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Theoretical and Experimental Study on Moiré Magnification of
Planar Micro-Lens Array

Zhang Rui,
Faculty of Printing and Packaging Engineering, Xi'an University of Technology, Xi'an,

Cao Congjun”

Abstract The moiré effect, which can expand attractive application in the stereoscopic anti-counterfeiting
technology and high-precision measurement of the micro-lens array, will occur when the planar micro-lens array is
overlapped with the matching micro-pattern array. The relationship between the magnification factor and the
direction of the moiré pattern and the vectors of the micro-pattern array layer and the planar micro-lens array layer is
obtained based on the principle of the vernier moiré effect. Consequently, the magnification of the moiré pattern
relative to the micro-pattern array is found to be approximately equal to the ratio of the periodic vector of the micro-
lens array to the difference of periodic vectors of the planar micro-lens array and the micro-pattern array. The
formula can predict the position and size of the micro-pattern mapping. For verification, the square aperture planar
micro-lens array with an aperture side length of 0.3 mm and a period of 0.315 mm is applied to the micro patterns

with different periods and angles. The experimental results of the location and size of the moiré patterns are
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consistent with the theoretical predictions.
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Fig. 1 Schematic of moiré magnification with planar micro-lens array
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Fig. 2 Experimental results of moiré pattern when period of micro-pattern changes in the same way. (a) Moiré pattern

display effect; (b) comparison between theoretical and experimental values of moiré pattern magnification factor
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Fig. 3 Experimental results of moiré pattern when rotation angle of micro-lens 8 changes (/b |=1|b,|). (a) Moiré pattern

display effect; (b) comparison between theoretical and experimental values of moiré pattern magnification factor;

(c¢) comparison between theoretical and experimental values of rotation angle 7 of moiré pattern
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Fig. 4 Moiré pattern experiment results when the lateral and longitudinal periods of the micro-pattern are changed
separately. (a) Moiré pattern display effect when the longitudinal period of micro-pattern |b, | changes; (b) moiré
pattern display effect when the lateral period of micro-pattern |b, | changes; (c¢) comparison between theoretical and
experimental values of moiré pattern magnification K, when the longitudinal period of micro-pattern |b, | changes;
(d) comparison between theoretical and experimental values of moiré pattern magnification K, when the lateral

period of micro-pattern |b, | changes
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