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Convenient View Calibration of Multiple RGB-D Cameras
Using a Spherical Object

Soon-Yong Park’ - Sung-In Choi™

ABSTRACT

To generate a complete 3D model from depth images of multiple RGB-D cameras, it is necessary to find 3D transformations
between RGB-D cameras. This paper proposes a convenient view calibration technique using a spherical object. Conventional view
calibration methods use either planar checkerboards or 3D objects with coded-pattern. In these conventional methods, detection and
matching of pattern features and codes takes a significant time. In this paper, we propose a convenient view calibration method using
both 3D depth and 2D texture images of a spherical object simultaneously. First, while moving the spherical object freely in the
modeling space, depth and texture images of the object are acquired from all RGB-D camera simultaneously. Then, the external
parameters of each RGB-D camera is calibrated so that the coordinates of the sphere center coincide in the world coordinate system.
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Fig. 1. Diagram of a body modeling system
using four RGB-D cameras
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Fig. 3. View of a multi-view 3D modeling system using four
RGB-D cameras

72 go] el HEHE ol Aui mE AY
(local)B‘JrEﬁ]E A7) witoel 72 AHe o] ARE B
o]

5 shve] F5E d=(world)FHEAZ s of s}
‘ﬂ@.&i duRRAE o] A o] s} FolA st
& dAstal 2 AFAE ARE ST o] Jhgkel] i A
HEA RS AAW 32k D= A ol 7t zle] 7}
dieke] 32k AAAE LA HH o= o] FhHEkE Ate]
A BAE @k 7 o] hulg Atele] A ARE
&4 Q7] wiEel F% Zb Fheeteld g5 3xd Zo
ARE FF FHIA UelA A 4 FEste] 339 ZdS

YA 5 ek

Ho

S

»

>
ox
o
(o}
QL
2
>
oo
ot
—
ot

T 4E 2 ATelA B
=Aeltt Ao AL SRS
1 FhvlEkel A EAle] 3214l 9 5
& Askth eAe FWdE wbEsE W
S Abgstel HUAYE shath ARSE T
20cmelth. Ly BA e Feld el W
ARESHA etk ole 7o Tale e g

HEA S 3 % ;} | oot

4

> nh.{
o
=)
2
>
2,
rlo
=
=
o,
O,
N

o
J

[
o

1= M1
o S,

N g o
oy U X
o ju

rlo
SR

o fr 1o m

O

Fig. 4. A spherical object used in view calibration



312 FEMEIES=2X/AZEQN H HIOIH 3% HM3H M8=(2014. 8)

]

>

M

do to By gy
ok
A M
p‘L
[e]
o

AARAA NS el 34 3
tha AHekw 7t Ze] Azl =
30 o] AR A 334 FA

shel A8 3 ol4e] 43
b oot aeyg

S
B
e

HN
o &
fot
ol

ut
o
!

Q
N

B

r;%'ﬁ
B
T
ﬂO_u
o F oo M
N

O O @
T r1r
ol

oX
ot
B[l
i
32

o

o~
nn

A
Hm
e
e —‘i>

=

R DY)

o
rlr
posk
o
T

2
&
ol
=2
o
ich
ol
AR
=)
i

>~
>

O

y e

e N e

o4 o
1o

2
4

N

o

fr o
)
o{}]. ¥
Shd
=)

—_ _”,)

oo
=

2N

o

Y

f

=

¥ of

—
o
oy
1
e
o
i '
ﬂ — O
(IS
. =
o=
oz %
o ™
E g
Of
® i

w
Y
e
(N

fr
-
1o
2
ox
o T

o> M
o
4
ol
o
=
[
o

ri
N
-+
A
2
ot
>
4 &
lo,
X,
lo
ot
A
o,
O,
ra

1o
T w
24
)
1
rlr
off
e
e
2o
lo
-
2

A
%0,
O, o

it oo
-
©
i

N

—

i
2oy

o
i
N
N
ox
il

ol

01] TABIL AL
AolHAl o] el
tf, ey 7ol gk
o] 3219 ARE FE37] Wi
o8 AgA = wepa oA A
o] 718 EAZF 2 AsA "k webA 339

AR FolA To Ewel F Auwg w
ol 9 a3ith o]2 ¢se] RGB-D 7}

g T g 2EHu FEY I

o
$
38
i)
5
o
=2

>~
=

Lo

=

o 2w
il
o
N,

A9 2ol AuE

A
_O|L
32

o

=S
=

i
o

©

K 7
AR =9 A7+
7

2
Xl
ol
rr
w
i
i
N
o
oxl
p:
[ps)
f
o
2
o
ofr
o
32
o

RGB-D ﬂﬂﬂﬂH RGB o*oloﬂ
A A nwAGAS maes)

