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ABSTRACT

Recently, the virtual view generation method using depth data is employed to support the advanced
stereoscopic and auto-stereoscopic displays. Although depth data is invisible to user at 3D video rendering, its
accuracy is very important since it determines the quality of generated virtual view image. Many works are
related to such depth enhancement exploiting a time-of-flight (TOF) camera. In this paper, we propose a fast 3D
scene capturing system using one TOF camera at center and two high-resolution cameras at both sides. Since we
need two depth data for both color cameras, we obtain two views’ depth data from the center using the 3D

warping technique. Holes in warped depth maps are filled by referring to the surrounded background depth
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values. In order to reduce mismatches of object boundaries between the depth and color images, we used the

joint bilateral filter on the warped depth data. Finally, using two color images and depth maps, we generated 10

additional intermediate images. To realize fast capturing system, we implemented the proposed system using

multi-threading technique. Experimental results show that the proposed capturing system captured two viewpoints’

color and depth videos in real-time and generated 10 additional views at 7 fps.
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Fig. 2. Pattern images for camera calibration
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Fig. 5. 3D image warping

o2 A ogaka, o] wFel LA WY &

#2lo 2 Agof Gk olein o]t ey

Yol A BdAss #AE n@f& . a8lw

s SR BER sk wsidEe] 2

2z Tﬂ—ﬁ]]—]i oqzul?__:ao ]_‘j %g}ogxol—jﬂr %%l:} 5“
s}k

AEs) ol 5T 5 olek

Hefgzel 2oy D=0l HolFy
{200x200) (6403480)

AR EEIN TR || creazmaaay

(Ap. A,
Ho[@ga RE
AlEolEs golgdel B3 HE

o) 77 B2A =

1—rv

HEEY (6402480)

DY =0 HOIFH (640x480)

a2 6. 2HHL Fhel AR Zloldad A4
Fig. 6. Depth image acquisition for stereo cameras

3.2.1 3t HEE o|S¢ ol A" ol

Ae]odAla) 2o A]He] T zZlo]gAre 3Es)]
SalAE 32481 9198 o413k Aol o] Atk
ol Aeiod A} ol Aol sl Aolr} Amw,
Ao =S 142 = E2Uck o] o, 7+ °é‘
ye) st 2Eglone, ﬂvﬂa}-"% Rl
S5 ool A () o

P
o,
2
o
S
i)

A"=soA'=| 0

244

047W o= o] Wi TpEE s2 ALY st
= oxxtE Aosla, AedAlS thAlZElE v
s=1/4% A} (Nl dislste] 7he=t - Mg 24

fl

ghek. olojd] alsh 339 9L Stel AHa
Ag8ha AR WY ol83te] AHo] o5l Zo]
dae N5 T 5 3lvk

3.2.2 AIE olS3t Zlojeislel BIBT A

3R] e Bl T Al o A
)5S T 7 8 73} 7o) HlFRIe] WAL F
el zlo] Fpietelln] 5 Ae) stz 2 &
st AAo] 150y el Wgate] A , Hile]
7%, AAe] 28X Owel WEA] AR ol
b Wg7e A} Fhllell 7R 10D

o
wA A

gl 7. Ao
Fig. 7. Hole regions

of“r
rz
o 01:1
L

ue to viewpoint shifting

3.2.3 Zolgiatnt Zejeazlel | x| =
ol QFe 3L AT N A
ol sl $1307t 2ol shzke] Zoledak
¥zl o) Aol 5 A mole
oG H5T S gleh s o] Fsleleld
59 golode B9 wabe Aws 54 7

| weh Zolgt ©57h 23 9 4 ek olela
20lgk o5z s Aokt 2oldartel A
7b wdAlshs AE AR ¢ gloh ad 8
ols} R AAP} A o wa Holek

H\L mlo mlo

d

o

www.dbpia.co.kr



) AR AL FheEkel ARate Zo] FheEhE o] 83 vl 9 A

T3 8. Zoldiat A dizte] AA £
Fig. 8. Boundary mismatches between objects

=
o 78] 93} e WS o8 4 ek WA A
A o5 el olgslel AAljele Ay

bilateral filter)& ©|-83}o] ZoldAitS HAIZ] o
Ao QAR olghe wATRE ol e
2olgk 57F e AN M) ol
o|Z qlal gtk daldE &Y 4 olrh

