pLZ ok i et g -

0.0 (0.3,0) a0

i 437 RO ) £

7 AR 5 5 (U ARSI G117k £ i B e A A
PRI 4-38 -

61



Images of
primary camera

Images of
secondary camera

A
Computing
primary <
disparity
E——— Synthesizing Virtual images and
primary »  disparity maps in horizontal
disparity direction
. Synthesized Synthesized
Computing source disparity
secondary images maps
disparity

Synthesizing Virtual images in
vertical direction

i

Virtual viewpoint
1mage

i 4-38 T = SR BRI £ R e A

primary
disparity

4.5 RN

IR 51 = ARSI ARSI INIRRRY 5 > PP 4 g (125 (P
#I R U 3D FEAREE Blender e 2 I OMIRERY (R o (U R 2 REY
[ BRRPRL T F4E £ A5 R R 25 P ) = IPEVAEU IRy (P ey B fl o iy

LR Y B JIHREVRY 152 i 1 SRV (OE ) 25 9RRY gt T~ B
RYAS R (RS STHIRE o 10 0 2 IR 2 PoipIRRRy, P ks v R Ay
RS 3p F B

T BT ZS ) 2 (IR 7 R ESAR Y 5 = RRRR - U 4-39 -
7 5P SRHDRIY (G T 7 I SRl ey e PR AR AR 2 i = Sl
E@%ﬁﬂl’ﬁl PIRTETRIEV TR ™ Ry HEGIREY F Al -

62



(e)
[l 4-39 (576 T [P IRERE F ELARY i -
(a)Monkey-Translation ({41 7%) (b) Monkey-Rotation (s 524i)
(c) Monkey-Leaving ({4 :#5) (d) Monkey-Approaching(F*/f{ifis'7)

(e) Monkey-Covering (¥ = 3% %)
63



4.5.1 FIERY

[l 4-40 ERH! 4-39 (455 [k Y . 1 45 PSNR > 1SR 2 I
I (i RIFA Fj PSR (RIFYAFN 11 0.005dB - [ 4-41 Z[H! 4-45
RLTE PP I RS - P IR ﬁﬁ*}?{g@ﬁm PSNR /| o #l%<E/ER
At 0 SR R 2 (A PR T DL Y (R AR £
TR IR (Rl S T 2 AN o b2 BT ) 0.01dB » T HET I

30.715

30.71

30.705
30.7 ~

30.695 -

30.69 -

30.685 -

30.68 - O RS R
30.675 - R R
30.67 - |

30.665 -

[ 4-40 [P (I = T RIS e T 549 PSNR

64



dB

Monkey-Translation

30.715

30.71

30.705

30.7 ~

30.695 &
g —— O (i
30.69 N .,
i R lﬁdﬁﬂ

30.685

30.68

30.675 T T T T T T T T T T T T T T T T 1
123456 7 8 91011121314151617

Frame Number

dB

Monkey-Rotation

30.73

30.72

30.71 ey

30.7 A

30.69

—o— R ]
30.68 R ]

30.67

30.66 T T T T T T T T T T T T T T T T 1
123 456 7 8 910111213 14151617

Frame Number

qgﬁl 4-42 FFE I’F‘liﬁ[ﬁj}‘?ﬁﬁﬂéﬁ%{ﬂﬁ Monkey-Rotation ~ PSNR

65




dB

30.74

30.72

30.7

30.68

30.66

30.64

30.62

30.6

Monkey-Leaving

123 45 6 7 8 91011121314151617

Frame Number

—— O (Y
- H I (]

4-43 PP G 0 T lonkey-Leaving "~ PSNR

dB

30.72
30.71

30.7
30.69
30.68
30.67
30.66
30.65
30.64
30.63
30.62
30.61

Monkey-Approaching

| F

123 456 7 8 910111213 14151617

Frame Number

—— A (Y
- H I (]

qé.j' 4-44 [FEEIZE fﬁ,?ﬂﬂ%?‘&\]ﬁﬂ%ﬁ%[’ﬁ Monkey-Approaching _F PSNR




Monkey-Covering

30.71

30.7 /

30.69 /

2 30.68 7 — \—F
== AR 2
30.67 | , ; e
FIET
30.66
30.65 T T T T T T T T T T T T T T T T 1
1 2 3 456 7 8 91011121314 151617
Frame Number
ﬁ%ﬁ‘ 4-45 FFETIZ fF‘liE[J“UAT‘ﬂE[L ;;{ﬂﬁ} Monkey Covering _F PSNR
J . N
L= e
S -1
4.5.2 ‘13 AWGN E@fié‘f%'é el

A

B R R A ?iﬁi‘ﬁf%k » 2§ IFEJHf]"FUfIF PIFERY B =" AWGN >
variance £% 1 B{{91* AWGN # - ?iﬁfff?fj—j"'rj\ﬁ’ﬁl AAE B [IRLE pivel
[t @ RVRUIARY R e I e )P ISR ] Y A9 (. R AL
AS[IAL IR B o W 4-46 LIV AWGN e £ 5 B o= 59 PSNR = A1 U1 AWGN
RIAEIES > BSOS PNR e £ & [ o [EDRLIED = R A0 2 (s J95 175
NI PSR R 2 (RO e = [Tt 4-47 R 4-51 RLEHS 3R 5 R
fi PSNR » ') USSR RL A A TR AWGN RIS 07 R A £
TRER LTSS 25795 R 10 1= (15 2 R poomt f1 - 35AE IR =

67



30.71

30.705

30.7

30.695

30.69

30.685

30.68

m A
= KR (48]

30.675

30.67

30.665

Monkey-Translation

30.71

30.705
- J

30.695

—o— R ]

