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Abstract

The rapid development of advanced information communication technology (ICT) has
positively impacted digital speech communication. However, misuse of ICT causes speech
tampering and speech spoofing in digital speech communication. Therefore, audio in-
formation hiding (AIH) techniques have recently been focused on as techniques enabling
secure and safety communication.

The AIH techniques aim at embedding guarantee codes (personal codes, and device
identification codes) as watermark to protect digital audio content. Which are inaudible
and inseparable by users, and at robustly detecting embedded codes from watermarked
signals against any kind of processing and various attacks. The AIH techniques gener-
ally must satisfy inaudibility and robustness. There are inaudible and inseparable by
users, and at robustly detecting embedded codes from watermarked signals against any
processing and various attacks.

The AIH is targeted for sound signals such as music. When AIH is used for speech, it
can not embed or detect watermark. This is because the speech has a silent section and
peculiar encoding Therefore, speech information hiding is required.

This paper proposed a speech information hiding method that can satisfy inaudibility
and robustness simultaneously. A linear prediction (LP) analysis and synthesis is used
in the proposed method. On the basis of the principle of the direct spread spectrum
(DSS) method, the proposed method spectrally spreads a message by using LP residue
and embeds the spread spectrum of the message into the host signal.

The direct spread spectrum (DSS) method is a robust AIH method. A watermarked
signal y(n) is made by that spreads the message signal m(n) by a pseudo-random noise
(PN) signal ¢(n) and adds it to the host signal z(n). The PN signals have properties of
E{c(n)} = 0 and E{c*(n)} = 1, where E{-} is the expected value of “”. Since z(n),
y(n), and c¢(n) are assumed to be ergodicity, E{-} can be regarded as the temporal average
of “7. Hence, E{y(n)c(n)} used for judgment is made by multiplying the watermarked
signal y(n) with the same PN signal ¢(n). This process can be used to extract message
“0” or “17 from y(n).

The PN signal has a white spectrum, so the watermarked signal has been spread over
a wide band. Since this feature distorts the watermarked signal, the DSS method has a
problem in terms of inaudibility due to the spread spectrum.

Linear predictive coding (LPC) is one of the most basic speech coding methods using
linear prediction (LP). LPC generate an LP coefficient and an LP residue corresponding to
the sound source of the speech signal. Here, the LP residue has properties of E{c(n)} =0
and E{c*(n)} = 1. By using these properties, we propos speech information hiding



method, which the message m(n) is spectrally spread by the LP residue instead of the
PN signal.

The LP residue was used to spread the message in the host signal. The LP residue
has a similar spectral band to the host signal, so the message was spectrally spread
into a similar spectrum to the host signal. Therefore, the sound distortion due to the
spread spectrum will be decrease by using LP residue as a spread signal. In addition,
the proposed method will have the high robustness, because proposed method was based
on DSS method as robust AIH. Information hiding technique have a trade-off between
inaudibility and robustness.

In the proposed method, parameter a can be used to set the embedding strength for
watermarked signal. The parameter a is determined by the power level of the host signal
Lpys, the power level of the watermark signal Lpws, and the strength setting level Lggr,.
The Lgs;, was determined by evaluations of sound quality distortion (SQD) and the bit
error rate (BER). The BER and SQD tests were carried out to determine the setting value.
In the BER tests, BER of 10% was set as the criterion. In the SQD tests, ; log-spectrum
distortion (LSD) and perceptual evaluation of speech quality (PESQ) were used in the
evaluation method. In these tests, LSD of 1 dB or less and PESQ of —1 ODG or higher
were used as criteria for sound distortion. The objective difference grades (ODGs) were
graded on a five-point scale as 0 (imperceptible), —1 (perceptible), —2 (slightly annoying),
—3 (annoying), and —4 (very annoying). Evaluation results, The Lgss;, was determined to
be —10 dB when the payload was 4 bps. Then, the mean L,; was —20.6 dB. When the
payload was 8 bps, there was no optimal L,;. When we relaxed the evaluation standard
of SQD, the Lgsr, was determined to be 0 dB, Then, the mean L,; was —14.0 dB.