PR
.
f
-
<as g,

PR
.
.
- <BATETBE LOIBY >

) (o= e BS, jointbilterd ften

<zolzy> < Zo|gaol A B4 > < ZATHE BT I >

T2 9. At doldrdzte] A 1A
Fig. 9. Object boundary compensation

v. & Zyt

4.1 ket St=siof AlAH

SkellA] Argdel Al ofefe] 5] 103} ZEo] A
Zhelletz AR} Toke] Asiate o] shdztel

FErol| S1AI3F sl =e] Ae st 1214 3
How Ak & dellA AR’ Zlo] iRt
A9l B (infrared ray light)2 5 o o83k} 2
H 10(0)= Z 7h=te] 7RSS el o=,
zlo] 7hlzle] st 2R AT = F9-o
2 7hllels 2 23 5 oS Adsliof gk
ntef zlojedatel 7M7Y 7 el Azl szt
TSNS EFFEIA] Steb, doldake] 3kl ¢
S Y7 ZoldAtelA 1% rPAleY 225 7}
ArElel Zoldxmrt $ls de] WA & 9lrh

4.2 Xekst A~ EQfo] A|AH
ARKE P} A|2mle g vhe] Zle] Fulek
Ao Zloled ke ek, 5w - Age] Ao

~1 <light> <light> §°

o CHD _DQCIF | CHD e

Left Center| ‘Right

i i
i i
<A 2~" A > AR A ">

(@) 7pit Al=E A2 (b) AA 7zt 2H]

<depth camera>

<left camera> <right camera>

left TOF  right

(c) 2 7HEke] 7HA W4 (field-of-view, FOV)

221 10 439 343 Al A
Fig. 10. Combined 3D camera system

A} Qoled e olgste] BhAle] FUAE A
Rap) wel BAs} vhe ek olejar Al
Bedne] SAH A e A=iab] e
= TRl HEe readee] wWelsds
(multi-thread) 7198 A4k, o]2le] Welxjz)E
Slgk Z2 e 71 28k wskeh 13 112
W e mg ol4a AT ESe] FaE el Aoz
7} ~H|EE dedalke] 53 Zolodake] 5799
[T 5o SR o] ofe) el B
o 2t} FASES TR Tread 18 7 o)
Azl shliehelA] EAo] Helod e H55k RGB
Gale] oz Agels @  Suar
Thread_2& TOF 7}ellglellx] 253k Zoldlo]E =
A (5 ol8sto] BHIEN-8)2] 3ES] pew
Hgkglc) Thread_3-> 34 AES 53l 5% Wt
FHE o] 83lo] F Ao A s A o
8- 433k}, Thread_49} Thread_5+= Thread 2%
B3] u)el doldAare 21&al 022 2oz 7}
7t ek 43S gk o] gl WIFE A
3 A AA A EAE A A=)gie) vk
© 2 Thread_69l|4] Thread 15714+ 1070¢] =713
e ) $18 ek 7F ~dEs e 7}
vlekel FAg = 7 Ade] At 2ol
s o83l FAF Ao S A ARl
7Aoo o]Fe] A3 zrovt Ask= $IAI7E

chec

|

it

4

245

www.dbpia.co.kr



k= 2418} 3] =1A] *12-04 Vol.37A No.04

= o]ﬁ.t‘s]— /K]/\FJ] KN :1L_§=1_%L
5713t 2 esit & <
Tl 2AEgt 71§4ﬁ Aoz Sk
21372 £ 53= Thread_1} Thread_3+= 3.*’—‘?14‘ °
2 Ene 7 oelme] Aeiska of g QA3
o Ashes P ek 2ol A5l
HASh= Thread 2+ HuldAE 53 59%
~3)35}32, Thread_49} Thread_S5+= &Aloll 3
S Eo5E R ol B A5} 201
Ake) 57181} olRelAlA] 8] whol ofziel 5}
o Eolx7) whAYsk 4= g) o) y|EH o2 7 Flwe}
AHe] Aelersl mer] g olelat el
TOR AAEP] o ArR Art vgeR o
AR 4 S SIRE B sellee A T gdie