30.69 - i R 2 [’p‘dﬁﬂ

30.685

30.68

30-675 T T T T T T T T T T T T T T T T 1
1 2 3 45 6 7 8 9 101112 13 14 15 16 17

ﬁ%ﬂ[ 4-47 RFEHIZE fﬁ,‘]ﬁﬂ%?‘?ﬁﬂﬂ%ﬁ%[’%& Monkey-Translation 31?"{!3' AWGN iy
PSNR

68




30.73

30.72

30.71

30.7

30.69

30.68

30.67

30.66

Monkey-Rotation

—o— MU0
i KT

30.74

30.72

30.7

30.68

30.66

30.64

30.62

30.6

Monkey-Leaving

1 2 3 45 6 7 8 9 101112 13 14 15 16 17

—— A (Y
- H I (]

q‘%ﬂ' 4-49 |

| FEL i) % fﬁ,?ﬁ[ﬁjf 1 H[ERRY i Monkey-Leaving 31?"1[0' AWGN % [IV PSNR

69



30.71

30.7

30.69

30.68

30.67

30.66

30.65

30.64

30.63

30.62

Monkey-Closing

’A

YA \4/

—o— R ]

- H I (]

\\\7(

30.7

30.695

30.69

30.685

30.68

30.675

30.67

30.665

30.66

30.655

30.65

Monkey-Covering

Y

—— A (Y
- H I (]

1 2 3 45 6 7 8 9 10111213 14 15 16 17

ﬁ%ﬂl 4-51

| FEL i) 7 fF‘[\]E[J“H =V HEERY (3 Monkey-Covering 31?%3' AWGN = [I PSNR

70



4.5.3 ?fﬁ%}‘ﬁ*ﬁu’

BTy e Rendif - =5 (P B = AR A 2 (R S ’f?ffh“ fpl ™ |5
RO (R g AR BRI AL < [ 4-52(a) ~ (b)3 IS T IR Y
£l Monkey-Translation | 1ffli ™ |5 %% fﬁﬂﬂﬂﬂ‘ﬁf o Sadi e fﬁﬂﬂﬂ'ﬁg ZIPm = [ Dy

DMapEmbed ’4'52((:) N (d)E”/ﬁL_F{I E[iﬁl EIJ Dmap L DMapEmbed EI)?FAI %F[ng%ﬁ]%ﬁé@é IVirtual A

IVir’[uaIEnbed ° [J[ijﬁﬂgl% ’ FKJ?{;[/ FIEFJiﬂ'iQ?JF[EJ%FISJ%‘ gl‘l °

(a) | | (b)

(b) (d)

q%“[ 4-52 (a) Dmap (b) DMapEmbed (C) IVirtual (d) IVirtuaIEnbed

71



q%\l 4‘53(3) : (b)j} H”ﬂlvirtual ) VlrtuaIEnbed %D—é/' ﬁ% ]%*F % ’ ﬁqu‘?:ﬁl 4-53(C)E[”

L Dy P Ditapempea < TP 1R o AR G020 > [y = I B e i P o

A I 1?’ oy i [ Rl &'ﬁ YRR o pr=fr 0 Pois g b o)
I;Ej*%ﬁf@ ’ﬁ' @%ﬁsﬁ % i I’?&}'TEP%J

(c)
q%\l 4- 53 (a) |V|rtua| ;‘D_Ef/' [QFVZEF%‘[ E Jﬁ%‘ (b) IV|rtuaIEnbed ;T[_Ef' [QFVZLF%‘[ E 7—_2‘
(c) Dmap J/;D DMapEmbed y FEEJF[LJ?& ;E'-I
PSR (P (™ AH A l’ﬁﬂEHFﬁJ%F)\‘ Tﬁ'f““ (! 5 B 22 I'F‘[‘]EHEISJ%F)J RIELKE
i 2 e R (R R o S RO (N - S 9
(5> =5 TR 3 IRt 2O PR DRI Y I 2 [ o A

72



PSR 2 ORI [ L (R o 957 (P IR (AR
05 DAY e BT [ D1 4-54 -

B AR G 2R VIR AL A > ) A
3 ULAENS 5 MR (e () TR LS ST RS I 2 T
VIR 2 I [y 3R P R DM () T s - P
I — SRV [ AR R e I 4-55 - S
AT (T B OTIEI S (I ] PR B SR )
b B RO R A -

[ 4-54 {0 ™ IR AR RS S PHARRY g v



=
T

i 4-55 56 CRRIER -4 4 asay s




T R AR AR

o ISP Z R AR (I (R SR AR R R
gﬁ&ﬁg[paﬁ > (EEUEE TR RIS o ) UK Y SR P e
=4 [P 4P v I (ST BT TR

o IR R ARG e = = R ]9 1E (temporal collocation) -

2N R e RIS AR o A AR TR
HI pixel P9 (depth) > PRI 2 [ﬁh}ﬁﬂj ﬁ[_’f[ﬁ@f“‘ﬁﬁl?@@ﬁfﬁ@]’“‘— 7o
T VL1 P2 (motion vector) BEH e LY 6 v R 1R L
ARSI e Te R L 7 PR R PR R R S Y
feRyp) = ﬁ’?ﬁﬁﬁ;lﬁbﬁ\ﬂj [ o

5.1 U PR R B Al

= I'FL[‘?EH(motion estimation)f..I') marcoblock{ERL L 4 FT 60 » 05 2
A . T T fefomarcoblock  HSEEMAL L > IR 5-1 - T LIRS
1 1) 2 S (Full Search) T E[IUFSEATEHE¥ETE - [MiTmarcoblockf)

r
BT e PRI A7 1 20— O IS > HR g

R R
@i, ) = argml ZZ|It(x+k,y+j)—It+T(x+i+k,y+j+k)| (22)

k:O 1=0

EH T A BV IR [iEJJfF e fE [SI%T —19=frameflu= B3y (it R BRI &R w
Kimarcoblockfy=sJ » (i, J) EVFEFU[pIE! - fifoi= VAL - ol Aol f AP
framelly 1y [-L4g7 1 - BEIRSK 2 SRS Eh (RRLI TSR POPE i iRy - EIRLb v
Tl SRR [ R AR R

75



macroblock

/

Search Range
Reference Image at t=n Reference Image at t=n+k Motion Vector:(i ’ J)
qé.j' 5-1 marcoblock ﬂlgﬁ'ﬁ:[ﬂ [EURAE] HJF%
d%ﬂﬁ@#@wﬁﬁﬁ:Wﬁﬁ e %ﬁﬂ%*?ﬁﬁﬁ%ﬁ%@mﬁ

