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[ Abstract] This paper presents an audio zero-digital watermark algorithm based on statistical feature of approximation signal and the technology of
restoration of the linear scaling. The original watermark is error corrected coded with repetition code. In order to enhance the correct probability of
detecting, the recoded watermark is modulated with PN sequence P which is produced by the key through Pseudo-random sequences generator, with
the same length of the recoded code. During the process of detecting, the technology of restoration of the linear scaling is used to eliminate the
influence brought by linear scaling on time axis, and a blind detecting is realized. Experiment confirms the expected high robustness to many kinds

of attacks especially to cutting-attack and MP3-attack.

[ Key words] audio digital watermark; zero watermark; error correction code; statistical feature; restoration of the linear scaling

1 B

ERIEH L E NN P 2/ ¢ Pe Vs %k N
X IR IR BUF AR A TAE ORI N K B E B, T3 2843 /5 i ik
NS FH—ERENRE, & REF KR ] A
W2 G . “BBF” KEN R MR i 57 I H A 3%
FEBETHRER) ZRE. HEAN LR RSB
B, H BN BKEREBETE M. JTECHK
R BB SV 5 BoR AWK N R B HTE, NEEWH 4
BB A7 B

BnrpA B, A SR FE AR 5 /N R B SR RRAE
ALtk b 50k SBR[ B RN AR LEKE, 5
BA BB IR S AT 5, B R A, H
ST E R .
2 ARE
2.1 KEVAR

ARRFE W G, KPUKMBERN, REKHR
GEMT S, ARSOR I ROK BN R RIS R 0

(U)X EERAKEN W g8 — AL w (0<i< N, Hrr, NJK
7K BB K R HEAT A A B A, BLEE A K LD
K ER

W= { W [y =W, (0<i <N, 0< <L)}

Q¥4 K @i hRERLFF & A 87 A 5 EE g K
JESK (B L) PN JFHI P ={p o< j<L}, pjel0 15

Q)M P IRHI 2 E 2 H 4% Jm Wk B 51 W' B3 2R
5 WK ELRF, BRG] E BK R

W={w,|w, =W, . ®@p;, O<i<N, 0<j<L)}

HAK N NL,
22 JKEHRA

AR SR P/ 2R 4 W T8 A 5 G VHRAE S 4 2 I 2
IF] 9 56 R R KT LA, FoKEIE B “BAN” FHfE
m, R\ —ARIIAE, FRIERTOREIOKEE R
BALEA G SURAE AT R, BAT R R TR
FHLHTERN -

AN I — PR R A S A B R, JUHE T X
P AR B AR PR AS S AT T AL B B AR I SR R
AL LI 5 N\ 0 0 36 40 A AR K Y. AR A A

HEWH - FER B RPAEE ST B0 H (60573032); EISKARZ Gt
By H

fEEFM: 5 A(1983-), B, WILBF5 A, LTI : SFoKe;
et SR, B AW, WL

e H . 2008-08-02

E-mail: wuxiangwj@sina.com

—147—



g, AEARRAE R B, SCERISIR A+
/N o B XL B - SR A /S 38 B 8 T AR AE (G SR AR AE
FRABE 5 IR 5 A 17 S8R A AR AIE 5 Bk o D fE Tk Y
WO\, AR SCELHE SR B AS 5 v /0 8 R S0P S4B T 4
XHE W AR GV AR AE o 3% 45 T RRAE B AL A5 5 A /N I8
RHOHEBRE, ZXERBOUREFHE 5 - L mEZ R
wisy i, W, SE2TIAA BN —BAE LM MP3 K4,
RE W S R AR e T, P TR AR R A R B/ Y
0 W7 2 ) H A R SR, B ALY B D B A i B
FESHRA BN RECR R RMBE, WAL FME
RAERKRAEAN . XA, ZGE P E XTI (1) 3800 B AL BT D)
PR E M. B, EIEAES KN RECPE T DR R
—AMRAF K E R

ASCHRN SR -

(OH IR IR E IS 23k X (X = NL) Be, X8 — B s
AT/ e, SR HIE RS T/ B R B S T
Ei(l1<i<X)o

QI T AN AR, X BT 2K, FFailicsk 2 KA
R A SR A S R BB 1o

A%: E=T

B%: E<T
Hor, T A% EWBE, 5EREWHESHKOERAR.
HREER

14 B FOKEN A P50 0 55 1 A% Co, Co JR'EAN
W LbfE r=C,/C, o

2% E(L<i<X) PHICRIBEMNDEIRBETHF , BEIR
A E'={E,E-E, By}, HHFE <E<Eyo

mmﬁwﬁr%ﬁ%%ﬁﬁT=a,iwzh{ﬁﬁxx}

()He K ER Euks 1 WSt E] A KA A, K O ST E] B 2%
Bhho KRN LRRALR 1B 0, WA A1 B 53
IR B TC R, I RETTRAE IR TP MBS 1, B
BB — A RN R 51 No

