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FOREWORD

ASME B89 Standards Committee on Dimensional Metrology, under procedures approved by the American National
Standards Institute (ANSI), prepares standards that encompass the inspection and the means of measuring character-
istics of such various geometric parameters as diameter, length, flatness, parallelism, concentricity, and squareness.
Division 4 of the B89 Committee produces standards and technical reports in the area of coordinate measuring tech-

nology, with particular focus on coordinate measuring machines (CMMs). This Standard addressing the performance
evaluation of laser trackers and similar large-scale measurement systems is the work of the B89.4.19 Project Team.
Performance evaluation of a laser tracker presents challenges different from those associated with conventional

Cartesian CMMs. Because of a laser tracker’s very large working volume, no full-scale, three-dimensional calibrated
artifacts exist, and the design of the laser beam steering subsystem is such that individual parametric errors
cannot, in general, be isolated and measured individually. For any coordinate measurement system, a test of the
system’s ability to realize the SI unit of length, the meter, is a fundamental requirement. In a laser tracker, the
length scale is often a laser interferometer (IFM), and the person checking the system’s ability to realize a meter
usually does not have a significantly more accurate reference interferometer with which to perform such a test.
For these reasons, the performance evaluation tests in this Standard consist primarily of point-to-point length

measurements using calibrated artifacts that can be realized in a number of ways. Measured lengths are compared
with the manufacturer’s maximum permissible error (MPE) specifications in order to decide conformance. Realization
of the SI definition of themeter canbe evaluated in anumber ofways, including calibration of the laser IFM,measurement
of a series of short-calibrated reference lengths, or measurement of a series of long-calibrated reference lengths. Proce-
dures are also included for testing the absolute distancemeasurement capability of laser trackers that include this option.
All reference lengths used in theperformance evaluation tests are required tobe traceable perASMEB89.7.5. Guidance

is provided on how to demonstrate this traceability, as well as the traceability of subsequent point-to-point length
measurements made with a laser tracker that has passed the performance evaluation tests of this Standard.
ASME B89.4.19-2021 was approved by ANSI on September 13, 2021.
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SUMMARY OF CHANGES

Following approval by the ASMEB89 Committee and ASME, and after public review, ASMEB89.4.19-2021was approved
by the American National Standards Institute on September 13, 2021.

The figures, forms, and tables in ASME B89.4.19-2021 have been redesignated based on their parent paragraphs. ASME
B89.4.19-2021 also includes the following changes identified by a margin note, (21).

Page Location Change
1 1 Revised
1 2 Revised
2 3 Revised in its entirety
4 4 Revised
5 Form 4-1 Title and subheadings revised
6 Form 4-2 Title revised
4 5 Revised
4 6 Revised in its entirety
13 Table 6.3.1-1 Title revised
18 7 Revised in its entirety
19 Figure 7.1-1 Title revised
22 Figure 7.4.2-1 Title revised
21 8 References updated
23 Mandatory Appendix I Revised in its entirety
25 Nonmandatory Appendix A Revised
26 Table A-2-1 Revised
27 B-1 First sentence and subpara. (a) revised
27 B-2.1 Third paragraph revised
27 B-2.2 Second and fifth sentences revised
28 Figure B-2.2-1 General Note added
29 B-3 First, second, ninth, and tenth paragraphs revised
34 C-4 Second and fourth paragraphs revised
34 C-4.1 First sentence revised
34 C-5 First paragraph revised
37 Nonmandatory Appendix D Revised in its entirety
49 E-1 First sentence revised
55 Nonmandatory Appendix F Revised in its entirety
56 Figure F-5.1.2-1 Added
57 Figure F-5.1.2-2 Added
58 Figure F-5.2.2-1 Added
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PERFORMANCE EVALUATION OF LASER-BASED SPHERICAL
COORDINATE MEASUREMENT SYSTEMS

1 ð21ÞSCOPE

This Standard prescribes methods for the performance evaluation of laser-based spherical coordinate measurement
systems and provides a basis for performance comparisons among such systems. Definitions, environmental require-
ments, and testmethods are includedwith emphasis on point-to-point lengthmeasurements. The specified testmethods
are appropriate for the performance evaluation of a majority of laser-based spherical coordinate measurement systems
and are not intended to replace more complete tests that may be required for special applications.
This Standard establishes requirements andmethods for specifying and testing the performance of a class of spherical

coordinate measurement systems called laser trackers.1 A laser tracker is a system that directs the light from a range-
measuring device to a retroreflecting target (called a retroreflector) by means of a two-axis rotary steering mechanism
while monitoring the angular position of these rotary axes, thereby forming a spherical coordinate metrology system.
Such a system may measure a static target, track and measure a moving target, or measure (and perhaps track) some
combination of static and moving targets. This Standard can also be used to specify and verify the relevant performance
tests of other spherical coordinate measurement systems that use cooperative targets, such as laser radar systems.
This Standard focuses specifically on the use of laser trackers as industrial measurement tools rather than on their use

in surveyingorgeodesy. Specified tests aredesigned toevaluate the staticpoint-to-point lengthmeasurement capabilities
of these systems. The specified tests are not intended to evaluate the dynamic performance of the laser trackers. Addi-
tional tests are included thatevaluate therangemeasurementcapabilityof laser trackersequippedwithabsolutedistance
meters (ADMs). The tests donot evaluateworkpiece thermal compensation capability and arenot sensitive to spherically
mounted retroreflector (SMR) imperfections.

2 ð21ÞINTRODUCTION

In addition toproviding for theperformanceevaluationof laser trackers, this Standard facilitatesperformancecompar-
isons among different systems by unifying the terminology and the treatment of environmental factors. It defines test
methods appropriate for evaluating the performance of amajority of laser trackers, but it is not intended to replacemore
complete tests that may be required for special applications.
Systems that have passed the performance evaluation tests of this Standard are considered capable of producing

traceable point-to-point length measurements for the conditions required herein. Application of point-to-point
length measurements to a specific workpiece or measurement task may require additional testing and analysis in
order to establish metrological traceability. This Standard provides technical guidance that may be useful in the cali-
bration of laser-based spherical coordinate systems for point-to-point length measurements.
The Appendices describe various factors that should be considered when using this Standard.
(a) Mandatory Appendix I discusses metrological traceability, with particular focus on demonstrating traceability of

reference lengths used in laser tracker performance evaluation. Requirements for demonstrating metrological trace-
ability are presented per ASME B89.7.5.
(b) Nonmandatory Appendix A discusses the traceability of laser tracker point-to-point length measurements

performed subsequent to a system passing the performance evaluation tests described in this Standard.
(c) NonmandatoryAppendix Bdescribes tests andprocedures for determining geometric errors in the construction of

SMRs so that the suitability of a particular SMR for laser tracker performance testing can be evaluated.
(d) NonmandatoryAppendixCdescribes environmental factors that influence the refractive index of light in air. These

factorsaffect thewavelengthof light andshouldbecarefullyunderstoodbeforeproceedingwith the testsdescribed in this
Standard.

1 For purposes of this Standard, the terms spherical coordinate measurement system and laser trackerwill be used interchangeably, notwithstanding
the ability or inability to track a target.
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