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Fig. 1. Schematic of the dual chaotic compression encryption method based on I-COACH.
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Bl 2 JRIGER % I-COACH RGN H K HAE R FHAFTMERE  (a) JHE; (b) £33 -COACH RE 5 WH k2 B K, () %t
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i

Fig. 2. Original image processed by the L.COACH system and decrypted images under different interference conditions: (a) Original
image; (b) object hologram obtained after processing by the I-COACH system; (c) decrypted image after adding salt-and-pepper
noise with an intensity of 0.5 to the ciphertext; (d) decrypted image after adding Gaussian white noise with an intensity of 0.5 to

the ciphertext; (e) decrypted image after cropping 1/6 of the ciphertext.
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IEZCHEFE R (o) 16 K = M BT OL T A2 e 20 8 SR (d) 18 K < M, BORFESR 0.7 6§ D0 T A8 il Y f3e 24 SCIE R

Fig. 3. Key images in the encryption process and ciphertext images under different sampling rates: (a) Point-source hologram recor-
ded by the I-COACH system; (b) orthogonal key matrix image under the condition of K = M ; (c¢) final ciphertext image gener-
ated under the condition of K = M ; (d) final ciphertext image generated with a sampling rate of 0.7 under the condition of
K< M.
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Fig. 4. Statistical characteristics and adjacent-pixel correlation analysis of grayscale images and their encrypted counterparts:
(a) Histograms of the five original grayscale images; (b) histogram of the ciphertext image; (c¢) scatter plot of horizontal adjacent-
pixel correlations; (d) scatter plot of vertical adjacent-pixel correlations; (e) scatter plot of diagonal adjacent-pixel correlations.

R AFEINETT SRR R R

Table 1.  Comparisons for the correlation coefficients of different encryption scheme.

WIS
| (A 3o Lyl
71 ik TR KAL Zen Lena *30
IR 0.8248 0.9595 0.9279 0.9839 0.9543 -0.0047 0.0013 -0.0013
EEES 0.8686 0.9335 0.9358 0.9866 0.9158 -0.0305 0.0020 0.0283
pOpiEeY 0.7880 0.9056 0.8860 0.9722 0.8931 0.0078 0.0032 0.0465
ST R TN AR A g R ﬂ_‘tﬁl\’ ZEA CS Y Table 2.  The structural similarity of the decryp-
S L VLY N . N d i d the original i .
SRR RGE Y DUTARS), 9 T A Lo e e e onee o
. N 2 . FEUGAT R Y SSIM
IS/ e B SOt O RE S P 5 () R 43R i =

RO JGINR ST Z ) KL ¥ Len
FESS G I 35 4] CPM A= 50 PSH, T el ¥ e

MBS EAERIERI, 225 il i BRI R0 5 5K K
JE MG s 2521, 151 5(b) BIrzs R ATt 1 1 I i
FERE AT 2R DL AR S 421 N3k 2 B, fE B
PR E PR ITIE T, fif 8 RS i PR Y
SSIM T 0.2, M H IG5 AT A J5 4 P&
BEA RS BARPTIR IS RE N 2 2 PIR
JEJEET R I 2 A K.

0.5842  0.7766 ~ 0.6689  0.6863  0.6223
0.5988  0.7805 0.7078  0.6804 0.6214
0.8149  0.9094 0.8432 0.9440 0.8765

0.0031  0.1249 0.1321  0.0373  0.0598
1.0000 1.0000  1.0000  1.0000  1.0000

)
)
)
Fl5(a)  0.0145 0.1345 0.0756 0.1119  0.0281
)
)
) 0.6011 0.6064 0.6284 0.6011  0.6202
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K5 fREEBRERRFETRRERNE  (a) RITHR CPM A BRI PSH J5 15 3 191 25 €115 (b) SR RS 15 A W0 45t 46 B 285
PRI R () 78 K = M RN T R RIS, (d) K < M, BURKERA 0.7 B OUT iR % 15 Y EE

Fig. 5. Visual performance of decrypted images under different conditions: (a) Decrypted image obtained using an incorrectly gener-

ated PSH with erroneous CPM; (b) decrypted image obtained using an incorrect measurement matrix key; (c) decrypted image un-
der the condition of K = M ; (d) decrypted image with a sampling rate of 0.7 under the condition of K < M .
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Fig. 6. Influence of different conditions on the SSIM of decrypted images: (a) Variation curve of SSIM for decrypted images under

different sampling rates; (b) SSIM variation curve for decrypted images with central wavelength deviation; (c) SSIM variation curve

for decrypted images with diffraction distance deviation; (d) SSIM variation curve for decrypted images with diffraction distance de-

viation.
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Table 3. Sensitivity analysis of key parameters in chaotic systems.
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Fig. 7. Experimental results of I-COACH-based multi-image dual-chaotic compression encryption: (a) Plaintext obtained by lens

imaging; (b) recorded PSH image; (c) ciphertext; (d)—(f) holograms of numbers “2”, “3”, and “4”; (g)—(i) decrypted reconstruction

images; (j)—(1) decrypted images at 0.7 compression sampling ratio.
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Abstract

To improve the security and efficiency of multi-image encryption, this study proposes a hybrid encryption

method that combines interferenceless coded aperture correlation holography (I-COACH) with chaotic

modulation and compressed sensing techniques. This method constructs a dual-layer encryption framework that

integrates optical and digital processing, thereby overcoming the limitations of single-domain schemes.

In the optical layer, -COACH is used to encode multiple input images by recording their point spread

holograms without interference, providing initial encryption and resistance to physical attacks. Then, resulting

hologram is processed using block-wise discrete cosine transform (DCT) to achieve sparsity. Dual chaotic

sequences perturb DCT coefficients to enhance key sensitivity and randomness. Finally, compressed sensing is

used to achieve secondary encryption while reducing the data volume by 30%, enabling efficient and secure
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storage or transmission. The experimental results show that the proposed method against differential attacks
achieves an average number of pixels change rate (NPCR) of 99.44% and a unified average changing intensity
(UACI) of 33.04%, with a ciphertext entropy of 7.9996 bit. Moreover, it exhibits excellent encryption
performance in terms of key sensitivity, robustness, and resistance to statistical analysis. This method provides

a practical solution for secure image application scenarios such as medical imaging and surveillance.
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