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Omni-directional image unwarping based on Taylor model

LEI Jie" ,DU Xin"' ,ZHU Yunfang” , LIU Jilin"
Y (Institute of Information and Communication Engineering , Zhejiang University , Hangzhou 310027 )

2 (College of Computer and Information Engineering , Zhejiang Gongshang University , Hangzhou 310035 )

Abstract: Omni-directional camera has attracted more attentions in computer vision community due to its quick wide-angle
imaging. But the great distortion makes the post-processing complex, which limits the algorithm applications of classical
perspective camera. This paper deduces an unwarping algorithm from arbitrary ring omni-directional image to cylinder
panorama based on the Taylor model of omni-directional imaging system. And we also present an unwarping method to
produce a novel kind of panorama which is composed of N perspective planer images. Both two reprojection unwarpings do
not depend on a particular model or accurate parameters of omni-directional system. In the unwarped panoramas,each pixel
is assigned with a light ray in the 3D space, which makes the applications of stereo rectification and 3D reconstruction
simple. Finally,the experimental results with the simulations and real data illustrate the validity of the proposed method.
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Fig.1 Catadioptric omni-directional camera
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Fig.2  Taylor model and omnidirectional camera calibration
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Fig.3 Geometry projection from ring omni- directional

image to cylinder panorama
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Fig.4 Geometry projection from ring omni-directional image

to N-profiles panorama
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Fig.5 Reprojection unwarping of omni-directional image
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Fig. 6 Reprojection unwarping of omni-directional image
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Fig.7  Stereo rectification for unwarped panorama

5 & i

HET A ) AR B 2R R HE S T B AT T A
BRI N T 4 R R IT i 2. BEA T BRI
4 2 TS SR R AIL 9 2, FUKO T A i )™ A 1 42 )
GO E T AT e e R . AT RIS AETT
AN L 1 [0 15t 8 ) P 2 ] A5 ) B0 3k ok i o
X 78 2 S LB IR R, DA T B R 4 ) B R R B
LR A o T AR iy E R T A R OK
Ho PR R T AR T 2 W EORE H
24 M1 RE DL TR AH 52 Y AR N o SR v, o S T ASE UL %
P A EC S RGO | DL 3 2 T R R T4 T AR R
Z 1) B AR A TE SRy R S 481 S8 T AR ST R Y
ARk

£ % 3Lk ( References)

[ 1] Swaminathan R,Nayar S K. Nonmetric calibration of wide-angle
lenses and polycameras [ J ]. IEEE Transactions on Pattern
Analysis and Machine Intelligence,2000,22(10) :1172-1178.

[2] Kang S B, Szeliski R. 3-D scene data recovery using
omnidirectional multibaseline stereo[ J]. International Journal of
Computer Vision,1997,25(2) :167-183.

[ 3] Shum H Y,He L. W. Rendering with concentric mosaics [ C]//
Proceedings of SIGGRAPH. Los Angeles, USA: ACM Press,

1999:299-306.



% 10 81 0

ANGE BT BRI AY 4 PR RUR T

1435

[4]

[10]

[11]

Benosman R,Kang S B. Panoramic Vision: Sensors, Theory and
Applications[ M]. New York: Springer-Verlag,2001.

Baker S, Nayar S K. A theory of single-viewpoint catadioptic
image formation [ J ]. International Journal of ComputerVision,
1999,35(2) :175-196.

Argyros A A, Tsakiris D P, Groyer C. Biomimetic centering
behavior; Mobile robots with panoramic sensors[ J]. In IEEE
Robotics and Automation Magazine, Special Issue on Panoramic
Robotics,2004 ,11(4) :21-30.

Menegatti E,Maeda T, Ishiguro H. Image-based memory for robot
navigation using properties of omni-directional images[J]. In
Robotics and Autonomous Systems,2004,47(4) :251-267.
Spacek L. Coaxial omni-directional stereopsis| C] //Proceedings
of European Conference on Computer Vision. Berlin: Springer,
2004, 4:354-365.

Venkata N P, Nayar S K. Generation of perspective and
panoramic video from omni-directional video[ C]//Proceedings of
Image Understanding Workshop,1997 :243-245.

Onoe Y, Yokoya N, Yamazawa K, et al. Visual surveillance and
monitoring system using an omnidirectional video camera[ C] //
Proceedings of the 14th International Conference on Pattern
Recognition. Washington, DC, USA. IEEE, 1998, 1(1) .588.
Jeng S W, Tsai W H. Precise image unwarping of omni-

directional cameras with hyperbolic-shaped mirrors [ J ].

Proceedings of 16th IPPR Conference on Computer Vision,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Graphics Image Process. 2003, 17(19) : 414-422.

Ehlgen T, Thom M, Glaser M. Omni-directional cameras as
backing-up aid[ C]//Proceedings of IEEE Workshop on Omni-
directional Vision. New York, NY, USAIEEE 2007, pp:1-5.
Jeng S W, Tsai W H. Analytic image unwarping by a systematic
calibration method for omni-directional cameras with hyperbolic-
shaped mirrors [ J ]. Image and Vision Computing, 2008,
26(5): 690-701.

Scaramuzza D, Martinelli A, Siegwart R. A toolbox for easy
calibrating omni-directional cameras[ C] //Proceedings of [EEE
International Conference on Intelligent Robots and Systems. New
York, NY,USAIEEE,2006.:5695-5701.

Hartley R, Zisserman A. Multiple View Geometry in Computer
Vision[ M]. Cambridge: Cambridge University Press, 2000.
Geyer C, Daniilidis K. Catadioptric projective geometry [ J].
International Journal of Computer Vision, 2001, 45(3) . 223-
243.

Lin S S, Bajesy R. High resolution catadioptric omni-directional
stereo sensor for robot Vision [ C ] //Proceedings of IEEE
International Conference on Robotics and Automation. New
York, NY,USA: IEEE, 2003, 2:1694-1699.

Ma Y, Soatto S, Kosecka J, et al. An Invitation to 3-D Vision:
From Images to Geometric Models [ M]. New York: Springer-

Verlag, 2003.