In information detection, when the host signal and the watermarked signal were not
synchronized, accurate information detection is difficult. Therefore, synchronizes the two
signals was required. In frame synchronization, correlation was taken while sliding two
signals, and the point where the correlation value became maximum was taken as the
synchronous position. The information detection rate after frame synchronization was
evaluated. In the detection evaluate, BER of 10% was set as the criterion. As a detection
result after signal synchronization, the BER was 2%.

We investigated whether the proposed method could satisfy the requirement of inaudi-
bility and robustness. The inaudibility was evaluated by using the sound quality distortion
(LSD and PESQ) of the watermarked signal. Robustness was evaluated by using BERs
against various attacks; down-sampling (44.1 to 16 kHz), addition of white Gaussian noise
(WGN, signal-to-noise ratio (SNR) of 36 dB), re-quantization (RQZ, 16 bit quantization
to 8 bit quantization), and speech coding (G.711, G.726, and G.729).

In these evaluations, 12 speech signals in the ATR database (B set) were used. Only
the utterance sections in the speech signals were used as the stimulus. The payloads were



4, 8, 16, 32, and 64 bps. Messages were random bit streams. No error correction schemes
were used.

The LSDs were under 1 dB in the proposed method, whereas the LSDs were at or
above 3 dB in the DSS method. LSD by the proposed method was improved by 2 dB in
comparison with that by DSS method. The PESQs exceeded —1 ODG in the proposed
method, whereas the LSDs was always about —4 ODG in the DSS method. PESQ by the
proposed method was improved by 3 dB in comparison with that by DSS method.

As results of the BERs of the watermarked signals against attacks, the proposed method
was robust against several attacks. The proposed method has the same degree of robust-
ness as the DSS method.



B1E
1.1
1.2
1.3
1.4

28
2.1
2.2

2.3
24

B3E
3.1
3.2
3.3
3.4

B4E
4.1

4.2

B 1
U DIT . . 1
WAL T4 8 . 3
PO HEM . 4

BOSCORERL . ., 4
BA\DERINA T 1> 6
TENEHRNA T4 V7 6
REWLTEBRANA T V8 . 8
221 W FOZEw MEHEE . 8
222 I a=NAT4 VIV 9
2.2.3  FAMIAZAHZSERME . . . . 12
224 WAEIEE FHWRIERANA TN 14
2.2.5 MEHEARTZ FVIREGE .. 16
BFEESNOEE . . . 18
BEERANA T A Y B SEREH 18
REEDRE 19
ARY FWIRBGED S FEA~DIGH . . 19
B IC RO SNBEFE . . . . . 21
BTN B T TR . . . 21
P TIEAE % W A7 P VIEEEIE RN, T4 v JHEORE .. 23
REEDRE 25
OB OIAR . . 25
411 HROBEDABR TN TY) XL oo 25
RO DIARINT A —FEE . 28
4.21 HBHDABABREMIIE . . . . . 28
4.2.2 GEEFEUE . 29
4.2.3 EEEREE . 30



4.3 TERWEHL . .,
431 EROBET7LITY XL
432 ZVU—AFRMIRE . ...

BH5E REREOFHE

5.1 FHEREE . ..
5.2 FMESELE ..
5.3 BHEREER . L
5.3.1 AIBATREMERMOREE . .
5.3.2  GEEEEIMEOREE . ...
5.4 EEE

BOE A

6.1 ARWFETHO IR Z 8
6.2 FERINEE .,

SE 3

MEFRE—E

HEF

355

T & A HEESDELZANRY MVILBEBBHR/NA T 1V JE

Al AT ERGZ AR FOVIREGE . ..
A2 BRENEOIMM . . .
A3 BESNED T ED . .,

i



1.1
1.2

2.1
2.2
2.3
24
2.5
2.6

3.1
3.2

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9

B R

ME DR TELRPEI A,
ROCOMEK. .

BHRAAL T4 7O,
IaA—NATH4VTRICBIZZa—0FE. ...
Ia—nA T4 RSB AEHREme.
AR AR I 8 2 0B IEReEoEE, . . . o
WA OMEE & RRBIREI TR S A AERE, .
EBEART PVIBGEDO 7Ty 25 A 770, .

