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Abstract

In recent years, three-dimension—(3D) video has been a trend after the very
popular science fiction movie.— Avatar produced in the 2009. Many 3D movies, TV
sets and even mobile phone sets have been developed. The view synthesis technology
is an essential element in a 3D video system. The current technology adopted by the
international MPEG committee on 3DVC standard is to generate a virtual viewpoint
scene by using the received 2D views and their associated depth information.
Therefore, the depth information plays an important role in 3D view synthesis.

In general, we can estimate the depth information by using two 2D texture images
of different viewpoints using various depth estimation methods, and this approach is
called Passive Depth Estimation. Very often, this approach fails to provide accurate
depth information on the textureless regions. Furthermore, the occlusion regions which
always exist due to 2 cameras, often lead to the “hole” defects on the synthesized

views.



In this study, we adopt an active sensor — Kinect to capture the depth information.
This active sensor provides pretty accurate depth information on the textureless regions,
and it can operate in real-time. To generate a new view or virtual view, we use a pair of
Kinect sensors as the left and right cameras. The Kinect depth sensor can be treated as
another camera and thus we employ and improve some conventional techniques to
estimate its camera parameters, calibrate its images (depth maps) and reduce artifacts.

In the calibration step, we use the information between two texture images to
estimate the 3D geometry relationship between two Kinect sensors. Furthermore,
because the depth sensor and color camera are located at two different positions, we
propose an “Alignment” procedure to match the coordinates of the depth image and the
texture image. In designing and implementing our alignment procedure, we use a
disparity model and the Kinect SDK functions. Finally, we use the Joint Bilateral Filter
and color information to reduce noises and defects on the sensor-acquired depth map.
Comparing to the depth map estimated by using the MPEG Depth Estimation
Reference Software (DERS), the captured and processed depth map clearly provide
more accurate depth information. At the end, we examine and compare the synthesized
images using the original and the refined depth maps. The quality of the refined

synthesized image is noticed improved.
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Ho— AT AR G 43 4p 8 H57) (Pinhole Camera Model)[ 18] » 4-3% 4p 4% $27)
A& ] 430k Ragtat S foenig e o p 8% dkci & ¢ 7 B e (Focal Length) »
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Matrix) o
F(OF LG A IBEE K E 3R EA By o
p= K[I3x3 |O]Pcam (3)
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K — O fv VC (4)
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MG BRSO R Ry B R M A AR R RRs
PRtk ot Bl oo d 20a AR F S = MenpdR kB T P

o — g aEtE 2 o f a5 (Translation Matrix) 2 g3k o 4o 2 #7% o

P

camera

Camera

world

B 2 Apieh s SdEaR M o LR
B9 Oy ot B R A S B Opr 5 AP AR & 55t B ©
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B>z ae faEr ngkp 0 A4S (XY, Z,) 0 BMENAT RSN
(5) e

X
cam X w Y
Ycam = Rcw Yw + tcw = [ Rcw | tcw] : ZW (5)
VA cam Z v
1

BP0 R, FEEEL t, R AR FREYRSDENG) R EY 2
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KA 3858 38 Sdicd 3x3 @ ELR fr3x1izfFedt, o> M3
x4 BB PR BT G P B BEE P Az At R AR} B
o

WA > BRI AR EBFTEY o LT LR ERFASL AT
B At A A WA Y R R EBE RS v e r TR | (Lens
Distortion) % #icd- ¥ 35 B2 BE g 4% o R (U,V) 2 (Q,V) 2 B 5 2B (& d )fof
R (de W )P (ol PR BEe Bk k2 k, 4 %] 5 4z @ % #ic(Distortion Coefficient) -
2R GRS TR AT A 28~ (9) e

0=u+[k (U*+v*)+k,(Uu*+v*)?] (8)

V=V + [k (UAkv2) + K, (U +V?)?] €D

L#mengepdz s 4587 245 (14]-

B iR AR BT 6 B iR R RN S U kgl AT Y
ZRPHT G ¢ Pk BT BRI IR EECEN s I gk KOs 4
oo T 5 [14] - F v > APE IR 3 0T ) kBT ) g
Bt THAEAREREZ ZRREFFRI LR I 2R TR EpB S
Heo S Hp ) BRI kAP Sl TR S B AR AL > AP gl SR
PadR~AREMBORY > REEL 53 PenfFkei= > BRI kapis %
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2.2 B iR i (Image Rectification)
- HBDERT o A SR A BLap s AR - R L S > APT 7 N RRE

Ao R TRE o BN KPP GA N G 2 B L 0 T A s e

9

BB EL s 2 G o TEARAEE Y  F F I TRGRD S
REPH2ZERG LEDEHL > TES SAPPOP ISl ek o =
PG FrSehlaer TS R8> 7 1EiE T K3 P G IFehy
G0 A SARBPERINE Y OREEE > B E IR GRLD P do
22.1 = RS =it (Overview of Stereo Geometry)

AR kS PR G AP T TS e | (18] K28 - 4o@] 4 o
oI A SR AR (C frCoO RFFERR TR T2 B il T 6 (1 e ly)

\_.

