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ABSTRACT

Video watermarking technologies are classified into types of four kinds. The first type is to embed
the watermark into a raw video signal and to code the watermarked video signal. Most of video
watermarking technologies fall into the category of this type. The second type is to apply watermarking
to the coding process, such as block DCT and quantization. The third is to directly embed the watermark
into the compressed bitstream itself. Generally, it is referred as labelling rather than watermarking. Finally,
the fourth is to embed the watermark into MPEG motion vector. This type has the difficulty in real-time
process because of the high complexity and has the blocking effects because of DCT-based on coder.
In this paper, we proposed the digital video watermarking that embed the watermark in SPIHT video
code for I-frame using motion vector analysis. This method can remove the blocking effect occurred
at the DCT-based on coder and obtain video data that has progressive transmission property. The
proposed method is to select the region for the watermark embedding in I frame using motion vector
estimated from the previous P or B frame. And then, it is to perform DWT and embed the watermark
based on HVS into the wavelet coefficients in the same subband of DWT as the motion vector direction.
Finally, the watermarked video bitstream is obtained by the SPIHT coder. The experimental results
verified that the proposed method has the invisibility from the objective and subjective image quality
and the robustness against the various SPIHT compression and MPEG re-code.
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PEE 19 BN} Bh o] 2FE AolA YEu}
A7 AR E ZH el g dar) A9 gles
9 4 9k

AEZR 3 A5 Frishy] 95ty 9 =z
9 dlolny A+ L YEHvlAs 4YE dolrng
AGE SPIHT 535313 & o5 o Bty =g

E 7

Z Gael A A1 ZdYdEH YEinp=rt
A YEE vhde N ES we} SPIHT
459 BF PSNRS el glct. o
< AHEYE, 23U 990 2& Flower
Garden, Mobile, Footballsl A 1€ vtz 44 A4}
e ety 498 1 28959 3 PSNR
o] tEEol wa} 052-142 dB A= Polde & 4
Utk 283 FAY G Go] 22 Table Tennisol A
At A A5 Fonz Einkart 449
I 2 U= HF PSNRo| 0.33-0.87 dB A=

o]
=
Jde B & Quk 02 PHOT B G

oo

A PSNRe] ¢ 1dB A& Boi), @2 45N
€ 9048 dB Ax HI7MAALE fASL UeS 3

AL+ U

4.2 Zeld A
B AL AL el FAY AR 49

371 Slsted QEria AQY He AdxE

MPEG... 2 thef3t viE&o wal AR 53le 43
3tE T &, ZF HIE & wal SPIHTo. 2 K534
vt} NAzA A2 R AEviaY 4Rs 2 o
& thA] MPEGRZ AR-33e 3 A&d YEva

(a) (b)

(©) (d)

(g) (h)

18] 8. (a) Football, (c) Table Tennis, (e) Flower
Garden 2|2 (f) Mobile tollA 2zl | =g
o g8 ZtzZF (b), (d), (f), (h) HEoi=T} 4=
| =



1434 ZEDIDOES =X M10A H11=(2007. 11)

38 i1

— Driginat | frame "
[T DU Watermyarbed § fame SR w,g:":ww_ 16
5 e Differsocs of tweo PSNRs - '
: -
3 5 0.0
g n 0¥ g
3 87 Z
%
28 06
£ P
2% . 0.3
14 Qb
92 G4 HH 03 L8 12 3A 16 1% 2D 2%
bpp
(a)
36 11
34 - Original | frame
\ ------ Watermarked I frame 1.0
32 | —— Difference of two PSNRs
: 0.9
v
2 {08 &
£ o2 107 8
[
24
0.6
2
20 ! 105
18 0.4

02 0.4 0.6 0.8 16 12 14 16 18 20 22

(c)

32l 9. (a) Football, (b) Table Tennis, (¢c) Flower Garden 22|11 (f) Mobile
ot=Eof w2 HF PSNR(dB)

A9lEl | ZajeEel SPIHT ¢

o g E% 29 10-139) JeRIL) o) IYES
A HE SPIHT 4% &) wheh JB=7} HAohAE
A2 2 4 Qo o 1 ZAYE Aol BaD
Fol SPIHTO.2 ¥ 534317] Aol AEvILE 49
SGEE GHE] ¥L4S ABE ol

Football 44He Zm BFH3 A4S 7}x]b
AA o) Bol 7HER, Y 10945} 2ol 4=

of ulel JHmrt ol AL AT F °"4
3] 199 =g de de =z dy &8 04 bppE
GEs9e o etz #e] AAFHE e B
% )t} Table Tennis 942 uwj o] BgatAgt
ZEZAQ Aol derg e Ao Hst ¢
Ejrt=r} A4 AAHAT 2HEE 2L GFA
T 7 EEI YEutAe ARETE g 119 BXo)
4 9tk T3 MPEG AR gAM= A
{J—} A9 FAIE AAZE AT 5 Ut
A 8% FHe A (panning)o] A

do fo ﬂk
At fob do
dﬂm

09

36

34l 2k
32

30 b

PSNR

28

26

Original I frame
...... Watermarked 1 frame

i % —— Difference of two PSNRs

- 0.7

-1 0.6

2oURINJ

03

104

24 : : . :
92 DA 06 0% 10

=1 0.9

0.8

20URIAJJI

22

0.7

0.6

0.5

02 04 06 08 10

Flower Garden@ 73 3 ¢l

HajolM ¢ | Zae Y

. - L . - 0.4
1.2 14 16 18 20 22

)]

