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Abstract

Multiview Stereo Images Generation from RGB-D Images

Chen-Yu Liu

Nowadays, 3D display technology has been well developed and gradually became a
matured technology. However, limited 3D contain resources obstruct this technology
to be popularized to the market. Even if the customers can afford expensive media
equipment, there is still lack of useable resources to function 3D display technology.
This research provides the solution of converting RGB+D image to 3D image to
partially improve the shortage of 3D resources.

In recent decades, many researches are already working on how to create 3D images,
which always involved depth measurement and generating image with another
perspective. Depth measurement can be done by implementing the solutions such as
manual judgments, depths cues, or using depth cameras. The former two solutions are
relatively time consuming than the latter one. Especially the depths cues usually cause
inaccuracy. Moreover, using depth cameras simplifies the difficulties of getting the
depth data and decreases the inaccuracy as well. But there is a problem when using the
cameras to collect the depth data, the images may have holes occurs which depends on
shooting scenarios. The depth data need to be repaired under a reasonable condition
because these two factors impact the 3D images’ qualities. In the past, solution to
image inpainting has been proposed from many researches. The main considerations
are about the colors and the texture. This research implements two methods to process
the missing value of depth images. One is based on images’ low rank feature to use

matrix completion technique; the other is based on image segmentation technique to do
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the depth image repairing.

The results of experiment show that our 3D depth quality is obviously higher than the
traditional 2D convert to 3D method. Furthermore, depth camera collects the depth
data with higher accuracy so we can provide viewers a better experience in 3D display

technology.
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2.5 (@) HEHBMIAZH B (b) AU (4 registration) AR
BZREXE (© BQYLYEREOREVEORLHE -

M Kinect BB BAABUEEYEE B AR A Tt (ho @ sp3Ediss T
BRI WS RIAE AT - LERAD T ERORIBRA FEH)
TRAF A I SRR AR R SRR PR A B Y BEAE o ST IR > Kinect BRI 3 A7
REGREEAEHN R LERAREE MM E G4 THMA 0 FT A RERR
48l 2.4(b) ~ 2SOV o A G E BN (o T RBURS) HRA A E o)
B AR R > BRI — AR A EOERRA 0 AR
RAEAHEAE B 0 B9RLTR o

AR R L B S ARIIER T Ry A RIE > % — A A B T
(matrix completion)#) Bty » % =4 &AL A AR5 0 51 A AR e ey 154 b - SR

14



B R & F A% & B 4% 18 bilateral filter FiF LR IZ > T ARG L BN FALT
RRARGR R B G A B~ TR BORD R E A SR EAANIRGBER o B 2.6 &
27~ LMY AR AR 2400)F AR R ER R L FIRILBRE
.

B 2.6 :(a) FIAEREREACHBHEHRER @ (b)FHILEHZTHRER -

Ay

2.7 t(a) AR ARBIES B QHAHEHEEE > (b) T B TR EE -

&40 TR L B 1% B R R IR 14 48 B 7% (Depth Image Based Rendering)
ZIABBHEERIIN > BREYEBEIGEENRBIERDEZ O L T
HAEH %A A (multi-view) 8 B 1% 4o B 2.8 Fiw HEA T @ ¥ M ARLIHELSL
AL N EREBRAERELESEAEROTE > RITK -

15



2.8 : multiview 7~ & B °

Rih o SBIREPGEE LS R LRI RIET s & B A Bk (occlusion)
JEE AN S HUR > wB28F 5 (BB K 0 ERFE 0 B EB2IRARHE P
WIRVERIA > MERBELEENES GEELEER/GERAMELESE ) &
LR EZARRBRERADREATIEN B RO AR AGT ZFAERY L
EERAEERE ROFAGHA BILRE T BHE RS 0 ak 7 R
RGN L E BAF -

2.9 : multiview s~ & B (& K) e

16



F=FREXENEH

B 7% Kinect B8 B % B £ ob ko (4o @ 4o9h R & 4biddatt - 2o k@R 4
% AR DI RE A A IR FH DA IRE], IR T A LB T ~
ERAWBEDHIBRE B[ RA K, IR THABMHEEERRAER
FEREAT R EROGHERE ) EARFHREETRBRRI T ELRTE - 4
Kinect BRI B BT ZRER F » AR RE AL BT LAY EAME A 0 AE A K
BB AMEH DM (ot MRS S23E T BbRiike — @M
BIE T 2R ELEL > H4iE A5 {E(missing value) 2k » B E B 54 -