EFEA R P VARHGERIC X 215®ANA T« v 7 OWBEE,
PP ARDOBE,

REFICB T 3 ERMDIARD Ty V5T T T5, ...
REEZH O EFRERNA T4 v 7O e,
MO IA RIS %2 280 L 72855 OB AR L FEFMOFEE (4 bps) .

HOIAARRE 2 L 7258 ORI R L FEHAORE (8bps) . . .
REFICBI 3 EREEO 7y 7547775, o
REFICBIZEFRMEO Ty 27547795, 0.
REHBICBI2 7V —2aEoTay 25477558, ..
REFICBT 2 7 L— L FEEQERG, .

LSD iz ﬁ”%ﬂﬁ@ﬁﬁ% .........................
PESQ DZEBIHMEOREE. .
%%M@%ﬁv%%ﬁbfu&m&%@Bﬂt ...............
F 7 v (44.1 kHz - 16 kHz) IR B EEEHMIE o fSE, . . .
MEEZATS. (SNR 36 dB) W3 2R HfioSS. .. ... ...
IRIEIEAE (16 bit - 8 bit) 1ZAF AMERMEORSSE. . . . . ... ... ..
G.711 FFofbic i3 2 MHEFHl OMESE. . .. .
G.726 fF o bic R ¢ PRI OR R, ..
G.729 fF o ic ™ MR ORGSR, . . o

1ii



Al BEMESERGEZARY MUK 70y 7 54 775 4,
A2 AEHER 27 AR P OVIREIUEERANA T 1 > 7 O LB,

v



x® B R

2.1 LSB &z X % LB,

41 PESQIZXDHANINEODGHE. ... .. .
5.1 TWHEFEMICHAE L 2 o—%, .



1.1 [FUSHIC

T HEE M OFEE, MR Z2 OMAFPIZIER L Tw 5, BN FasEEm o
—ODICHG % EQBEFBEEMND 5. HAEIBEHEMIIE H T E RO & HITHEEL
T&E 7, BAEIHMAROBMFEEIE -, Do iERE T X D WL S HE 217 ) Bl
DFEINTE .

BEFH SN T 5% OEFEETIE, EFE—ET 1 2 Mah, 74501k
SNTT—IDPMEEIND, T—FDORIFIWY FIL, RIM->7cT7 =827 Fn ri
L, BHELLTHNTSE, ZoT4 8 MUInERHT—2Ic8WT, Z0ERzZY
AT LT, HAEBEICIINL RMEDEL % [1). BIE STRAIGHT % WORLD &
Vo e B RN EEAN 2 v 5 2 LT, JERICERBE RGBSR 2R 5 L 23
TH5 [2,3. ~HTINGDEMEEMA LGS, K1LLIRINS L) LBEFAEEON
SARHEHEDOR ) TELDARLL>TLE ). Z0OSHBOEHEREETIE, HH
WEICEIEME 2G0T 2 W25 L, BEOLREZMRT 2 2 EBREICK 2,

INFCEMBEGRELEZHNE LT, avy v IiciElE MG T 2 iR SN
T&E7%, ZOEMOOEDITE, av Ty Y 774D~y FEaIciElE 57 % Fik
BH5. LHrLIOFEE, SH5EROBRENEZSTHD, FMHICIZL  OEIEIN
5. EMOBRENNEET, av 7y VIEREZMNET2EME LT, TeVvF AT 4 7
WA T4 v 7B (Information hiding) 1 23 % [4]. T3, 74 P2 ufhI s
YT U T =Y IAN G RIETHEREHEOIALFIETH 5.

