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OVERVIEW

1. ASME B89.4.19 – instruments that may be tested 
according to this standard

2. Performance Tests

3. Performance Specifications 

4. NIST Laser Tracker Calibration Facility

5. Questions?



• ASME B89.4.19 Performance 
Evaluation of Laser Based Spherical 
Coordinate Measuring Systems 

• Should be available in the next few 
months

Laser Tracker Performance Evaluation Standard: 
Status Report



Spherical coordinate measuring systems determine 3-D 
coordinates using a displacement or distance measuring device 
as well as two angle measuring encoders
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Laser Tracker Performance Evaluation Standard: 
Status Report



Instruments included in the Standard
•Laser trackers and total stations used as industrial 
3-D measuring systems

Instruments that are excluded
• Multi-lateration systems (ranging system only 
trackers). 
•Theodolites and other instruments used exclusively 
for land or geodetic surveying 

Laser Tracker Performance Evaluation Standard



What is not tested

• Algorithms

1. Bundle adjust algorithms

2. Geometric fit algorithms 

• Laser tracker part temperature compensation

• Retroreflector errors 

Laser Tracker Performance Evaluation Standard



Performance  Tests

Primarily Length Measurement Tests

• System Tests - Measurement of known 
length (reference length) in various positions 
and orientation that are sensitive to error 
sources of the laser tracker

• Ranging tests evaluate the interferometer 
(IFM) and/or Absolute Distance Meter (ADM) 
measurement capability

Two-Face Measurements



Performance  Tests
Length Measurement  Systems Tests – reference 
length (≈ 2.3 meters in length) measured in 
various orientation and at specified distances 
relative to the laser tracker. 

• Horizontal length measurement system tests

•Vertical length measurement system tests

• Right diagonal length measurement system 
tests

• Left diagonal length measurement system tests

• Two users specified length measurements



Performance  Tests
Horizontal length measurement system test

 

Test of horizontal angle measurement capability

D

Target nestsStanding axis Reference length is 
measured in three 
positions a  distance, D, 
from the tracker.  In  
each position the tracker 
is rotated about the 
standing axis.  The 
distance D is between 
0.2 and 6.3 meters in 
length.



Performance  Tests
Horizontal length measurement system test

A small distance D, approximately 230 mm, is 
required to sample the R0 error. 
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Performance  Tests
Horizontal length measurement system test
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Test of vertical angle measurement capability

Reference length is 
measured in two 
positions a  distance, D, 
from the tracker.  In  
each position the tracker 
is rotated about the 
standing axis.  D is 
between 2.3 and 6.3 
meters in length.
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Performance  Tests
Vertical length measurement system test



Test of combination of vertical and horizontal angle 
measurement capability 

Performance  Tests
Right and left diagonal length measurement system tests
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Performance  Tests
Two-face system tests

 

D

Target nests 

Standing axis Reference lengths 
are measured in 
three positions a  
distance, D, from the 
tracker.  In  each 
position the tracker 
is rotated about the 
standing axis.  D is 
between 1.5 and 6.3 
meters in length.



Tests of ranging systems
1. Measurement of a long lengths (longest ≈ 26 meters 

long) 

2. Short length measurements 

3. Calibration report for the lFM, tested in accordance 
with procedures described in the draft Standard 
ASME B89.1.8

Performance  Tests
Ranging Tests



ADM tests (long length measurements)

Performance  Tests
Ranging tests

 

L1 
L2 

L3 
L4

Target Nests Four reference length 
measurements are 
required. Two additional 
user selected lengths shall 
be measured between the 
required maximum and 
minimum lengths (L1 ≈ 6 m 
and L4≈26 m)



IFM tests

• Long length (Same as ADM tests)

• Short length measurements for IFM

IFM mature technology

Errors primarily length dependent

Need only a few points to project errors 
over long range

Longest required length approximately 2.3 
meters

Performance  Tests
Ranging tests



IFM calibration procedure

• Uses offset and linear terms provided from 
the laser calibration report to determine 
conformance to specifications

Performance  Tests
Ranging tests



Performance  Specifications: Evaluation of Test 
Results

Errors ≤ Maximum Permissible Error (MPE)

• Decision rules are specified

• Formula for calculating MPE for any point-to-point 
length inside the laser tracker measuring envelope 
must be provided



Performance  Specifications: Specification Sheets







 

NIST Laser Tracker Calibration Facility
System Tests



NIST Laser Tracker Calibration Facility
System Tests

Back to back target SMRs

Laser
Interferometer



Uncertainty source 
detailed in paper 
presented at the 
Measurement Science 
Conference (a copy 
available upon 
request)

NIST Laser Tracker Calibration Facility
System Tests



NIST Laser Tracker Calibration Facility
System Tests

System Test Uncertainty per B89.4.19:

• U(k=2) = 3 μm + 0.5 × 10-6 L μm

• For 2.3 m length U(k=2) = 4.2 μm

NIST Calibration Available



NIST Laser Tracker Calibration Facility
Ranging Tests

• System configuration

Interferometer

Instrument 
under test

Carriage can accommodate 
a variety of targets



NIST Laser Tracker Calibration Facility
Ranging Tests



NIST Laser Tracker Calibration Facility
Ranging Tests



NIST Laser Tracker Calibration Facility
Ranging Tests

Reference 
retroreflector

Target retroreflector



Ranging Test (Dense Data)
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NIST Laser Tracker Calibration Facility
Ranging Tests



Ranging Test Uncertainty per B89.4.19

U(k=2) = 3 μm + 0.1 × 10-6 L μm
For 30 m length U(k=2) = 6 μm

NIST Calibration Available

NIST Laser Tracker Calibration Facility
Ranging Tests



Questions?



NIST 1-D Range Calibration Facility

Temperature versus Time
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