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In this paper, we propose the Real—-Time Free Viewpoint TV System with multiple
Microsoft Kinects and CUDA of NVidia GPGPU library. It generates a virtual view between two
views by using color and depth image acquired by Kinect in real time. In order to reduce
complexity of coordinate transformations and nearest neighbor method for hole filling caused by
IR pattern interference, we parallelize this process using CUDA. Finally, it is observed that
CUDA based system generates more frames than using CPU based system in the same time.

TVETV) (2 S8 9429 & SRz 999
Ve AFEA ATH F 7 Ak

AT FTV 342 999 %S FY84 AZH77]
Wi AAHes Al e digel o7 Atk

Zled G met 712 2D8ES 1ol 3DBE o= 750 g8 A2l A7 B3 9= GPGPU (General
& Fe7b Folual gle FACH f‘ﬁZH 7+ TE‘ Purpose Graphic Processing Units) 7]%& AF£-3}9]
H= 3DWE7IeRE A Y AT (Stereoscopic) 22 A 2= 9}

[1]

= =rdAs 71Ed AEEGd FTV AAH

I
Hr
=2

184 %
AAste] Gl dARE A F U dFE AAZF FTV system® 143 u S A okghc},

gajolth s o] WAe rddes:s Gy Sad
3% Aok 9 AYY BAX BAZ AZ 9Z, FE,
2 0o o

k)

[e}
A ogAe e A3 NS BAS wEE gyom

2. N2 74

AAZE S fstel GPGPUY 7l& 5 dhel NVidiaAke]
CUDAE AHgsto] FTVOIA Q5= AAtd AE s st

2]
el gl HAA 94 (Multiview) 34 olth. A4 B oeReldE 2009 Kinect® AMHSIITh Fhulehes

.

ParallelstZl $12A71:= Zlo] ofd, 19 13 o]

o 9de AT 5 At Free Viewpoint  sivelrl BAE wlnA sto] BAld) o] ¥ HEF

71



2015 9 =533 FA <=3
e WEFoE F So AXAZTE o W, 7749 et cos(@) 0 sin() —d sin(0)
T Eolo JAANTI, A e AEE 200 A 60° R= 0 1 0 l, T=[ 0 l (3)
AbolZ BHEFokh ol AREAE dite ARR s —sin(8) 0 cos(8) d (1 - cos(0))
AANA F dxF 7] fFeltth. Kinect 7HHlE7t 38 &
FABES sk o] g Fedth ME FEE FA8,
EAE vt Aol 42 ““PEH] HEAE W3AA F VI cos(8) 0 sin(@) - dsin(d)
mjitoltt, WOk x, vy, 2% BT oA ole ddolgtd 77t M. = 0 1 0 0 4)
g aEsteop i Y ex

SAn g £ 3
ke AW FANF, yER HolA doa g
ARe el RS A the gela] o gt

Obj

X

. » Virtual Camera Point

Showing obj
On screen

Fig. 1. Al~E FAE

3. FTV Algorithm

7}7+9] Kinect £ Calibration & %3] Uy g =

‘7‘?3}5}(1(1-,1), ZL ke Ep1po ar Geometry & &3}9], 7hvehztke

:rLU}D} 74739 Fhugell A v YAFE ol Al

£ —Ea‘% L.T’_ JAES o]£39 Fundamental Matrix &
I 3 Z+79

Essentlal Matrix & T3ttt

e Y el 1 R Sl

E = Kin1FKin, (1)
Essential matrix o4 Rotation matrix & %% w2 2z
gz WS SVD decomposition ©|t}. E = UDVT =

ol gsto] ke NES W + Yt [3-6),

0 -1 0
= UwvyT, R2=UWTVTWithW=[1 0 0] 2)

0 0 1

TN Qe wET] AdAME M, 7 Fhegtela
g4 Depth e JRE o] g3te] FHxA Wto] FQasrt
Pixel %5 World #%2 W3A)7]1, Calibration & 53|
g2 7}‘3113} Ui getelElgk 5 bt ZRE kol

TMHA A & point & &71th

Translation Model & ZhE7F 73] @ ol $A 4]
A3, 7}”ﬂ?/}c R Sl B o ) B B I P I S P B s
Aegitts 7Hgstol ot o} 22 REl=E AAstoth

Qi

>

ol

—sin(6) 0 cos(8) d(1 - cos(6))

xh
yh - Km [ ] [ yh
, Where wx,wy,wz = world coordinates (5)
m = xh/w, =yh/w, W= wz
,where Xim,Vim = pixel coordinates (6)