COEMICEWTER 2R E Lhf, BEOHEIEERZREET 2 EHRz HORA A, )
HSEECH UL, BEREE2LRICHH TN L L 2R EA6NS. B
213, BroREHEE, HTHICEEEZEET 2EHR (HAFTPEEOHNE S L)
A G L IcEAEES 2 ERT 5. BRBIME I N EEPZEHFIUSEI N, REHITHE
FD o HOAEFNERZRNT 5, S HIEEZRIET 2RI K> T, HAE
BOEIEEZMERT 2 2 LB TES, HEABTICHIARR) T LABMA b NIGA,
B ICHOAF N HFRIIBEESI N, HEIEEZGET 2RI cE Rk 5,
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1.2 BRI\ T 1 > Tt

A BRBHICEWT, av Ty Yo Tk 215U DERZEET 2 2 LB E L
SNT 5, Bl ERICE T 2 BYEF OFEHe, IKICE T 2 REIED 7o DiED L
BRENPINIHDE, ZNSDFERIITAPINT=FIZEWT, 7—F 774D~y
TGN EINTES, L L ZOFETIE, UEFoEHRZEEHETAREL T2
WMIBEBIHIAINTLEIMEDLH L. 2070 ay T vy OAZBHRP, Skic
B2 REER % E, av Ty VIKHMT 27— 3 EEAERE FOEA1E, Z0RH
WRERZMEZIWZATCLE ). ZOMEZRT 27-0121%, av Ty VIS 2 EHR
PILETREEHRE 2 v T VYV HERICA S B TR 2 2 EPRIELE R L, ZnxT]
BICT BHMTE LT, Ta vk arsry 7= BRCERZHOAL, <L
FRXT 4 THEBNA T4 v 7B D % 5. v VF AT 4 THERANA T4 0%, iR
REEEE R EHA BBE TSN TW A Y, WNRE2HFEES L LGS, o
HENEHNA 714 7 (Audio information hiding, AIH) EWMHEN S, ZNFET, FHED
FEEMECRE 72 &% HIWIC ATH OfFEMTb T & 7% [6].

ZN6 @ AIH Biffiz ER IcH W TR Z oA L &, 23 TEFEERNA T4 v
7 EWHERS, L L AIHFEMOS C 1F, SRR LZb0Thh, THKEECE
EFNZMGEIXER, GHEBAOFALZ EICHIETE RV E V> EZ 2 TWw3, 2
D7, AIH Fiffiz AW THBICERZHOAL Z L IZREETH 2. FLEHEEHRNA
T4 TR, BEEFICERPHOAENTHS ZEPMEINZ LI E IEATRE
M), ESHLOA F N ICHMLZ EBMZ S BETh, HEICHOA N
WM TE S 2 & (EfdlE) v ABREHZMZT I EROSNT WS,

FRADERIAH %7 L 2GR EHRANA T4 v ZED5ERT 5 2 LT, HAEEICEE
DEIEEZRGET 2 [EHRZzHOAL 2 L3RR L & D, HHERBEOZEEZED 5 C
EWTRIC R EEZ 6N,



1.3 WROEMN

TREIEEICEB L OBEEOLE 2T 270, WA EEN: &t 26 L 255
WA T4V EPBRIEE INTVL D, EOEEEZ OB T v B LT, A
R S IVIEEFLDIEHANA T4 ¥ TIEDBHI S T» 5, ATH THlZZ8F 5 & 2, El
ZEREIZRZ 2R DEFICHNHT 2 2 & cEFRIERZEOALFETH S, Lol
DFFZ, MEAEE HEE2HAELCTV) offE2EZTws, ZOHERKLE LT,
HRZILELT 212512 PN (Pseudo-random noise) 252 H W TWB I ENEITF oS,
PN BB ZIAWEBFEEATIRIC AR PV Z2FOESTHD, ZoEFICEREZLEL, 2
NZEFICRLADE S Z L THERZHOIAATVS, Z0-OEMEZMOAATSZH
b, BWEREBEIRIC AR PRSI LIZhD, ZPMETE LTINS, 22
THEWRILET 25508, B LFHU L9 BABEEAGHRICA XY PV z2ROfE5Thiud,
TERDHOIA £ N3 OFFO RIS R E S BT, MEAEEE: N BT 2 2
EMBEZLND,

T LU X9 ARG 2 FOES £ LT, BB THOHICE W TEB I N 25
FIHFRAICEH L7z, BB TR RS O RE s 263 225, JFEEHICED
L7 BB 2 FiD. 2 D70, #EFHEEICEREZ A X7 FVIEECT 2 HHEER
A T4 v 7L, BOAEATREZROEEZ NS,

