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Abstract Aiming at the problem of large-capacity information embedded in information hiding technology reducing
the concealment and robustness, an adaptive image block hiding technology based on optical spatial-frequency
domain transform was proposed. The gray-level correlation analysis and echo state network were used to form the
adaptive embedding mechanism. When the embedding capacity reached the saturation threshold, the embedding
position was automatically adjusted using the mechanism based on the gray-level correlation order to avoid excessive
deterioration in robustness. Based on this, the two-dimensional discrete cosine transform was used to hide images in
the spatial-frequency domain and combined with the human eye’s characteristic of insensitivity to the optical high-
frequency area to realize information hiding in the transform domain, thereby ensuring that the concealment was not
affected. Simulation and comparative experiments prove that the visual perspective is unaffected after large-capacity
information is embedded in the carrier image. After introducing Gaussian and salt and pepper noise interference and
rotating and zooming geometric attacks, results show that the information carrier is insensitive to noise interference
and geometric attacks, indicating the technology ensures large-capacity embedding while considering concealment
and robustness.
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Fig. 1 Carrier image scaling and equal processing. (a) Hidden carrier 512X 512; (b) carrier scaling 510 X510;
(c¢) hidden information170X170; (d) carrier equalization (170X 170) X9
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Fig. 2 Information image Arnold scrambling processing. (a) Hidden information original image; (b) 1st horizontal and

vertical stagger; (c) 9th horizontal and vertical stagger; (d) 12th horizontal and vertical stagger

{x = (22" — y" ) mod(L)

, , . (2)
x=(—x + y )mod(L)

2.3 REHE/EENLTENLLE

Sy i I A8 A A L AR 1] FR] By o A
[F) T 5 BOTC ¥ 1 42 VT A 1) Ti) A, 75 % T A4 A R B B
AT T i WA A B, BB an sl 3 s .

PR3 i L 3k A A ik P AR Ak BRBSCR X L

Ca) BB A3 1A PR 85 (o) A 0k PR 5 A BRSO 5 (o) 349 {35 TR 45 4k B A0 2R

Fig. 3 Comparison of image processing effects between extreme value method and mean value method. (a) Hidden carrier

image; (b) image processing effect of extreme value method; (c¢) image processing effect of mean value method
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Fig. 4 Working principle of echo state network
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Fig. 5 Carrier and information comparison after embedding/extraction. (a) Evenly divided carrier image with gray-level

correlation order; (b) information image after scrambling; (c¢) hidden information carrier; (d) information image

after extraction and inverse transformation C=0.9993
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Table 1 Comparison of experimental results between

proposed method and other methods

Embedded Rese/dB

capacity /bit Proposed Ref. [4] Ref. [6]
method method method

46. 21 52.48 52.45 52.47

62. 37 51.07 49. 89 50. 17

95.08 49. 83 45.33 46. 86

160. 33 49.15 39.62 42.01

210.95 48.76 31.77 35.30
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Fig. 6 Gaussian noise interference effect. (a) Original image; (b) 6=0.1; (¢) 6=0.5; (d) 6=1.0; (e) 6=2.0; (f{) 6=5.0
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