R B S0 B ek T A ZH B AT NG F A 0 Ae L K AR BE YA
EW—BO AR MR RER G EHORIZ - L9054 1. #1A Huet al.
[Hul3]A7 42 849 48 % 5% % 4b(matrix completion)$ 47 R # 7% B #ct5 48 (3.1 &) ; 2.
#1M Achanta et al. [Ach12] ¥ E K e GuB L L n i AHEEREE
G P HIEGREBRERIE (3.2 8 ) ST BT b AR BT 5] B -

¥ — 8 4 R 5 AL 2 A5 M B

DB 3.1 AR ISR SREIRERRA - R T EZIEM wE 3.1/~
H b B A 692 5 (F M)A A AT B AR 3 0 B 3.1(b) & SA Hu et al. Bt
WARBZ4EE o AT RAIILAN 4 Hu et al. 9% 7 HALEMNT - 244 BRI LA
HReHEIEM o

95 | 80 | 65 95 | 80

95 | 2 [65 ? 95 | g

95 [ 80 | 65| 95

95 | 80 | 65 95 | 80
(a) (b)

B 3.1 @FHEZIRTEER > (b)sREEMEZER -

4B [ 04 AL AL R T LT B AL R AR T A 4 A R4 F image inpainting
[Kom06] [Ras05] 34 & denoising [Jil0]%F & T 4F o 2k M 4 [ & ¢ 22462 — 18 ill-posed

17



ORI HERR RACTA TS TR BRRAARF SEMBEN T X >
A E B A BRI AR R TR AR 6918 3L o Lee and Verleysen [Leel0]4& 23 X ¥ 45
B ASe T T ATHRE  BEHRFANER K& (ow rank) 8 R &4
(manifold) ¥ « UG RR » ER—BEAH—ERE > Al —RPGEA—FF o4
¥ o 3% Lee and Verleysen 89307% » B #5 & B $45 > L B ArS B e 644 -
BB 3.2(a)F 89% R4 (588 x453) At 0 &AL T AR A b =B 5B AR 4L,
SR HIER 469 =18 &4A(R, G, B channels) o AP A4F = A814E [ 5 7] #4351 & 15 5 A%
(Singular Value Decomposition, SVD)# =B 3.2(b), (c), ()T > Bzt R > £
PITIAE R > @K —BESE B TAT 20 B AT E@ > LAaIIER N
WO HEMBRE  BAENEA LR B KRG T R A BT a8 25
—SEME IR EBP AR IE 0 T B EMEH - BEER T RImey T BEHETL 00 &
MARBGER TR LR — I F IR ER -

o 10
]
S 8
-
x
6
4
2
0 -—
e <<t
(a)an image example (b)B-channel &3 £ 14 5 4%
o 8 o 10
(=] [=]
8 S s
-6 =1
x x
6
4
4
2 2
ANSHO00ONSHO00ONSHO00ONSHO0ONST

(c)G-channel &3 & 18 5 4% (d)R-channel &3 & 15 5 4%

3.2 (a)—7k 588 x 453 #9 %1% > (b)R-channel 893 & 18 » #% > (c)G-channel #3F
B {8 5 #% > (d)B-channel #37 B 15 5 #% o

18



b ey 3tee £ B4 intensity ®A% 0 AR bR RAIVAEE 09 FIRBALB

—#% range #1% 0 CMIA T L EA M intensity HIEFHRHEE > TR FRBIRE

MR ELE—FIEFIRKAER - B 33 BTIRRRABEACHAOTEEIHE

R BFTRER > FRBERRZIEAN D BBRRGTEME > AR RRBIGER

b —FEIE FARFR B4R o Candés and Recht [Can08]#7 A& 45 45 [ b4 %, AL LA 3L 4
7 R il 4o

mXin rank(X)

. . (1)
S.t. XU = Mij' (l,]) € Q;

HébXe RV REABMFEMTROLERER M e RVNEF LAWY RABER
(LR FIFNFj4Te0ME > MAQAIE CIENERTEMEZES °

J

33 RE BT EMANAE -

b AR ME ) P R(1) A& — 4% NP-hard 89 B8 > £ B2 B % rank( )& # 2 — JF
5 (non-convex) B 7R 38 4 64 & B o Y o B2 L E] 1Y A2 A+ (convex programming) s &
By 54 > T L A2 5 FT DA % T A BT ] N R AT R RE A% © Fazel [Faz02]34 & Recht et al.
[Rec10]49#% %245 & > nuclear norm (NN)* 75 Bp 4B [ &4 35 B 48 4850 > L B30 rank()
& $ 2 B AR (lower bound) 89 &b & B > 7R (1)K, 894/ ME 84 B R84 A0 2 H %o
F[Cail0] [Toh10] [Wri09] :
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min, {[|IX|.} s.t.X;; = M, (i,)) € Q )