‘ 2 /l,'%é:J/FE'JIEI‘JEIJéI%% R E“”;&LE{:PJ
Iframedify] - RIS B

[Fﬂ[ » ER R R (i i)
%mwﬁﬁwﬁﬁéwob

=1 t=4 t=9
52 [ PR I AR

76



Q%ﬂ 5-3(c) =¥ ;I*J[HJE_‘F Fﬁﬁﬁy e i 22 ﬁ%\' B I B IR L I
FufIVE A SR T (R PR R« ATV TR I A
I TR S R R S (e S e ﬁﬁ%ﬁjﬁjﬁﬂ«ﬁ‘&d [

o S e S TR 2 AR » RS P e S
i o [l 5-3(d) KLHR R P ORI o i T o USRS B e
R ES < o 25T AR B T ES VI L o SR R l’;EllEu&
B R 25 PRI 2 2 RIS e PR - £
PP PRI VR O i (R R 1 - 3:1%'3* HipuRL - | ﬂj*‘&
(P2 7 SR S ARAY e 5 i [ ROt o 2 g I | o B sl
38 1Y A IR 5-3(e) » AR BT R U P Ry D Rl
B 5-3() -

HESR e puas ] IR P B R ) = (Rl 8 o = o Popaiag - 1
R 2 B i T RS R e P AR AP B £ U PAEERY e R
EVHERRR T 1 0 [y TR IASEHRIR] « (AL S-4hL [t R g o R ]
P Oframe T SRR TR AR B S B O T
SHRL o B[R S [PPSO R RN AT S0 RUE P = SR
L PRI REES

77

o



) (f)

[ 5-3 QYRR (o)™ 15k BB AR E S £ ) ()R P IPSufLE! 5

H ) =2 q%)l (d)ffr™] rﬁj B2 b A (e)dst i FL‘I il ﬁ‘f‘ﬂ' (PR =8
o) 2 [l e

(a)

(b)
il 5-4 (a5 Ry s 9= frame ({59 A2 - ()™ IR f
A qﬁl;l/ |

78



5.2 BHIPEEYFESFEE ]

- %%Elﬂﬁﬂﬁﬂfll@lﬁl“ﬁf 4R A Y@ 2y [l marcoblock I RERVAE T
o PR B Y b B RR AER | SR EORAR - AR Y A
Z[PVRY Gy S F R I+ (LR AR LT > PR qﬁaﬁ'@"@@ Yl
POPRFTHRR . EIOSHAS - 7 Py [R5 S marcoblockf » it
T iy PR cost » IR 5-5 = (2D [ “PRLIl ™ FERR (5 Y 0R
U TSP PR BT S

q&ﬂ 5-5 (a)if/ > qal F marcoblock ¥:P[EE IJL*FE'* fFI'FIJ[??W (b)) = Q%ﬂ' F marcoblock

S T RO

SURET ) R 25T A YR R PSR R 2R (22)8e
B
(i.1)= argm'nizw‘,[D(Hk Y+ 1) = Dur (x+i+k, y+ j+K)J

+all,(X+K,y+ j) =l (x+i+k, y+j+k)] (23)

HHTDAIDy p TR R A P2 R ) o B [WE TR i 5-6

79



Hor =L % Y ST IRTrame T 2 8 L O i < FLS-affiL=» it) f
ST e PR SRR ) -

&,;11 5-6 It E¥§4|&FIE§'F[ NjiAES Hg\l%p@ﬂ ﬁﬂgﬁﬁ ]'F‘I{EHE NjiAES &al I R pr s !

[R5 [RFLVRUIEIRY, o I/ RSP SRE Rk o T PORHBRRR T 77 o s

PR flescRieipee 1) 25 TSRS s bl = Tt (1972 [ Fground truth »
e IR 4-39 ] SPCHREIRY (B YA SERA IR 7 £ R g U T A

o fifi -

&a\l 57 5-104% (T Eie AV PRI KL IROR 7 £ fl1skipping k Frame

IR G PR kRframe s IR IR AL SR
Pl 2 (AR 8L - I 72 BT - T o (e AT 0LV R
1 P2 [ IR o S o R 5 K L1 [ VP e R
IfRg IRy o [P T e BRI - o i SSACLEE AR - o
Fl P T R bjﬁgHF[ Jﬁg{:mtwﬁcir@qﬂ?ﬂ¢ il fill ﬁ;fd‘gﬁi* HISEPERY
marcoblockﬁﬁdﬁ% [ Rl iy 2l Pcost xﬁlfﬁ T WDF 7 [ (S e 72

PRI gt -

80



Monkey-Translation

0.16
0.14 /A
0.12 /
0.1
7]
= 0.08 =¢=Skipping 1 Frame
0.06 f «{=Skipping 3 Frames
== Skipping 7 Frames
0.04 —a— pping
0.02 I —— ¢’ ¢’ ¢
0 T T T T T 1
0.001 0.01 0.1 1 10 oo
o
Monkey-Rotation
0.25
0.15
&
b =¢="Skipping 1 Frame
0.1 ={=Skipping 1 Frame
._./I—l——-.—__. —a—Skipping 7 Frames
0.05
M—M
0 T T T T T 1
0.001 0.01 0.1 1 10 oo
o

[ 58 PIREEBA gV RORT

81




MSE

0.045

Monkey-Leaving

0.04

0.035 -

0.03

0.025

0.02 -

_.A.ﬁ=.=._ _._Sklpplngl Frame

’ o= 7S ~{—Skipping 3 Frames

0.015

== Skipping 7 Frames

0.01

0.005

0001 001 0.1 1 10 -

L e il T i o

MSE

Monkey-Approaching

0.05

0.045
0.04

‘\\gt—t"