AHFETIE, SIEFHISHTICE W CEB SN2 FRIER D, JEEAH & [H U RS
FERFFOZEICERL, HRIEMRS TH 2P HEREIC R v 2 —PEFHE A7 b L
IS %, SRERANA T4 v PR RET 5, T RREPATEATREN:, o3
RIEH %7z L 7B HEEHRANA T4 v 7 TH 200l 5.,

1.4 ZAFEXDEK

AElE, 6 TR INS, K12 ICAKRLONELZKRT 5.

1FEIIFmCTh D, RiSCTNRE T HMEHE EMREOHNZIBR S,
2B ITERANA T4 v 7L ZORENLETIEIC O T ORI Z B, KFHXOWNREL S
BFEANDOERNA T4 v 7 OMEZIBRD,
SHEIFRRBEDZ o0 e, TNZHOEHEANDERNA T4 v 7EDFEHZIAXNS,
4 BIFIREER O EEERANA T4 v Ik 2 X v 2 —PIEROMDAAR, BHiIcD
WCHR 2B,
SEIFRERIC X 25 EWMNA T4 v VB R M ATTREN:, M OB TR L 72 R
B, i, fEREIRR S,
6 TR TH D, AL THS IR L, BINLFEIIOWTHBRS,
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F2E ENOBH/NATIVD

2.1 BEBHRINAT1VT

BRAVTUIDTAIINMER, av Ty YDA vy —F v MIGEDORIIZE, T4
COINFEaAY T YDA E->TwE, L, TNUFavyTryYDaE—DuS
XERHIGESE, avF YN ESFE D, avTF Y ORIEa v —ofik, FHEE
REPEBELHEE > T35,

T ay 7y OLR#EED—212 DRM (Digital rights management) 23&% %, DRM
FEAEa YT Y OFRICEES 2R L, #ERER v —Y—, ERcikar T
VYDBHHATELRL BAFETH L, ZNCEDVEEDL—F—, ED SN A
THIEI VT VYDA ATRE & 70 2 FEFHEREETH 5 7). Lo L oK, 12—
P—DOAEIZHNTED, ZoffEEZHVELWT A P VEFRay Ty Y OREDL %
(bt T3, DRM & E DTz Hui WEEREERME LT, avy7ryolgs
b, av 7Y 774 NVDNy FEADERMNGEDRH L. Ll Inspay Ty
WHMEIZS K, BafbciR@gEInzary 7 v Y OREDORE, ~y ¥~ DEHRMN S
FECIIMNGEHTORE ARHIBR: EDMER SN,

INoDEMIINL, ay Ty VAR CEREEOAAR, BHET 280 TE
WA T o v I DB S, K21 IXEHRANA T4 v S OMEE RS, FHoN, T4 v
JTDlPTH, HEETENRE LR E AL L CAIH2H 5, AIH X2
YT VY DT 4 P NEFERICHNEERE HOIALEM D70, EHROBREIHEETH
D, =Y —iFar 7y ZEMOHFHCHRICFAT 2 2 L DHEETH 5.

ATH I3 ZEMECREDINC S, A WHEIFITZ RN EZ 5 T\w3, Z DB BOE S
FADOEHRMN G 5 [8,9]. T tUTKERFOBEFEHEE®, WROBNEGEZ &CHH I N
DICEEF IR MG L TELS 2 ET, HERLETTRAR— 74 v ER VL
AMEEHRCEREZILE T I LR ELIHTH S, ZDXH)ITHEDL=ZN—=HILTY
A4 Vi E, HWXEZ £ ATH XA BRI RTERTENPEZ 5N T\» 5,
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2.2 RFRBLBBEHINAT 1«3