HEA|X]|, = Zﬁif(m’n) 0;(X) AmXnEM X &4 nuclear norm ° 0;(X) & X % i A9
BA8 o 2R Hu et al. [Hul3|32A A — ey A H BRI B R r BIEEFEME 0 P
S 3% AR IME 8 R min{m, n} — rE BN B A IR ER||X ], = 2T 03 (X)
Z b nuclear norm ¥ AETAEME 9% © Hu er al.#%||X||, & truncated nuclear norm
(TNN) » M4 (2) R 2k
min, {|IXl;} s.t. Po(X) = Po(M) , A3)
X

£ (Py(X))y ={ o] i{}fi,f)gﬂ o B bk ed||X||, & Bt JE & KB 0 Hu et al.
otnerwitse

PARRET —mEAREFERAG)R B NMER] A -

BxER X 95 EE»AAEX=UV"T » £¥U = (uy,-,u,) € R™™
X ER™MNs ARV = (vq,,Vy) €E RV o 2 A= (uy,,u ) F9B = (v, -, 1,)7 >
FfIAAER™ M BeR™™ » fy B AAT =177, BBT =["" %8 & unitary % [
(AP =A",B~'=B") > M Rmax,r_ ger_, Tr(AXB") = ¥70;(X) > B F
X1, = [IXIl. = max,,r_, gpr—, Tr(AXB") > & F||X||,#2—Tr(AXB")34 % & & $
(3) AL H AR

mxin{IIXII* - max Tr(AXBT)} s.t.Py(X) = Py(M) (4

AAT=1,BBT
fHuetal 9RMBERXRBEHET G4 X, =M, MAeF—RDHREE > LB
EEBERX, 0 Bt A LR unitary A, R B, 0 A% B TA, B 8T Rk
MK
X1 = argxmin {1XIl, = Tr(A,XB)} s.t. Po(X) = Py(M) (5)

Algorithm 1 484 7 il M XA R BB > P58 2 KX, (FEPE(S)R) > Hu et
al T MAET % > p R HE»E -

HRBEG)REE mmin X, — Tr(AWB)}s.t.X = W,P,(W) = Py(M) °
ALY, W) = IXIlL - Tr(AWB)) + S IIX = W2 + Tr(YT (X —w)) > #% %

augmented Lagrange function ° # # 4/ MEHE L 2 AR B EME P4 #wTF 1 &

20



Xp=Mg > Wy =X, BURY; =X, 0 8 F R H Xiwy =Dyjp (Wi —éYk) f
Do(X) = arg (ming (11X = YIZ + alIX|L.}) i B3t EWiers = Xews + 5 (ATBy + Y, -
REE BT G BAMEE » 3T E Wiy = Poc(Wipr) + Po(M) 5 & E
Yirr = Yi + B(Xpqq + Wiyr) > osb R B E > HESEM X dst o S LB R
T & 49 Algorithm 2 ADMM ¢ -
Algorithm 1
Input: Incomplete matrix M, , where 2 1is the
position of the observed entries, tolerance €.
Initialize: X, = P,(M)
repeat
STEP 1. Given X,,[U, ¥, V] = svd (X)),
where U; = (uq, -+, u,,) € R™™M,
Vi =y, ) € RV
Compute A4; = (uq, =, upy)7,

Bl 3 (Ul, Y vn)T-

STEP 2. miny||X||, — Tr(4,XB])
Ive X, = < g ! )
Solve Xiva = arg ("™ ot p (x) = py(M)
until X141 — Xillr < €
Return X1
Algorithm 2 ADMM
Input: A;, B;, M, and tolerance e.