0.035

0.03

0.025

0.02

=&—Skipping 1 Frame

0.015

== Skipping 3 Frames

== Skipping 7 Frames

0.01

0.005

0001 001 0.1 1 10 5

i 510 PIRUSITAI TRV ROR 7

82




Monkey-Covering

0.2
0.18
0.16 /
0.14 7‘——/
0.12
4 01 .
b =¢="Skipping 1 Frame
0.08 «{=Skipping 3 Frames
0.06 — ,H/. == Skipping 7 Frames
0.04
002 | T ——
0 T T T T T )
0.001 0.01 0.1 1 10 o
a
A9 17
B 5-12% ! 5-145% CR A Ela e
R e [P o frame R 7 3= e g FEEED
AR 5 S ‘*‘,'”.. ey T s tramesE %)

o SR ORI % - 1 #Jﬁﬂﬁwﬁ,@wﬁw gL
RS B39t = FESEE 5 8 o [NIFS (o B8 F 1) FS S el B L 2 R
HEL AT > (T8 o T 0.01H]0.1. 1 ISP HIAgHY) i e U I

83



Skipping 1 Frame

0.04
0.035 D\D\ {1
0.03 w
=—¢— Monkey-Translation
w
g 0.025 - ={==Monkey-Rotation
== Monkey-Leaving
0.02 M’-)Q/’ =>é=Monkey-Approaching
== Monkey-Covering
0.015
0-01 T T T T T 1
0.001 0.01 0.1 1 10 oo
o
Sklpplng 3 Frames
0.09
0.08
0.06
M == Monkey-Translation
w
g 0.05 / ={=Monkey-Rotation
0.04 : - == Monkey-Leaving
=>¢=Monkey-Approaching
0.03 ~ vz
s ==ie=Monkey-Covering
0.02 A
0.01 T T T T T 1
0.001 0.01 0.1 1 10 oo
o

.—\
w\“

q%ﬂl 5-13 =¥ %U/ e Jlg[tllﬁ}: = frame HI 7 Hra IENFT'{

84




Skipping 7 Frames

0.25

0.2

MSE

Monkey-Rotation

0.1 /0\’, === Monkey-Leaving

=>¢=Monkey-Approaching

0.15 W == Monkey-Translation

0.05

=3#=Monkey-Covering

by RS Y
= == -|.| i) Fa i
| -
L= -
= | F o f _‘
] " ]

il 5-14 %J%?le"‘iﬂf' F'E?JEE‘&;E%-“ g frame 7[5 a [

oA AR o 2 ﬁﬁﬁxjgﬂﬂzg;@ it '|T i | T+; i[IFéFJ:EfJ%‘*J[FI B IR Y

L R L B

- | o b +
Disparity Map at
Computing | time=T
disparity Dr
Motion |
Disparity Map at Estimation
.| Computing time=T+k
disparity Drix

Motion Vectors | |

Synthesizing Disparity Map
. Disparity Map > between
time=T+1~T+k-1

Images between
time=T+1~T+k-1

>

[ 515 FIPIFLEi Rl R (R

85




5.3 drkEi

4 AT 5 PR R P T [IEE 5 pOfnersy (4 > UII4 -397 W 5-16 -
i‘9|’F‘1J‘JBIenderF’ﬁE‘}EIUE%@féﬁﬁﬁif‘?ﬂéf‘iﬁf@%ﬂ%@@l% Ifoframefi k! ‘@T e
TR B A E&FIHJ/%EK

qﬁﬂ' 5-16 7 [l fRbE Y LAY (A (a)Earth-Translation(P2#{ 7%)
(b)Earth -Rotation(i’dﬁg)ji—*ﬁi) (c)Earth -Leaving(#’a’lﬁ%ﬁ@f_&)
(d)Earth -Approaching(#’d‘lﬁ%%‘gﬁ) (e)Earth -Covering(rx‘q#’d‘lﬁﬁ‘f' FEIYE B

86



5.3.1 REHEIY

[l 517 ~ 1845 75—~ FRUFERHIRY epo £ TSR R 5 Y e el
IR ramelly FHIFVIE o AS TR - lmpr d=framelt » FtFTf I 1)
HNFVRURZ ST o [P dRframel o 1T TURRERCR S 03 - PO
[E] - lﬁ'iﬁ e frame By GE3EH - TERIFIGRIRSE - R 38 0 B = Rl

FIFITEPAENL o kP RBIEE MR framele3r o » 58 SRR (NI pofs
F AT 1) 2 SR S marcoblock L S IEEE o P P!
2RI VR s

Average Time
150
130
g 110 9— Monkey-Translation
[
@ Monkey-Rotation
20 == Monkey-Leaving
=>&=Monkey-Closing
70
== Monkey-Covering
50

0 1 3 7

Number of skipping Frames

517 (S 430115 ATRIE SO S A rame

87



Average Time
150
130
g 110 .
o == FEarth-Translation
90 ~{"—Earth-Rotation
=#—Earth-Leaving
70 .
=>&=Earth-Closing
50 T T T 1
0 1 3 7
Number of skipping Frames
[l 5-18 F,’?‘yﬁ%ﬂ 5 16HIF, ST ﬂIEIEIIHHJframeE(rI/FTJ

Fﬂpfﬂ‘ $5PSNR > T lﬁ&ﬂjﬁl
eSS B R G IR framelipdl - SN ST FEPSNRTY o FEIRIF FiggSh )
o ?ﬂ‘ﬁ%f)@l_ kﬂaﬁ’wﬁﬁgﬁnﬂmﬁﬂﬁ'ugﬁ Vframely B VEYE UL 5 B

= FESEEA T EL T P Jframegrﬁ{%,{_}sﬁﬁ » EI Jr:JPSNRBTj*f T HSHpY T

88



Average PSNR

30.72

307 1— O——

g ‘f\t —
30.68

30.66 4— Monkey-Translation
) ™S
o Monkey-Rotation

30.64

\ == Monkey-Leaving
30.62 \K Monkey-Approaching
== Monkey-Cover
30.6
30.58 T T T )

Number of skipping Frames

[f' 5-19 A 4-39 H[ﬁ&ué‘?f ;R[ﬂrt_,&%%ﬁgﬁﬂiﬁ'mgﬂlframe Bkl 47% [t
f = E[Sp
[ | - |_ Lk

" - .- ='
I.J. - =1
o _-‘F I

Average PSNR

31.7
31.5
314

=¢=CEarth-Translation
31.3 m E Earth-Rotation
\\ == Earth-Leaving
31.2
\ =>=FEarth-Approaching
31.1

S

31 T T T 1
0 1 3 7

dB

Number of skipping Frames

q%ﬁ' 5-20 qal 5-16 |1 f FEEIE ET'LEI@F’—‘[’?‘}E“J/I',?FF”} @T%[IEIE,IHﬁJframe Bl 47%[."