A (5)-(6)& o]&3to], Pixel HFIZE World HFI&

HEA7]3, A (D) F o]&std], Az 7MY AHe Hu=
HE-S ]7]13} I % oA World #EZE Pixel FEZE
H A 70T},

9 #AuA W FFE A e I Y
HAuity AE57] Wi W AAgS QT wekA
°l& CUDA & olgd W3t Atk WA Fhdael 82

e 9 Zlo] Y& GPU Z EA & o FAg Fuo
~YE(Thread) & Z@3te] 99 HuA #HE FFJ&
Fasttt. T o o] Kinect & AMESHA H4, 7—}21“’1]"1
He+ IR #Elo] S doA &5 FAAULIL] e
E3et Zdo] ghs ATstd, FE tﬂﬁifﬂr 3D Reconstruction
< Y3 FAAA AT "ok webs, ol dA T
& A$7 918 Nearest Neighbor(o]3F NN) 43
Inpainting 71"-& AH&-skeh [7]

o, NN WAL BH & A AN Fol WA
Sae Fue 4 g2 wF dwsel 7] WRe @e
MaEetol Soldith mebd 2 A4 vin} shpel AdsE
gstn 2 2dsad Maage R st T
FHHe SEPY

kS 98l Inpainting 71H Zdol 94
Ael=g Zoln AgE F oA Ael=E Fe 7%
Inpainting 71" Rt} A|7+S 3A ©Es4h

4, 43}

4% 3 o} 29 134 2o) CUDA & ol $3k] a2
A 28] AT AsguTh o 5o wE
STue ol A0t o ALA B8R W 9
F09 S4% $o] glol 479 vkt AUHow

A4¢ & g7lel WAL Soldtel A NUE WEE
Ak AFHoz Ao B4E 58 ofdo) Fig 2 9 2
A3t 93 A Fgeh

72



¥ 1.CPU & GPU AH4-A] &% HlW
CPU GPU
Y fps 1.2 fps 6 fps
Y A7 0.833 sec 0.1666 sec

Fig. 2. CUDA & o] &3l 579419 497

5. 4
ﬂﬂﬂiﬂ%%WZrMJm%leamA% A}g-3}o]
MJJAl«l A a50R FTE AAEE Aot

Q3= Inpainting 71H 9 A%
meéﬂﬂ' Rﬁ}q' Tot do] 9% A 4 BAELX
H

4A

W23}
2 Sase
42 gl

A9 A
| 499 AAudn & At W F A

)
Inpainting 7] 9
o A
e Adste AdTE A9

o] =& 2013 dE F
g A Agg ot
2013R1A1A1057779).

CEE==ERE
FaE 7 2APA

Aoz
(NRF-

FZ 2

[ &=, 970, AAE, o1, sldE, “3DTV 7/& &3
TTA Journal, No. 122, pp. 92-97, March - April. 2009.

[2] A. Kubota, A. Smolic, M. Magnor, M. Tanimoto, T. Chen, and C.
Zhang, “Multiview Imaging and 3DTV”, IEEE Signal Processing
Magazine, pp. 10-21, Nov. 2007

[3] G. Slabaugh, “Computing Euler angles from a rotation matrix”,
Technical Report, http://www.gregslabaugh.name/publications,
1999.

[4] Li Ling, Eva Cheng, I. S. Burnett, “Eight solutions of the essential
matrix for continuous camera motion tracking in video augmented
reality”, ICME, 2001 IEEE International Conference on, July. 2011.

[5]

(6]

[71

(8]

[9]

R. |. Hartley, “Estimation of relative camera positions for
uncalibrated cameras”, Computer Vision-ECCV’92, Lecture Notes
in Computer Science Volume 588, pp. 579-587, May. 1992

W. Wang, H. T. Tsui, “4 SVD decomposition of essential matrix
with eight solutions for the relative positions of two perspective
cameras”, Proceedings. 15" International Conference on Pattern
Recognition, Vol. 1, pp. 362-365, Sept. 2000.

A. Telea, “An image inpainting technique based on the fast
marching method”, Journal of Graphics Tools, Vol. 9, No. 1, pp.
25-36, 2004.

C. Limin, C. Mingyu, X. Shizhe, L. Yin, “dnalysis of interference
between multiple Kinect sensors and a noise reduction method for
mobile robots”’, JCIT, Vol. 7, No. 21, Nov. 2012.

olFd, d&X, LW, “MS Kinect S ©]-&3F Free Viewpoint
TV System A 7”7, 2015 A& =185-33t3] aHA )3

73





