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Study on laser speckle correlation method applied

in triangulation displacement measurement

Shen Lei, Li Dinggen, Chu Jun, Zhu Hongmao
(School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The laser speckle is a kind of noise in triangulation displacement measurement. It’ s
meaningless to restrain speckles when the light spot is so weak that facular image can not be extracted
from speckles. But the speckle is also a kind of carrier of displacement information. For the above
reasons, digital correlation method was used in laser triangulation displacement measurement system to
measure the displacement of rough surface with strong scattering and the results had been analyzed. The
results show that the digital correlation method is feasible in triangulation displacement measurement
system, the measuring range reached micron grade and the experimental errors are below 2% . This
method can overcome the disadvantage of laser triangular displacement measurement system in rough
surface with strong scattering, improve the accuracy and expand its range of application.
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Fig.1 Principle of triangulation displacement measurement
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Fig.2 Signals with weak scattering
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Fig.4 Optical path and actual device of laser triangulation
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Fig.5 Relation between actual displacement and light spot
displacement and relation between actual displacement

and the displacement magnification
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Fig.7 Signals with strong scattering
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Tab.1 Results comparison of centroid method and

correlation method

Measurement No. 1 2 3 4 5

Actural value/mm 0.337 0.740 1.145 1.361 1.667

Centroid method value 0.346 0.721 1.104 1.324 1.630

Centroid method error 2.8% 2.6% 3.6% 2.7% 2.2%

Jati h
Correlation method ) o)\ 25 1 130 1384 1.645
value/mm

Correlation method error 1.2% 2% 1.3% 1.7% 1.3%

Measurement No. 6 7 8 9 10

Actural value/mm 1.944 2.183 2.548 2.739 3.239

Centroid method value 1.890 2.133 2.477 2.665 3.135

Centroid method error  3.3% 2.3% 2.8% 2.7% 3.2%

Jati h
Correlation method ) 10 5 159 5400 2,703 3.194
value/mm

Correlation method error 1.8% 1.1% 1.9% 1.3% 1.4%
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Fig.8 Errors in strong scattering with different oblique angles
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