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ABSTRACT

This paper introduces a 3D perceptual model based on JND(Just Noticeable Difference) and proposes a video
watermarking scheme which is perceptual approach of adaptive embedding in 3D-DCT domain. Videos are composed of
consccutive frames with many similar adjacent frames. If a watermark is embedded in the period of similar frames with
litle motion, it can be easily noticed by human eyes. Therefore, for the transparency the watermark should be embedded
into some places where motions exist and for the robustness its magnitude needs to be adjusted properly. For the
transparency and the robustness, watermark based on 3D perceptual model is utilized. That is, the sensitivities from the
3D-DCT quantization are derived based on 3D perceptual model, and the sensitivities of the regions having more local
motion than global motion are adjusted. Then the watermark is embedded into visually significant coefficients in proportion
to the strength of motion in 3D-DCT domain. Experimental results show that the proposed scheme improves the robustness
to MPEG compression and temporal attacks by about 3~9%, compared to the existing 3D-DCT based method. In terms of
PSNR, the proposed method is similar to the existing method, but JND guarantees the transparency of watermark.
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140 101 116 166 240 343 479 556
101 145 132 152 200 271 367 493
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479 367 460 628 871 11.58 1450 17.29
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bits/WMS o]ate} Hwl fag Ao A=z
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3.2 Invisibility Test

MPEG %3 A7kl 3A4gle] fel=tag 4
g ¥ vz AEPLde) FEE} PSNRE ®
14 Yehlislch. PSNRe| 40dB o]l 7% 344
312 qlzke] QX @ 4 gl APAH 40dBol4
o] vgtomz $Jeivize] FHA A& WEI)
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AZEol oF 50% stz Aaske A% AAY &
Asdeh. ol AEEel o 50%elshz Dol 4k
Qg Pelvtark opd AR AB2E ARl FQ
o slgnhast gvke Ao A7 ¥ 4 ot
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3.3 Robustness Test

3.3.1 ¢t= ZZ{(Compression Attack)

MPEG ¢%%$% 5Mbps. 4Mbps, 3Mbps,
O2Mbps, 1Mbps S22 FEsle] AL F5
ste} 253 Wb MPEG-2 & AH&3ksich. £ 3
of A¥AZE vebldct

¥ 2. 2 g=ajelet RAFED HT 2QUFE

o atack | A% AE2 [ fEuas
A F AE A 9T A%
1~8
frame 100 51.42718 50.45631
9~16
. 43,
frame 100 52.39806 3.66019
17~24
frame 100 54.33981 49.48544
25~32
4 .
frame 100 49.48544 48.51456
33~40
frame 100 49.48544 49.48544
41~48
frame 100 50.45631 47.54369
49~56
frame 100 53.36893 51.42718
57~64
frame 100 42.68932 39.77670
65~72
frame 100 50.45631 43.66019
73~80
frame 100 57.25243 49.48544
B 100 51.13592 47.34951
E 3. MPEG 250l tfst 288
Agksts P | 7129 P | AEAN®)
5Mbps 99.99 98.80 1.20
4Mbps 99.99 98.64 1.37
3Mbps 99.95 98.48 1.50
2Mbps 97.55 96.67 091

3.3.2 25 ZZ|(Coliusion Attack)

Collusion Attacke Ei»t=2E A= A7}
=z Yelrtag AAsE e A ket 9
Axept 7leted a2 FANe 2 A
o] AT F YEFT THY FTE WAY HH
ulz7} ARSIEA] e ZHYS 71E Zdelat A
s 59 vlad ad FAWHelct. Collusion
FAL A7 YA B =Eelde 959 =4
ol A g A mE F N ZH o A" HEtt
2% oz AAst Agsisct. & 40l 4F 2
g vehisic
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¥ 4. Collusion =Zol tist A& gdnaes
Adste W | 712 Y | A5AA%)
5Mbps 99,63 04.34 56l (1] M.D. Swanson, M. Kobayashi, A.
H1Z49 ' ' ' TewFik, "Multimedia Data-Embedding
+251:\z'ﬂ;11’; 99.63 91.63 873 and Watermarking Technologies,” Proc.
— of IEEE, vol. 86, no. 6, June 1988

33.3 =a2l M|7{ 2Zi(Dropping Attack)

Droppinge HE"2E 431 A7) A48 =
HdollA S wivle 721¢ 2¥c} Dropping
AL AY] HelM B =Rl E d4d =y
el & e Zede Pz AAstw Ay
ot E 50 AY AE dehiiyo

¥ 5. dropping 340l gt H&g
Atet= By | 712 W | ASAA%)
SMbps :
zg 98.12 94.98 331

A A% MPEG &% 2 A7% 24 dsiA
3 A7 mdg o g ASe =Z7)d) vl¥st
A AEtha ARE Alshe el Ase) 2013
I R L R S et

T etk
vN.&d B

2 =rdAe JNDE 7ke® 3 3x1 Az »
9 (Perceptual Model)& AA3tz Bt 99 E4

& TFslod 3D-DOT Aol eivkas Ahgjahe
WS Atelaiet,
S G ELEL I R

st Wt)ee) B4E wedsl 3D-DCT A4S
°l83lsiet. 3D-DCT 45¢ 9% Fabsh Abrof
A RIZES fEsln "Hel 1l vl o
Al FAdde] & o9 ngrs x4 ;ar-_ CRS
el 271l vl A AdH ez Fo3 Add 9
Elvta s Akl

A¥E Falo] vt)eo B4S weelx] 9w 3D-
DCT AsE o8she 7129 w4} wwsis) PSNR
= AR JNDE 719t 2 3lglr] mjRo) 9
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