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Abstract

This paper proposes a digital watermarking scheme to protect the ownership of the freeview 2D or 3D image such that the
viewer watches the image(s) by rendering a arbitrary viewpoint image(s) with the received texture image and its depth image. In
this case a viewpoint change attack essentially occurs, even if it is not malicious. In addition some malicious attacks should be
considered, which is to remove the embedded watermark information. In this paper, we generate a depth variation map (DVM) to
find the locations less sensitive to the viewpoint change. For each LH subband after 3-level 2DDWT for the texture image, the
watermarking locations are found by referring the DVM. The method to embed a watermark bit to a pixel uses a linear quantizer
whose quantization step is determined according to the energy of the subband. To extract the watermark information, all the
possible candidates are first extracted from the attacked image by considering the correlation to the original watermark information.
For each bit position, the final extracted bit is determined by a statistical treatment with all the candidates corresponding that
position. The proposed method is experimented with various test images for the various attacks and compared to the previous
methods to show that the proposed one has excellent performance.
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Fig. 2. Example of hole filling: (a) original image, (b) viewpoint changed
one, (c) hole-filled one
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Fig. 3. An example of effect of viewpoint change on WM extraction: (a) original image, (b) depth image, (c) image after 5% viewpoint change
to left, (d) WM used(32x32), (e) WM information after the viewpoint change, (f) WM information after viewpoint recovery
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Procedure{WM Embedding Positions}

Inputs: DVM{(M;xN;)

Outputs: WM embedding positions (pos_WM)
begin {

J=0;
Do until f; <~; {

put (z,y;) in pos_ WM ;
j++

_ qu/Z ,
ITTMXN,

j end

put all pixels in DVM; in © < M,—p/2 and y < N,—q to rest DVM; ;

find least-valued one at (x;xy;) in rest DVM ;

remove all the ones in x; < x < acj—O—q/ 2 and y; <y <y-=+q from res_DVM, ;
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Fig. 6. Method to determine the watermarking positions
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Procedure{ WM data extraction}
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Fig. 10. WM data extraction procedure
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Table 1. Test images used
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Fig. 11. Example images from the major proceeding steps of the proposed method, (a) original color image, (b) original depth image, (c) 2DDWT
result for the Y component, (d) DVM subsampled according to the level, (e) image attacked by baseline distance 5% viewpoint change and JPEG
quality 70/100, (f) extracted WM data for each subband, original WM, and the finally formed extracted WM
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Table 4. Methods to be compared
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Ours* 64

Kim’s [16] 64

Lin [15] 5,926
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Table 5. Quality comparison of images after WM
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baseline distance 5%
12 71 Ayl

Linel W4 ¥ 3% 2%
Z% E/a S Ho|Awk 11 A
A Ylold5% BERe] 27 Z7hehadth Kime] W4

AOVE TN £ EAL HPO, A
T AT BE #7014 BERO] A 03k VrERY
Hols M2 BE #AM M 558 45E

>

oftt [
o
>
G
-
o
D
N
B
r\r

baseline distancedl] A+

2 o2 2oy
~
&
o
<
ol

)

Lo

Al

. 2 oE rlo = Jn =
r

> 32
ofl my T
2

[
/_E
= of

3
o el M Ak Wyl 71

ol

oA BER®] A2] 0 %k~
o el % 64HIE WME
Stof| A 7} w2 BERS HSITh 1,024¥]E WME
231 739 matrix 29} 5914 E3] E2BERS H O
U 2] matrixo A= 648 EE AME-SF Kime] W 3} ‘IT}‘]'
3 BERS H %

oo

rE
ot =

/\],_9_6‘]- A or3t H]—l:ﬂ o]

>t ol 4 2 oft ok
I S m L = O o S 7

1 9 FA M= Ag W o] sk Aol 3]
e ol S ASS Holthrt 249 et o= A
% o]0 ZeAW BERS| #7438 EolNE S
Stk JPEG 4534 (b)e] 4% 32 40/100 o), 7h¢-4
FLA7F B A% 2.5% o4, Tl BEY 2A)
o A9 9x9 oo HEE /‘F‘lﬁ}: A9k a9, o

E9) 3AgE o)) 59 34

I



o] 44 9] 2¢1: Zo|HMIAEE o443 DIBR ¥4 74 E2Is feupd 857
(Yong-Seok Lee et al.: Robust and Blind Watermarking for DIBR Using a Depth Variation Map)

0.35

1.00 —&
030 \
025 0.80 - —+—0urs Ours*
! ~#-Kim's —#—Lin's
& 0.20 060 .
&8 —+—0urs Ours* wi ——Lin's*
0.15 m040
~#=Kim's —a—Lin's .
0.10 L
—+—Lin's* 0.20
T T S —— ]
0.00 + 4 c + + $ + : ¢ —— 0.00
3 34 38 42 46 5 54 58 62 66 7 15 20 25 30 35 40 50 60 70 80 90 100
Baseline distance ratio (%) JPEG compression quality
(@) (b)
0.50 0.60 . - . I
~+—0urs ~+—0urs Ours* == Kim's =+—Lin's ——Lin's
0.40 Ours* 0.50
o 030 Kim's 5 0.40
= 0.20 ——Lin's & 030
——Lin's* 0.20
0.10
0.10
0.00 ¢ 0.00
0.5% 1.0% 15% .2.0% ) 2.5% 3.0% 2x3 5x5 %7 a9
Gaussian noise(%) Median filtering
(c) (d)
0.60 0.70
0.50 0-60 —+—Qurs Ours*® —m=Kim's =#-Lin's —Lin's*
0.40 =—0urs Ours* 0.50
X030 -m-Kim's  —#Lin's & 040
a ——Lin's* @ 030
0.20 0.20
0.10 0.10
0.00 + $ 0.00 + ¢ —t * 4—s—020
50 60 70 75 & 90 100 110 150 -0 -8 6 4 2 0 2 4 10
Scaling ratio (%) Rotation angle (Degree)
(e) ()
0.70 . . :
M Ours MQOurs® mKim's Lin's M Lin's®
0.60

0.50
e 0.40
d
@030
0.20
0.10
opo ™® i _n II I i I i I u
1 2 3 4 5 6 7 8

Matrix affine transform

@)
2! 12, AlEZATo| H|m: (a) AIKIOIE 22, (b) AIRKOIS+IPEGYE 224, (c) AIZIOIS+712M E22I| 22, (d) AIK0IS+D|CIQ! ZEf2l 22, (e) AIROIS+
27128 S, (f) AIE0IS+3IE S2, (9) AEOIS+matrix affine HE S
Fig. 12. Comparison for the experimental results: (a) viewpoint change attack, (b) viewpoint change+JEPG compression attack, (c) viewpoint
change+Gaussian noise addition attack, (d) viewpoint change+Median filtering attack, (e) viewpoint change+scaling attack, (f) viewpoint change+rota-
tion attack, (g) viewpoint change+matrix affine transform attack
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(d)

T2 13, BA% YN0l 0f: (a) © B4, (b) JPEG @ BHE 401100, (c) 7FRM TS 3% &7k (d) 9x9 DlCiel BEf
Fig. 13. Example images after attacks: (a) original image, (b) JPEG compression quality 40/100, (c) Gaussian noise 3% added, (d) 9x9 Median
filtering
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