LIKED Wn 2N F W25, RE— AR
B Ne SRPOKE T EA R 5 E Ny R EFMMH R M
T B T A5 A 5 B A8 B4 W -

3 RWMAEE
31 KEMHEK

HISAE 2 MP3 TR 48 5 R4 2 )5 SCHF IR O o &
A=, W, A#EfFTaMmEMEkE. B&
§'={s'(0), '), S'(L'-1)} A AR FHAEE, KEN
L'y L ARAREHGKIE, X L~ L R F R4
WA E, ZdEATRER MR E R

s'(0) i=0
'(i)={(1-p)-s'(la-i])+ A5 (la-i|+1) 0<i<L-1 €
s'(L'-1) i=L-1

Hfr, §"={s"(0), s"@, -, s"(L'-D)} g Gtk b 4 W & s B 5
SRR, s"0) A s'(J) A H0JE s" A S s i ARG | AR,
O<i<L-1,0<j<L'-1,f=a-i-|a-i]e[0, 1], a=(L/L)
R GG PRI o e Sk i 46 0k 2 U T LA B B (e
BERJE SN EFC) , RAB RN R 51108 N SR I AR 5L A9
B, X% T SBHEAT 5 4\ AR e B D e s e, TR
—148—

B /ME B RGH FIE E , IS T BT %
E =T, Mw()k1; HIR#HEE <T WAK w() A 0. #E
0 B K ED
W”={w'(i), 1<i<NL},w'(i)e{0, 1}
3.2 KERR
PR 58k N B A I 0 25 0 3l DL 1 2 A 28 2 B
PNJF3I P={p[0<j<L},p, {01} ; 3K PN FFIRIKJE L
KW AT B, W= (Wawg W) 0< j= L, K
Bk BB S PN B B R D R ok 8 Bk B
W ={w|w =weP}, REHEERNM, #E3M%ERAT
| L/2] s A R 1, 700 0o Btk tKE Wo i1
UL B M TE #3255 50% DA i B2 51 3 5 -5 5 Bk D W
A BLBEAR 735 K B WY, SR, SBEER B K B R 5 %
BT 50%, oA I i 7K B R E B AR 0L A7) 7R
B, T ELK B R B R 7 S50
4 fiEZR
7 SCH i Matlab7.0 34707 B SR % , 5K Fi 16 L EALKS
44.1 KHz RBER A A E M F HHUE 5, WIBWE 1 5%,
1.0
0.8
0.6
0.4

lné'i

& 00
-0.2
-0.4
-0.6
-0.8
-1.0

0 1 2 3 4 5 6

W43 1 (<10°)

Bl RmEHNE
DA 512 GO WIRAS F IS 54T 40 B, R dbl b4 Bt
HHUE S AT 3 PP e 1 NIKER A H 1 £ (48 X 48) bmp
ZHEGmE 2)fR, Hoblk 0 iM% Co ok 523, Lk
FE 1 MAE Co ol 1781. ZiM5E43 k=599, M E' sh4REUH
T=E =-00071586, X/KHRHM 5 FEEHH. E 20b)H

ARG AR B SR K E AR

iN ia iN [
RE RE HRE KE
@R ORI ORE (@R
rE BE ORET BE

OEE  ORE @QWPIES (W
iN TEH FE HE
RE ®HE HRE BE
Owml o Gwm2  Gwws  (se

M2 KHER

SRR R B R, RN K A BB Sl AT
EHTORAE EHTRAL EIEDE IR A TR MP3
R4 AR B P18t (% 4% Cool Edit Pro 2.1 fEN B i T2



H), W2 fime.

HPORHE: SBBTHE S mIERE 44.1 kHz T RAER|
16.0 kHz, Fk & Rkt 2 5 44.1 kHz, $2 5K FLan B 2(c) B R

HEEFERAMA: BBEHES RN 8 bit, BEHE/LI
16 bit, FREOKEIIIE 2(d) iR

B : RAMEH 9, MIEPIRA 40 kHz B
CHBYSHEV JEi 2%, 1RBUKETQIE 2(e)Fimo

MR . SRS SO MASE R 0, F%EN 0.01 1
TR MR, SRBUKEE 2() iR

MP3 45 : Saks FHE S S E 128 Kkbls, TR 4%
WAV # X, #EEBUKETHNE 2(9) B -

W X FBUE SR R ek R R B K P E 2(h)
FiR o

BEALBY Y] : BEALBY DI B 00 5 FARE A AT, 4R IUH Mk
Epdm i 2()~B 2(k) iR, HAE 23)s B 23)s B 2(k)4 51k
BEALET Y] 100, 200, 500 AMAE A R 4R U G 7K R

S Wi o BB (BR eI Y B0k ) K ko 5 5k
T8, REGE MK A E 20) iR .