89




i S-21% ] 5- zgiwmﬂ FIAAY eI T Foframeliv Bl ™ (384
FYSYGAYPSNRA o LRI I o 1 78~ il Rt = FERaigh i Bl > Bl
d PR framellr & % SRR IREVELETTIIRE S R PRl b mEs
FU3ETE i BT Fﬁlg&i 3T framerir £ 75 (O Y i1 IV E L framefi it !
MR -

Monkey-Translation

30.72

30.7

30.68

30.66 \ ==@=Skipping O Frame
S( )H/\l X / Skipping 1 Frame
30.64 === Skipping 3 Frames
V \ N =>¢=Skipping 7 Frames

30.62 y

30.6 T T T T T T T T T T T T T T T T 1
123 456 7 8 91011121314151617

dB

Frame Number

[p' 5-21 3AHRY 5 Monkey-Translation 7 i3 T [FilB ! frame [ ffipd™ fiy lg*%fﬁl

B e

90



dB

30.75

Monkey-Rotation

=¢="Skipping O Frame
Skipping 1 Frame

30.6

== Skipping 3 Frames
=== Skipping 7 Frames

30.55

30.5

123 456 7 8 91011121314151617

Frame Number

[f 5-22 SHAERY 5

=JLlll

dB

Monkey—Leaving

30.74

30.73

30.72

30.71

30.7

30.69

30.68

30.67

30.66

=@="Skipping 0 Frame
Skipping 1 Frame

== Skipping 3 Frames
=== Skipping 7 Frames

30.65

123 456 7 8 91011121314151617

Frame Number

[f 5-23 SHARY,

ZE |
El

Monkey-Leaving 71 [I&% IHT [f' oy

T

91

ramepj[?ﬁ;di pJ I=RE

L



dB

30.71

30.7

30.69

30.68

30.67

30.66

30.65

30.64

30.63

30.62

Monkey-Approaching

e
AW,

=¢="Skipping O Frame

Skipping 1 Frame

== Skipping 3 Frames
=== Skipping 7 Frames

123 456 7 8 91011121314151617

Frame Number

B 5-24 SHARY (5

b

onkeyLAEp*oa;h;qg iﬂé;ﬁ.j "ﬁ?ﬂﬁ( | frame [k ™ Y5 9=
Bl - i o] i S e, ol
FAE 5\’

dB

30.71
30.69
30.67
30.65
30.63
30.61
30.59
30.57
30.55
30.53

Monkey-Covering

49— Skipping 0 Frame
)&)@/ Skipping 1 Frame

== Skipping 3 Frames

=== Skipping 7 Frames

123 456 7 8 91011121314151617

Frame Number

qﬁﬂﬂl 5.25 :&_n&jﬁ% %4 onkey Covering rj:E LHT fﬂ E'l frame Elfl'lﬁﬁd_'\ Flfjﬁgl%f[)?}'

Wl

92




dB

315

Earth-Translation

314

313 -
312 |2

31.1 A

31

30.9

30.8

30.7

123 456 7 8 9101112131415 1617

Frame Number

=== "Skipping 0 Frame
={=Skipping 1 Frame
== Skipping 3 Frames
=>¢=Skipping 7 Frames

iy frame FIGJ‘[??EJ_R F[fj& g%a{ o

Fr

dB

314
31.38
31.36
31.34
31.32

313
31.28
31.26
31.24
31.22

31.2

Earth-Rotation

[
Aal N\ a/

e BN AW .,/A.\ ]
AVAVA\/A ZAaTAWE
/‘\,V!}:'.-'."'A_\ |

\/ V
y Y

123 456 7 8 91011121314151617

Frame Number

=—¢—"Skipping O Frame
={=Skipping 1 Frame
== Skipping 3 Frames
== Skipping 7 Frames

ﬁ%ﬂ[ 5-27 €I (% Earth-Rotation vt it T [ﬁj@(fﬁi frame p’l@‘[ﬁﬁ}d"\ F’l@ﬁé‘;‘%’—‘,’?‘}%

oy

93




dB

31.65

31.6

31.55

315

31.45

314

Earth-Leaving

"k*

123 456 7 8 91011121314151617

Frame Number

== Skipping 0 Frame
Skipping 1 Frame

== Skipping 3 Frames

=>¢=Skipping 7 Frames

i 5-28 R

5 *-':_,

Earth- Lea;vm-g I 7 [HJ

-'\-l':l

;J_ T4h e

“fﬁme AR o 52 1 B

dB

31.65

31.6

31.55

315

31.45

314

31.35

313

123 456 7 8 91011121314151617

Frame Number

=—¢—"Skipping O Frame
Skipping 1 Frame

== Skipping 3 Frames

== Skipping 7 Frames

i 5-29 R

BT

94

Earth-Approaching Tt ' T [FIE¢E! frame F”[?Wmﬁ” ﬁfﬁl%




5.3.2 I AWGN [Ofisggy i

b B FS IR (5 PO R R R R R
frame % 2 (LIGY f BF~ TG FOTHI < S ey =R LIN EL D™ Blender Fir b iy
RUIFRY) (G =REL [0 L BARYAS Ty Ry e (R "‘ﬁﬁﬂ’?‘fﬁ” o KL AR
AN - R LT H P 25 P FURFOAHARTY R ) AWGN o FY g
AWGN [ 5 1 A Bl (EIL piel 97078 ﬂ'rﬁwpw@ffm il
SE T SR RIS A 5 IR PR AL e B -

