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Single - Viewpoint Catadioptric Cameras

ÅMirror + Perspective Camera

ÅWide Field of View
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Single - Viewpoint Catadioptric Cameras

ÅOnly a few single -viewpoint configurations

ÅOther configurations lead to non -single viewpoint

ïSpherical mirror

ïCamera not on foci

ïMultiple mirrors

[Baker & Nayar 99]

Hyperbola/Parabola/Ellipse

Foci

Camera

Virtual 
Viewpoint



Mitsubishi Electric Research Labs (MERL) Analytical Forward Projection Agrawal, Taguchi & Ramalingam

Non - Central Catadioptric Cameras

Camera looking into four spherical mirrors

Spherical 
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Locus of 
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Can we analytically model the projection of 3D points to pixels?
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Non - Central Dioptric Camera

ÅLooking through a refractive glass sphere

ÅGoogle ñCrystal Ball Photography ò
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Sphere

Perspective 
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Goal

ÅExact modeling of non -central cameras

ïRotationally Symmetric Conic Mirrors & Refractive Sphere

ïAxial configuration: Camera placed on the axis

ÅAvoid approximations in modeling

ïCentral Approximation

ïGeneral linear cameras (GLC) approximation

ÅYu and McMillan, ECCV 2004

ÅFast processing

ïSimilar computational complexity as perspective camera
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Why are non - central cameras 
difficult to model?

ÅFollowing two operations are essential for any camera

Å Back Projection

ïWhat is the 3D ray corresponding to a pixel?

ïGeneric Camera Calibration
ÅGrossberg and Nayar, ICCV 2001

ÅSturm & Ramalingam, ECCV 2004

ÅRamalingam et al. CVPR 2005

ÅForward Projection

ïWhat is the projection of a 3D point?

ïInverse Ray Tracing

ïCompute the Light -Path
camera 3D point P

pixel p
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Forward Projection:
Easy for Perspective Camera

COP

x,y

x = f*X/Z

y = f*Y/Z

P = [X,Y,Z]

Imaging Plane