EWNA T4 v 7B T 2EROMOIAAR, B, BEOREZIMNT 2FER, &
BE T NAHEED Tkl U4 2 E DD % [10,11]. HHRANA T4 v 71 ZOHMNIC K -
TREL ZODPEIVIDEET % [12]. LSB 72 EDEMRAZMEERIEET 22 L2 HIN
ELEMERNATA VNG TATH ) 79741 EFFEING, Ta—nA T4 v 7k
EDFREFICBARED H 21 HE NG T2 2 L 2HWE LEHRNA T4 v 713 TETE
L) EQEING, ATH TT7 4T, EHREHOALESE ThHN—E5,, #
Dirtelhmz BEEER, HHRHOAEFNLEFE2 AT F5) LT 5. &
B LTlE, HERzHEOALETZ T MET,, HoAbGERE2 "E»LEZ), &
WMPHDIAF N EFE NE» LA ENES) LIFHRT 3,

DU ICREN R ERANA T4 v T EE N T 5.

2.2.1 ERFiIEw NEBifaE

B3Nz ary T o VIEREZEOALHEANZTELE LT, LSB (least significant
bit) EIED S 2 [13,14]. LSBEHEIZ v T v Y% T4 ¥ ¥ WLAPET 2 F8IC, &F
bz ML E Yy MCEEZMZERZHOIALFETH S,

EHROBHBIZIEEINLESORTME Y F2KEHET I L Tfibin s, LSB Effl
DUFEF 2 5 2.1 12T,

LSBEIC X B1EHANA T4 v ORI MIZIZZ DOFEMBSHEMTH 2720, JEFICEHIC
WIES 2 2 EDWAHETH B 2 &, AN—EHIRERPGE S NUINELR W), DX
I REFHLHHAETH S I L, 1 ¥ NI 1 bit DERBMNE-TE 5 72 & Ll o
AARBGENL W2 ERFEIT o NS, KA, KEMMESIER IR Z LT on s,
AT IEFR MIEY MH725Ey FBEFL 8E, BRoOREBTcER{ ks
O, REfES 7 4 V7 ) v 7 EOE S B2 S 72T, HEREHDSHEE L 2% 5.

7% 2.1: LSB &I X 2 WLEff),

W N—{55 . AT 535
SR w=w L YR TY o SR
10 HEHL | 2 HEEL 2 MEE | 10 HEEY
5 1000 0 1000 5
11 1011 1 1011 11
1 0001 0 0000 0
6 0110 1 0111 7




2.2.2 IOA—=I\A1T1VTE

BNGFZEICEWT, BEHEZERLORBRE L REESLT L, BREZRE L
B DIERL T3, ZoRFEIGE L, HEEE ENEZMEEE L THRL w5,
CORFDHHR b DIE, Ta—HEEFEINTWE, Ta—FHEICE VT, EEE
KR DOEFENREL {, “ZFoTnE Yy (] 0.6 ~ 1.0 ms) %, —DO0&HEE L
THRIND ZEVFP->T05 (15, Ta— 1A T4 v 7HETIE, K228 fkEx
a—W T, £ a2 —DRFa, D OO a—%2ERL, IO TENLLEZHD
iAtr [16].

BHHEDIAATIE, FITHFAMEFIINLTCMEOZ a - T, ZFf>za—%
BT 5, ARSI a—RBELLEHRD 0 £ 1iIcEL, TRICHE->THR A MES
w(n) ISEP LERICHEL 22 a—2M572 2 LT, &2 L3EORAENLES y(n)
2135,

y(n) = x(n) * hy(n) (2.1)
2 Thy(n) EEH» L ELTHDIAZNZEFD <17 & 07 I L T FRUciE> T 6
nas,

ho(n) = 5(”) + agé(n — T(])
ho(n) = d(n)+ad(n—T11) (2.3)
EWM T, &2 LSOAENAZ 52 N 7 —V 2241 L, 8l U iR REL

7=V BT 5 LT, 23R T a—E T, IcWHIbL - —27 2832 ¢
MTEL, COE—7poTa—WET, ISRl 0 & 1 DFE» LIESREES.
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2.2.3 FEHINAMHEZEREE

FERICBWTE ME, BEES BT 2O ISR TS 5 L vwbitTw 5 (18],
PERS, $ARIC X 20158 TIE, HWEME 5 ORBITRT T 278, ZHABEDS 10 Hz L FOw %
PO THIUL, £ FEERICE 2 HEDOEAZHETE R\ I EDVRI L [19] [20].