Errgga g o R0 BEFFZFHdM(CC, )5 A (Baseline) » z &7 iz g
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Pied Sipisenii e & ehT 5 APC C, 5 #&-T & (Epipolar Plane) » 4&-T 6 £ =
T G AR 2 AL S 1A (Epipolar Line) (1 vl ) » A& {RAAp 2 hBE 5 1REk
(Epipole) (g fre,) = #7121z ¢ 7 o c0B30 & $BTI 7 b 0iEs > 2 47 hies

g2 - BB o

DIEVEES S A Y

B 4 7 > ;;‘»‘B{:ﬁ&ﬁ 2P UL B S f@;,;\;fg,\;l'a ﬁqg}.&\ajﬁ foer ’ E]'JXL&&

Lol b ood Xge Tl b oGt dcen@mabhg > 3 BREHRM B - BE
¥ ehEHEeLAPHL R~ eL(Fundamental Matrix) » 7 7 3] x, (7 %
oo BT R k) 2 BFenl RV A 5 50(10)
I, = Fxg (10)
HP F i 3x3ei L (Fundamental Matrix) » & x (7 % 77 = =% & & & 5L)
wl b A e s 00 2t BT =3 (11) -
x ol =X Fx, =0 (11)

S P B S R B B BN T o 2R ER L RAPF T 4
HRBERE T I R A g F B S RO S - enjipF

TR R EF AT AR R o AP fL2 G 44| (Epipolar Constraint) o
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2.2.2 ¥R 2 (Rectification of Stereo Pairs)

Bl S K 8B o S @ B 4

Bl47 @ pRGTs 03 L EH GRS P kG 2B L BHETF
- BRI G RS SR R G L R AT § R (e
eg) o b MAR GRS eB 5 F) A BRRTS € T 25 > ¥ 3Rk
i if}f%m’fﬁﬁ“,_’fth)g—*—%ﬂ B BT w é—fqu’l—i—vﬁ fé*ﬂéf TP 3
£ 5B gk o
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(12) 7@ c s B9 hz ARHE -
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g vy 144 [15] -
2.3 ¢ $2& it (Color Calibration)
- R AR ISR o 4 A R P IR R 2 - B R e f i
FPeaskg e > VR Flad SAEeE o ko EREIORRFELET B oo AT
Pl KBS A6 LB eB DS WA BRI B

o iR § G o R S B AGE AR A e F A R R e

w7 PR ARSI AL R T LE

AAREEA AR B nd B BAARD B ijend BRIT Y B ijend
B ool T8 > B 7 e (Histogram Matching)[26] @ & 2 3 &4 2 o

2B 8 L F LRI AR o
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24 d N BiE R RIFE 2 A4 % (Introduction to Passive

Depth Estimation Algorithm)

BB EFEEY I ARDI PG FAULLIM G2 BRI BIEE - A
i MPEG &3 ¢ k73 & g 5 78l %3 48 (Depth Estimation Reference
Software)[19] &k F At d N F IR G RIFTE Z -

241 B REERLE2 F M % (Relation between Depth and
Disparity)

PRFAFT* AR 385 R ¢ > FHE P2 Fapedh % BRI PP
- BB IREELZ 2 F (20091 Zy e Z,,, 8z (BeB) 10 957 ) i dF ehzt
323 (Non-Uniform) % ;# £ i~ (Quantization) > &1 /& & /= B+ shghv 2 F (ol 3 ¥
2 EA5(18) -

A\

near far far

v[1_ A 1
255 Zua L ) Z

Ho vE 8 AR ATIE > 2 B3 ML STt a o Z, T3

near
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2.4.2 B %% 8| (Depth Estimation)
DERS p 3 = #&#:5% » 4 %] & Segmentation Mode ~ Automatic Mode {r
Semi-automatic Mode [19] o 7 g &-%F3% i i@ * Segmentation Mode /i 5 5 3%

fa AR B 12 o e

( A: Image Segmentation )

Y
( B: Compute Matching Cost )

y
( C: Update Matching Cost )

( D: Optimize depth map by graph cuts )

( D: Optimize depth map by graph cuts )

Output depth map

Bl 12 DERS Segmentation Mode [19]

B 12 0AHZY » - BEIRERDIRT ) (o LIxLLF )P 7
PR H N E R AR BN REE BT - BRE XA T L E Y
PR s o BARARY S c HIMEN LG EAIRS A § T R
Moo T g RS HRFSER

Rl 120BHZY o vim? BRGEZFEG? FRGE RGBS

BAE e & & A Sl o
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Bl 12 hCH e - bt Lond A dlicr ¥ S A S AP S IR

B BSERRC) R A Sl (T Bt iE e A Sk o

& lszﬂ}WC‘ » B e —’LLTF hZ LA B o

R gk H
(  -expansion move) >

R ke iE 1 (Optimization) » @ 75 £ Sofick ] o
Bl 12 0 E #H 37 - #HFl AR féiki/,%“f AR e R e 7 AR
RANSAC( RANdom SAmple Consensus)fr 2>+ X fry

Al =
1B °

@I Rmendn e 5 [27] -

243 #F % kW3 % (DERS Modification)

B4ecnDERS & JE i * 2 ~ ¢ ~ L Z SRR IRCH i~ o i G 0 BRI
PTG RFR P RSO RRGEFR RS c FEL RS
"qu*u FdiEpo

7

R BEARET R T SR Ot RS 6 RAL > A
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¥ r1qI* DERS &l R iF -

2P E R AP gy = o0 TUpdate Matching Cost | »

B el e i
FERB RSN A Sl L R EMRR R EAR T B AP L 2L
R - RERREG(E A FEZLRAR)RGR L BRIFE oB 13
o 14 #7 o
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Any Image  Left Image  Right Image

Left Depth Map
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25  # iFpt & (Depth Map Warping)
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DEE TR P FRE RGP BRI S o B tSARELS
SRR RS LR AR T TES ) 0 PS4 TR S SRR
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B 19 B FE iR it A7 E)

Bl 197G HIY o 24 R deiofpdh S8 %R 4292 BB R Y funid o

RRF3 e Rtk o B 19WH S IR 5404

3 B B i Sl R
3

TR 2 BT @ L (et (6) 97 BB BRI B B R

énhn
\-'-ﬂ
St

ELT G B ETHRIET G L RE 1 T o (20) 077 e

v:ﬂxzss (20)
Z -7

Va3 R hihFE  Z 53BN RIF Ly, B 7, s 3R ) BB TP F
T oo B s IR s BT B FER
26 1D A8 £& 2% B /2 4 % (Introduction to 1D View
Synthesis Algorithm)
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RN R 2 AR HENTOR R ) o HY B R KRG 215 [30] - A
it MPEG 15 ¢ sk #r4k ieh T B s 2 4% #i (View Synthesis Reference
Software (VSRS) | 3. 0 5= 2 [19] % & = & AL L% o
2.6.1 VSRS 1 M&#-3% B& (Assumption of VSRS 1D Mode)

