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Rapid cubic prism collimation and attitude measurement method

based on laser tracker

Yang Zhen, Shen Yue, Deng Yong, Li Cong

(Institute of Surveying and Mapping, Information Engineering University, Zhengzhou 450001, China)

Abstract: A method of laser cubic prism collimation and attitude measurement was proposed in this
paper, and the accuracy was analyzed. A single cubic prism and double cubic prisms were collimated and
measured respectively by using high precision electronic theodolites and laser tracker system. The angle of
adjacent surface and coordinate transformation parameters were calculated, and the measuring accuracy of
new method was compared. The measurement efficiency and environmental requirements was also
compared. The experiments results show that the new method achieved an accuracy of 10", which is
significantly inproved compared to other traditional methods with an accuracy of 0.5', indicating that this
new method had the equivalent accuracy to other mainstream theodolite method. At the same time the
efficiency of new method was improved by more than double, and the requirements for the measurement
environment were also more relaxed. It could replace the method of theodolite in the actual production.
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Fig.1 Collimation and attitude measurement of laser tracker
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Tab.1 Nominal precision of Leica AT901

laser tracker

Type AT901_B

Maximum range/m 80
Angle accuracy 15 pm+6 pm/m

Distance accuracy (IFM)/pm 0.5

Distance accuracy(ADM)/pm 10

Coordinate accuracy 15 pm+6 pm/m
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Tab.2 Perpendicularity testing experiment

of cubic prism

Laser tracker

Theodolite 89°59'(90°00")
89°59'

2m 4 m 8m

Round 1 57.2" 57.0" 58.3" 57.6"
Round 2 54.9" 59.4" 00.2" 56.0"
Round 3 56.9" 54.6" 55.7" 58.4"
Round 4 57.8" 00.8" 58.1" 58.1"
Round 5 58.4" 59.1" 57.9" 56.6"
Average 57.0" 58.2" 58.0" 57.3"
3 1.3 2.4 1.6 1.0
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Fig.2 Two cubic prisms measurement with theodolites
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Fig.3 Two cubic prisms measurement with laser tracker
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Tab.3 Experimental results of 2 cubic prisms with

theodolites
A
B
X Y VA
x 113°01'46.4"  23°02'37.4"  90°56'55.3"
y 156°57'37.3"  113°01'47.5"  90°17'46.5"
z 00°38'37.8"  89°14'34.1" 0°59'38.1"
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Tab.4 Experimental of 2 cubic prisms with

laser tracker

A
B
X Y z
X 113°01'41.4" 23°02'41.0" 90°56'56.6"
y 156°57'42.4"  113°01'51.0" 90°17'45.7"
z 90°38'37.6" 89°14'32.7" 0°59'38.9"
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Fig.4 Time comparison
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Tab.5 Comparison of measurement methods

Methods Theodolite Laser tracker
Accuracy High High
Manual aim Need Not need
Time Long Short
Setting requirement High Low
System calibration Need Not need
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