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ABSTRACT

The purpose of this paper is to find an efficient encryption scheme for digital holograms (fringe patterns)
with low encryption cost. Therefore, we introduced several encryption attempts in both hologram-domain and
frequency-domain (both DCT-domain and DWT-domain) on the bases of the results from analyzing the
properties of the coefficients in each domain. To effectively hide the image information, 25%, 1.5625%, and
0.0244% of the original fringe pattern need to be encrypted for hologram-domain scheme, DWT-domain
scheme, and DCT-domain scheme, respectively. Consequently the DCT-domain scheme was the most efficient
and it is caused by the fact that the ability for DCT to concentrate the energy of a given 2-dimensional
image into a small area is the best. The encryption schemes and the analyses in this paper are expected to be

used effectively on the researches on encryption and others for digital holograms.
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Table 1. Energy distribution and ratio of fringe pattern

PDWT GDCT

Sub- | Average . Average .

band Energgy Ratio Energgy Ratio
0 16201.034 | 38.357 | 259203.776 | 95.283
1 224.675 0.532 331.927 0.122
2 6.705 0.016 8.280 0.003
3 567.815 1.344 484.819 0.178
4 625.367 1.481 2232.475 0.821
5 1533.207 3.630 2656.631 0.977
6 3743.395 8.863 759.775 0.279
7 3813.564 | 9.029 2450.615 0.901
8 0.268 0.001 10.677 0.004
9 5.734 0.014 17.074 0.006
10 13.869 0.033 0.112 0.000
11 274.797 0.651 0.152 0.000
12 133.677 0.316 335514 0.123
13 54.296 0.129 3534.838 1.299
14 | 10972.849 | 25.979 0.387 0.000
15 4066.018 | 9.627 8.460 0.003

Total | 42237.271 | 100.000 | 272035.513 | 100.000
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10. Result of (a) 6-level MDWT on segmented
fringe pattern(256x256), (b) GDCT

MDWT GDCT
Sub-
band | Average Ratio Average Ratio
Energy Energy

0 16199.634 | 72.677 |66352126.269| 99.994
1 0.006 0.000 28.140 0.000
2 0.022 0.000 3.286 0.000
3 0.077 0.000 5.515 0.000
4 0.051 0.000 17.213 0.000
5 0.024 0.000 6.292 0.000
6 0.104 0.000 7.451 0.000
7 0.214 0.001 12.637 0.000
8 0.283 0.001 9.571 0.000
9 1.559 0.007 10.657 0.000
10 2.208 0.010 13.579 0.000
11 0.883 0.004 17.613 0.000
12 12.514 0.056 21.212 0.000
13 224.675 1.008 331.927 0.001
14 6.705 0.030 8.280 0.000
15 567.815 2.547 484.819 0.001
16 2185.485 9.805 2024.874 0.003
17 19.361 0.087 7.004 0.000
18 3068.226 13.765 969.800 0.001

Total | 22289.845 100 [66356106.137 100
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Fig. 11. Encryption in hologram domain; (a) MSBP
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Fig. 12. Data encryption; (a) original holographic image,
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Table 3. Subband mixing and encryption ratio in DWT

domain
_ A==
TS E | goig sem

LL6 0.02441
LL6+LH6 0.04883

LL5 0.09766
LL6+LH5 0.14648

LL4 0.39063
LL6+LH4 0.41504

LL3 1.56250
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Fig. 15. DWT data encryption (a) original reconstruction
image, (b) result from encrypting LL1 subband,
(c) result from encrypting LH1 subband, (d)
result from encrypting HL1 subband, (e) result
from encrypting HH1 subband
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Fig. 16. Data encryption (a) original reconstruction image,
(b) result from encrypting LL6 subband, (c) result
from encrypting LL6+LH6 subband, (d) result
from encrypting LL5 subband, (e) result from
encrypting LL6+LHS5 subband, (f) result from
encrypting LL4 subband, (g) result from encrypting
LL6+LH4 subband, (h) result from encrypting LL3
subband.
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