& VSRS | gt ¢ o B2k 4p 8 sk ih(Optical Axes)-T 7 (2 1§ Jf (il
P s (2.2 &)apkin™ > A e g1 & o 58 (Formulation) s i &
W] RN ek o

a. & B AR B S el (RO$Rp e

b. # R FECHE>EDT T, S0k

C. z,=z, (T #v &4 & Virtual Viewpoint » = % r # £ &_ Reference
Viewpoint)
d, g\'u /F‘ FK kaﬁ‘fk_l_ i#f‘ ’5;3 i m’lﬁﬁbpx H> jﬁ. i~ #% i

ERIEE TS R Y R S S EECIDRE T R REC TR

TR AR R R R B T Rl | S T F R A R

XW
u f, 0 u, T, v
zx|vi=| 0 f, vc><R|Ty><ZW
1l |0 0 1 T, v
1
FQDE 2z ZRFEE S [u v 1] 2 1A 42 % 53 = (Homogeneous) & & »

f,rfA%5iupfev? e 2 R L > u ~ v, 5 7 < 2L(Principal Point):n
A > R E e [TX T, TZ]T se#ed o [X, Y, Z l]T » e AR

w w w

e BLEP T R o
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26.2 1lmpd 4B £ = (1D Mode View Synthesis)

Input 1mage

Y
[ A: Data Filtering and Up-Sampling }

( B: Forwartl Warping )

( C: Merge )

( D: Hole Filling )
Output image

B 20 lxapdARELE =42 H

\’l

A

b

@}J,\ Pl I 2.2 84020 Sanpd® o R ER LG T2

B 20 A H I o HR s BRSSP 5] YUV 0 ¢ R
¢ R e A L R IR R o Rg ik e e S ik aF B A (Precision of Pixel)] 1/4
# %% (Quarter Pixel) & 1/2 "B ik % (Half Pixel) ez » 303 & a2 P~ 4k
(Upsample) e85 iF o

Bl 20 hBH > 7 5F R (22)1F L phaF N o

f (T T
u =u +M+d —-d

v r u,v u,r
Zr

# ¢ u 45 %% B (Reference View)ehk - 8> & u, 2 H f ik SARLEEF ¥ LB

i

N~

£, AU epEEE T, BT, Auls BEAEE 2 Y RAcHs R X v i
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Bl 210 wmpstiiendld B § R ik

AP ARG BHEARLZF IR B R BRI R e
Bl 20 c7CH Fo 5 & (Merge) # Fe 5 42 & 58 o pa b e ik 2 4 £ & - 38
A m BRAREER e B B 2 2
a. Z-% R % £ (Z-buffer Merge): £ 3% 3t b 5240 18 B 1T N8 o
b. T iaik £ (Average Merge): 65 & SApts— BHEE Afpter @ BB R
O HAP B AR S cnEEAL S B o
c. i ¢ & (Adaptive Merge): % @ BAR IS 2 R B4R & p eniESE L AQ
- BT @ (Threshold)pF » RIE* b =372 » ZREY a3 2 o

S 22 B R C RS L SN BB RIED o
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A " B
B 22 A BRLisendid B B et iR
B ts 0 Bl 20 0D 4 Zx it F (Hole Filling) s i+ - iz 5 & (Merge) &
FRZLEGRAFLE RS R RLERRS > § FREEEPVG BfEFE
(Aol 22 %29 B BIFR fum SUB Bl hik A ) - Bl g * @348 (Propagating
Hole Filling) == ;% & diad o B 78 0 YUV444 & = YUVA20 5 ® 4o % B 6
- B R B RaTE o g B JER R Bk (Down-Sample) s iF

Bofs 0 3R 23 & Bt =k Rl i o R 23 F P A g TIEHE AR 22

"ml

FORLIF b S (R SUBEIRSA ) R 2R R -

B 23 A = E
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%3% Microsoft Kinect 4 % (Introduction to

Microsoft Kinect)

Hegc (Microsoft) 2 2010 & 11 7 4 7 - A8 K E -2 & 5% 24 5" Kinect for
Xbox 360 (# # % Kinect) » # iz % # #73 {7 e Wii > Kinect 15 5 #5942
ST 0 R PRSP T OLLIERR Y K R ki oA T o

2011 & 6 * »jicdicff &1 - A% Beta %<7 SDK> ¥ 8 * efg ;8355 7 CH+& C >
Hez AP E > P P2 HFFA{AmMRAP e E{AP 1.0 F2 L
Windows 8) » & Kinect ¥ 113 { *~ L7 7F o

Hegep >t 2012 & 2 7 1 p < HiFEiEa Kinect» & 5 Kinect for
Windows | > & Z @3 47 "at k2t Kinect b #4 s # v Kinect for Xbox 360 #

2L Fopme g FAAKinect gt o 4p 5 A ok Kinect e * g Ax kA 5 o
3.1 Microsoft Kinect # AR E R FERARAZA L

(Microsooft Kinect: Basic'Operations and Software)

B 24 Kinect for Xbox 360[13]

Kinect =& i1 & §i5:F Kinect ensteg 2 2 2 B end sUh L7 (4B 24 #7
Ao ¥ BT RGB 144 RS ¥ MBI B 2 T L84 N5

iz oh st 5 B (IR projector) 2 iz vk 58 CMOS ¥ B » & B ALEE#E-FI F 3
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FdpIng By 3D FEA R o 3 EE 5k LA (Microphone array) » ¥ #3~
L gl IR A %ﬁz’ St s hfig v ET EekanF i o RAEG S E LA
e Kinect enig £ 7 5 7 "sE ¥ H £ & cKienct 3w et 4o % 1[1] [13] -