Initialize: X1 =3 M_Q, W1 = Xl' Yl = Xl’ and ﬁ =1

repeat
STEP 1. 1
Xers = Duyg (Wi — 5 %)
STEP 2. 1
Wir1 = Xigy1 + B (A{B +Y)

Fix values at observed entries
Wii1 = Poe(Wiy1) + Po(M).
STEP 3. Yii1 =Y+ B(Xir1 — Wir1)

until X1 — Xillr < €
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B 7 ADMM & & 245 B 69 B3R T A 2B 0 SRR R ARAF > Hu et al 4%
SEY: &9

A
min{lIX|l. = Tr(AXBD)} +35 1P (0) = Py (M) I ©

WASER X R B E M T
. 1 ,
Xivr = arg (min {IX1. + 51X = O~ PFCRDIE)

=Dy, Y — . Vf (Y ))=D,, (Yk — Uk (A{'Bl — A(Pa(Ye) — Py (M)))),

1+ /1+41:,2c _ i
o y Vier1 = Xppr + 5= (Kppq — Xp) ° A EBRALNT @Y

2 tk+1

Algorithm 3 ¥ ©
Algorithm 3 APGL

Input: A;, B, M, and tolerance €.
Initialize: t1 = 1,X1 - M_Q, Y1 — Xl
repeat

STEP 1. Update X; ., as
Xiers = Do, (Ye+ i (478 = A(Pa (o) = P () )

STEP 2. 1441+ 4t2
=

tev1
STEP 3. te —1
Vi1 =X + . Xk — Xpe—1)
k+1
until X1 — Xillr < €

B34 ABEARAEHENEER > AB AR APGL 544 a4 % -

22



AT B B AR R H ()R P ey B RFE 0 25K R > Huetal B3
BT —AeE R o dotb 7T LA K K pudz FBAE G iR B o

1
Xgy1 = D%(Wk - E (YK)ll)
1
Wi = ﬁpg[ﬁ(M — Xir1) — (A1 By 4+ (Y11 + (V)22)] + Xiyr + E(AITBI

+ (Y)11)
Yier1 = Y + BXpes1 + Wieyr)

b S HBHARRREAET © Bryr = min(Brgr PB) * Brax HBH LR

Po if Brmax{l| X1 —Xillp W1 —Well}
p=
1

CllF

otherwise

S k3t 5842 6 70 F @69 Algorithm 4 ADMMAP + > A(X) = (% 0),

0 0

3 =Ty o) €=(0 pop) HEARBAKEET RN S

0 Po(W) 0 Py(M)
RZmXZn 8
Algorithm 4 ADMMAP
Input: A;, B, M, and tolerance €.

Initialize: X1 . MQ, W1 = Xl,k e 10_3,p0, Yl = Xl andﬁo

repeat
STEP 1. Set Y, and W), fixed
1
Xers = D1 (We = 5= ()
Bk B

STEP 2. Set Y, and X, fixed

1
Wis1 = mpn[ﬁk(M — Xik+1) — (A1 B+ (Y)1a

1
+ Yi)22)] + Xjeyq + E((ALTBL + (Ye)11)-

STEP 3. Set Xj,; and W, fixed
Yier1 = Yie + Br(AXys1) + B(Wieyq1) — C)
STEP 4. Update By by Bri1 = min(Brax, oPx)

until X1 — Xillr < €
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F =8 AN B4R 5 8 25 H B

f o FERE AR S A 0 &AMEA T Achanta ef al. [Achl2] 7
% # Simple Linear Iterative Clustering(SLIC) % 7% ° & eid ¥ & %125 £ R
B 42 1%. % (superpixel) B 3% » FI ¥ & %1% 5 5] 4 2R 89 superpixel ¥ /& = R &
B E > B HE—REBIL P 6 superpixel T A 418 693 BLIEAE o
RSB R EBECTIEFTRL AR EEZHBER - T
B SR M L% 58 P B superpixel % %% R E H 3k B B AL B AR A e 54
Bt SLIC #2 th 7 — Kt B 29 7 AR 2 %4% -
— B4 S % k 18 cluster ¥ OB AR BRI L PO &0 26 R R
% S 18 pixels’ 2814 B 45 F o 26 $|3x 3E% 31 B F 5 lowest gradient #94 & »
s— R E L A T # % superpixel B9 P QBN edge L BT R—F S eh EH
cluster ¥ %5 o SLIC #| A 28 &AL E A SE B AR T R A AR F 0O A - R &
# clustering 89 & R ARIE — 5-D &5 2 * [L,a,b,x,y]" » £ ¥ [l a b]"4E
897 CIE Lab A& Z M ¥ 6y A% LR R afebFonBA G H L4 [x, y]”
RAEGFOME BN BAEHRTRMEARRNEM > HEHEREARRALE
B MEHRE T —EMERRE S ED RISFAS EREIGEEME

de = \/(li —1) + (g —a) + (b= b)),
ds; = \/(xj - xi)2 + (y; — }’i)z,

R o N AHBEGEMRGRAM > Ny =S =./N/k > k% superpixels &%
B > MmSeyMRH &k T superpixel &9 F % $0H > SLIC A3 H2S x 2SE K F
cluster ¥ & 25 2] &-18 pixel f 69 3ESE » RIEE 46 k-means F £ B RBL
EFH > ko 3.5 [Achl2]#F ° 1% 4 k-means 893558 BO(KNI) > [ Ak