Al R =S e AR

o i

il

l

lnr
o

R

O::_}:-{_,J

T2 11, ot A EE o]43F L2 EY]
Fig. 11. Software implementation using multi-thread

4.3 702t AlA”S ol2E HA Es )

a5 12 Aljksls WEE Zo] FiElet AlaH
< o]g3te] EHodgl B kS Hl Aol 1F
o] aile] Zlo] 7hHlelE o] 83t 53 ¥ Z
olodrtolar, WA 7 cdAte] Ay shztE 5
g Aejditoltt 23 13% delA 53 7o)
& ol 83te] ZF A kY] Ao E A o]
3 A9E 1l Aotk 13 13(a)= A olF
o2 Zzvh= dl37Hhole) S Hel Ao, HAAA
o2 FAEIgIt 23 13(b)= el Aokl )
9] Zolzks olg3dle] HIFAke A AAE B
ol A

(0) 225 Aoy

@) ol (b 9% Aefdr

T2 12, Al”kE 7hllehE o]gate] g
Fig. 12. Captured images using proposed camera

246

(a) 321 g o g APA o]%3F zZlo|odAt

(<]

T3 13, 329] gl om Alels]t Zo|dat
Fig. 13. 3D warped depth images

4.4 TR @A AN
Al Fhlieh Azsle] A% WAL F Age)
#lodAta) zb AJA 9] ZoodAke- o]-83) thAA
o) AAelek 27 143 1074e] Z2HAAS 371
2 AT 124049) A e 1l Zlolul.
o) 10 $1709] o] UE VRAHE Lk, 1
W 91719 o] 985 fredgoleh veix
& el AR T A A S o] 83t
b]—/ﬂs]— Oﬂ/ﬂ-o]]:]_. /K]X—]O]E_gi olg} vlzte q_gﬂo]
g /S ol gstel AL e 129e R 2
S= shgele] Qge] 97k uiHE AL ok 9

ol
o ik

1\élo

o B

A

o

4.5 Flolat AlABlel 2k REH X2lSE £H

Aoksk A He] BAlwE =x
22| Aelsws 4P =4
E]= Zeon E5630@2.53GHz Z=ZAA4e} 32GB
DDR2 H|22], Windows 7 64-bit= A=k o]g
3 AulE o]gslo] 7 rle] HRERE E 13} o]
243c.

5= dje] Ze] sjekE 0)4319] VGA(640x480)
shdeel el e A5shs A e oF 30 fps
ock o] o] A ellA i A= A st 2
o] ﬂﬂﬂﬂi °o]-8gk olgde] F52 o 34 fps?]
ZY eS8 BRyr) Fof A9 Zolodake ofFo]
Ag] 7].1:1]3]..4 Ao 7 XA o]l Edl= &£ 5= ¢k 57
pse] el &g mglek o2 el 3 A
913 Jelolel S H5sh] 913k e Ao
31]5621— 2= o]oﬁ;}. vhy r/]_x];d o:]/\l /xg/n N8 _?451—} p3
e o BAEsL Bk F 10449 $09AE

Aol ARl Glo1A] oF 7 fpse] Ze|e e ugl
53] AIA o)l ke WA A IgelA u
= A7 &nlEich

tlo

=

o T of

www.dbpia.co.kr



2elE2. shslehst A

AT

Zo] FoletE o

3 14. 24319 s 124039 e R 2t oA

Fig. 14. 12 view images from 2 captured images
14 A 34 29

1
Table 1. Estimated time of each process

T3 b i == P 4% (ms) ZA E=(ms) ZH A& (fps)
. Aeidit 5 17.89
AnledA) A= 33.54 29.82
drr A= 15.65
] ZoldAt 25 28.04
ZoldA F5 29.07 34.40
ZoldAk A= 1.03
PARY LS PARDAES! Zlojed el AA ol 17.20 63 5673
°ls Zolodake] gt Ae 0.42 ' '
ZoldAte o83t A olF 42.01
oA g AA 144.15 6.94
ZF A Bk A 102.14

a5 15% v S =S o817 7 AR 3
A Srst shte] 2H=R 107 AAE A3
EH-4 ZHIES H]Jﬁf} 740]1:} e A== A}