% 1 Kinect 24 £

54 friF BB BALE
N O Y
BEE
et R AR §
% 24P % “tF ¢ Xbox 360 £ %
KTAREE DT R
€8 AT 43 R
LR FH AR L8 B
P BFREREFE:L2M -
4m
R REE: 320240 @ 30 fps
AL 24 R EE: 640x480 @ 30 fps
B3 4L4.:16 bit @ 16kHz
T EESERG L 0 8§ 2 4 s i
EHC
2 BLE S £ AV g 20 1B gk
it 2 Xbox LIVE Avatars & # + $
B KRS
L AEBRGER
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w3 '}}i"‘,fﬁ it

LEIRFS

Pandf PR AR o™ 2 > A REF A5 TR, & TARMS ) 2

s

[12] > #4538 F FHRG X FRFA Ao mIEF Rz A~E R
(coordinate measuring machine) » 23 ;8 & f1* FEkm~F A > L P8
W ¥ @ ¥ o= & pIE(triangulation) ~ 1§ 6 4 45 (structured light scanning)

pF % p|BE(TOF, time of flight) < Kinect @ * e jp| = 2 2 T & & %45 | (light coding)
enP i > BB Mrg A & )% F stk sz (laser speckle) e sV 5 B ahde B8 A o
BAOMRE BRI A G P BEEF Ok A2 RF gy TS
(diffraction) > & 2 Sg48 chF Sfaa Bl > F2 2 47s o frd L F B R s 4§
EEFED O WAPER AR > TEI TS i g o BT R 2 PR
FeE o b fiimd b A CMOS iR BEL b T TR chmmEho d B Bt E
{6 A2 IFRRER o

3.2 Kinect SDK 4 %(Introduction for Kinect SDK)

Kinect for Xbox 360 1 & ¥ & * »> Xbox #5548 + & > £ & 3= Kinect i &
FT e BT 0 F R BE- BT L kSRd Kinect o Azt i * T Kinect for
Windows SDK ;- # # . 5 #f 12 Kinect SDK » i 2% = eh5# T 5 » 4o OPENNI -

f1* Kinect 45 f2 Kinect SDK» 2 & F N F 7T & S 7 o

a. £t 3% Kinect B s B o 2 ch A gk B3 B
b. P4 RIS K ES WE AP BIER DR FT
c. A I eI
ATy A& S D AT R o
Kinect SDK & 3k 3 2 & ¥ 4] * Visual Studio 2010 45 fe C++( & ﬁ HCt)>

2o & e Window T enIks 0 A& R FIA_G #fe Windows T i ih o gRa
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API(Application Programming Interface) %k i * o H i ¥ meil #8 7 K2 % EiE 42

7 %4 [11][13] -
Kinect Sensor

y Image Stream L
| ) T el S - r

\ Library . | Application

:
A Audio Stream :

B 25 Kinect & s e\ B 28 47 3B

Yvyvy

Bl 25 5 Kinect & gt A28 B2 B ehfd (B > ¢ 2 Kinect #1423 enFal e i
¥ 3z % NUI(Natural User Interface) » 2 i/ ¥ fjig * f250 chff B4 $Hig it ¢ R
R AL
% 8 % Kinect APl 44 e BAr Bl aF ot - & 28 8 NUI = 451t e
# ¥ (A C++p 5 Nuilnitialize) » i e %4 & 2p R & ot 873 FAL blde
¥, ¢ B in(Stream) ~ BIER P i~ BIFE T RIMEL (Player Index) # iige
AREFRET A c RS RY AFE XM E TSP Kinect( & CHp
NuiShutdown) -
7T kq1* Kinect SDK p g e kx a2 ¢ B ijep it o e CHHP H_i¢ *
NuilmageStreamOpen iz i G058 » 425 ehddee 3 B0 Al (A EmER LI
B~ BB o fEr B (- Jé,tfa"?i%?a‘& 640x480 + /| ) ~ % b F BB (- W T3
Bk Rl E R AR BT U A B)EFE o
x4 lﬁmfﬁﬁ@;ﬁféo
a. - &
d Kinect B~ {8 1280x1024 « |- eng2 ih® > A i3 3% 45 NUI 2 = g £
2 RGB & ¥ B & NUNR TR £ B8 R" 4250 - TS L8
F R SR AR HEE o T R end He (Frame) ehid R T i

7] 30 FPS(Frame Per Second) » ie 5 € "% i< o
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b. A&
Kinect {8 3] ¢ fh# 57 GUR %S B 4 836 NUIe B o s
EFHERTF IGFPS, ¥ FRRA NEBHTF -

- Bk AT s d BRI S 5 640x480 f24T A 0 4 i‘u{;ﬁ@ﬁw

G- AR e BB E S N A LA B o

a. #1349 #-7] (Polling Model)
B A2 28— B efed NuilmageGetNextFrame » # 2K 2 48 i~ 2
wi%%wo%%ﬁ%miﬁfgﬁiiwiﬁfﬁﬁﬂ’éﬁi
%%@N%fT’E%Tﬁ@Mo
b. % # #-1] (Event Model)
AR HY R R R g B R TG
NuilmageStreamOpen # 3|37enFitais > 1 ¢ A4 - BE 2> & 7wt
v1 NuilmageGetNextFrame % P~# & 5 o
TR AR E R AR ERC R R EFAE] 6P TR H SR
AT R Y U E B RO R e
¥ =8 e @ * NuilmageStreamOpen & B &S 5% > 12 S g B T s 3