S

£AQ5 A7} B

Mobile B44< 33 12 D 13049} o) FFHE

gl gaest gede
GHse $49 gode

EESRE

Y 5 9k P 0] F

uJ-;q ul 2 z_] o] o] ix] OJ—_Q_

Byolmg MPEG AF &3 &8¢

o] A& BEE] Yol ¢¢=Hr} 182 g SPIHT
F3h& 7 MPEG ¥ 338180 wet 3a=7 24

J.?'_
dae A BAY 4

—“\% A3l d3tg i

Jeas Agsee
N & QAT R

3 @ MPEG AR 3 FHANE Yertay FA48E
A, 28 &
o;i]o] c:é]do] nJ-_g %*}01])\‘1—‘5 Q‘J.%Q_E

golgd 5=

c/)\l

Ag el dael &4

=90) ufet vlo)E) £alo] g He [ Yo

dyvias 8808 A
B Egd & SPIHT 3%

HJ

2

Hge] AAE %A

533}

o

S glstejor & Aotk



Correlation Response

Correlation Response

Correlation Response

38

36

—e— 0.4 bpp
-0 0.8 bpp
—w— 2bpp

—v - 8bpp

8 10 12 14 16 18 20 22

Frame Numbers

(a)

3% 10. Football d&toll th3t Mz (a) fEOtR7E 4 22 (b) 2.0 MbpsZ2 MFE3E

35

24

26

30

25

20

Frame Numbers

(a)

32 11, Table Tennis

45

Frame Numbers

(a)

24

26

Correlation Response

Correlation Response

Correlation Response

Aol TS AT (a) HEniRIL el Bt (b) 2.0Mbpsz FE3E

40

35

30

25

20

Frame Numbers

)

—o— 0.4 bpp

O - 0.8bpp
—v— 2bpp
1 —=- 8bpp

Frame Nmbers
(b)

An

Frame Numbers

(b)

1% 12, Flower Garden Zaboll thist At (a) HEDIZVF &2 22t (b) 4.0MbpsZ2 2E3HE Ant



1436 HEIDICIOES =2A M10& "11=(2007. 11)

45

Correlation Response

6 8 10 12 14 16 18 20 22 24 26

Frame Numbers

(a)
22 13. Mobile &

o
(]
H

vt e Ejrty W AE RiYL blolE el ¥
HulzE 49lshe ¥, vt dHole g F53 8
353815 § AHvAE A49dske W, vidL Ho]
K533 F HE2EY AF0aE AUs
I :am MPEG %alr 2E 1338 AAH A

E2 7)) DCTE 433tn 2 E53 a4
std 43ty G "o
dlA& DCT 71wke] MPEG H-Z 8ol A %
%—J]’ e AAS N AR A BALE
e it dHolEHE A7 At dolnwl HE
P AollM SPIHTE o &3 ¥it)e 2353} 1A
A YEuaE Ashe HHE AsiaTh Akgt
H}»lﬁoﬂ}q‘_:l na]?:} )J-o]])q o];q Px=B ﬁﬁ]o]g}
9] 229 WEE s YEvia 49 d9&
AE g Fo DWTE S8t 18]xu Med 499
A Y WE Y gAY I B WFe R
AEvia AL FU9gg ARG o] o Z[AH
I FHauFu LU AT Urx 2o g Aol A
HVS 7)8te) X243 F 9 ASFE Q43 3o 2 &2
touicl Yeutas At o] o 744 Fa
Aol aet AEviae] ZHeolzt 43t
Ag viti e AEn}y LieFY v B
7148 #7157 948t Football, Table Tennis,
Flower Garden & Mobile | 59 W3 A FH

2ol chst AT (a) RAEOIE7E &Y 22

Correlation Response

Frame Numbers

(b)
} (b) 4.0MbpsZ £&slEl Z3t

2o)439L Pty 4P AH PSNR 2 784 8
2 2o B Y $5ES #AF F AN,
chokdl nE o thdk SPIHT $53 2 MPEG A
R3] tiste] 53 AU S &S
228

[1] Ingermar J. Cox, Matthew L. Miller, and
Jeffrey A. Bloom, Digital Watermarking,
Morgan Kauffmann, 2001.

[21 R. G. Van Schyndel, A. Z. Tirkel, and C. F.
Osborme, “A digital watermark,” Proc. of the
IEEE Int. Conf. on Image Processing, Vol.2,
pp. 86-90, 1994.

[3] W. Bender, D. Gruhl, and N. Morimoto,
“Techniques for data hiding,” Proc. of the
SPIE Conf. on Storage and Retrieval for
Image and Video Databases 111, Vol.2420, pp.
164-173, 199%.

