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Calibration of Intrinsic Parameters of a Fish-Eye Camera Using a Sphere
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Fig.1 A sphere captured by a fish-eye camera and
detected contour.
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Fig.2 Projection based on spherical model.
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Fig.3 A given angle used as constraints.
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Fig.4 Initial estimation of optical center.
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Fig.5 Calibration setup.

(b) The fish-eye camera
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Table 1 The estimated intrinsic parameters and
values of evaluation function &.

Initial Value Fish-Eye Model Full Fish-Eye
5D Model

k1 162.97 171.46 172.53
ks 0 —0.80 —1.07
ks 0 —1.25 —1.25
Cu 9.66 6.23 8.97
Cy 6.72 9.55 10.21
D, 0 0 9.93x107°
D 0 0 4.12x107°
13 0.47151 0.02827 0.02823
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Fig.6 The fish-eye image for correction : Grid

pattern.
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(a) Initial Value

(b) Fish-Eye Model 5D

(c) Full Fish-Eye Model
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Fig.7 Pinhole images generated using the estimated
intrinsic parameters : Grid pattern.
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(a) Fish-eye image

(a) Fish-eye image

(b) Pinhole image
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Fig.8 A Fish-eye image and the generated pinhole
image : Outdoor environment.
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(b) Pinhole image
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Fig.9 A Fish-eye image and the generated pinhole
image : Indoor environment.

oooooooooo

g ]

goooooOooo0oooOooo«ooOoOooooooo
0D 000000000000000O0Ovol.116, no.07,
pp.17-22, 2007.

R. Okutsu, K. Terabayashi, Y. Aragaki, N.
Shimomura, and K. Umeda, “Generation of over-
head view images by estimating intrinsic and extrin-
sic camera parameters of multiple fish-eye cameras,”
Proc. IAPR Conf. MVA, 2009.
Joo0ooooo0oooo OO0ooooooooooog
ooooOO0o0oo0ooooOO00001999.

Z. Zhang, “A flexible new technique for camera cal-
ibration,” IEEE Trans. Pattern Anal. Mach. Intell.,
vol.22, no.11, pp.1330-1334, 2000.

J. Kannala and S.S. Brandt, “A generic camera
model and calibration method for conventional, wide-
angle, and fish-eye lenses,” IEEE Trans. Pattern
Anal. Mach. Intell., vol.28, no.8, pp.1335-1340, 2006.
J. Heikkila, “Geometric camera calibration using cir-

cular control points,” IEEE Trans. Pattern Anal.



gobooooooooooooobooobooooDoo

Mach. Intell., vol.22, no.10, pp.1066-1077, 2000.

[7] F. Devernay and O. Faugeras, “Straight lines have
to be straight,” Machine Vision and Applications,
vol.13, no.1, pp.14-24, 2001.

[8] DOOOOOO0OOOOO0OO UOUOOOOoOoOoOoOooO«d
goooooooooooooooooooooooooe
0000 DM vol.J89-D, no.1, pp.64-73, Jan. 2006.

[9) DO0DO0OO0O0 0OOO0O0OOoDOoOoOo«“COoO00ooOoOoodg
00000000 0000 D-11 vol.J88-D-I1, no.9,
pp.1847-1856, Sept. 2005.

[10) ODO0O000O0 0O0O0O0O0OOoOO0<“s0o00oOo0oog
joo0o0oo00oo0o0ooo0ooD oooobM™
vol.J90-D, no.1, pp.73-82, Jan. 2007.

[11] H. Bakstein and T. Pajdla, “Panoramic mosaicing
with a 180° field of view lens,” IEEE Proc. OM-
NIVIS’02, 2002.

[12] DOOO0OOODOOOOD DO“0000000000
gooooooooooooooooD oooob-11
vol.J87-D-11, no.5, pp.1071-1082, May 2004.

[13] R. Swaminathan and S.K. Nayar, “Nonmetric cali-
bration of wide-angle lenses and polycameras,” IEEE
Trans. Pattern Anal. Mach. Intell., vol.22, no.10,
pp.1172-1178, 2000.

[14] A. Conrady, “Decentering lens system,” Monthly No-
tices of the Royal Astronomical Soc., vol.79, pp.384—
390, 1919.

[15] N.H. Gray, P.A. Geiser, and J.R. Geiser, “On the
least-squares fit of small and great circles to spheri-
cally projected orientation data,” Mathematical Ge-
ology, vol.12, no.3, 1980.

[16] W.H. Press, S.A. Teukolsky, W.T. Vetterling, and
B.P. Flannery, Numerical Recipes in C, DO O00O000O
1993.

[17] M.A. Fischler and R.C. Bolles, “Random sample con-
sensus: A paradigm for model fitting with applica-
tions to image analysis and automated cartography,”
Commun. ACM, vol.24, pp.381-395, 1981.

Oo0 220 40 1000070 2100000

oo 0o

2008 00000000O0000OOD
oooo0ooooooooooooooo
oooo0oobooooon

oo 0o

2002 000000000000 02004
gooooooooooooobooonoo
godz2o08000000000000O00
gooooooooooooboooomm

\ poobooooooooOooboooonoo
- N Y goooooboooooooooooooo
g0o00ooooo0ooooOobOO0O0000000000000
OoooOO0o0oO0OOoOCOO0OIEEEOODOOO

oo oo oooo

1989 00000000 O0O0O0001994
- goooooooooooooooooo
i goo0oomoooooobooooooo
gobooooooboleesdnoooon
2006 0000000000 OO0OO0OO
goooobooooooooboooooo
gooooooooOoooboOooooooOoOoboOOoOon 2004
MIRUOOOOOODOOOOOOOOOOOOOO0O00G000
OO0OO0OIEEEOOO0ODO

S

2653



