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Abstract. The use of multi-modal and multi-camera systems for the optical ac-
quisition of 3D data is widespread in the field of robotics and human-robot co-
operation (HRC). In such scenarios, the 2D and 3D sensor data must be reg-
istered and merged geometrically and cameras as well as scene objects have
to be precisely localised in the environment. Methods for geometric calibration
of cameras and of objects acting in the environment, such as robots, play an
important role for such tasks. The purpose of the geometric calibration is the
estimation of the (intrinsic) imaging properties of cameras as well as the geo-
metric position and orientation of cameras or robots in a common coordinate
system using extrinsic parameters.

In this article, selected applications of geometric calibration, such as calibra-
tion of single cameras, camera pairs, of inverse cameras (projectors) and of
camera-robot systems are discussed theoretically and evaluated using a mod-
ular toolkit, the 3D-EasyCalib™.

1 Introduction and motivation

Multi-camera systems are used for a variety of tasks in robotics and HRC. In such
applications, before the actual 3D data analysis, a 2D, 3D fusion of all data captured
by sensors in a common coordinate system and a camera-to-robot registration are
required. The proven methods for camera and camera-to-robot calibration use geo-
metrically known calibration targets that are usually recorded from different viewing
directions. From known world to image point correspondences, camera parameters
as well as the spatial relationships of sensors and scene objects, such as robots,
can be determined very precisely. Since diverse methods often have to be combined
to calibrate a specific layout, e.g. a camera-robot system, the calibration process is
time-consuming and the evaluation of the calibration results is difficult. The modular
toolkit 3D-EasyCalib™ was developed at the ZBS e.V. for the user-friendly, universal
implementation of several tasks of geometric calibration in various scenarios.

The 3D-EasyCalib™ software offers numerous toolboxes, methods and a user-
friendly front end. The aim of the toolkit is to carry out geometrical calibrations with






