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Abstract

This paper presents the achievement of a China NSFC project. A technique to calibrate laser tracker
using CMM has been developed. A laser tracker with working range of 35m can be calibrated
accurately and quickly using a CMM with working range of 1m. Studies have shown that angular errors
are the key contributor to measuring errors of laser tracker. A device to measure angular errors of laser
tracker on CMM has been invented. Using this technique to calibrate the laser tracker on the CMM, the
maximum measuring error of the laser tracker in measuring distance of 1.56m has been decreased

sharply from 91um to 28um.
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1 INTRODUCTION

Laser tracker is a portable 3D large size
measuring system. It measures 3D coordinates
with laser beam by following a mirrored spherical
probe (MSP). The tracker follows MSP in range
of 35m, tracking features at 1000 points per
second with accuracy of 1x10°. Among the large
size measuring technologies, such as measuring
arms, theodolites, and total station systems, laser
trackers possess many advantages, such as
broad rage, high speed, and high accuracy.

Figure 1: Measuring principle of the laser tracker

Figure 1 shows the measuring principle of the
laser tracker, which is used as a portable CMM to
measure a bus body. The measuring laser beam
2 emitted from the laser tracker 1 tracks mirrored
spherical probes 3 and then is reflected to the

laser tracker. The laser tracker can measure the
distances by two laser interferometers and the
angular locations by two angular encoders.
Operator 4 moves the SMP 3 on the measured
object 5 to get required measured points for
whole body measurement. The coordinates of
the SMP, which are also the coordinates of the
measured point P, can be determined as
following:
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Where d is the distance from laser tracker 1 to
probe 3, « is the angle between laser beam and
X-axis, and g is the angle between laser beam
and Z-axis.

The equation (1) and experiments have shown
that the accuracies of the angle « and g are the
key to decrease the measuring accuracy of a
laser tracker. One of the applicable techniques
to improve the accuracy of the laser tracker is
geometric calibration, which measures and
compensates the angular errors.

The key for a successful calibration is to measure
angular errors accurately and effectively. There
have not been any standard device and method
with broad rage to measure angular errors of the
laser tracker. The purpose of this paper is to
present an applicable and low cost technique
developed by authors, including the measuring
method and device, to measure angular errors of
the laser tracker using CMM.












