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Abstract

Addressing the complex manufacturing processes and high costs associated with traditional preci-
sion gratings, this study leverages the light-blocking effect mechanism of Moire fringes generated
by the geometric superposition of two sets of periodic gratings. Utilizing their significant displace-
ment amplification characteristics, we developed a micro-displacement measurement device em-
ploying a low-cost, self-fabricated grating. Submillimeter-scale linear gratings were fabricated us-
ing high-resolution film printing technology. The hardware system was constructed by integrating
an XYZR four-axis displacement stage with a USB camera module. A computer-assisted visual meas-
urement system was developed using Python and OpenCV. By overlaying a calibrated digital reticle
on the live video feed, a 20-segment subdivision method was implemented, which significantly en-
hanced the measurement resolution of the system. Experimental data demonstrate that under con-
ditions of a grating constant of 0.7 mm and a printing precision of no less than 4000 dpi, the relative
measurement error is as low as 0.28%. System parameter analysis confirms that the measurement
characteristics of Moire fringes depend solely on the grating constant and are independent of the
distribution ratio of grating line widths. This research provides a simple, practical, and low-cost tech-
nical approach for high-precision non-contact displacement measurement.
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Figure 1. Linear optical grating
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Figure 2. Schematic diagram of Moire fringes formation
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Figure 3. Triangular relationship diagram
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Figure 4. Experimental setup diagram
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Figure 5. Theoretical diagram of Moire fringes measurement
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Figure 6. Samples of fabricated linear gratings
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Figure 7. Measurement of Moire pattern effect
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Table 1. Experimental measurement data for different print resolutions (DPI) at a grating constant of 0.7 mm

=1 ME S 0.7 mm BYAREFT ENHE A (DP1) Y SE3E N B B e vt

FTE[S B (DPI) JEHE % d (mm) FHXT 1R 22 (%)
5000 0.7 0.28
4000 0.7 0.29
3000 0.7 0.62
2500 0.7 0.98
2000 0.7 1.03
1500 0.7 1.07
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1000 0.7
500 0.7
250 0.7
100 0.7

1.06
1.35
1.43
1.89
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Table 2. Measurement data comparison for various combinations of grid line widths and gap widths

2. TRIMMETI R S5 42058 E 4H & YN 8 BRIt

JeiEE d (mm) ML % a (mm)
11 0.7
1.0 0.3
0.9 0.6
0.8 0.2

0.4
0.7
0.3
0.6

ZERYE b (mm)

5.1.3. R ()FITEN SRR (DP1) Z B KBRE R
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B ZHE TN RUE, (BAESSEH ZIRT EECRERGNE R PR, MO s 38080
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Table 3. Statistical measurement results for different grating constants

% 3. REKAESH TS SR

PNy
= 5

DPI S % d (mm) FHXT 1R 22 (%) DPI S % d (mm) FHXT 1R 22 (%)
5000 0.7 0.28 1500 0.6 1.16
4000 0.7 0.29 1000 0.6 1.45
3000 0.7 0.62 500 0.6 1.48
2500 0.7 0.98 250 0.6 1.74
2000 0.7 1.03 100 0.6 1.75
1500 0.7 1.07 5000 0.5 1.04
1000 0.7 1.06 4000 0.5 1.22
500 0.7 1.35 3000 0.5 1.24
250 0.7 1.43 2500 05 1.34
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100 0.7 1.89 2000 05 1.39
5000 0.6 0.78 1500 05 1.45
4000 0.6 0.77 1000 05 1.59
3000 0.6 0.87 500 05 1.58
2500 0.6 1.14 250 05 171
2000 0.6 1.35 100 0.5 1.76
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Figure 8. Experimental data chart for different print resolutions at a grating constant of 0.7
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Figure 9. Different renderings at high and low dpi
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Figure 10. Measurement data for different grid line widths and gap widths
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Figure 11. Heatmap of the relationship between different printing resolutions and grating
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Table 4. Minimum estimated readings for different grating constants

4. PRSI R/MEIE(E

T % d (mm) /Mt AR (um) JEH % d (mm) /Mt AR (um)
0.4 2.0 0.8 4.0
05 25 0.9 45
0.6 3.0 1.0 5.0
0.7 35 11 5.5
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Table 5. The displacement period obtained from five repeated measurements

= 5. IRNEMBERERHAE

77’\ %& I Xl X2 X3 X4 XS

A7 F M EAE x/mm 0.897 0.903 0.902 0.910 0.907

6.21. AXTHEE u,
FET-22 519 5 Y & A7 A 4H (BA 47 mm): 0.897, 0.903, 0.902, 0.910, 0.907 . #+ 45 F- & X = 0.9038 mm ,
FEAFRUEZE 5 =0.00497 mm . T A KAHEEN:
u, = % ~0.00222 mm. 6)
6.2.2. B XN HEE u,
B A E B EE R EN D PIRE u, 5 ARG E0RZ u, M. %355 A Ab B
(1) BRI EE: B Ax=0.035mm, -
d 0035

- - ~0.00202 mm. 7
He 2023 3 mm )
(2) fHEEAHIERE: B E el 2 N+0.2 #%(EP£0.007 mm), M.
u, = % ~0.00404 mm. (8)
Bl B AN E
Ug = 4/UZ +UZ ~0.0045 mm. 9
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AR ZERE 0.28%, SEIL T ORI ks BE SR L RS T 2 bk, B FCERNERIY T 4T EDREFE L Sttt
HREESHOT I U AR G IR, BOTE T SRR SUREE S e P T LA A B B ST . 28 BT
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2025 47U 1148 KA 7 L1 25X 35 H (S202510649201).
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