@aﬂ 5-30*[!@%1! 5-31ﬂiiﬁJJ[lAWGN{’%'ZF’“‘[’?‘}E‘%@Eﬁﬁ‘ T5PSNRo A1 ﬁf&*’J[lAWGNEﬁ?I‘PE““ ’

%H@PSNR%‘“ [ 5°0.1dB °

Average PSNR

30.72

r '
=¢— Monkey-Translation AWGN
0.8 m
30.66 Monkey-Rotation AWGN

/
/

30.64 \ === Monkey-Leaving AWGN
30.62 \K == onkey-Approaching
AWGN
30.6

== Monkey-Cover AWGN

30.58 T T T 1

Number of skipping Frames

B 5-30 Tl 4-39 VU AWGN B+ S FEREIER T ELY £ 5 R i T Y

frame B¢ &l T&h’

95



Average PSNR

31.7
31.6 W\x—_‘
315
314

=&—Earth-Translation AWGN

31.3 - ~{—Earth-Rotation AWGN
=== Earth-Leaving AWGN

— \ =>e=Earth-Approaching AWGN

31.1

31 T T T 1

dB

8 ’—‘I)-—};,EJ/ J’fli[ @ﬁ‘ﬂll}l JHF”

: RN " PSNR H [RE Y
It TRV ’%H*“J WGN 6 AR PR B TR
(FEL 4 F | HPSSEEE 219 frame DP PSNR },Ejﬂgtllgu[??i];d » BESIRE E AR VRY,
s TR PG RS -

96



30.72

Monkey-Trnaslation AWGN

30.7

30.68

J =@="Skipping O Frame

30.66

dB

30.64

30.62

X //\l \ / Skipping 1 Frame
\ /KX \/@( == Skipping 3 Frames

=== Skipping 7 Frames

30.6

123 456 7 8 91011121314151617

Frame Number

[ﬁ[ 5-32 AR [ Monkey-'I"'anslatlo ;1 AWGN'@ T IEE T [H yEl frame fiy

:t [ﬁw LI_I‘\ F J !%'EEJ %‘“ 1.

Monkey-Rotation AWGN

30.75

30.7 ~

dB

30.6

=¢="Skipping O Frame
Skipping 1 Frame

30.55

== Skipping 3 Frames
=== Skipping 7 Frames

30.5

123 456 7 8 91011121314151617

Frame Number

[ 5-33 LAY,

Monkey-Rotation [l * AWGN % > [ Il;ﬁ [f' BrEl frame Elfj‘[ﬁ
e e A

97



dB

30.73

30.72

30.71

30.7

30.69

30.68

30.67

30.66

30.65

Monkey-Leaving AWGN

o

=@="Skipping O Frame

Skipping 1 Frame

== Skipping 3 Frames

Skipping 7 Frames

123 456 7 8 91011121314151617

Frame Number

B! 5-34 SEERY (%

=

onkey he‘;v‘]ng JD;;AEEGN*%Q_ Ko -.D?'E IHT ”:I ﬁ?frameﬁlfj‘[ﬁﬁd—k
b

l |' IENTI

dB

30.7
30.69
30.68
30.67
30.66
30.65
30.64
30.63
30.62
30.61

Monkey-Approaching AWGN

=¢="Skipping O Frame

Skipping 1 Frame

== Skipping 3 Frames

\ === Skipping 7 Frames

123 456 7 8 91011121314151617

Frame Number

B! 5-35 gy, Monkey-Approaching I " AWGN /& » 7 it T [FIRVE! f

frame

f J[ﬁ?yl}ﬂ pY & i‘f ,E&E{é@ﬁ

98




Monkey-Covering AWGN

30.71

=@="Skipping O Frame

dB

30.61

Skipping 1 Frame
== Skipping 3 Frames

30.56 =>¢=Skipping 7 Frames

30-51 T T T T T T T T T T T T T T T T 1
123 456 7 8 91011121314151617

Frame Number

q%ﬂ' 5-36 AR (5 onkey deerlng JEL AWGQI xa z:. :_JEEI BN [f' BeE! frame Elfj‘[ﬁ

ﬁw ohe fi4 ,m

'! -' r

Earth-Translation AWGN

31.5
31.4 - —
31.3 - ~
~ /
31.2 - )
o X / == Skipping O Frame
2 311 N/
\y )\‘ / Skipping 1 Frame
31
XI N == Skipping 3 Frames
30.9 X \ I =>¢=Skipping 7 Frames
30.8
30-7 T T T T T T T T T T T T T T T T 1

1 23 456 7 8 910111213 14151617

Frame Number

[ﬁ[ 5-37 fA€IY (% Earth-Translation J[I " AWGN & » [ T [f‘ BrEl frame Efi‘[ﬁ
W PRy e

99



dB

31.45

Earth-Rotation AWGN

314

31.35

31.2

=¢=—Skipping 0 Frame
Skipping 1 Frame

=== Skipping 3 Frames

=>¢=Skipping 7 Frames

123 456 7 8 91011121314151617

Frame Number

i 5-38 Y

"I'I

JWGM? o d-E' B T IR E! frame Uil

ES

o [
"! e

"‘ e
Earth- Roiar.mn ‘J[l K
o :

: *ﬁw .
- =

dB

31.65

Earth-Leaving AWGN

31.6

31.55

315

=¢=—Skipping 0 Frame
Skipping 1 Frame

31.45

==fe=Skipping 3 Frames
== Skipping 7 Frames

314

123 456 7 8 91011121314151617

Frame Number

i 5-39 Y

Earth-Leaving [ * AWGN & > 7 i3y 1 [filEfE! frame F'@'Iﬁﬁd_"
E'Jfla‘fl’?kfﬁléf@ff[!

