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Abstract Reversible watermarking inserts watermark into digital media in such a way that visual
transparency is preserved and then enables to restore the original media from the marked one, without
any loss of media quality. This watermarking can be applied to quality-sensitive imaging such as
medical imaging, military imaging, remote-sensing imaging, and precious artwork, where the original
media should be preserved during image processing and analysis. In this paper, a reversible image
watermarking technique that embeds message bits by modifying the differential histogram of adjacent
pixels is presented. In order to satisfy both high embedding capacity and visual quality, the proposed
technique exploits the fact that adjacent pixels in the image have highly spatial correlation. Also, we
prevent overflow/underflow problem and salt-and-pepper artifacts by employing a predicted error
compensation scheme. Through experiments using various test images, we prove that the presented
technique provides perfect reversibility and high embedding capacity, while maintaining the induced-
distortion low.
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Rolgt NAETW TP 0F A5 AL o8 Y 94 Ao 425
E 1452 99 37
R Baboon Boat Aerial Trucks
U B S U B S O B S [¢] B S
0 5 39 38 1 1 31 247 512 32 - - -
1 13 58 44 1 1 31 259 512 32 - -
2 14 86 51 1 1 31 252 512 32 - -
3 13 130 55 1 1 31 266 519 55 - - -
4 17 173 58 1 1 31 206 555 119 - - -
5 18 206 56 1 1 31 321 589 157 - -
6 22 226 57 1 1 31 336 624 201 1 1 34
7 24 235 62 2 2 37 380 689 274 1 1 34
8 30 246 12 2 2 37 401 752 329 1 1 34
9 30 254 84 2 2 37 430 810 380 1 1 34
O/U: SH/QBEES AAYAE B: 274584 a4, S: 45d g 7K Bytes)
£ 2 Ayegd %2 FAPSNR: dB)
g Lena Baboon Boat Airplane Aerial Tank Trucks
0 4332 48.20 43,33 48,48 43.33 48.42 48.30
1 4273 42.34 42.78 43,21 4274 42,69 4252
2 39.73 39.01 30.83 40,54 39.70 39.52 39.27
3 3777 36.71 37.90 38.82 37.65 37.46 3708
4 36.36 3497 36.50 37.60 36.12 35.95 35.45
5 35.30 3359 35.42 36.65 34,90 3481 3417
6 34.46 32.46 3454 35.88 33.90 3392 3314
7 33.77 3150 33.80 35.23 33.04 33.20 32.29
8 33.20 30.68 3317 34.66 32.31 3262 3157
9 3271 29.96 3261 34.17 31.66 32.14 3096
£ 3 Addde] e AY8(Payload : bits)
A Lena Baboon Boat Airplane Aerial Tank Trucks
0 22,220 8108 23,490 40,025 23,454 33,752 19,858
1 62,978 24507 68,022 102,847 63,627 42,123 35,862
A 98,905 40,559 106,647 144,202 93,626 87,570 63,023
3 129,195 5,114 134,822 172,041 115,807 106,931 83,520
4 153,288 70,708 156,077 190,392 132,448 133620 102,151
5 172,171 84,237 171,785 202,626 145,360 155,470 120,612
6 186,759 96,943 183,403 211,155 156,054 171,034 134,714
7 198,262 108,733 192,131 217878 164,597 188,005 149,237
8 207,039 119,291 199,459 222977 171,867 198,057 161,731
9 213,989 128970 205,402 226,979 178,388 210,792 173,430
TEER Vel Aels, 28 108 Adeide] uwE ¥ g dg F Stk
g veld Aotk 1Y 1ol HEANE nigoeg 4.2 ¥ Hl

ohd AYE e WE FFE Ve o 29 s
B3 & & xR0l AU AHH dugE A5
G4 50 9= @21 dF E9, Airplaneclut
Boat{ g AFs AES o Bo] XISt e G0l
3L A #AEAE 2o FY8FES duths
RAE & & vk 29 82 A& J4H A <=5 AY
HEz AR AYE 93¢ RAErh ¥ o
F SEe] HAES AUSEe BASUMR fARAA}
ASlE el ADE Fdo wEGUS fEe Ay

¥ 49 Lena, Baboon, Boat, Airplane G4l &l
712 slaEay 7yt 43ElEE7)[12-15,17,19]
HEE gokstgrt Tsai et al[17]9] EdoME=
29| =S 4x42 AAsIP2er, Kim et al[19]9
AGAME Au, Av, L 55 Z7 3, 3, 022 dA3}
At} Tsai et al.9] dFolA “N/A(Not Applicable)”&
Baboon 9%4o] s A¥o] gol EFH] Sl &
Hog g dAXE YT &+ Y8 FEE Peak’}
QA FEADET] () HAHRE Hoy] W A&
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29 11 A48 bpp)dll ®E F2(dB)

03 0.9

AE#Fg 7HAT. 3220 £ PHUA Nioet al9
U 482 dBel AE FRGE HolAT 7 4
B ARE3E A AoluA] weth 48 29ER B
o B mElA AQH daelEoel 7]%94 g sy
HAeulz) WHEC) Blgle v S FAEAM B
L ARILHS 48 5 UES HIY Yok

58 &8

B =Eodae 94 Zdz vAXE 243ln, H
V]E 23 Fo] g ZH=E 100% EH3t7] ¢
o, Aolgh 3|2E1YE = 719 I HEv
f’o‘ ‘9}4-?4”"’* Acrstdch B AU-LHH A4Y &
BAE 47 Y8t e YAz FE s B
A ol gstATh FLFT VIAGE LF 95 BA 7
g Bl gvroz QW/IHEERSLE HXE $
e S JEstgnh olF B3l V& an/duE
292 87 ¥y Eo| salt-and-pepper FSLERE
A £te AR FESAT =3 AR 9
ARSI SN EFEE A8 539 Al ¢
nEEo] 7Ee s1d AHv WHERT AYRHF
o] 4 dBx & 4% S 1YE AT

o
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&l HEle RS WhHe ok Wi e wlE e i Ak dnElEHe AFAH/TAE G BY Eolel
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Lena Babcon Boat Airplane

Payload PSNR Payload PSNR Payload PSNR Payload PSNR
Ni et al.’s[12] 5,460 482 5421 482 5,394 48.2 16,171 482
Varsaki et al.’s[13] 5,460 48.2 5,421 48.2 5,394 48.2 16,171 48.2
Hwang et al.’s[14] 5,408 48.2 5,208 48.2 5,289 482 16,119 48.2
Kuo et al.’s[15] 5,418 482 5,352 432 5,342 48.2 16,125 43.2
Tsai et al.’s[17] 13,459 49.3 N/A 48.1 13,778 49.2 34,171 50.2
Kim et al.’s{19] 20,121 489 6,499 48,7 21,442 489 32,631 49.0
Proposed 22,220 483 8,108 48.2 23,490 48.3 40,025 48,5
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