SR ERFIRRGE e E B F AL AT AR N dek BRSPS EE

# NUI_IMAGE_TYPE_DEPTH i35 B iFF L i3t e M e ]2 B =~ (bits 0-11) >

His 4Rl AR g ¥R g R ik ) F 5 640x480 ~ 320x 240

80x60 = f8 % /) (- 4B ¥ @ * h % 320240 );4c % R T AL A A

NUI_IMAGE_TYPE_DEPTH_AND_PLAYER_INDEX > B|#z 4¢3 3 i+ =~ (bits 0-2)

ARG FIAD AL FIFETFE > a SR TR O s ] BRI

320%x240{=80x60 % f&+ | o

it o FREPA B APIRAGER FEL LT TR EY

[11][13][28] -



3.3 OPENNI 4% 2 3 F & F 4 # 5 &(Introduction
to OPENNI and Camera Calibration of Depth

Camera)

OPENNI £_d PrimeSense i #cf# 2cT 5> e OPENNI 4 ¥ ¥ ;2 5 & 3% Kinect »
ST SR % 1R % = 2 SR 425% (SensorKinect ~ NITE) 4 #c @ * Kinect » #7121 % %
#g A2 Kinect SDK #g 52 o £ Kinect SDK 2. &+ 3 & fizeh7 e > 4o: OPENNI #
ﬁie?l LR (4oB 26 7o ) 2 OPENNI 7 # 3t 5 A e i® E % 5L

(4r:Windows ~ Mac OS X ~ Android %)% % » e/ 510 2 5 552 4%

[9] -

o

&
9

Bl 26 b RE i

Kinect SDK # &2 EF F 7R B Bfp s 28 (43 4.2 &) o i d 3t

OPENNI ¥ §i5 1 i b2 g2t > #r 0 2V i # 02 . OPENNI endk 8t T » @ % ‘b g

=

otk & RIARHS Sl o F LA S R A SV SR 0 F 0 I B ek R (e
AR RS A o PR G B 270 £ 2.1 Hepipbien > APy
5w IREPE 5 (do] 28 07 ) o HEE B (Ao 20 SR ) & pl AR B A g -
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The red crosses should be close to the image cormers

Bl 29 fracEis7 A
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%2 BB REER

Focal length Principal point
f, (pixel) f, (pixel) u, (pixel) v, (pixel)
595. 45 594. 59 314. 85 240. 26

Distortion coefficients

kcl kc2 kc3 kc4
-0. 0812 0.23488 -0. 0038 -0. 0005
BREv4Y 4 207 #[8][10]ch % it AP mikEs AR 18
,:.ﬁﬂgs@[fﬂp\
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¥4% AR R FERE B ERE FE R
(Depth Refinement Algorithm for Active Depth

Sensor)

Left Kinect Sensor

[ wewk O > AmEAm -
| #EBR O

y

_){ C:;‘%S%‘;H%Ei _){ Ak

A

| Beps ®)
| REPM R) O BmAAm

Right Kinect Sensor
Bl 30 FEEIARR
4@ 30 17 0 A 5 Kinect B s BA L & AR i d T FIET M 0 A1
A5 Kinectfjf‘u’ﬁ BEgd Pipas SRR G A A SRR AT 0§
* Kinect #7475 cHR 3L fE47 5 4 BT A w IR A o
1. & 5 Kinect zZ FFepfl i % 3B 3108 SRR EFA B id
ShAp R 0 A FHE OB G ATBES PR G 2 A

REEENZ Pl Bijcdlakhidtbe 3 L8 Pl ok

R d X2 ”‘f\*ﬁ Z8

B 31 & 5 Kinect g & BH T & B
2. Kinect 424 Apts ez B RAp 5 enkoE (Alignment) B 42: %% B 31> %
2 sKinect BB E L 0 424 Apthsr BRI R o AP
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Bm{% ‘HBPF‘%R»iFﬁ%?J %?ﬁ%/j’g%1 ’h"l‘u'\'/ 'J%&-%F\:
’?L‘ o
3. Kinect & i plepkr (Hole) ® 48 : %4 B 32 cnf FH > 82 4=

ke G Kinect @ B 5 N AR FIFFT AL > P ipplF L TAL

% 4 1 Defect)

B 32 BiEE i

4. Kinect R4 iR AL S5 B 32 R ER o RFIEGR e o

=

73] Kinect p 8% PR 4R BRAHAS FFEF - KT 2 AL

Vil

o
a\

P BRARE  FRPEE AT T
B RAE A 30 eun LW ¢ b g fEEIEE F ey o

FP4E 1 A& T4 AJZ | (Calibration Processing) i ¢ $54a i ~ P84 ~ #

X7

N

e B2t v N EE A 5 Kinect 03D Ao b ko ¥ u A A L Kinect

g
Tfﬂ:‘
‘a\
e
]
e
i\4
)
2
I

A d WA 0 B 30 P APk FRE S RD

T sy - R h A RS e

\\\
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ROAE 2t Kinect s s B -3 4 A B LKA wx 7 B fRiko &
M ke A2 | (Alignment Processing) shiB 2 » 7 12 j2 495 ¢ B B iR H 7
fe (Mismatch) ek % o

A3 2RI 458 " FFFfecd ) (Depth Image Refinement) ce2 »

GRYEEE ,}J M A S BAER Gk > BERBORIFERGT L

4.1 %3¢ F i i (Color Image Calibration)

Left Kinect Sensor

[ wewm O Pl AkIgm

| #ABE O F

-’I\_ C: REWIRX H WAL A

%
| wepn ® | .
| FRBR R T BRBAE

Right Kinect Sensor

| ALABEE > AZEBRE —> A3 BRKE
Bl 33 L eI A2 B

ol 33 4rF 0 AR AR A BT 2 T A 5 Kinect 2 YR Gl

AL 0 A B AER T s 2A B3 R AZ(Sub-Problem):
a. A o Kinect 2 Fend a7 B A B %

b. @ o Kinect gg ¢ — IR{E R 38

B2 1 SR FFE AL HFeipiB i n o 0 E R S AR e 0 Sl
RN S SAUA S B R AR LS R oS
Bo2.28¢ A3HBOBGRE > T RS SAPP A AZFY ST X RS
s AP e IR S R R AR e o 2R H T L F A L Kinect &3 3 F
PRl o0 iEd RS P 4Eac