100




Earth-Approaching AWGN

dB

=¢=—Skipping 0 Frame

={=Skipping 1 Frame
=== Skipping 3 Frames

=>&=Skipping 7 Frames

Frame Number

101

123 456 7 8 91011121314151617

VGN s 7 1530 T [l frame i




5.3.3 Eﬁ’&%ﬁﬁﬁ

M R U ) L SR RIS (] 3mSR AR Y
[,'%éi_ IE?EEIE%I 17 —4 P J“g ﬁ[?}?ﬂﬁﬁﬁﬂjﬁ‘ t F% ]ﬁ[ 5-41(a)(b)7J IH“ETL:HEH
£ Monkey-Leaving HI]'E[I E'J%’%ﬁzﬁ@%ﬁ I'FL[‘]EU&J?U M I = [Fﬂ[ Dinapo ’?%HEIJFEHBEJ

)
map0 L4 Dmap3

= 3 frame [IOPS B TR [ Dyage » S-41(C)@IALE F 1717 D
£ F T PR IRTRY ¢ o 2 [ Drago H 1= IR 2R =) ) SeBHES S [0
P12 [ Divags 1> PR E |~ PR (o i BLIL M A2 ) = TR E
A R LI EBARERY o (LIPS 5 v By A R TV RIS B> 25 173
5054 D R NI B SR e A O A
[Fil > VT 5-41(e) o Ty % Gl BHEfI9 Drge 684 SRAE U IV E TR B 10

L i/[lq\gﬁl 5-42(f) o« (NIF=s 26 [FEJF“ ZIF—FF' H"ﬂ(ﬁjﬁ [Fﬂ[ D00 [ 172 @HE e
?JETEJ o

102



(b)

(b) (d)

(e) (f)

q%ﬁ[ 5-41 (a) DmapO (b) Dmap3 (C)[,EIEIJ Dmapofﬁ[,__’g'ﬁggkléﬂ? (d)],EIEIJ Dmap3 FL\[,__’&}'ELJEJéII%é
(e)Fl ™| Dnapo (1 S HORY A TEEERG R OR (F0 ] Drps (95 R AR 15

F[ U

103



eI 5-42 F1Z5 PRI E T 5t o 2 (R0 20 e iy aAT A 2 (-
SR SRR P g [ A el 9F P o PR B
P ERLI I oSSt o ERLE B U PO (S 1 F ) W I R
=5 (PR 2 il i) FR IR PN R R A P B | P PRl R g e [~ -
ST R P 2 T S R O IR R 0N 5-43 1 T 5E
HE PR TF LSO IR I LT o R G B
FIIE c"l?ﬁ[ 73) - ﬁﬁ]—%l FUSSb R T SR S A I

i 542 R 2 A R IR B

[p 5-43 FH I 5-42 FJ%” Y LT P BY, (i

ﬁ'lJT‘i[ﬁl 5-44 ([ LRLIFIH |22 H Y At ER = 9= frame ﬁﬁi;ﬁj[ﬂ B Bt 2|y d=AE
B 2 - BRI 22 W BRI 72 BRI » (P RLPYIR [

104



Ff TF iﬂ,s&guﬁaiﬂ« WF“E‘%[%%FF[E@’T’QP JE 5-43 et ©

Q%ﬁ' 5-44 %%%ghmg EYFVH E [P =AY, ()

[ﬁ545fwwﬁ544%‘ SRRR NN A

| EF ol o 25 (PRI 2 [RRREPR e AL 52 1755 R R ff T O gl 7
— RIS o T ]’Ffl EUH[,E/I*%:JFTE%%WJ?B o i F' LTI R L AT
PRI ET #iwga f;gf [UIELFL bhAT [ Ffswsv’r%p~J—E-%}§$’i§1g£[ M 2 @IFIIE\J#"JFE%"W

ﬂﬁ (fip stz ?ﬂ?ﬁi VRO L BB (E1F AR [ RIS SR 9t
S F‘razi 1199 SR Ty = AETSEP I i (ELRLAP 2 0 T IO T

105



s zafsﬂﬂpﬂ P PV ds -SSR S RY IR HET s o D T R
[T 2 [V RIS S P R It B AT pogt - PR s S Ry i o
(1E] T SIVRATT = P R [ o RS R TR - 5 MR EC Vil
L= SRR AR RY, PR I (W 1) TR R I o [

106



51+ Fi %ﬁ‘é@'**:’ [E

6.1 ﬁﬁ

G A A T Y £ %ﬁ%"%‘gﬁﬁiﬁﬁfl e = T N F I lﬁ%ﬁi?’rﬁﬂ;ﬁ! i
Rl PRI « i gy ' H ERPEAesy G2 SRR FORY MV B i | 1= 2SS
ST L AERRSYAS I e F R TR Fé?JfE'Uﬁ'%ﬁEJ‘I‘Sﬁ*TE#f R TG T
Fﬁ,%ﬁ%‘ °

T 2 [l ’FE‘%%‘[‘%E > 5 P PSRN [REE R [ 22 [ (TR
T [EY occlusion (I » = fifil—- (=S TRt 4 (AR BRI R RS F S
% T RRERE o o7 = AR I H 1 iR £ 7l - 1 i (S
ARG L2 (RIS B ZRIPTHRR s SR M2 s, (=2 (R RN AL
H AR 2 [ fer] oo ey 10 T PGy = mp 2 il 1 ﬁ y BLEL S RIFS Y i 2
[ AR A2 TRl R B R el i U~ o ) = ﬁ R VR
I [Fﬂi (IIRME ﬁ,rj@ F[fj)[éﬁﬁ“’é@ o

o R ] ’FE‘F%]%‘[‘EE_F > I3 Pl P ] RIS [ 2% fﬁ;‘?ﬁﬂﬁ’?ﬁjﬁl AU = B2V
RIS EARI R 25 PR R = SRR ] T S [ (R
o PIERRE o A YR AR e R e P (R ORBE T 1:0.1 8
(AR R AR O S 1 P f, - 9=, f'%’é’?l’?ﬁﬁmﬁxﬂj [EFIPE S frame BiyET V]S Fﬁ%
> It = 9= frame Al B (F o B RITRE T 0 PR = RO o= 55 V= E'}’E'E‘?
S frame Blyal S = 9= EJ[JTﬁ PR EFEEs (R AR R I R
ml R[] > }*Fﬁlé[ HLET BTG TRISET YT 7 o R Py frame BeRiET] ﬁ’?‘f
l ﬁ\"ﬁ@?@f’%’éﬁﬁp@?ﬁ B SRR S (LA (™ o v kR s T b
[ I=frame & {1 PSNR ™ [ 0.02dB [f 53 = 9= frame [H§ PSNR |1 ™ [ 0.05dB -
[FF 8 BRSO BY 1 BT > ety 9= frame ol [RELEIEVE S «

