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frames meeting the predefined criteria were selected as hidden frames for watermark embedding. The hidden
frames were processed using a hybrid DWT-DCT approach to generate the watermark embedding domain. Robust
watermarking was embedded into the low-frequency domain of the Y channel using a robust embedding method,
while reversible watermarking was embedded into the high-frequency domain of the Y channel through histogram
migration techniques. At the decoding end, watermark extraction and lossless recovery of the original video were
achieved. Experimental results demonstrate that the proposed algorithm exhibits excellent invisibility, with the aver-
age peak signal-to-noise ratio and average structural similarity index of the embedded frames being 49.009 2 dB
and 0.984 0, respectively. The algorithm is shown to be robust against distortion noise attacks and frame attacks of
varying intensities. The average normalized correlation between the extracted watermark and the original water-
mark is above 0.993 3, while the average bit error rate is below 0.058 2. Additionally, the computational complexity
is low, with the time difference for unit frame encoding and decoding being less than 0.033 s and 0.025 s, respec-
tively. These results indicates that the proposed algorithm has high application value.

Keywords: video dual-domain watermarking framework, scene smoothness, hybrid DWT-DCT, Y channel, H.264
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Figure 1  Video dual-domain watermarking framework
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Table 1 MPSNR and MSSIM between the proposed algorithm and three comparison algorithms
SCHR[12)50E SCHR[24]5E SCHER[25)50E ASCEE
SEE LA

MPSNR MSSIM MPSNR MSSIM MPSNR MSSIM MPSNR MSSIM
Carphone 46.6319 0.9773 48.197 2 0.979 6 48.261 8 0.979 7 489177 0.983 8
Foreman 455511 0.9732 48.0117 0.976 3 48.116 7 0.978 4 48.622 5 0.981 1
Mobile 43.466 1 0.968 1 44991 3 0.969 1 45.889 2 0.969 8 45.982 4 0.976 9
Blue Sky 47.745 9 0.979 6 48.4357 0.980 7 48.681 3 0.982 8 51.503 6 0.992 2
Park Joy 46.883 7 0.976 5 48.001 3 0.979 3 48.084 7 0.9810 49.908 2 0.988 4
Ducks Take Off 46.008 4 0.9729 47.278 7 0.976 9 47.631 8 0.978 9 49.120 6 0.981 5

5 3 ) L SLVE A MPSNR 5 MSSIM, 3 Tk A
WA M J5 P PARATR HIT 150 il .

i ES~E 9 5R 1 FEIE RN, 2R A
176x144 5 352x288 [] MP4 #L i 7E A SCH LT,
N\ W Al M J5 ] MPSNR 73 %l & 48.917 7dB,
48.6225dB, 45.9824dB, 51.5036dB, 49.9082dB,
49.120 6dB; MSSIM 73 i 5 0.983 8, 0.981 1,
0.9769, 0.9922, 0.9884, 0.981 5. IXLLHiEii
BIA SCREAE RN BT JE S A s B8 /N . (B A
RIS, ARSI T ) H.264 P AT G i A 1
RIZKENSRE o N SEERHHRE AT Mg 2], MP4 % i
{18 SIZ 36 A A0 HH A A3 36 56 D R 8 ot P R A ot
PSNRIETCFR K, SSIMAEII N1, UiHAACH L
(RN T AR AR O JAT, BRI P R N AN %o At

/NT 42257 4 dB, A SSIM AN/NT0.979 1.
ZE LTI, AR SCEVERIAS AT WA

% & FI PSNR OO AN B WL 23 B 1R J BR A%, A
ST BAMRSRE,  SRUH AR SRR A LU R
ik ERIRI.

AR R AR TE NS B 5 A9 5k 1
KA R2ER T ALEES 3P LRI
FRZedrok . JKETHRN & 5 A & LR B 0T L
KEIMAER W+ MR E&E. 25K s~K9
H5R2MEE, ASCEIELE S AA 5 s L
BN, ANAT LR G
42 EEMIH

AT AL HE 5 SCHR[12,24-25) 5 EAEAN A
Tl R it 5 (PN i N34T T B PE AT S5

FEAERCIR . BRABMITE RNAS B 5 AR PSNR AN WHIR A /K B (1 5256 4085043 34T 7 DA B«
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Table 2 bit-rate expansion, watermark embedding and video increment ratio
between the proposed algorithm and three comparison algorithms
SCHR[12]407% HR[24) 5 SCHR[25)5 % RS
SEER AL IKERN & IKETRN & VINEION s IKERN &
FURR Ak SN RE  WWREERT R BUSINE WRERYTIR SUMBUEE WREEERTR SR E
AR LA AR I HAE
Carphone 8.89% 1.21 8.66% 1.21 8.46% 1.23 8.35% 1.24
Foreman 12.61% 1.14 12.41% 1.15 12.33% 1.15 11.84% 1.16
Mobile 15.37% 1.04 15.12% 1.05 14.67% 1.09 13.90% 1.11
Blue Sky 8.17% 1.24 7.83% 1.25 7.47% 1.27 7.09% 1.29
Park Joy 11.47% 1.18 11.28% 1.19 11.09% 1.19 10.27% 1.20
Ducks Take Off 11.89% 1.15 11.64% 1.17 11.38% 1.18 11.15% 1.19
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Figure 12 The proposed algorithm compares with three algorithms in the face of fuzzy attack on MNC and MBER
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Figure 13 The proposed algorithm compares with three algorithms in the face of frame loss attack on MNC and MBER
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Figure 15 The proposed algorithm compares with three algorithms in the face of frame switching attack on MNC and MBER
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Table 3 The encoding time, decoding time and the difference between the original

video and the watermarked video
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Rt SRS A]/s S by s} [A] /s Z{H SR IS ) /s (A 1) /s ZH
Carphone 0.918 0.938 0.020 0.329 0.334 0.005
(176x144) : : : : : .
Foreman
(176x144) 0.928 0.946 0.018 0.344 0.348 0.004
Mobile
(et 0.949 0.964 0.015 0373 0383 0.010
Blue Sky
(3590088) 1.590 1.623 0.033 0.771 0.788 0.017
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(392058) 1.605 1.635 0.030 0.790 0.815 0.025
Ducks Take OF 1.626 1.656 0.030 0.818 0.840 0.022
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