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Real-time compensation of aging error in
dual-frequency laser interferometry system based on
algebraic derivative estimation method

DU Hao,ZHU Wenmiao,ZHANG Wentao, WANG Jian',ZHOU Kai, KANG Chengguang, GAO Huiying
(Guilin University of Electronic Technology, School of Optoelectronic Engineering, Guilin Guangxi 541004, China)

Abstract: To address the issue of data age error in dynamic displacement calculation for dual-frequency laser interferometry
measurement systems, a real-time compensation method based on the algebraic derivative estimation method (ADEM) is pro-
posed. The JESD204B protocol is employed to achieve multi-channel synchronous acquisition, resolving the delay discrepan-
cies among analog-to-digital converters (ADCs). A dual-thread complementary strategy is designed to eliminate the interfer-
ence of singularity domains and initialization cycles on compensation accuracy. Experimental results demonstrate that the dis-
placement error is reduced from approximately 4.8 nm to approximately 0.5 nm under low-speed motion, and from approxi-
mately 37 nm to 16 nm under high-speed motion. Under variable-speed conditions, the error is compressed from approximately
65 nm to within 20 nm. Phase residual analysis confirms that the system achieves 1 024-fold electronic subdivision, realizing
sub-nanometer resolution.

Key words: displacement measurement by interferometer, algebraic derivative estimation method, data age error compensa-
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