B2.3&Y P A2H I AT 0 AR AR IT R R AL E R

o B AR ATRARE o
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B 34 Kinect 2 4pfekih™ % hd £ L7 L B

Bl 34 vmigg3 &% k- SKinect gl rk/h™ » 2 Al & § (F 3%

pau

BMAED g st ® 3 5 Kinect X fap d ARZEHE X > FREE DA 2

Kinect 77 ¢ — RILHR AL ) A AT gen > BRI A mBARBNE = g i

3§

T

>
N O
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42 B ¥ ¥ (Alignment of Depth Image and Texture

Image)

Left Kineet Sensor

| wewr ©
| EEBZ O

C: FRPIR oL

[ pEwe ® 5 Bimam

 Right Kineet Sensor

B2: mREER
i §%

2oy KA

B 35 M EJTAEE

[Bl - 18 7 SDK s #¢

Bl 35 el iAo 1 B ER A B EARB RIS AR et R e B e
Ao gt F R AL Api s BURAR L B en & iES A 4ale (4o @) 36 2 W 37 A1) o
01 g R TKinect + RGB #4822 #5740 18 cnie 2 (Alignment) B 4E | 7 11 £ fw A&
== B+ R A

a. $24 fpis e BIFEAR S O EFET
b. T4 AP BIFIP SR T 2B L

c. W ApEEFEiets oL

A B

B 36 Afid B Bi¥ R IER
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B 37 d @ 363 EFITHE

a~b-cz BRAEEE HonfRipns L0 3 A 55 (3D Warping) - 11
FRFR A ST Ap B enips Sl A H R OB R G B RER L
PRI Pl o 3 ARG T 2.1 Hen? N REF Sl BEAE A
Poerdp s Sdier 2 B % X PR AL RFELE R ER s B et 18 2 4o 38

e

Bl 38 ARIEALTEDG BRDFafid Bk
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PRGN AR IFRN 0 Fle RERE - BT o TG AP h B IRE o @

EApPRE S L BE R L g a2 BB P AR > R 38 A

TEEPE L I 0 TR R -

Bl 39 AFZiFRIERaEdGER G Bz F el w e B 7R

Bl 39 ¢ I 32 i 7 KGRI T o SR RSP RER 0 T ORR I hR

“0

R 29 iy A TAEA i T A R IRBI P A S A LR 0 A
L anas 872 % 2603 & B KR 38 L F A4S DB AEED T 0 B B TF G
B R FEAN BB R 0 (P ] AP AR B o T A P 5 Bk
fRiE B R AL ¢ 2 1% SDK et (BD) R f#idn S4ps BEEE 2 ol 42(5
Fia)  AFLs g L (B2))RfEiLde =# L (3 FEDb) 3 gk LA (B3)

KfgA-kT =M £ (FFAEC) -

421 # * Kinect SDK 3 #h4~ # #& it (Initial Calibration by Using

Kinect SDK Function)

FATRIFEREMEDS FFMS L7 - DR SR T 0 5 S de
HERER o g W R A aip s S kP o S el Kinect SDK 22 -

B & 34”7 NuilmageGetColorPixelCoordinatesFromDepthPixel” (C++) » i& S B ®
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RF Y F e b @A s R BRI B AR @k e B

320x 240
Kinect SDK

Function

640x 480

B 40 F1* Kinect SDK i3\ i~ & o

24 B 40 A Rty » BIFR G 320%240 4] - %16 Kinect SDK a3 -
NPT e iRk B P PSS B h(640x480 )~k < o[ e B 40 B 538008
R H P ARG - X M AR AR BIERIIRFEL DR IFETR 0 APF
24 %‘M\ﬁf‘u{‘/‘l? RIFF M 2 o

Bis o AP EEE O FIFET NGO R ESR T 2 TR 40 B R A
BB & MATLAB p shdicie (4r@ 41 #777 ) o

¥ U {«g—g 3]«'%&/,,\-,‘,235 %,j’s';?;mmﬂh @—‘r‘;mﬂﬁ ¢ i g ,;3';?;%44’ EESVIEN
PEREREFC RRETAL R B AR T AR 41 F R - S
R RIFF M i3 )I&{f,fz‘épié v 3 F L R HEA > @ EAT R g R
Yo@] 42 #7m e

B ST B B8 RFERGLETI P AP d ORAL B S
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BA WG A W ek main = | L Noveid ot er AR -

132 133 138 135 136 EEE T 13 140 141 142 143 148
C 143 uz! o uz g 128 a o l o o o x
) 143 [ o ] o ) o | [}
o o 143 o 1 o [} o o
o 143 143 o of [ of o
] of 9o o o [ [ 3 [
] 143 1a3 o o o o ] 163
U' o Oi OI o) of of U. o l'{ o of
o a3 o o o o 9 o o o 120 o
o o o o o o o o " [} a o
143 143 180 1?1
o ! g
143 14 180
o o
1283 181
] 23] 1 1 1 181 =
o o 9 5 o o 9 o o 3
o 14 [ o ) E o o o o
o [} L) o 9 o o [ o of o
[1} 144 of o 1 o o a 0 o [
] [ [l 9 9 o q 9 o q [l
9 L L| o L L o 9 o o o
o " o o 2 o o 2 o o o
o 143 af o o ol o ) o ol [
a | | -] o o of o o of
o 143 o ] a o o o o o
9 1aa Cl ] 9 o 9 L o o
o o o o o G o o o e
144° L] e [ n " [} [ [ n - &

