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Aerial HDR Video Generation of Full Spherical Views

Using Two Omnidirectional Camera Units

Fumio Okura*1, Masayuki Kanbara∗1 and Naokazu Yokoya∗1

Abstract – This paper describes a method for acquiring full spherical videos without
missing areas using a pair of omnidirectional cameras mounted on the top and bottom
of an unmanned airship. Omnidirectional videos are captured as multi-exposure images
with various shutter speeds to realize high dynamic range (HDR) imaging. The generated
videos are intended to be used for telepresence, augmented telepresence, and image-based
lighting. In experiments, full spherical HDR videos are generated from image sequences
captured from the sky of our campus.

Keywords : Omnidirectional image, High dynamic range, Telepresence, Augmented
telepresence, Image based lighting
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Table 2 Misalignment of LDR images due to
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1

50m 1.43◦ 11.4
100m 0.726◦ 5.81
500m 0.143◦ 1.14

n.a. 7.5◦ 60.0
5m/s 30◦/s

45◦ 640× 480
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Fig. 7 Flow of multi-exposure image align-
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Fig. 14 Full spherical HDR images generated from video frames

structure-from-motion[16]

HDR

14

HDR

5

5.1

[3]

4.2

[3]

[3] 4.2 14(b)

15

15 4.2

15

[3]

IBL

1 (

15 [3]

Fig. 15 Completion of missing area by previ-
ous method [3]

) : ( [3]

) = 1 : 0.10

9.53◦

1 : 0.218

[3]

1
4.586



Vol.17, No.3, 2012

5.2

[12]

LDR

3.2

sc1 [ms] 22 = 4

sc2 , ...sc4

22

3.2

sci(1 ≤ i ≤ 4)

Hci 4.1

Hpi

3

256

3

6.7

12 HDR

12

HDR

16 16(c)

16(d)

3

Table 3 Shutter speeds and quantization
steps

[ms]

0.1 1000 3.92
4.1 24.4 0.10
14.4 6.94 0.03
43.3 2.31 0.009

0.1 1000 3.92
0.4 250 0.98
1.6 62.5 0.25
6.4 15.6 0.06

256

(a) 12 (b) 16(a) So-
bel

(c) (d) 16(c) So-
bel

16
Fig. 16 Effect of quantization step to appear-

ance of image

5.3

ND

s = 0.1[s]

16

255

1 10

1 : 28.58

22.47 : 215.23

1 : 217

ND

ND

6

IBL

HDR

2 HDR

HDR

HDR



: 2 HDR

HDR HDR

LDR

2

HDR 4.2

IBL

( (A) No.23240024) NAIST

[1] J. Steuer. Defining virtual reality: Dimensions de-
termining telepresence. Journal of Communica-
tion, Vol. 42, No. 4, pp. 73–93, 1992.

[2] P. Debevec. Rendering synthetic objects into
real scenes: Bridging traditional and image-based
graphics with global illumination and high dy-
namic range photography. In Proc. ACM SIG-
GRAPH’98, pp. 189–198, 1998.

[3] , , .

. , Vol. 16,
No. 2, pp. 127–138, 2011.

[4] A. Lippman. Movie-maps: An application of the
optical videodisc to computer graphics. In Proc.
ACM SIGGRAPH’80, Vol. 14, pp. 32–42, 1980.

[5] L. Vincent. Taking online maps down to street
level. IEEE Computer Magazine, Vol. 40, No. 12,
pp. 118–120, 2007.

[6] R. Azuma, Y. Baillot, R. Behringer, S. Feiner,
S. Julier, and B. MacIntyre. Recent advances in
augmented reality. IEEE Computer Graphics and
Applications, Vol. 21, No. 6, pp. 34–47, 2001.

[7] , , .

.
(D), Vol. J91-D, No. 9, pp. 2293–2304, 2008.

[8] N. Kawai, K. Machikita, T. Sato, and N. Yokoya.
Video completion for generating omnidirectional
video without invisible areas. IPSJ Trans. on
Computer Vision and Applications, Vol. 2, pp.
200–213, 2010.

[9] J. Stumpfel, C. Tchou, A. Jones, T. Hawkins,
A. Wenger, and P. Debevec. Direct HDR cap-
ture of the sun and sky. In Proc. Int’l Conf. on
Computer Graphics, Virtual Reality, Visualisation
and Interaction in Africa (AFRIGRAPH’04), pp.
145–149, 2004.

[10] P. Debevec and J. Malik. Recovering high dynamic
range radiance maps from photographs. In Proc.
ACM SIGGRAPH’97, pp. 369–378, 1997.

[11] S. Ikeda, T. Sato, and N. Yokoya. High-resolution
panoramic movie generation from video streams
acquired by an omnidirectional multi-camera sys-
tem. In Proc. IEEE Int’l Conf. on Multisen-

sor Fusion and Integration for Intelligent System
(MFI’03), pp. 155–160, 2003.

[12] S. Kang, M. Uyttendaele, S. Winder, and
R. Szeliski. High dynamic range video. In Proc.
ACM SIGGRAPH’03, pp. 319–325, 2003.

[13] M. Grossberg and S. Nayar. High dynamic range
from multiple images: Which exposures to com-
bine? In Proc. ICCV Workshop on Color and Pho-
tometric Methods in Computer Vision (CPMCV),
2003.

[14] J. Shi and C. Tomasi. Good features to track. In
Proc. IEEE Computer Society Conf. on Computer
Vision and Pattern Recognition (CVPR’94), pp.
593–600, 1994.

[15] E. Reinhard, M. Stark, P. Shirley, and J. Ferwerda.
Photographic tone reproduction for digital images.
In Proc. ACM SIGGRAPH’02, pp. 267–276, 2002.

[16] T. Sato, S. Ikeda, and N. Yokoya. Extrinsic camera
parameter recovery from multiple image sequences
captured by an omni-directional multi-camera sys-
tem. In Proc. European Conf. on Computer Vision
(ECCV’04), Vol. 2, pp. 326–340, 2004.

(2012 2 27 )

2009
2011

IEEE ACM

2002

2010

( ) 2002
FIT2005

IEEE

1974
1979

1986 87
1992

1990 2007
2005

2012

IEEE ACM SIGGRAPH