R NBBE PO 38 > W SLIC 894 EZR R EZOWN) -
24



3.5: %) superpixel 44 7 3t E © £ [B A 1% 4uk-means 49% H %> 4 B A SLIC
WREE > RERAE—ARMGERFUFHX -

PR 2R & PEBE G Ik RMEN, 3R B ¥R B A cluster ¥ cluster ARG EE
%2 FIBE & TRE AL eh JE %21 20 > 12 R LRI Ra 4 o B RN, A — % Emat =T XA

g o FHeb EXe9D % R

AL B e B b 25 AE 2B B R & T A B R

42
D= j(dc)z () me.

BhEHTAD  EAMB AL REAMER ER A YA E -
EmA KB EE » ZRIEEEY T R > superpixel #9 clustering & R & %
g Bk (B @A R kLo ERIK) > M Emik ey EFE » superpixel #
clustering % R & tb 8 R BERA% ¥ 69 1% 42 (edge) ° B S KON AR B AR RLA -
H ¥ %% M CIELAB BRE Z R EF » m™T A2 KA [1,40]69 & F] - Lz akR|

BH KT R RSHE > REMH, = /(zj — L) Mg R R B AR
3D supervoxel B9 FAREF > R TTio/RE (2) 0 4L B34 8 & 2 R sE &k
4, = Jlg =2+ (=) + (5 -

HABSLICE H k4o F AR ¢

25



/* Initialization */
Initialize cluster centers Cj, = [li, ax, by, Xk, V|7 by sampling
pixels at regular grid steps S.

Move cluster centers to the lowest gradient position in a 3X3
neighborhood.

Set label /(i)= —1 for each pixel i.
Set distance d(i) = ©° for each pixel i.

repeat
/* Assignment */
for each cluster center C; do
for cach pixel /in a 25X 2S region around Cjdo

Compute the distance D between C; and i.
if D <d(i) then

setd(i) =D
set /(i) =k
end if
end for
end for

/* Update */
Compute new cluster centers.

Compute residua error E.
until £ < threshold

1% > WAE H e — sesuperpixeli® Bk > SLIC4L4 A BA#E 09 h 4T 3@ 14 >
Feclustering 8 842 4 £ 1% > 7R B #E — B clusterty) — IR 345 E 7T AEAR R A7 42
% TR ERAR - 14212 T connected components:# & % #4 I 3L & pixel 4~ &

3| 5 3t ¥4 By cluster °

3.6 ¥ &2 SLIC nElm ek -
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B 3.7 : 4% SLIC # &2 09 & RHE BB RE R4
#EF & %512 48 A SLIC 4 £ s.8003% superpixels 7% 4o B 3.67~ *» KK L

superpixels #F 7T LARAFEY BT edge © T BB AR A NERR AR - Bie
superpixels #9751 ¥ JE @R E A% > ko B 3.7A7 R o Hh—BA & R % R EEAEAR AR
i Bysuperpixels &4 » KRIVRZZE S N pixels & AR — i) —3 4 H
REALME %A > Bk B IR E %1% L bysuperpixel ¥ ¥ pixel £ #214 © HAri1E A
superpixel T A 14 69 3478 A BB © R ™ A B54% 5 & —superpixel P 7T #E
RIRPER AR (Bl s R 4T > RIFARAZHRME » RA — /D3ty B AR
SamAAE) > A T8 %Y BURE AL IE 2 Bsuperpixel » $API3% T — M@ threshold
t° 3% Fsuperpixel 14 6 3L B /2 A A28t B R4 F Fsuperpixel &9 348 R A4
M & 3 F 48 #F 48 11 A9 superpixel #2 R A 89 & Bf 12 A 1| B7 % B A & $threshold
E3.88m— A AT A EHZREB AT AEBEAFHBHREE » A1
BIEHEBEER -

B38: ZBARASLBORER » A8 AEHENER -
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PwESLRARBAOELRRE