Bl 41 B 40 =h- & & MATLAB ciicie B




B 43 7o 3 pACKT & f - E R RRRIENI Be T BRLG K

—=h

TR B oL o a[21]°0 BFEB SN S Fhop Al S AR E R D

AL A frdim 4= & (Lens Distortion) % F1 % 2 taph bt v EE ifen 5 22 B & A

-
EWS

g o
B 44 ¢ > C, dp izt S CMOS B I B~ C o dp 47 ¢ Aptf~ f 4 BHEE
liepin e 82 77 BRF T & w2 TRAE i | AT BT R b ALK

ME o AP IEd Kinect SDK 38 7 ride FE R G Cy o K FICy, » 5% B 43

chit % » Kinect SDK & 3% pchdi B8 % £ 4 4o g g o

B 44  Kinect SDK & 3% 5 #p ehpk 47 R, B

2w 2 j i Kinect SDK vzt ehie* » E3EC BT A AP =Y >

4B 45 Ao e

B 45 Kinect SDK &3V pk 84 1 & #2401 7 R B
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B Chn LAFAE > D' LERABE D 2 B PRRE 5 |, B%

AR A ST T T EL R TR

cmos® . Cvirtual ‘/C’
~ -

1
Bl 46 AR R Thig S L P IR T LW

BEh R FR B E RSO R 2 Bl o AR 46 ¢ > W3l 1 o
B R TARG 0 FFER s SO S FRPE] o B CMOS i B E 0 T
Tt 2 B A A o S 2 R BT AL S 0 b CMOS B R s
BRI mEBAR B ITA L PG
422 B iF¥ L2 & (Vertical Calibration on the Depth Image)

Bl 43 ¢ > FMAELE 3w 3 TROERF L > LI FLEI AR R
Pl > T A BHELLE T S - BB P AP 8 Rk
i F BeX P ORERE o 5  E2 E A Y 5 A8 % % Rl (Edge-Based Estimation)
fr 2 >t £ 82 % iRl (Shadow-Based Estimation) -

A A E S R
F4[22]e07 AR KE R o HEGE I R B iFERE * A (23) R K14

b i 5 B o

~ d(x, y)—d(x+1,y+1)|>d,
IsEdge(x. y) _{(1) |d(x,y)—d(x£1 y+1)|<d (23)

m
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B ood(xy) 2 A RHANREE d L - BRRE(APaEkd

100 27 ) o B 47 5 1% 5(23) #7188 3| cg=ho i@ G B e o

B 47 FFE e BiA~ 4o 5 B e
A PRBZIA G GRT PR R R R L8 5 AT AP
FFF GBI REE 2B DA TR B F S (X y) P ERE
Xg (%, Y +K)(k =—6,-5...5,6) $8 & i £ 18 & (Candidate) » #3424 B-x (x,Y)

AL TARS e LEE 12800 E S A sk 2450 (24) -
CV (k) =UD(K)-UW (k)= DD (k)-DW (k)

124k 12 2

D Clx;y=12+m) > C(x,y+m)
UD(k) — | m=k+1 _ m=-12

12+k+1 25

12 12 2

D> C(xy+m) > C(x,y+m)
DD k — m=k+1 _ m=-12 24

(k) 12 -k 25 (24)
UW (K) = 12+k
25

DW (k) =1-UW (k)

B o CV(k)E =~ dndic C(X,y) A ikZBa(xy ki - UDK) =
= 1% B (up-difference) » DD(k) & © = % & (down-difference) » UW (k) 5 *
= e £ (up-weighting) » DW (k) 5 T > &g £ (down-weighting) -

Bt e % B4 Ac B 48 wrE o
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Bl 48 s 0 A S e

n\—'r,

R XS A%
A A e B G R s RGBT B X PR SRR A S
B FPRKk>0mgh kPt T T o hfE R 48 ¢ T edE B2

S b #3016 BHE (N 3B HFE) e

L1482 % b (Shadow-Based: Estimation)
Ml era 2 APy TR F- B BZALRHETL

S ehFRE -
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=

~ml

SYH 49> T LR GA P EE RPN FRHED S S D mhE R
g\; —?"J-';E‘l; 4’%% eréﬁ'}@;'J rﬂf_é_ﬁ o j—\. |]?3 f‘?‘ L= .‘ * :‘; Z%%&fé—‘g;/ f“:", /E'J o

G 49 ¢ S pE Y ¢S S Rt R

o

Y4 03

%3 i pEOHERR:E

Upward Pixels Accuracy Rate
0 0.9818
1 0. 9866
2 0.9894
3 0.9904
4 0. 9887
5 0. 9854

H ¢ ®rr% (Accuracy Rate) & & 33%(25):

Correct” Depth Pixels
Tatol- Pixels

Accuracy Rate= (25)

%0379 T ANLE B L UBREADER B F o - BB
L% 4 3 BifE 5 0.0086 o B R RSB RREEGBRNERPE L

PES L EE T T -F W
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423 B FR §en kX #& i (Horizontal Calibration on the Depth

Image)

E i i N

LB RGBT B

- 2 PN 4
L8 R (S an R Bl 2 Iwrtuall

Bl 50 % k!
PAEAR LA R BT

[RESN L dN

- A o> . 2 = 3 .
TR RipAR LR AL T 2 o BRI B

T gyl o0 T A2 58 (26) o
f-b (26)

Xiirtual = Xrgb +T
27 X # i £ 5= B Xigy = X 2= g 2 ¥R f &L > b
BmERAR SIS Az Bl E > Z L BRE o
SRR KR GRID e

