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A nonlinear error compensation algorithm for laser heterodyne

interference based on differential operation
CHEN Hongqgiang . XIE Jiandong .YAN Liping
(Precision Measurement Laboratory, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to compensate for the first-order nonlinear error caused by laser frequency mixing
in laser heterodyne interference displacement measurement, a nonlinear error compensation algorithm
based on differential operation was proposed. First, the heterodyne interference signal was subjected to
quadrature down-mixing to obtain a pair of quadrature signals containing the phase information to be
measured. Subsequently, the differential operation was performed to eliminate the DC offset caused by
laser frequency mixing in the quadrature signal. Finally, the phase to be measured was obtained through
the arctangent operation. The all-hardware compensation algorithm based on field programmable gate array
(FPGA) that can perform full hardware calculation was designed, the experiments for simulated
interference signal and the measurement of the laser heterodyne interference displacement were carried out.
The experimental results have shown that by using the compensation algorithm, the signal to noise and
distortion of the displacement measurement results was improved from 38.59 dB to 54.65 dB, and the
harmonic distortion of each order was reduced by about an order of magnitude, verifying the feasibility and
effectiveness of the proposed algorithm. The algorithm can reduce the nonlinear error in the laser
heterodyne interference displacement measurement and improve the measurement accuracy.
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