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A Fully Optical Method for Compressive Optical Image Hiding
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Abstract Recently, because of its realistic perception, the three-dimensional (3D) imaging technology has attracted
more and more attention, and the consequent security issues of 3D image are gradually being taken seriously.
Because of the huge data volume of 3D image, the speed of data transmission and processing is very slow. The
safety and speed of 3D images transmission has become the primary problem. An optical image hiding technique
using fully optical means is proposed, which utilizes the parallelism of optical technology and the theory of
compressive sensing to greatly reduce the acquisition time and data volume, it provides the possibility of future 3D
image secure transmission. Firstly a secret scene or image is embedded into a host image to perform optical image
hiding by using a modified Mach-Zehnder interferometer. Then the hidden image is compressed to a much smaller
signal data using single-pixel holographic compression imaging. At the received terminal, the hidden image is
reconstructed well via compressive sensing theory and a specified holographic reconstruction algorithm. The
preliminary experimental results and numerical simulations show that it is effective and suitable for optical image
security transmission in the coming all-optical network for the reason of the completely optical implementation and
largely decreased holograms data volume.
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Fig. 1 Compressed optical image hiding system
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Fig. 2 Simulation results. (a) Host image; (b) secret image; (c¢) hologram of the host image;
(d) interference hologram of hidden image; (e) recovered original secret image without compressive sensing;

(f) reconstructed secret image with 22% measurements
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Fig. 3 Experimental results of first group. (a) Host image; (b) secret image; (c) hologram of the host image;
(d) interference hologram of the hidden image in the DMD plane; (e) recovered original secret image

without compressive sensing; (f) reconstructed image with 22 % measurements
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Fig. 4 Experimental results of second group. (a) Host image; (b) secret image; (c) hologram of the host image;

(d) interference hologram of the hidden image in the DMD plane; (e) recovered original secret image
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Fig. 5 Analysis of image reconstruction results at different sampling rates. (a) PSNR curves; (b) MSSIM curves
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Table 1 Reconstruction time of two images at different sampling rates

Sampling rate /% Time of image F /s Time of image sunshape /s
10.8 1.1543 1.1525
22.8 1.1458 1.1521
30.2 1.1574 1.1579
51.3 1.1508 1.1556
60.5 1.1554 1.1584
68.3 1.3084 1.1529
80.0 1.1554 1.1584
91.1 1.1590 1.1496
96.1 1.1639 1.1622
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