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Multiperspective Imaging for 
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Occlusion-Resistant Cameras
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Occlusion Cameras
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Paraboloidal Catadioptric Camera

A paraboloidal 
catadioptric camera

Motorized cart with 
camera, computer, battery, 

radio remote control



Ideal Camera Model
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An ideal paraboloidal catadioptric setup for 
computing distance between the mirror’s focal 

point and a 3D point

d = (pzmr)/mz



Our Camera Model

A paraboloidal catadioptric setup that accounts 
for perspective projection occurring in a 

practical system
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Our Camera Model

• Assuming incident equals reflected angle:  

• And given a 3D point p, mirror radius r, 
convergence distance H, we group and rewrite in 
terms of mr:

mr
5-prmr

4+2r2mr
3+(2prrH-2r2pr)mr

2+
(r4-4r2pzH)mr-(r4pr+2r3Hpr) = 0

• To obtain a new expression for distance d:
d = (pzmp)/mz-mz/tan(α)+mr
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Pose Estimation Setup

Our pose estimation algorithm uses beacons 
placed in the environment to triangulate position 
and orientation of the camera moving in a plane.



Position and Orientation
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Our algorithm tracks the positions of small light 
bulbs and obtains camera position and orientation 
by solving an over-determined system.



Pose Estimation Error

We achieve approximately an order of magnitude 
improvement over assuming an ideal catadioptric 
camera setup (as a percentage of the room 
diameter, mean error is 0.56% and σ=0.48%).
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		Sample		Calib X		Calib Z		Ideal X		Ideal S		Ideal Z		Actual X		Actual Z		Calib Err		Ideal Err		Ideal/Calib Err		Unopt Ideal Err		Unopt/Calib Err

		1		839.927		-576.597		1001.18		1.25966		-652.484		813.77		-563.382		2.9305714016		20.7513070682		7.080976446		26.1395914616		8.91962279

		2		1566.62		-1090.37		1708.87		1.2084		-1130.82		1560.38		-1088.42		0.65375913		15.4424868787		23.6210649629		18.6607011443		28.5436949011

		3		2443.84		-1766.18		2446.17		1.21322		-1766.23		2420.78		-1765.59		2.3067546467		2.5398064887		1.1010301821		3.0813440282		1.3357918375

		4		3211.13		-2313.18		3046.85		1.26247		-2355.89		3215.49		-2311.88		0.4549681308		17.4288065283		38.3077524561		22.0033453777		48.3623882433

		5		3766.81		-1330.47		3564.46		1.20786		-1426.4		3802.82		-1311.2		4.0841804563		26.4738606176		6.4820496794		31.9767172856		7.8294085257

		6		3053.76		-891.712		2958.03		1.11428		-904.508		3084.29		-887.111		3.0874748598		12.7452905848		4.1280629522		14.2018223928		4.5998179864

		7		2299.3		-248.557		2335.66		1.13377		-249.083		2302.49		-248.607		0.3190391825		3.31734152		10.3979125494		3.7611022951		11.7888413111

		8		1601.1		376.167		1739.13		1.17637		391.586		1569.44		372.264		3.1899670986		17.0786521084		5.3538646577		20.0908139808		6.2981257674

		9		804.728		1001.85		998.815		1.25044		1139.44		812.867		1008.14		1.0286273426		22.7632046742		22.1296904436		28.4640216528		27.6718501184

		10		1283.16		1291.53		1524.61		1.24135		1395.56		1221.49		1260.46		6.9054571174		33.1864045055		4.8058229805		41.1959432329		5.9657083568

		11		1764.76		2261.26		2015.92		1.26163		2324.42		1677.07		2232.54		9.2273368314		35.1085825547		3.8048445826		44.2940410085		4.8003060707

		12		2530.89		1771.62		2535.7		1.21546		1771.56		2521.39		1771.72		0.9500526301		1.4310894451		1.5063264916		1.739431977		1.8308795975

		13		3373.78		1148.13		3237.67		1.21058		1184.91		3411.89		1136.63		3.9807312142		18.0785969588		4.5415266658		21.8855879064		5.4978813511

		14		4117.99		577.532		3954.71		1.23831		649.835		4122.48		575.413		0.4964902919		18.3535846591		36.9666536421		22.7274274193		45.7761768715

		15		4285.26		-938.526		4065.57		1.30774		-1106.96		4316.59		-911.5		4.1376002417		31.8144074281		7.6890964737		41.60497317		10.0553390226

		16		3588.56		-199.046		3424.98		1.17901		-211.884		3592.7		-198.695		0.4154852705		16.8237772575		40.4918740859		19.8354016244		47.740324466

		17		2787.56		406.721		2731.54		1.14407		408.589		2818.48		405.518		3.0943393624		8.6994221883		2.8113988704		9.9527479429		3.2164371057

		18		2004.46		1094.82		2089.13		1.15974		1106.46		1970.48		1089.52		3.439084762		11.9853185606		3.4850314517		13.8998533475		4.0417303758

		Avg Calib Error		2.8167733317

		Avg Ideal Error		17.4456633348

		Avg Unopt Ideal Error		21.4174926249

		Avg Ideal->Calib Improv		12.4836099763

		Avg Unopt->Calib Improv		15.2374624833

		(centimeters)

		StdDev of Calib Error		2.3984767038
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General Linear Camera

• See blackboard…
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General Linear Camera



GLC Papers

• Multiperspective Modeling and Rendering 
using General Linear Cameras
– Yu, Ding, McMillan; Comm in Info Systems, 7(4), 

2007

• General Linear Cameras
– Yu, McMillan, ECCV, 2004



GLC Papers

• Multiperspective Modeling and Rendering 
using General Linear Cameras
– Yu, Ding, McMillan; Comm in Info Systems, 7(4), 

2007

• General Linear Cameras
– Yu, McMillan, ECCV, 2004


	Generalizing Camera Models
	Multiperspective Imaging
	Multiperspective Imaging
	Multiple COP Images
	Multiple COP Images
	Multiperspective Imaging for �Cel Animation
	Multiperspective Imaging for �Cel Animation
	Multiperspective Imaging for �Cel Animation
	Multiperspective Imaging for �Cel Animation
	Occlusion-Resistant Cameras
	Occlusion-Resistant Cameras
	Occlusion-Resistant Cameras
	Occlusion Cameras
	Occlusion Cameras
	Graph Cameras
	Graph Cameras
	Paraboloidal Catadioptric Camera
	Ideal Camera Model
	Our Camera Model
	Our Camera Model
	Pose Estimation Setup
	Position and Orientation
	Pose Estimation Error
	General Linear Camera
	General Linear Camera
	General Linear Camera
	General Linear Camera
	General Linear Camera
	General Linear Camera
	GLC Papers
	GLC Papers

