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Abstract To enhance the security level and practicality of optical validation technique, an optical multiple-level
security validation method is proposed based on the multiplexing of orthogonal polarization states in three—
dimensional space. Two phase—only masks are generated by adopting the designed multiple diffractive planes and
multiple signal windows phase retrieval algorithm, in order to reproduce Fresnel diffraction field with all of the
subblocks which are obtained by the partition of the validated image distributed in specific locations in three—
dimensional space. One of the two phase—only masks is taken as the system lock. The other one is acted as the
security validation key. The two phase—only masks are illuminated by orthogonal polarized respectively. The control
of both intensity distributions and polarization distributions in different place are achieved in three—dimensional
space. Only when both the security validation key and the three—dimensional orthogonal polarization map key are
obtained, the validated image is retrieved. The correlation coefficients between the verification image and simulation
or experimental results are 0.93 and 0.79 respectively, which shows the proposed system is a quite compact setup,

with both high security level and multiple—level validation functionality.
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Fig.1 Preprocessing procedure of image decomposition and partitioning
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Fig.5 Numerical simulation results of QR code images. (a).(b) Sub—images after preprocessing; (c).(d) pure phase template after
optimization; (e).(f) diffraction patterns in two Fresnel diffraction distances; (g) reconstructed validation image; (h) scan result of

reconstructed QR code
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Fig.6 Numerical simulation results of binary symbol images. (a) .(b) pure phase template after optimization; (c).(d) diffraction patterns
in same Fresnel diffraction distance with orthogonal polarization states; (e) reconstructed validation image
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Fig.7 Wrong validation results of QR code images. (a).(b) Intensity distributions of diffracted patterns in wrong Fresnel diffraction

distances; (c) reconstructed image with wrong Fresnel diffraction distance key; (d) validation image with wrong orthogonal polarization

mapping key
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Fig.8 Experimental system of 3D polarization multiplexing optical validation. (a) System structure; (b) core component—vector beam generator
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Fig.10 (a) Reconstructed validation image; (b) wrong validation image sub—block at z=230 mm;

(c) wrong validation image sub=block at z=290 mm; (d) wrong validation image sub-block at z=330 mm
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