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Robust Reversible Watermarking Algorithm for Color Images Based on
Trinion Exponential Fourier Moments
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[ Abstract] Existing color image watermarking algorithms are applied between channels that are independent of each
other, ignoring the intrinsic correlation between the channels. To achieve the embedding of robust reversible
watermarking in color images, a color/image robust reversible watermarking algorithm based on the Trinion of
Exponential Fourier Moments (TEFM) is proposed. First, the trinion theory and exponential Fourier moments are
used to construct the TEFM transform, and then, a two-stage robust reversible watermarking algorithm is used to
embed the watermark information in the TEFM domain. In the first stage, the standardized TEFM transform
coefficients are modified through Quantization Index Modulation (QIM) to embed the watermark; in the second
stage, the distortions caused by embedding robust watermarks are embedded into the robust watermarked image as
compensatory information through the prediction error expansion method. Experimental results show that the
average Peak Signal-to-Noise Ratio (PSNR) of the final watermarked image obtained using this algorithm is greater
than 44 dB. The original image can be recovered losslessly under unattacked conditions. The Bit Error Rate (BER)
is reduced to different degrees compared with that for existing algorithms under regular attacks on the image, such
as median filtering, mean filtering, and salt-and-pepper noise. Under the attack of 3>X3 median filtering, average
BER reductions of 16.7%, 7.6%, and 6.8% are achieved compared with other three state-of-the-art methods,
respectively. These results confirm that the proposed watermarking algorithm offers invisibility, high capacity,
reversibility, and high robustness.

[Key words]) color image; robust reversible watermarking; exponential Fourier moments; trinion transform;
Quantization Index Modulation (QIM)
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Fig.2 Watermark embedding flowchart
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Fig.4 Watermark extraction and image recovery flowchart
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Table 3 The compensation information capacity and PSNR of the method in this paper

. Peppers Lena Flower Elephant Leopard
pi {EE & /bit PSNR/AB {ZE4/bit PSNR/AB {ZE%&/bit  PSNR/IB {EE#/bit PSNR/AB {ZHf%/bit PSNR/dB
25 18 784 4456 8 536 43.10 22 816 50. 28 14 904 46. 55 8 408 50. 04
30 20 160 43.09 8 656 41, 52 27 376 48. 84 15 400 45, 21 8 456 48. 66
35 21 520 41, 74 8 872 40. 18 30 968 47.70 17 144 44.01 8 408 47.73
40 23 704 40. 65 8 960 39.00 34648 46. 80 18 032 43.01 8 472 46. 77
45 23 520 39.79 9 256 37.96 37 968 45. 98 19 368 41,95 8 440 46. 04

4.2 WMEER

T ICR B SRR R T 2o A BT
Wi R A B EPEKEN MG h AR (S Bt k2
SN 7K BN AN T £ 2 To ik i A B g b, JE ik
BRI

RIAMEE B d, . d,  H, d, S5 mAs
AR H1 256 AU RE PR UBURYE TEEE 754 77 5%
PR A O 8 192 o7 — i HURe i, I 4, Y
KNG KENAE RO 56 AU R TGS KRk
INTAMEE BRI RN, H 2 & B KETEE L,

s I EHUR RS A H RN MR AT e s PE g
WE. d, J& M &R K BN MG A T OB 77 AR i iR 22
SRR I R AR R UGS TR A U P 22 A3 20
Hu-PCET ) #M45 B R B it AR 25 K Bl iR
2 ANREMEGIG A EA R, 5L KA,
AR R AR R, P iR 22 J, LSBT, K
EIiR2E d, BORFKEK ., £ 4 FinhEfb K
b 28~45, FIH Hu-PCET J5ik X% 5 5k ki [l 45k
TTAME(E B AR & K5 PSNR 92558, 7F Lena
ElgH, Ho-PCET H 2L K 36 B4R B A

ARG A (. 7 MR B A& i A vh T R 252 3 I 28 536 bit. MAEASCIT ik H ALK Ny 350, AR B
%4 HuPCET p#ME{E 2 EXK PSNR
Table 4 Compensation information capacity and PSNR of Hu-PCET

b Peppers Lena Flower Elephant Leopard

P {§8H/bit PSNR/AB {gB#/bit PSNR/dB {5EM&/bit PSNR/dB {fBEH#t/bit PSNR/dB {gEH/bit PSNR/dB
28 24 456 43.79 23 936 43.90 24 296 43. 83 25 856 40. 97 25 320 40. 86
32 25 176 43. 20 22 584 43.34 26 704 43.21 25 816 40, 77 27 816 40. 16
36 24 960 42.76 28 536 42.73 31 296 42,56 30 864 39. 57 31 432 39.15
40 29 472 42. 24 25 968 42. 24 28 504 42. 35 26 016 40. 31 28 040 39. 65
45 27 480 42,12 29 584 41.65 30 568 41,97 37 352 38.07 33 704 38.53
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Fig.6 Embedding a watermark in a cup image using

the Lena image as an example
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Table 5 PSNR of robustly watermarked image I, and finally watermarked image I .,

, PSNR/dB
TKEP S RSN EEES
LKA 25 LK H 30 LKH 35 LKH 40 KN A5

Peppers 1501 43.47 42.07 10,97 40. 06

Lena 43,25 41. 64 40. 27 39.10 38,03

T Flower 52. 06 50. 42 49.15 48.15 47.22
Elephant 47. 63 46. 05 44,79 46. 68 42,51

Leopard 51. 48 49. 67 48.52 47. 40 46.59

Peppers 4456 43,09 41. 74 40. 65 39. 79

Lena 43.10 41.52 40.18 39. 00 37. 96
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Fig.7 Examples of the Peppers
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Fig.8 Result graphs after different attacks
* 6 REFEHR PSNR 3FtE
Table 6 PSNR comparison among different methods
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Tang-PZM?2) 42.25 41.63 46.62 40.57 43.16 43.04
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Fig.9 Comparison of watermark robustness under different attacks
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