=7} x]z{ﬁ PAEa
ok ol E7F AR eR 42 Wtk o] Yol
A o) 2150] eI, o2 Eo
AR A4S S1sIAE Bt whas Fabhel v
oAb A el B8’kE oF & olrk 2@lal shy
o] zHl=R 107] AS A IS W oF 1.44 fps®]
Feg WYlek o)F T3l the 2 EE o83t v

Z] oA) AA] wlHo] ©] E84YL 4= 9)lalt}

= 3;11]01 e} o]

mﬁlm

<

2 16, FzkdAe] A

Fig.

www.dbpia.co.kr

X

-

DY (fps)
(=] [ ¥] = (-] [+ -]

1

1

1

1

1

:

:
7 — '

y
S — ]

,

i
¢ pEm—

"

"

A

‘
¢ — i

:
S I——t

X

:
v ———

1

1

1

i
% mm i

AEEs

%% H]a

15. Comparison of frame rates

247



EA18H3] =A] *12-04 Vol.37A No.04

V.2 B

B RN AdGES] Zo] st @ sk

>
>,
o
oX,
>,
[
i
o
R
=
)
U
2
o
=
\y
N
3
Au)
>,
[>
e

o]
& wajabee] A e AME AR 4

AR, Holdake ol8q Ak WL ol4se]
W Agel) Ak ARe A A4 Al
o

8] wFel FYAHeI HAEDF Zolode
zo] FYAHOZ AR ol F AHel 2
d e AlEs) S1e 9

i oft

flete] thg 2El=E ol8sle] AxESE T
k. ol= slste] = AlAe] Akl 53 2
oledrke] 52 Ao R FE5F 4 glqdek 3t
A5k 1070 22k AE AAdskE dHle tha A
Ztol o A2 oF 7fpse] 8] Ao B
o} o= AlF ol wE Nk A= o]
AT vk E7] wiEelth B =tels] Akl
Alzele whE SR oy ke S8R
A 5 S whkell ZElEe. 9 ARERE of
Yzt oAl 9 Adell= mgxor o]8d ¢
Ak
ZAe| =

2 s

A LR7= N

[1] C. Wheatstone, “On Some Remarkable, and
Hitherto
Binocular Vision,” Philos. Trans. R. Soc.,
vol. 54, pp. 196-199, 1838.

[2] Yo-Sung Ho,

Unobserved, Phenomena of

“Realistic 3D  Content

248

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

Producing using Multi-view and Depth
Cameras,” The Magazine of the IEEK, vol.
38, pp. 136-141, 2011.

A. Smolic, K. Miiller, K. Dix, P. Merkle,
P. Kauff, and T. Wiegand, “Intermediate
Interpolation based on Multiview
Video plus Depth for Advanced 3D Video
Systems,” in IEEE ICIP, pp. 2448-2451,
Oct. 2008.

View

C. Fehn, “Depth-Image-Based Rendering
(DIBR), Compression and Transmission for
a New Approach on 3D-TV,” in

Stereoscopic Displays and Virtual Reality
Systems XI, pp. 93-104, Jan. 2004.
ISO/IEC JTC1/SC29/WG11, “Study Text of

ISO/IEC 14496-10:200x/FPDAM 1
Constrained Baseline Profile and supple-
mentary  enhancement information,” in
MPEG output document NI10540, April
20009.

ISO/IEC JTCI1/SC29/WGl11, “Draft Call for
Proposals on 3D Video Coding
Technology,” in MPEG output document

N11679, Oct. 2010.

D. Scharstein and R. Szeliski, “A Taxonomy
and Evaluation of Dense Two-frame Stereo
Correspondence Algorithms,” IJCV, vol. 47,
pp. 7-42, April 2002.

D. Scharstein and R. Szeliski, “High-accu-
racy Stereo Depth Maps using Structured
Light,” in IEEE Society
Conference on Computer Vision and Pattern
Recognition, pp. 1/195-1/202, June 2003.

R. Kaufmann, M. Lehmann, M. Schweizer,
M. Richter, P. Metzler, G. Lang, T. Oggier,
N. Blanc, P. Seitz, G. Gruener, and U.
Zbinden, “A time-of-flight line sensor -

Computer

Development and application,” Proceedings
of SPIE - The International Society for
Optical Engineering, pp. 192-199, 2004.

