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• Omnidirectional Calibration


• Omnidirectional Geometry 


• Omnidirectional 3D Reconstruction



Omnidirectional Calibration

Based on (Micusik, 2004)

Calibration Fundamentals



General Unified Projection Model

Axis Convention

• Image Formation

h

g

Overview

Digital Image Normalized Image Sensor 3D Rays

• Mapping from Digital Image to 3D Rays

• Two Steps:

1. Mapping from Image to Sensor (digitization)

2. Mapping form Sensor to Scene Rays (optics)

(inverse of previous lecture)



Step 1 (pre-calibration)
• Map View Ellipse to Circle Ambiguities:


- Radius

- Rotation

• Map Circle to Sensor
Unknowns:


Scale Factor:   
Rotation: 

ρ
R

Step 2 (calibration)
Maps point  in pre-calibrated image to vector u p

u → p

• functions  model a concrete lens or a mirrorg, h
• function  absorbs the scale  into vector  with the same number of elements as m( ⋅ ) ρ a a′￼′￼

• function  absorbs the scale  arised by taking it out from functions i( ⋅ ) ρ g, h

The calibration method finds ,  and estimates the parameters m( ⋅ ) i( ⋅ ) a
A metrically calibrated camera is obtained



Visualization
• Calibration on a Real Image

image on sensor plane digital image with  
ellipse fitted on view field

transformed circular  
pre-calibrated image

image on a sphere

Omni Camera Calibration  
from Planar Grids

(Mei and Rives, 2007)



Calibration Parameters
• Complete Parameters • Simplified Parameters

Universal Camera Model

General Projection Model
• Projection of 3D Points



Calibration Process
• Lifting the Projection

Unified Model Parameters

• PS: also valid for fisheye and spherical sensors

• Catadioptric Systems

Model Parameters Mirror Equations



Camera Calibration

(Based on Dynamic Vision by T. Schon) 

Camera Calibration - Idea

See Previous Lectures



Camera Calibration - Procedure

Omni Calibration Tools



Camera Calibration Software

Omnidirectional Camera Calibration



Omnidirectional Rig Calibration

Omnidirectional Geometry  



Recap

• Epipolar Constraint

- Maps points in  to lines in I1 I2

• Fundamental Matrix

• Perspective Projective Geometry

Omnidirectional Epipolar Geometry 
• Epipolar Planes intersect spherical retinas in circles

• Two epipoles:   and e ·e

• Epipolar Constraint

- Maps points in  to curves in C1 C2

• Need to distinguish 

- Ray orientation

- Lines and Half-Lines



Working with Epipolar Geometry

• Epipolar Constraint

- Cannot be applied to image points

- Applies to 3D vectors computed from image points using functions g, h.

• Fundamental Matrix

A Real Example
• Epipolar geometry for a pair of omnidirectional cameras



Omnidirectional  
3D Reconstruction

Based on (Micusik, 2004)

3D Reconstruction (ii)
• Projection equation for omnidirectional cameras

• Relationship btw calibrated vector  and the “real” vector  p p′￼′￼

• Assuming calibrated cameras

- Compute 3D vectors p for all image points  such that it holds in both imagesu



3D Reconstruction (i)
• Since matrices  are known, the equations (A) can be combined into:Pi

• The linear estimate X should be further used as a starting point in 
a nonlinear bundle adjustment minimizing reprojection errors.


