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Abstract

To achieve a compact structure and high-precision measurement in three degrees of freedom (3-
DOF) displacement sensing, a heterodyne grating-based precision measurement system is pro-
posed and designed. The system adopts a Littrow-incident optical configuration, which effectively
simplifies the optical path and reduces energy loss. A two-dimensional reflective grating is introduced
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as the core sensing element to enhance the system’s measurement capability and structural com-
pactness. The optical architecture and measurement principles of the proposed system are system-
atically investigated. Based on the diffraction characteristics of the two-dimensional grating and the
heterodyne optical design, the system is simulated and achieves a two-fold optical subdivision. The
optical path modeling and ray-tracing simulation are conducted using ZEMAX, and the coherence of
the interference field is obtained. Subsequently, the interference signals are processed and ana-
lyzed in MATLAB, yielding a fringe contrast ratio of 0.992, which verifies the excellent coherent per-
formance of the system under ideal conditions. Furthermore, the theoretical resolution of the sys-
tem reaches 0.10 nm, demonstrating its potential for nanoscale displacement detection. The pro-
posed system offers advantages such as structural simplicity, high stability, and ease of integration,
making it suitable for high-precision multi-degree-of-freedom displacement measurement applica-
tions.
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Figure 1. Schematic diagram of the grating displacement measurement system
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Figure 2. ZEMAX simulation model
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Figure 3. Image of the interference signal: (1) PD1 interferometric image; (2) PD2
interferometric image; (3) PDs interferometric image; (4) PD4 interference image
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Figure 4. MTF simulation diagram
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