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Abstract

Lossless data embedding is a method to insert information into a host image that guarantees complete restoration when

the extraction has been done. In this paper, we propose a noble reversible data embedding algorithm for images in wavelet
domain. The proposed embedding technique, which modifies histogram of wavelet coefficient, is composed of two inserting
steps. Data is embedded to wavelet coefficient using modification of histogram in first embedding process. Second
embedding step compensates the distortion caused by the first embedding process as well as hides more information.
Hence we achieve higher inserting capacity. In view of the relationship between the embedding capacity and the PSNR
value, our proposed method shows considerably higher performance than the current reversible data embedding methods.

Keywords : wavelet transform, reversible data embedding, watermarking, histogram modification
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Fig. 1. (a) representation of image in spatial domain,

(b) waveet coefficients corresponding to pixels in
spatial domain.
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histogram of horizontal wavelet coefficient
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Fig. 2. Histogram of horizontal wavelet coefficients of
Lena image.
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Flow of histogram transformation, (a) Histogram of horizontal wavelet coefficient of original
image, (b) Histogram of diagonal wavelet coefficient of original image, (c) Histogram of
shifted horizontal wavelet coefficient, (d) Histogram of shifted diagonal wavelet coefficient of
result image, (e) Histogram of horizontal wavelet coefficient, {f} Histogram of diagonal wavelet
coefficient of result image.
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Fig. 5. Embedded image resulted by 1st & 2nd
embedding.
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Table 3. Embedding results for several images.
AHEAISF H D #u 9 V, D #u9
TR T ¢ 2 d 2 & Ae 4
Al Al 1% 23} 13} 22} 1%} 22} 1% 22}
lena 15276 | 17399 | 26701 | 32799 | 45285 | 45591 | 53515 | 58066
5205 | 5339 | 4952 | 5063 | 4817 | 4825 | 4665 | 4681
airplane 20767 | 23616 | 34843 | 44017 | 64900 | 65459 | 77432 | 84045
5248 | 5339 | 4967 | 5050 | 4840 | 4845 | 4689 | 4704
tiffany 18983 | 20841 | 31740 | 39117 | 56466 | 56495 | 67142 | 72279
5227 | 5338 | 4960 | 5062 | 4831 4838 | 46.81 46.97
barbara 12253 | 13901 | 21342 | 26264 | 35724 | 36323 | 42270 | 46066
51.81 5346 | 4944 | 5068 | 4811 4819 | 4655 | 4668
couple 12899 | 16185 | 23834 | 31133 | 45008 | 45365 | 54013 | 58834
51901 5314 | 4935 | 5044 | 4811 4818 | 4660 | 46775
E 4 Llena Gatoll cish A
Table 4. Embedding results for lena image.
A& PR A gAd | 73 PSNR 57} A A %
A A | AR | AR AR | AR | AL
& ol 12| 15276 15276 52.05 0 15276 15276
HD|="= 23| 2123 17399 53.39 3705 2123 5328
B0 | gy [ 1] 9302 [ 26701 [ 4952 0 9302 | 9302
22k | 6098 32799 50.63 1869 6098 7967
soog | LA 12486 | 45285 | 4817 | 0 | 12486 | 12486
V,D | S T= 2% | 306 | 45501 | 4826 | 3610 306 3916
Bojod [ g [ 1] 7924 | 53515 | 4665 0 94 | 194
T2 ] 451 | 58066 | 4681 | 1802 | 4551 | 6353
o] §7do] YEpdt}.
T [ Proposed ¥ 45 Lena 9391 0id A8 AQ@zeltt ¥ 4
82 - : Colc e a. M= ¥y ARy Ax AR W 248 g
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Fig. 6. Performance comparison between proposed and
the other methods for Lena image.
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