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Improvement of visibility of the hiding key images in the publicly available hiding images for the
data hiding method based on Multi-Resolution Analysis
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Fig.1 An example of DWT (The third stage of DWT)
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Fig.3 Process flow of data hiding based on Multi Resolution Analysis (MRA)
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Fig.4 Original image (“Lena” in the SIDBA image database)
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Fig.5 The first stage of MRA
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Fig.6 The second stage of MRA

mem—

oo

(a) Hiding image with hidden location (b) Reconstructed image

Fig.7 LH1 of MRA is replaced to the hiding image content of "CRAMPS™.
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Fig.8 Hiding contents can be embedded in anywhere in the Laplasian pyramid
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Table 1 Root Mean Square Difference: RMSD between the original and publicly available image
contents when the hidden image content is hided in the different level of high frequency

components.

Level | RMSD

1 0.0137

0.0144

2
3 0.0153
4 0.0169




(a) Original image of content

(b) Hidden image of content

Fig.9 An example of original and hidden imag

A

€ contents.

i

(a) Hidden image content is hided in the level one (HH1)
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(b) Hidden image content is hided in the level two (HH2)

(C) Hidden image content is hided in the level 3 (HH3)
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(d) Hidden image content is hidden in the level four (HH4) .
Fig.10 Publicly available image contents which contains hidden image content in HHI1,HH2, HH3
and HH4.
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Fig.13 Three dimensional histogram of the original image of Mandrill.
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PC2

R

Fig.14 An example of PCA analysis (Principal Component Analysis) and slant coordinate system

conversion as a preprocessing for the data hiding based on the MRA analysis.
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Fig.15 2D scatter diagram for both original and PCA applied images.
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Fig.16 Examples of scatter diagrams after oblique coordinate transformation.
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Fig.17 Root mean square error between the original and reconstructed image with the image after the

oblique slant coordinate system conversion.
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Fig.18 Root Mean Square error between reconstructed and decompressed image and the original

image
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Fig.19 RMSE between oblique coordinate conversion and decompressed image and the original

image when the normally distributed random noise is added.
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Fig.20 Process flow of data hiding based on MRA with PCA conversion and oblique coordinate

system conversion.
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Fig.21 Process flow of the proposed data hiding with preprocessing of Principal Component

Analysis and oblique coordinate system conversions
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(a)Hidden image

(b) Publicly available reconstructed image through embedding the hiding image at HH1 component.
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(d) Publicly available reconstructed image through embedding the hiding image at LHI component.

Fig.22 Hidden image and publicly available reconstructed images through embedding the hiding
image at HH1, HL1 and LH1 components.

Fig.22 7> 5B 572072 K D DR T — # 13iftmmifg LICHRT 2 2N TE 5, ZOMHE
{5 — % % Fig23 (2T L D ICBBERERND T v ¥ LERICEE LEEMEZM LT 5,
——

Fig.23 Scanning scheme conversion from the line-by-line to random.
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(c) LH1
Fig.23 Hidden image and publicly available reconstructed images through embedding the hiding

image at HH1, HL1 and LHI1 components after the scanning scheme conversion for hidden image

from line-by-line to random.

MRA (Z iV 7= Daubechies 2B OV H— FE@dbn)B LT » F LAEEICH WS —ERELEK
O HHAE (rand50/5000) % /3T A — 4 L L THFIREE(Normal)s L T > & L EF (rand) 2
B D@ & JHES E OFE) T RBARMSD 2 L8 L TH D & Table2 D L D175 T
B, ZOFBERNL, FUoXLAERIIRBFREELDV BRUYTHD L, YR-—FRVE
WHBEWE Y LR THDZ L, ELBOVFEICIISIZERBEINLRW I EELR TN D,

Table 2 Comparisons of Root Mean Square Difference (RMSD) between the original and the
publicly available reconstructed images through data hiding based on MRA with embedding the
hiding image to HL1, HH1 and LHI1 and with scanning scheme conversion from line-by-line to
random.
|HL1 |HHI |LH1 |

Nomal(db2)  [69.594|69.137|69.183|

Nomal(db4) 69.397|69.089/69.058|

Nomal(db8)  [69.518|69.069|69.056]

rand50(db2)  |68.790|68.297|68.340

rand50(db4)  |68.609]68.215|68.247

rand50(db8)  [68.568|68.135/68.123|

rand5000(db2) {68.856/68.357|68.427|

rand5000(db4) {68.665/68.291(|68.316|

rand5000(db8) 168.633|68.182|68.202]
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