CEE—IHBE TR LBRE - FBOIEARAER > BMEE XL ARY
PR BREAABEAEA IR c KA —HALRBEAMELAN IR > BFR
WELE—RHEORANEE > Ftba) AR LB R R A o M AR LI
oo AREHBE SR ARNBEYE 0 AR IKA Zhang et al [Zha05]A7# &9 DIBR
Bk RARwEB 410 HY e T2BEX L5 1 ()REB TR E
(preprocessing of depth map)(4.1 &) > (2)3-D image warping(4.2 &) A & (3) % /Rl &9 3
Hi(hole filling) (4.3 &) » M3 AT @ & fi ¥ fmsdsh - RIMABK —HB B RERE
HE o EEBSBRERARGBGEYE  BAERYE > mERETEZY
B & &% 4 Fl ZA8 2 i (occlusion)i& A AR AR ¥ £ & — S BIR o AT E R ¥Rk
TGN F 2= RS AR ) TAE o

color image ) ) .
Pre-processing 3-D image Hole-filling .m“a[
of depth map warping images
depth image

B 4.1 : DIBR &9 A2 #4542 -

FoBREE A R E

REBOAIREEZ ST MEIRRS ¢ (A% T REE T LM £ (zero parallax
setting, ZPS) &4 & » LA B (b) ¥R A B #-F 7% 1t (smoothing) ° AR, £ 35 64 & h BR AT
RXAEATNME » w8 42977 X REPTAGFEBAR TR ARG
¥ AJIEAR £ (positive parallax) € 3% AR 54 88 %) 8 % N W A (recessed) * M & 4L £
(negative parallax) 8] 3 AR &4 2% & % ¥ 4 &5 & (prominent) ° B b ZPS 893X € €

HEE @ey U % ZPS 89 % IR A I s B B (convergence distance, Zc) © Zhang et

al HIZ, = DI s f 7 HRER T RGBS 2 ARKE b
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SR BB E o fe— 18 8-bit 89 RIFRAE F 20 3 255 D HIRA M R Zyeor R Z | 8

0 4o B 4.3 AT 0 FRR IR B A E AR AB(normalized) 2] 0 2] 255 2 /] -

far

Prominent
near

42 REF@ -

0, near

255, far

4.3 : 8-bit YREH -

AR TR EREAR T RRE BRI ST AN T4 o B4
1% FA % 1% J8 % % (bilateral filter, BF) [Tom98] > stf&iE & B -FiFdfe Y » T #H
B F M mssh o BE K THFMe LB RYE £ R  1£4F Bilateral Filter £
KA L R ER  FR B LB - BF IR £ 4
b= wi,,zqes Go, (1D = q DG, (1L, — I, » £ ¥

Wy = Zges Go, (1D = q DGo, (11, = Igl) > pABRIGEFK > g BREERBG—E
BE LAHBRGEFWAE [ ABRGETAR @G FEE  SAHABREETA
B 0912 5B 0 Gy A DA & 0 BEHE AR R EHE E 3 1589 Gaussian filter X+ > G, A&
%% & % ok A £ %1589 Gaussian filter X > Gaussian filter & & 4o F 757

G(u,v) =

e (W +v)/(20%)
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HboRIEFROSHOZEBLE - B 43 ERRZECSEHTGEER AF » &
Bilateral filter smooth 4 894 F 4@ 4.4 Aot ° & F AKX & 62 E R B4 51
T o B ETRE 6% B A BRI ARG o

4.4 : #& Bilateral filter smooth % 892 E B -

% —# 3-D image warping

DIBR #9347 4% 3 %% % 3-D image warping * # iR B B 34E R R 4 # F 84
ERGBE B R X M Lo KR B = 42 R e B B B R AR 00 A AR
FE@mlo BT HIL RATREEPFATRZGHEGMA - Bt =420+ F H LA2(y)
BHINE—BAFITHEELRLEERGTATERYE > BT E LR K FHE) o do
4.5 o 0 Z /A% R PES IR AR 0 f AR B EE(focal length) » ¢, & W IE 45t 3
A6 K 4 (baseline) &k & » X A F A5 6918 F AR > XpR X, R 0% B sk G
GFEL S BERBETOMRE - C ARBTG5 FT LS F o (optical
center)’ C;FnC, A % ~ AR E BB RO AR T O - RIFELAXE  —EREAZY
BEPHAR DB ZEAFm B M RGFE L 20 B (x,y) » (o, y)&(x,y) © MAEE
4.5 & B B 44 %K 7T BA4F 2] image warping 89 2R, x; = x, + %"g C Xy = Xp — %"g °
R R F e 5 RAE AR R e R AT A IR BT | LR B e &
F M 4X % (re-projecting) & A& & H A8 #AR, A 49 virtual images (4% 26 A B A %