M. Lindner, A. Kolb, and K. Hartmann,
PMD-based distance-in-
formation and high-resolution RGB-images,”

"Data-fusion  of

International Symposium on Signals, Circuits
and Systems, pp. 121-124, 2007.
B. Huhle, S. Fleck, and A. Schilling,

www.dbpia.co.kr



) AR AL FheEkel ARate Zo] FheEhE o] 83 vl 9 A

“Integrating 3D Time-of-Flight Camera Data
and High Resolution Images for 3DTV
Applications,” Proceedings of 3DTV-CON,
2007.

[12] Y. M. Kim, D. Chan, C. Theobalt, and S.
Thrun, “Design and calibration of a mul-
ti-view TOF sensor fusion system,” IEEE
CVPR, 2008.

[13] U. Hahne and M. Alexa, “Depth Imaging
by Combining Time-of-Flight and On-de-
mand Stereo,” Lecture Notes in Computer
Science, vol. 5742 , ed, pp. 70-83, 2009.

[14] J. Zhu, L. Wang, R. Yang, and J. Davis,
“Fusion of time-of-flight depth and stereo
for high accuracy depth maps,” IEEE CVPR,
2008.

[15] E. K. Lee and Y. S. Ho, "Generation of
Multi-view Video using a Fusion Camera
System for 3D Displays,” IEEE Transactions
on Consumer Electronics, vol. 56, pp.
2797-2805, Nov. 2010.

[16] R. Y. Tsai, "Versatile Camera Calibration
Technique for High-accuracy 3D Machine
Vision Metrology using Off-The-Shelf TV
Cameras and Lenses,” IEEE Journal of
Robotics and Automation, vol. RA-3, pp.
323-344, Aug. 1987.

[17] Y. S. Kang, C. Lee, and Y. S. Ho, “An
Efficient Algorithm  for
Multi-view Images in Parallel Camera
Array,” Proceedings of 3DTV-CON, pp.
61-64, 2008.

[18] A. Telea, “An Image Inpainting Technique
based on The Fast Marching Method,”
Journal Graphics Tools, vol. 9, pp. 25-36,
May 2004.

Rectification

0] & (Cheon Lee) 3]

20051 gedaetal A
g8kt 443 h

2007 FFEbled AR
EAFs 29 (24D

2007 ~&A)  BEElE
A ARZAFE} vl

<Fildel 321 TV, Az

%, 3714 wlt] e $-53), MPEG %7

=
S

& (Hyok Song) 5]

19994 F-WEal Ao AlS3-
st Z44(3hrb

2001+ et Adalgett
=942

2012+ Frolistal AAlestet
=904h

20008 ~&A]  AAREATL
HE] |t o [PATATE] A Q)]

<A Hol> odAikelal) 3DdAIA ], HokA~E]

% 8 & (Byeongho Choi) A3

1991 ghefelistal el
3D

1993 ghefelietal dAkg-stat
e GR)

20100 FodHEa Ak

LB
aal et =)

1997 A ~&z] AxPH-FAA HEr|g]oiped-1-Al
B Al

<A Rok> 3D, Vision, HF=A|

% 2 M (Yo-Sung Ho) A3
1981 A&t Faelist

g} 293D

198311 Aedistal  ohEkd
AAFE) 294D

19891 Univ. of California,
Santa Barbara, Dept. of

b 2

1 By ﬂ Electrical and Computer

Engineering.(2}Ah

198313 ~1995 kAl abgAlad 74 Adlad7-4d

19904 ~19931d  ©|5-  Philips %74 Senior
Research Member

19953~ Aalr]ed HReAlEs) w

<Al HAE AlsAe], 94 Als Az 2
4=, dAE Tve) w9 TV, FER|ge] A~
g, MPEG 3%, 3211 TV, A%

249

www.dbpia.co.kr



	고해상도 스테레오 카메라와 저해상도 깊이 카메라를 이용한 다시점 영상 생성
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 깊이 카메라를 이용한 3D 카메라 시스템
	Ⅲ. 스테레오 영상 시점의 깊이영상 획득
	Ⅳ. 실험 결과
	Ⅵ. 결론
	감사의 글
	참고문헌


