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3D Camera-Laser Extrinsic Calibration

Á Complementary information of the 

environment from camera and laser scanner

Á Extrinsic parameters (rotation and 

translation) required to fuse information

18 November 2020 Page 2Raphael Voges     Extrinsic Calibration Between a 3D Laser Scanner and a Camera Under Interval Uncertainty



Institute of Systems Engineering - Real Time Systems Group

3D Camera-Laser Extrinsic Calibration
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Á Why intervals to model error?

ÁError distribution of sensors is often unknown 

(laser scanner, camera)

ÁUnknown, systematic errors can be modeled 

(e.g. biased intrinsic camera parameters or 

laser distance measurements)

ÁConsistent error propagation

ÁFused information is guaranteed

ÁNo initial value needed
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Modelling the Sensor Errors: Laser Scanner

Á Interval for distance measurement: [d]

Á Interval for angular components: [‰] and [—]

Á Computation of 3D Cartesian coordinates
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Modelling the Sensor Errors: Camera

Á Interval boxes instead of point-valued feature detections

Á Error bounds can be found from calibration process

ÁMaximum reprojection error
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General Idea

Á Find corresponding features 

for laser scanner and camera 

on checkerboard

ÁPlane parameters

ÁLine parameters

Á3D corner points

ÁMultiple checkerboard poses

Á SIVIA with forward-backward 

contractors to find rotation 

and translation 
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Camera Feature Extraction: PnP Problem

Á ‗is the unknown scale factor

Á όȟὺȟρ is a corner on the image 

plane

Á ὼȟώȟᾀ is the corresponding 3D 

world point

Á Ὑ(rotation) and Ὕ(translation) are 

the wanted extrinsic parameters

Á SIVIA with contractors to find an 

enclosure for Ὑand Ὕ

Á No initial solution needed  
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Blue: detected image feature red: reprojected world point
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Camera Feature Extraction: Plane Equation

ÁGeneral plane equation: ὥὼὦώὧᾀὶ π

Á ὥȟὦȟὧ is the plane normal vector ὼȟώȟᾀ is a 3D point on the plane
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Known three points on the plane: 

Vectors on plane:
Cross product results

in plane normal:
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Camera Feature Extraction: Corner Points + Line Equations

Á Corner points are known in checkerboard coordinate system

Á Transform corner points into camera coordinate system using R and T

Á Line direction is the difference between two adjacent 

corner points
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Laser Feature Extraction: Preliminary Steps

Á Manually define 3D cube that contains checkerboard

Á Remove scan lines with insufficient points

Á Remove points on tripod using

RANSAC
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