%o LRBEBW A DR
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P
<

Bl 45 A4 EBRIBIEOHMPDKEER -

[

DIBR # £ % 49 B $ 427 image warping & # £ X virtual images * € B &R E B &
B RAER AR (AR R ™A £ H %1% 69 85 F (holes), 18 £ 75 1% 69 £4 F)
TR H AR AT FIAL A AT AEAR B ARG AT RAMAL A I F FATER ) BB
& 3 — 2k newly exposed &9 & k5 & R © 4u B 4.6(a)(b)(c)FF T * (a) B R AWK E
(b) &R E R KRG PR warping A& R A FbL)E 7 2 E0EKERE A
newly exposed &93[ % ()R] % % JE [B & Bilateral filter smooth 5 ¥ warping 74 &) 4
I DK 45 TR A 88 PR AL R 3R 6 R L B AT & & B 89 virtual image £ F 2R
B IR B D e
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4.6 (R A HE > (b)REE KL HILKIE warping A &R » ORER
#& Bilateral filter smooth J& ¥2 warping % &9 4 % o
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=8 %R e AR

i E & 694 A %1% B 7 image warping #9 % ¥ € & 4 — & newly exposed &9 7F
MBLFRELARFEIRSARE > F—HAR M TABRRREMA L £
% pi 48 A 69 M 18 pixel £ image warping Bf K- et E e R F o dEm EBR A
v 48 B% 89 pixels 4& image warping 14 & & 7 B4R A8 B IK;, H AR E £ %
PR A B B AT T B SRR T W R AR TR BIAL A AT T AEAY AR B 3Ry S AT AT
RBANER 4o BARERHANED  RELAMBORA » BMALERI0EE

Rl @ ey AR R kol R ARG IR T TR B3R o MmA A & bilateral filter
smooth i@ 1% 897K B & & Z virtual images £ A BL% A IRYFDUT > B A 289k
DT IR B R BB Gy T A o

FET R HAMER T Telea [Tel04]4% i 49#] A Fast Marching Method(FMM)
REHRAREHGNEM RAEZOMABEAL  AREFABEAEBEL LY
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wp, OREHEARERE ARAGB()EBRPEGLEFHHE LEZLT ¢

w(p, q) = dir(p,q) - dst(p,q) - lev(p, q)
H 9 directional component: dir(p,q) FEIFART AL EZHZ I GN = VI (34 &

I(p) =

FMM 35 ) > HA# £4 F; geometric distance component: dst(p, q)#% % FE B Zhp
AR 915 & Zh 4 E AKX F; level set distance component: lev(p, q)#8 ti@ B4 K 2p
WG R EMAE > T A
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dir(p,q) = o =ql N(p)
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dst(p.q) = llp = qll?
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1+T() —T(q)l
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RRIR L 69 0T A F) R 48 5% 8 69 4 b 4335 (B SR 5 AT 49 M (diffuser) i & 4 £34 4
SRS AR E R TR AR T HE 0 R EA SRR 0 R PSR e
A TRAREGEF » BE IR IR T M TE 2 R P 898K (laser speckle)
REXBEBSAFERRELR -
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AERMTE AR E D G EABANT O IFIRUGT S 2R E=ZFF — Hi 4R 3
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Z_ Matrix Completion via Truncated Nuclear Norm Regularization F & 18% & /% >
%] 2 Method A & Method B ~ % =3 % — i 42 2] 09 KN %5 1% 2 B 6h 1548 il
Cai et al. [Cai08] #Hi #9 SVT ~ [Tel04] & [Ber01] & #& #5548 Hdhr o M £ API1E A
TUTHFIETARECBRRESGLEHME & RIFE © 1. Mean squared
error(MSE) =# YO RS0, ) — K@, )IIP: MSE fie R Bk — 48 3035 R o B A2 B2
BFAPREBERARERD  £EHEY T RRAEB R A 2. Peak signal to

MAX] MAX;

SE) = 20 - logo (=t ):MSE 43 fp » $42 % db »

noise ratio(PSNR)=10 - loglo(
HF MK KT E R AR A T PSNR 48 /@ & 30 B AR R R R LB TR
BHAMEHDEE LR E R — R E; 3. Structure similarity(SSIM)
= [1Ce, MI1*[c e, MIBsCo, Y EFa >0 >0y > 05FEL(x,y) c(x,y)