107



6.2 F (=

M%Eﬁﬁw IR0 = VPR o R T BRI R - P S B R S YRS
F{ﬁﬁ /IJHIF'* POEEIFVIRIE > BTOMESYRS R O T IS REEVEY [ e T [l

VR SRIEI AR e SRR TR 1 T o | R RS
o

RN *aﬂ%ﬁmﬁﬁﬂ[ﬁjﬁi » Z T BRI ERR 7 = RS AR« (1
VR AR SR SR (SR ] - i VSR PR A S |
PR TR F 7 IR PE R (AR = S5 BRI
e -

108



UL R

[1] Applications and Requirements for 3DAV, ISO/IEC JTC1/SC29/WG11 N5877, July
2003.

[2] Report on 3DAV Exploration, 1ISO/IEC JTC1/SC29/WG11 N5878, July 2003.

[3] M. Tanimoto, “FTV (free viewpoint television) creating ray-based image
engineering,” IEEE Int. Conf. Image Process., Genova, Italy, 2005.

[4] M. Tanimoto, “FTV (free viewpoint television) for 3-D scene reproduction and
creation,” IEEE Conf. Comput. Vision Pattern Recog., New York, NY, 2006.

[5] P.E.Debevec, C.J. Taylor, and J..Malik; “Modeling and rendering architecture
from photographs: A hybrid geometry- and image-based approach,” in Proc.
ACMAnnu. Computer Graphics Conf.,’Aug:1996, pp. 11-20.

[6] M. Tanimoto, “Overview of free viewpointtelevision,” Signal Processing: Image
Communication, vol.”21, no. 6, pp.454-461, July 2006.

[7] R.C. Bolles and H. H. Baker, “Epipolar-plane image analysis: A technique for
analyzing motion sequences,” inProc..lEEE 3rd Workshop Computer Vision:
Representation and Control, Bellaire, Oct. 1985, pp. 168-178.

[8] Baker, H. and R. Bolles, “Generalizing epipolar-plane image analysis on the
spatiotemporal surface,” in DARPA Image Understanding Workshop, Cambridge,
MA. April 6-8, pp. 1022-1030.

[9] T.Naemura and H. Harashima, “Real-Time Video-Based rendering for
augmented spatial communication,” Proc. VCIP, vol. 3653, SPIE Press,
Bellingham, Wash., 1999, pp. 620-631.

[10] N. Grammalidis and M. G. Strintzis, “Disparity and occlusion estimation in
mutiocular systems and their coding for the communication of multiview image
sequences,” IEEE Trans. Circuits Syst. Video Technol., vol. 8, pp. 328-344, June
1998.

109



[11] Y. Ohta and T. Kanade, “Stereo by intra- and inter-scanline search using dynamic
programming,” IEEE Trans. Pattern Analysis and Machine Intelligence, Vol.
PAMI-7, No. 2, pp. 139-154, March, 1985.

[12] D. Scharstein and R. Szeliski, “A taxonomy and evaluation of dense two-frame
stereo correspondence algorithms,” Int’l J. Computer Vision, vol. 47, pp. 7-42,
Apr. 2002.

[13] G. V. Meerbergen, M. Vergauwen, M. Pollefeys, and L. V. Gool, “A hierarchical
symmetric stereo algorithm using dynamic programming,” Int’l J. Computer
Vision, 47(1/2/3):275-285, April-June 2002.

[14] R. Yang and M. Pollefeys. “Multi-resolution real-time stereo on commodity
graphics hardware,” Proc. of CVPR, v1. pp. 211-220. 2003.

[15] S. T. Hsu, Disparity Estimation. Using Multiple:dimages. National Chaio Tung
University, M.S., 2008

[16] T. Kanade and M. Okutomi,.“A Stereo Matching Algorithm with an Adaptive

Window: Theory and Experiment,” IEEE-Trans. Pattern Analysis and Machine
Intelligence, vol. 16, Sept. 1994.

110


http://www.ri.cmu.edu/person.html?person_id=136�

F I

(AR S o S L RETRL]) - N RO i
PR S B P I 0 R
RN [F’,Jgﬁ), LEHRHE VI o HE A A = FIVEED S0

111



	摘要
	Abstract
	誌謝
	目錄
	圖目錄
	第一章 緒論
	1.1  研究背景
	1.2  研究動機及目的
	1.3  論文大綱

	第二章 極平面圖像概述
	2.1  立體影像系統
	2.2  極平面圖像
	2.3  極平面圖像和三維空間的關係
	2.4  不連續極平面圖像

	第三章 使用動態規劃進行視差估測
	3.1  視差定義
	3.2  使用動態規劃進行視差估測
	3.2.1 二維搜尋平面
	3.2.2 樹狀搜尋演算法
	3.2.3 代價函數
	3.2.4 立體樹


	第四章 適用於二維攝影機陣列之影像合成方法
	4.1  傳統視差估測的問題
	4.2  參考鄰近影像進行視差估測
	4.3  棋盤式視差估測
	4.4  影像合成
	4.4.1 一維攝影機陣列影像合成
	4.4.2 二維攝影機陣列影像合成

	4.5 實驗結果
	4.5.1 理想影像
	4.5.2 加入AWGN的影像
	4.5.3 實驗討論


	第五章 適用於二維攝影機陣列之視訊合成方法
	5.1  使用移動向量進行視差估測
	5.2  參考視差資訊進行移動估測
	5.3  實驗結果
	5.3.1 理想連續影像
	5.3.2  加入AWGN的連續影像
	5.3.3 實驗討論


	第六章 結論與未來工作
	6.1  結論
	6.2  未來工作

	參考文獻