[4]1 1 ]J. Cox, J. Kilian, F. T. Leighton, and T.
Shammon, “Secure spread spectrum for wa~
termarking for multimedia,” IEEE Trans.
Image Processing, Vol.6, pp. 1673-1687, 1997.

[51 R. Dugard, K. Ratakonda, and N. Ahuja, “A
new wavelet-based scheme for watermarking
images,” IEEE Int. Conf. on Image Process-
ing, Vol2, pp. 419-423, 1998.

[6]1 A. Lumini and D. Maio, “A wavelet-based



S22 HWH AEE 088t SPIHT B8} Vgt UIXE It /e 1437

image watermarking scheme,” Proc. IEEE,
Special Issue on Intelligent Signal Process-
ing, under review, pp. 43, 1997.

[7 ] C. 1. Podilchuk and W. Zeng, “Image adaptive
watermarking using visual models,” IEEE
Journal on Selected Areas in Communica-
tions, Vol.16, No.4, pp. 525-539, May 1997.

[8] A. B. Watson, G. Y. Yang, J. A. Solomon, and
J. Villasenor, “Visual thresholds for wavelet
quantization Error,” Proc. SPIE Human
Vision and Electronic Imaging, Vol.2657, pp.
381-392, 1996.

[9] K. R. Kwon and A. H. Tewfik, “Adaptive wa-
termarking using successive subband quanti-
zation and perceptual model based on multi-
wavelet transform,” Proc. of SPIE, Vol.4675-
37, Jan. 2002.

[10] K. R. Kwon, S. G. Kwon, J. H. Nam, and A.
H. Tewfik, “Content adaptive watermark em—
bedding in the multiwavelet transform using
a stochastic image model,” in IWDW, pp.
293-304, Nov. 2001.

(11] M. D. Swanson, B. Zhu, and A. H. Tewfik,
“Multiresolution scene—based video water—
marking using perceptual models,” IEEE jou-
nal on Selected Areas in Communication,
Vol.16, No.4, May 1998.

[12] F. Hartung and B. Girod, “Watermarking of
uncompressed and compressed video,” Signal
Processing, Vol.66, No.3, pp. 283-301, May
1998.

[13] G. Langelaar and J. Diemond, “Real-time la—
belling of mpeg—2 compressed video,” Journal
of Visual Communication and Image Repre-
sentation, Vol4, pp 256-270, 1998.

[14} ZHU Zhongjie, JIANG Gangyi, YU Mei, and
WU Xunwel, “New algorithm for video wa-
termarking,” ICSP’02 Proceedings, pp. 760-
763, 2002.

[15] J. Shapiro, “Embedded image coding using
zerotree of wavelet coefficients,” IEEE trans-
actions on signal processing, Vol4l, No.l, pp.
3445-3462, Dec. 1993.

[16] A. Said and W. A. Pearlman, “A new fast and
efficient image codec based on set partitioning
in hierarchial tree,” IEEE Transaction on
Circuits and Systems for Video Technology,
Vol6, No.3, pp.243-250, June 1996.

[17] J. Karlekar, and U. Desai, “SPIHT video cod-
er,” IEEE Region 10 International Confer—
ence on Global Connectivity in Energy, Com-

puter, Communication and Control, Vol.1, pp.
45-48, 1998.

3y oz

1996d  AEoistw AR-E sk
£9 (&

1998 ZAEdgun AxpEeta
£49 (FsHHAh

20029 BEdsta M-
9 (Fshah

20029 ~ @A) AR AR ZAFA
AR A AT

A zA%, AL G T, Zakd

2, HEjH|Tol A RE S

B} 1 o
5

2 9o =

2003 FAke)Foligta oA
HAETEY 4 (¥
g4h

2005 kel =ojrhstan At
AFETR 29 (¥
&94h

2005 ~#A wlrjo]sE s A
4

ARk HAE HEvkd, YEE oG4

o~



1438 ZEIDICIOEE =2X &10A RM11=(2007. t1)

o] ol

19%6d AEggw AA-Feta
£ (FAD

1998 AEiea @AAF et
£ (FsHAh

2002 FPdign HFE I
I &4 (FshAp

20023 ~# A FAE 2uldF
A3}z

dlo] e o] 2, HEmrjolg A, Zald

A

1ok

B4k

o ¢

1994d RF-Austn AzAF e
2 (FFAD

19978 AR A F-eta)
4 (T

2001d RAYE R HA-F G
&4 (FeEAh

20028 ~dA FHEUn JEE
A8 HQRAL

Tk HEn, AFEHaAY, AL AL EA

g

A ol B

[=]

19863 AEoistn AxF-sta
A 4 (FEAD

19009 AR oigtn AxFetz
AL 2 (FEHAD

1994 ABdigty ARF et}
1AL 29 (FEehah

20009 ~2001'd  Univ. of Min-
nesota, Post-Doc.

199611 ~20051 HArel=oijtistn UxYAH R LEHE
P

2006~ @A PFANTE JARAFEHARFAITR
g

2005\ ~ @A F=EElncjo)ds] =52 @A

FAEol : AR YA R RS HE| U] o] F 4