2 =270

2
&
-
Lo,
o ol

-

d

=)

tlo

e
e TN o2

of

ol

R
fo kI ™ ot 3@ o Ml o fo

4 4
o
=3
)
1o
1=
ox
o
2
1
o

ol

o e
OO
é
2

e
E
S
D
T
Q
o
1]
=

%t} CircleHoug

h <
ECERIOE

ST
O
g
]
@
<!
no
Do
o
no“
ﬂlﬂl
$
ofo
Q‘L
R
]

49 SHGPE AEA

|

AL 104“‘4 Sﬂ

[e]
CircleHough”7} -9 9498 A3 F&351#] &t
A Zols AFeT) o] 22+ RGB FAolA 9]

3t e 34 EayEts to 33y W AR

Fes A7t 33 FAE & F URE dugss
Atk weF RGB GelA 470 e] Aol A FAlel
of go& 2 Letd 1 ZEde FAESTY 18
2% o] AHE FE3| I537] fste] o o] o

@
WA olakel AL AEHA Bskeh

Fig. 5. Extracted calibration object in four RGB images

B BA9 349 ARBE AFsE A9l 2T o
0zA9 ol BEoZ ART F5T 5 Aglon] geby
4N AN A5F T 339 ARE FAF T 914
of gl el Aueh AFY & ATk 5§ o FEH
3349 A7 Auel o 29 63 2o 2 AN I58
349 ARt 7o ¥EA BES AL Ak AL o4 4
Ak olE AnE YPoz so] o FAL FEaAL,
aeln 328 7o) FA49 ALE olgete] AF el W
& @A P A AA Qo] A AHe TEe
2 Uwix) shiee] REASES wAsdch

Ay A= oF 300~500Z# <t 32+ Aol ARE ALE
A 2 ZH]del 479 AJHeA E5G o FAA 3
29 #AEE A 28] RANSAC(Random Sample
Consensus) €185 AMEate] FAl-o] 4% Aidd =

A AAG

Fig. 6. Examples of 3D shapes of the calibration
object in four views

HJRE ol&st] AlA ke W

2 AeIA 5 339
J PR RGE R

SARE S WA AN S



59 A4 =z ARE P2 a2 a8z AF DA
=z (ke ARE g} 84 RANSAC ugEe ALe
B HAL gy e FAFEE(pseudocode)

A=
dd 5 Utk

o
N

o
B>
&

while (e > T)
/130 T ) A =
jk Select Random Subframe (jD)
/72 FAHEE ol Gohe] A4 Abe) o] Wk 4}
T,, < minimize | C*— T, CF |
/] B g o] 9] o] mE e Qo A o] A HEE
(F EXEEXE
Ck ]_;’ll C;k

NJC441 A T 48] B AL

E

u—l
e 7 12*134%94 WA A A

1 Np—3 4

cF—c¥ )
ND,Bijl Z I ci=cy

P

€=

9ol oA CFe (oW Za oA WA AeA
555 po] FARES Pt agan oFE Ofg 9=
HAEAZ W FFolth T ME (K)E A& 29
2 Adg 3o =z ol9le Zgde wag Tt
3 7e 7~8mm=E APl wheh Ae 5 9l

oY 73 2% 8elME o) H4H BA o) o F
o JAAALE BJFET 27 7S RE ZydelA FAH
7o A4S A WA et ARAZ BESFAT AR
b2 ARS o2 e Hez BASAY AH BA o
Aol ASE FAAESC A7 EYHQ HFAR AE
7] W o FASe] HE AAFA FeSe &+ gk
W oY 8 A E 4o AFe BA ARE o] &3l T+
o ZAAES APH AYE RAFTL RE AHAN 3
Ad o FAHE] AR dXF ARE BFu v
EF FHHEY AEHA AHE TB o5 ARYL I
% 9tk

AR AL 33 AAsAct 22 BH A
AAXN T Tmm=z Ak Aeter NARA] Ane
0 B vusy] gike] ® 1M 71E9 A2
HE HARS o] &3 Ao} 4%e vu } Atk AaRE
9} Zhang & 1E]HS o] &3k Ezéﬂo}

Fig. 1. Plots of the center points of the calibration object
(Before calibration)

Fig. 8. Plots of the center points of the calibration object
(After calibration)

Table 1. Performance comparison between the proposed and
related calibration method
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