HIE 2 AR, SRR WA BT s s R A
BEALET Y [ T3 F0 MP3 i 4 4 B A IF M & etk 72
THRBA W THNEL TR REGE K ER.
NFEYISE, EAMEN RREL, FTBREEEA
SBIYIENZ X, H BT R AR A A A s B 0 B
TA)EL A TR B AR S, B R ML DI R AR BB S
K- FHEBMARLSZRAEN, FHEHTRATEERBG,
HBETHESHNARMEZKIRAKEEER, B AN

B ELAL B W R R B M2 AR ERMKNEBRE T

K, K, REHEXNOILGE AR A KGR 3T MP3

Wik, M@ S FMEA MP3 TR 45 i e e e, 2 A 45

RS A5 AR o T At 5 e o 4 A A 0D S 9 B A ) 5 BT

REMBIRPL MP3 iy o 53 4h, S AE TR R 5 HAE 5 M AEAT

Bi, BA A A AT A

5 W&

AR SCPE AR 5 /N R BOE A R e b i R R
RHER, G M E WAL B ARG T FERE . FEEEAR
55 VI G R P Y TR I X 4 AL ¢ i G B X B G ek A MP3
Yy iy BAT B B B MR, T S BN 35 AR ik LA A R ER AP

%3

[1] Anderson J P. ESD-TR-7 3-5 1-1972 Computer Security Technology
Planning Study[S]. 1972.

[2] & M. BEEEFEHOKNEEMAD] L 2 HRY,
2004.

[3] Tzanetakis G, Essl G, Cook P. Audio Analysis Using the Discrete
Wavelet Transform[C]//Proc. of Int. Conf. on Acoustics and Music:
Theory and Applications. Skiathos, Greece: [s. n.], 2001.

[4] Lu Hongwei, Pi Bingfeng. Audio Zero-digital Watermarking
Algorithm Based on Energy Difference of Wavelet Coefficient[J].
Computer Applications, 2007, 27(3): 605-607.

[5] Wang Rangding, Jiang Gangyi, Chen Jin’er. A New Method of
Audio-digital Watermarking Based on Trap Strategy[J]. Journal of
Computer Research and Development, 2006, 43(4): 613-620.

CoL e i

(424 143 1)
B BB EMRID 4, SRR ECHENLIEEY,
R K, = MAC, (¢ [ K) , B Ky KT K, Ik, sl
SRR e

LRk, AR ZARM.
5 PWEARMAESERH S

WEARMAE R RN AR 2 ST AHET 04 8L
W EE T, SR, BB R X
TR VOB W 75 B 0 S Yk R B AL A B B A Y
B 5T RS : LR-AKER, PAK-XPIpL R SKAM,
AR LSS B 1 FiR

1 EBERERE
i P EZ S BEALBC A WA A ST
EPAL %A K
LR-AKE 3 3 2 5 2 6
PAK-X 3 5 4 9 2 10
SKA 3 2 3 5 214 7
AR 3 3 2 5 2 9

MR LAIUEN, SHMMBIAL, AR
WA BOs AR /AN, JF AR 2 IRBEALEC A B 9 1K
WA RBOS S, M PAK-X TEE L. 5 SKA HhillillL, B
WHSAIBE S 2 0, RTTHE Ky 8 2 KBS MAC 12 H 4k
W% 45 5 LR-AKE #llL, APMUTRE 1 kBish
AIBEE, JRHRE LR-AKE PR i e 2858 K, T A3 1
B — 36 ] A 25 8 Koo

6 &R

ASCAR T — A% 4 1R R8O A AR PR FC 4 JR 3 A 8 0
R, B X EAE DA A S % L, & 2k
SR, BT RGTII, NF L3 FwEsh U di K v 42
LW, BEIGLES M S S, SEBIHEEL, ARG
A A5 AR HR R B ARER, PO 92 BT TR % M el v b

%30

[1] BRI, XUHEEE. —RimT e 2o 2ok i o 2k W) 2 25 5 1 w1 33 L],
AL TR, 2008, 34(14): 174-175.

[2] Hideki I, Seonghan S, Kobara K. Authenticated Key Exchange for
Wireless Security[C]//Proc. of IEEE Wireless Communications &
Networking Conference. Tokyo, Japan: IEEE Computer Society,
2005.

[3] Mackenzie P. More Efficient Password Authenticated Key
Exchange[C]//Proc. of the 2001 Conference on Topics in
Cryptology. London, UK: Springer-Verlag, 2001.

[4] Ryu Eun-Kyung, Kim Kee-Won, Yoo Kee-Young. A Simple Key
Agreement Protocol[C]//Proc. of the 37th Annual International
Carnahan Conference. Taipei, China: IEEE Computer Society, 2003.

[5] Blake-Wilson S, Johnson D, Menezes A. Key Agreement Protocols
and Their Security Analysis[C]//Proc. of the 6th IMA International
Conference on Cryptography and Coding. [S. 1.]: Springer-Verlag,
1997.

GidE 5k WL
—149—






	1  概述
	2  嵌入算法
	2.2  水印嵌入

	3  检测算法
	3.1  水印提取
	3.2  水印解调

	4  仿真实验
	5  结束语
	参考文献

	5  计算代价和通信代价分析
	6  结束语
	参考文献