20,0y+C;

sGxyteHEZHRG L I(x,y) = —zgiiyicl v e(x,y) = vy s(x,y) =
X y 2

DS, AP oABEE C Gy Co R AN R A S Y) c(x,y)

x0y+C3

s(x,y) 89422 :SSIM t#x 7T B A Z RIegHIEE (o) » £R()Fu&EH(s)E > HHEE
WM AR > A B bR 0 AR 100% & n AR 0 SLHTE T AR
T PSNR ¥ 4 #41 AFRBLER A R EL 8y 1L -

By T BRGNS AR AR 693746 B % &4 Ground Truth > SAE 5.2 A1) » &AM
FAS B 5.2(a)— 5k £ B9RE %1% 3% A Ground Truth #4R E A% 7T € A #2174
RBEWR My EMNERBEA A E 520)F~  HEER LEHYAEY
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(c)Matrix Completion via TNNR — (d)Matrix Completion via TNNR —
Method A Method B

(2)[Ber01] (h)[Tel04]

52 REBBGEHAOLE  QREBE > OBER —LENBORERL (0
Matrix Completion via TNNR —Method A’ (d) Matrix Completion via TNNR —Method
B’ (e)Image Segmentation * (f)[CaiO8]SVT > (g)[Ber01] * (h)[Tel04] °
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MSE PSNR SSIM index | Execution time
Image Segmentation 2.40302 | 44.3232db | 99.02% Below1min
(Ours proposed method)
Matrix Completion via 1.47114 | 46.4543db | 99.38% 21min
TNNR - ADMM
Matrix Completion via 1.69269 | 45.845db | 99.41% 17min
TNNR - APGL
SVT 2.83728 | 43.6018db | 98.23% 27min
[Tel04] 2.70559 | 43.8082db | 98.51% Below 1min
[BerO1] 2.74679 | 43.7426db | 98.51% Below 1min

% 5.1 REBGGHGTE

LR F AR5 48 R13R 44 45 3 0 Matrix completion 38 4R B2 £ 8 & # B EL6 69
Mo HARESFERA GE AT AR RIF B2 5B — AERMBERE
LRI MPAE s T R RARIE R ERM E My B R4 REY EBIRMA
HRBERNEI  ZREMARRIERL > A SVT HRERE DR ERAR
57 TNNR M 7k » RHE ARG RGE N TIEHFERECARRE,
[Tel04] A [BerO1]why 7 ik Rl R4k 82 i B o X4 €44 - B sbat R JE & ik
EERBAEE - L ¥ LB o) A SHERE R L BORE LT » Matrix
Completion via TNNR - ADMM #3874 4 % %1 APGL # % %4 > {2 % # J& | Kinect
BAF R HAR R BR R R LB — R B % #3000 ™ APGL £ R 32 4 53089 1%
BT AR Sty &R HILEET APGL S HOREB B RELAIHBE - 5
ShF JE B 45 R Real-time &9 7T 4T H A & 7T LASE B #5455 44 09 PUT 85 R I B B4R 15
WMERBR — SR 0 EE T SSIM 1A £ % 49 Image Segmentation 144
ZREHGREE DI —AISLREEL

PUTF & #4794 A Matrix Completion via TNNR —~APGL ~ Based on Image
Segmentation Repairing ~ [Tel04] & [Ber01] v #& /R B %5 141548 7 A, 69 #7* Kinect /R

B R kg -
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B 0 E RTE > BRI A A LR 303K A T Matrix

REAG > B HE T @ ERE &) 3D ERRAZ 2D % 3D SLAE G L8 - B
3D B HALTAE AN BRARTEBLFROIET X 0 RAVEA B AR
8 7 XA EL gk « ARIFE A LR PR FERBE R EZ R F &R BuH
B RAF3E > MR L AmBy AWl —HASALS MM, — AL

HABLEL SOMBA -

P& E WA -

1.3D LB G ATRABAMBEYRRR (FARLE s &R TATARA
o RE ARV RE ~ — Ml KRR~ RA SRR~ FFF A RE) 3D AR E
ZRREBVHERTOMBEEI AR MY R ERERGEE R LR S
BBHET AR E 3D A PR A MR £7] > EMEIBBREY S &R
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Matrix Completionvia  Image Sementation LGEH
TNNR - APGL
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