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A Note on a Correlation-based Scheme of Digital Watermarking for
Images embedding the RDS in DCT Domain

Hiromu KODA and Hikaru FURUTA

Abstract

In this paper, we propose a correlation based scheme of digital watermarking for images
embedding the RDS (Random Dot Stereogram) in DCT (Discrete Cosine Transform) domain, and
investigate the fundamental performance of the above scheme before and after attacks. First we
show the definition of DCT, and describe some features of the RDS from the viewpoint of digital
watermarking (i.e., information hiding) techniques. Next we explain basic procedures for the
embedment and detection of our scheme. Finally we perform the computer experiments for some
test images in order to examine the availability of our scheme. The experimental results show that
our scheme using DCT provides better performance than the scheme using WHT (Walsh
Hadamard Transform) in point of the BER (Bit Error Rate) property.
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R A YT 70v 0 DIEBIAHMESE
DREIDEH

BESRDINSGA—2L LT, FAMEEDY 1 X Nyx
Ny, 2IRTEDEREBIZ L YT 70y 7DV X NN,
mIROM RHEANE LTS, ZOLE, BEAAD
(Arge7%) HHGAARE (Payload)C X, 2™ OEX 2FD
M’ 250 1 A2 D& mbits] DIEROEE KRB TE L
EETDE, UTOR (T) D&SICHRES.

2

C:%%xzxgg (7)
51 D55 %HETSE, Ny =256, N =8 m=284&
D, C=32xltR3d. ZOrE, CHHEDED LG
WOT—RBLIDHBRELLRDZ LD BF/ND I ZRDN
XEWDT, 32 x13 =416 > 400 > 32 x 12 = 384 &
D, 1=13, %5, ¥, | =13 2HWVED, (i)
HHARZ R C = 416[bits] (23 L THERED 400]bits)]
LD, BT 16[bits] FDEESHELZ. TDHEEIT
1%, XI—0FED UMH (M R5) 2 AL

18 B FIEDSNROEMNLAVYE

BREEKT DT AV EDEH

BRANEBEDY 1 X% NoxNg 35L&, EDUAD
HRD DCT 2t 71D 1 ORI Y (m) & R A RO
DCT & D 1 IRGeRF Y (m) (m =0,1,---,N§—1)
L DD MSE (Mean Squared Error) (%, X (5) O
1V kDREEERT S, RATHEZONS.

NZ-1

MSEpct = % Z (Y/(m) _Y(m))2
0 m=0

Lo—1

= 1 S AVG) + (HR) X WG mod L)
g

~Y(j)}?

= < 2 (R x W(j mod L))
0 j=0

= (R Lo (8)
ZZT, Wn) (n=0,1,---,L—1; L=RHNDOEX) X
M RFITHY, W2n) =1 Thd. £72, Y(§) (j =
0,1,--+, Lo — 1) 1&E LR OHA A A L 7= DCT
B RITH D, Lo (< N2) IEAA NEGIZT A
kT M R5 W(n) &IEEARMDEAD 72 I HHT 5
DOT ZSHHi 153K Y () DRI TS 5.
DCT IZEZLEWTH D DT, JEIREGEE & 4
(FThabn, EHER) L oOMTTINF—FH (energy



DCT #38 T RDS DAL %47 ) WEHHHBEE &4 LI 2 — s 9

preservation property) A3 0D, &-T, MSEpcr =
MSETIME 2: 7’;&: D ’ ﬁﬁﬁﬁ%ﬁf@m: 2‘3 Lj’ Z) SNR Li(ﬁ\’ﬁ C‘: 7’;}: 5 .

A2
A? x N

IITARBRKBHBETHSZ. EXE2T 1V EIZDOWT
fig < LR 720, ZTHIFSTHR [13] DFEREF LU TH 5.

L = _AxNo (11)

VLo x 105
FRZ K (11) 2 HWWT SNR=40.00[dB] £ %2571 > k
BEHU. 72720, 5.1 OFMFIZHED, Ny =256, N =8
=13, A=255 LBEL, Lo=1x N3 =13 x 28 =

13312 (>12800[ v M ]=50[A&]x256[EY b /&K]) & U7=.

= 209X 256 _ 5 es7o49
40.00

13312 x 10710

FFD k=5.657942 2 W TEBIZED LIEHRZ S A b
i “GIRLIZHDAA L & 25, KA NEBIZNT 55
U ADEBED SNR X SNR=39.963[dB] 70, XIF
HERMEE D DL 7257z, F£7z, k= 5.657942 % X (10)
WRAUTEELZE Z5, SNR=40.00[dB] &% > 7=.

8 C BFEHNLDOEXEH

BFENPLOEE LT, XHK[15] TIEELFD 5 27%°
EFsntna,

o RAMKM: (Perceptual transparency) : &4 U A D [
BOBIN S, REARIRAMTHEESX5.

o HUAAR R (Payload of watermarks) : XHR [16] T
1 42[bytes] BHLAAKRRDOHEZ L L THAI T
5. ZHUTIEEFEMEIT S 238007 (4]bytes]) ,
BES (8bytes]), 71 X =B+ (4[bytes]),
WEAEZS (16]bytes]) , KA (6]bytes]), ~v
K5 (4bytes])) HEENTWS. BESHATE, Z
DHZIEWER (50[bytes]), DR L TIVARSE
AHBEZR RDS (K1) 2 W=,

o HREME (Robustness) : FHHABEERROKER L2 S, DCT
ZRWRESATIX, AWCGN GIniErE A )
i (BEEfR 2 o = 10) , JPEG JEAff (1/8 i) D
WL SHIE, IFFRV BB TETVWDOT, ##
FHAFIKRIIH U TR H 2 EX 5.

o Z&M: (Security) : L7z 8 YRD M’ RFH3
DL o> TWA, Tz, SIROM RO — L
B (256 D) & “07, “"h5Rb8E Y b (256
W) ORI REHEE TN, TOoXRDE
HEOIL 256D TH D, BEARNTLZEL VWA S.

o SHIAI . JESHIAE (Oblivious vs. non-oblivious wa-
termarking) : &EA UMHIRHZ B EG (R 2 b Eif)
EREE LUz, REARNISHETHS.