FlE AP g b e enE A5 b s i g i

e BEADIMALE > BT FENNQRT -
b'=£ (27)
f
TR O A EREF - FRROEFESARGARLEORE 1 &R T

\\\Xr

. CMOS £ Hof fis B 42 i 7 055 S BB 20 551 2
& %\ 83 ﬂju& LA

YR 5201 % & Bl A
mFAP PR ;3

m& B2HIEY o JLCMOS ¥ g s BT
PRIV AW o APR T L] H I 243 T

FEm AP B K

o
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343> L A HFGILs R S ERBIIN AP E) o A I
Gy BBl 7§ F LR FERE 2RI 3HI - LA

§ NI R R

B 51 i el RE B e

virtual

Bl 52 ApisEF ot LB
LS R AFENQ2T) 0 BN REEROAR > ¥ REFEARBH Ti5E o

L4 AmERi

Distance(mm) Disparity(pixel) Baseline(mm)
900 7 12.16
1050 6 12.16

50




1200 5 11.54

1350 4 10.38

1500 4 11.54

Average Baseline Length : 11.56

B AR LB > XAIF BE N RAME T IR 5] B kAR
B3 #i > I LB BRI B H B % 50,9987 Aot B B AL 24

(e 3957 ) §Hf L%

B 53  ARALZ B RURT A 1S R i
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4.3 B IF¥ §scig (Depth Image Improvement)

Left Kinect Sensor

| ERBR O h

[ wevn ® F
| ERme ®

C: ;.:ggz’!;& I; " '3" N

Right Kinect Sensor

C2: 34 Mk B C3: R 6,3

B 54 Bijocigr s Linsem

%% ® 54> ﬁiz’?%@di%ﬁﬂ?’ e R GG G SRR -
DRSNS TR SRR T T -0 NEE A T

AP RE SRR A3 B

a. FIEP oo e

b. A Tk R AL

C. FIER RN B2 A R

B 55 oty e enh ATE & W

4@ 55 4T 0 KAT AT S4 mf MUOs o BokfiaiBgd LE A § )

NI
A
<
3
S
=
ha
4
e
T8
o
?“‘

e s gl Dt ey (C% 2k fa ik
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LD A m R0 A (F24 Bt M) ¢ 7 - ~ HBUF @304 F 5 Kinect &
P R o rra A T ik Hald A (C2) ki #& ;32 ¢ H_
FER MR A 0 X DT HRBIS B DAY R FEL DI BN ] RS
A EBIERPN P frent o)l 2 b hipa AP A Y g Bl BIFER
(C3)H 4 42 ¢ F ik bate 36 14 B 18 -4 5 097 ¥ B (Pepper and Salt) #2.3

g Mo f@ypmk | (C4)» 7 3P B d o
431 e e imit Bigs R FE e (Noise Filtering by Using

Joint Bilateral Filter on the Depth Image)
¥ 51,?1“% WM NINA > AP R B4 e At B (Joint Bilateral Filter
(JBF)) ié;‘),@*‘,% o A e atH T (Smooth) ik B > ¢ FRFFR Ao
o B Rt BARRAINAF AR T E[23] I G E BB
Ao b oendiT 47 & (558 (Domain Term)) 4w if B2 7 ek & (photometric) &0
#0242 & (7§ 7198 (Range Term)) > REAE 4% o 5 ot dy o
Afarig * L e Al B1241(25] “,%éé%*v?%’. =S -CR A  rl LR= e .
Rt s PR Y g A d i R BP0 PSPk 3B
BFH(T RGB) » #r B & o gk BF 4322 38(28) -
57 =" X 0% f(pan(? ~DPr1* ~1*pad —1*hoq* -1°)
4e

- 3. (oo~ - 1)
qeQP
He > DP Sk eatenta @ KPETRE > Q5 QP RN chid B

(Reference Pixel) » DP & _m4nth® & > f(p,q) & 28 #74-3] (Gaussian Model) ™
G 0 () 5 RFER d 2rEEAT D FET > A r() ~ g() ~ b() A E A

PR3 B R ABATHA T RM on AR T RATRIFETALE S AP
*R(p) Rflid-% o H¢ R(p) 7 * QDK EF -
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R(D) {(1) peunl_<nown (29)

otherwise

W QAR TR IFT B > APRF Y RO o (30)#7F o

f(p,g)=0 if qgeunknown (30)

PP H? - 00 FF iﬁ"‘,ﬁ%éi%&«ﬁﬂ%?“&%éi/ﬁiﬁ»%é i % 4] 56 T e

A B
B 56 Al B4R B E e mik 15 B0
s A P43 B B PRGBS BB | B & kit (Gray Level ) § o
@I E et Bl 2 L RO RSTHR
A B S ek B ARFER 2 N e (3D AT e

BP - R(p) z D f(p, Q)h(HDp DqH)gray(H|p_|qH)

(3D
= Z f<p’q>h<HDp—un>gray<uup-w\p
qeQP
e gray(||l - Iq| ) & ATER GBI T SpE BT RERA TR AR
T2 LI T RS e
h()=r()g()b()
C2 CZ CZ Cz

eXp| —————— |=XP| ———— | XP| ———— || —————

sigma_ gray sigma_r sigma_g sigma_b (32)

if sigma=sigma_r=sigma_g=sigma_b
sigma

V3

54

— sigma_ gray =




A E LR he®] 5T H W 58T e ARSI G (2 d mAED

T A R ek BUF A AR D § f BT A - R 59~ W 60

o

SRR S S N B L R A

R

W 57 WA pA R T LB AR

g

Bl 58 BiAEepARt 3BUE DI Hi

Joint Bilateral
Filter in gray

domain
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Joint Bilateral
Filter in RGB

domain

B 59 B 57~ B 58 imatt (1)

n
Joint Bilateral

Filter in gray

domain

Joint Bilateral
Filter in RGB

domain

B 60 . B 57 - Bl 58 mit:t #(2)
432 % W& e gk B R R IFER Gt ik 3L (Defects
Reduction Using Joint Bilateral Filter on the Depth Image)
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