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Analysis of High-Order Moiré-Imaging Features of Moiré Magnifier
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Abstract In this work, the amplification-superposition principle of high-order moiré imaging is analyzed. Based on
the first-order geometric-transformation-moiré method, an improved design and analysis method for moiré
magnifiers by distinguishing the unit amplification and periodic amplification from the moiré imaging is proposed.
Our method is used to simulate high-order moiré imaging in MATLAB. By designing and fabricating various high-

order moiré magnifiers, an experimental analysis of high-order moiré imaging is also carried out. The results

embody the amplification-composition effect of high-order moiré imaging, thereby validating our method.
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Fig. 1 Diagram of a microlens array divided into the same
2X 2 subarrays A, B, C, and D
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Fig. 2 Diagram of design of micrographic array of high-order moiré magnifier based on destruction of high-order moiré

pattern. (a) Destruction of high-order moiré pattern unit according to different orders; (b) destruction of high-order

moiré pattern unit according to different arrangement
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Fig. 3 Diagram of moiré pattern unit "9" composited by

the sub-sections “1”, “37, “5”, and “7” of

micropattern unit
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Fig. 4 Moiré amplifier device obtained by superimposing a microlens array and a microimage array
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Fig. 5 Periodic magnification s (star, square, and cross

lines ) and direction angle ¢ (red dot and circle) of
moiré pattern in high-order moiré imaging as
functions of cross angle 8
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Fig. 6 Moiré complex periodic magnification 7 in high-order

moiré imaging as a function of cross angle
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replication with the arrangement period of 160 pm
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Fig. 8 Multiple micropattern arrays used for verifying high-order moiré magnification-composition imaging. (a) Unit

micropattern “F” with arrangement period of 160 pm; (b) unit micropattern consists of some semi-circular arcs with

arrangement period of 320 pm; (c¢) unit micropattern consists of some semi-circular arcs with arrangement period of

480 pm; (d) unit micropattern consists of erected and laid flat "S" patterns with arrangement period of 320 pm;

(e) unit micropattern consists of erected and laid flat "S" patterns with arrangement period of 320 pm, which is

different from Fig. 8(d) in the different arrangement of the erected and laid "S" patterns; (f) unit micropattern

consists of “17, “7”, “3”
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Fig. 9 Experimental results of multiple high-order moiré magnifiers corresponding to Fig. 8. (a) Result of 1st-order moiré

imaging of micropattern array in Fig. 8 (a), showing “F” patterns; (b) result of 2nd-order moiré imaging of

micropattern array in Fig. 8(b), showing the unit pattern with inner and outer circles; (c¢) result of 3rd-order moiré

imaging of micropattern array in Fig. 8(c¢), showing the unit pattern with inner and outer circles; (d) result of 2nd-

order moiré imaging of micropattern array in Fig. 8(d), showing fan-type unit moiré pattern with superimposition of

two mirror images “S”; (e) result of 2nd-order moiré imaging of micropattern array in Fig. 8(e), showing the fan-

type unit moiré pattern similar to Fig. 8(d); (f) result of 2nd-order moiré imaging of micropattern array in Fig. 8(f),

showing the unit moiré pattern “9” with strokes in different brightness
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