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Appli
ation S
enario
1. Embed 
ontent identi�er (32 bit) and time-stamp (24 bit) inindividual video frames as invisible watermark2. Capture image of a video frame using mobile phone 
amera3. Dete
t and de
ode watermark information4. Pro�t!see also: Related Servi
e Introdu
tion System [5, 6℄



Appli
ation Overview



Watermark Embedding
Embedding of B = 56 bit payload b in luminan
e DWT detailsubbands (HL2, LH2,HH2) denoted x of individual video frames

◮ Permute x and split into non-overlapping 
oe�
ient blo
ks xi
◮ Embed one payload bit b[i ] in blo
k xi of length S usingpseudo-random spreading sequen
e wi [k ] ∈ {−1, 1}x ′i [k ] = xi [k ] + α · b[i ] · wi [k ]
◮ Embedding strength α �xed to obtain 43 dB PSNR



Watermark Dete
tion (1)Blind dete
tion using Cau
hy distribution model of the re
eivedDWT detail subband 
oe�
ients y of length L
◮ Compare dete
tion statisti
 ρ of Rao-Cau
hy [3℄ dete
toragainst threshold T

ρ =
8γ̂2L [ L

∑k=1 y [k ] · w [k ]
γ̂2 + y [k ]2]2 ≷H1

H0 T
◮ γ is estimate of the Cau
hy s
ale parameter
◮ ρ ∼ χ21 under H0 and p ∼ χ21,λ under H1 [2℄
◮ Set T for desired probability of false-alarm (Neyman-Pearson)Pf = P{ρ > T |H0} = Qχ21(T ) =⇒ T =

[Q−1(Pf2 )

]2



Watermark Dete
tion and De
oding (2)Dete
tor over B blo
ks with known wi but unknown b[i ]
◮ Dete
tion statisti
 ρi for re
eived blo
k yi does not depend onb[i ]
◮ Sum of B χ2 random variables is again χ2 with B degrees offreedom, ∑Bi=1 ρi ∼ χ2BBit-by-bit hard de
odingb[i ] = sgn( S

∑k=1 yi [k ] · wi [k ]
γ̂2i + yi [k ]2 )



Image Registration Problem



Blind Image Registration (1)For 
orrelation based dete
tor, the re
eived signal and watermarkmust be aligned (syn
honized), e.g. via
◮ Template (pilot) watermark [1℄
◮ Auto-
orrelation fun
tion [4℄
◮ This work: Corner dete
tion and 
orre
tive proje
tion



Blind Image Registration (2)
◮ Target frame lo
alization

◮ Canny Edge dete
tion
◮ Hough transform to dete
t approximately horizontal andverti
al line segments
◮ Template mat
hing on gradient magnitude image to validateendpoints of line segments

◮ Corre
tive proje
tion using 
andidate 
orner points
◮ Shift 
ompensation
◮ Watermark dete
tion
◮ Watermark de
oding



Blind Image Registration (3)



Experimental ResultsWatermark embedded in two 480× 272 frames, 43 dB PSNR56 bit payload in ea
h frameDete
tion threshold T = 144.30 for Pf = 10−9



Con
lusion
◮ No pilot used for syn
hronisation, simple blind registrationapproa
h
◮ Cau
hy host signal model improves dete
tion performan
e overlinear 
orrelator [4℄
◮ Sour
e 
ode available: http://www.wavelab.at/sour
es

◮ Python using PIL, numpy, OpenCV
◮ ImageMagi
k for 
orre
tive proje
tion
◮ Dete
tion takes ∼ 1 se
 per image

http://www.wavelab.at/sources
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