TNk FEIAAEZTNE T, TR > THRA MES 2(n) IKK 24 158 $ X9 &
THEOMNMHEREET 2 L&D LIEHRE HOAT [21].

y(n) = z(n) * w(n) (2.4)
22T, wn) FHHOMAMHBEBOEZRT 2 EL 755 TH S, wn) T8I 55887
A= —RBINETHD, B LERmICX > TFRAIE-> THRIET 5.
o f07 m =0
ﬁM—{ﬁ7 1 (2.5)

22T, fol fild, ZFEED10 He L FOW 3 0Bl THIUSHEL 2 &)
5, —MRIC fo=6Hz & fi =8 Hz DA I N5 [22]. ED ONILHMBE fo & f1 &
D, ZHEw DT> TRESI NS,

Wmax — Wmin
Wwg = —""—7—" (

5 1 —cos (2w fppt)) + Wmin (2.6)

HEROBHH TR A MMEF L&D LOMEDIA FNIAZEOMMHELEZ L, &2 L
DHEDIARIE L 72 L Wi 32 2 Lo, E#it2179. Zoficd 87 x
FV v 2RID 754 v FHEEEDFAET 5 [23,24].
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2.2.4 WREEBEZAWVCER/INA T« 7%

BEAEIC B W CHEEREH 2 RO Ic B W» T, MR, &I 2BV EL 5
TEPHIGINT VS [25]. ZHUIBIRNBIONEICHTE S 2FIcB W T, ROWEER
MEN 2 &E CEZME T 5 2 L ICERZ R, JEERIEZ 0JEH (AOM) TEe i
PEOTIS U CIREN L, TEER CGRIRMHD VR G L CREI§ 2. 20720, X
2.5 IR TIRICIN OB Z b D OV ANA I Sl & &, FEEIE TS E B 7 1
G L 72 7 i CHRBRIRDNREN 9 5. WAENICHIRBIDMEb % &, P REROIEE TE
JRMEE T DIREN DS IR £ D, IREIDMED - 7et%, FERIEDOTEIC B TR IR ER T D
IREIDE 2, COLEFUANTH- T, MBI L ICHIKIEDIRE) O Bk IR H 2
FURAEAE & XN B IBIEDS 4§ % [26], Loc L, WHASEREIC X > CRIBEBUR T I3
ISEIEZ AR U T 528, ARMCIEFEHCAE I NS 2L DA TS [27). 72
Ji£, BURHC XU, E P IREES EIRASEEIC - T E L 7BIE (KRR D IRENGH
RHNEY) BEORNPHEETH S 2 EWRINT WS [28], 2o DR EFIAL
TNEHRNA T4 v 7HEE LT, AR MEFITED LIERZIEL L L CEDAT, WHAELE
12k 23D LANDH B [29,30].

WAAEIEIC X 23ED LANLTIE, TR k> THZ o B iR e L7z, 1IR 7 4
VS Hy(z) DREEIE 7,(w) 2 3 XA MEZITAHEGT 5 2 &, BENICHE I WE
WA T4 v IRIT.

Hals) = T2 2 27
ruler) = — L2 Hn()) 2.8

2 IT Hy(e) = Hy(2)|me TH 2. HHRMDAZTE, HMOREHEH (m = “0” or
) ITHIB L 72 7 4 L Z Bk D, K (2.8) IiE> TREHD IR 7 4 V¥ Hy(z) ZERK
L, E»LIEWRE LTHR MEFICHOAL, RO TR, SR M5 L&E» LM
OIAENTAZTFOMMA R FVZFHR L, T DIARDBRCERE L 7 MR &
B3I ehs, HoRrEnEHRemitis s, Rl b ERRIEICH R METE
W77 A v Pk b IRE S T3 [31,32].
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Apical end

n
Low
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150 Hz
5000 Hz
2 kHz I
A
10 kHz
Basal end
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High
Frequency R
Basal end Delay time

2.5: Wi ORE & LR IRIREN TR S 4 5 AL,
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2.2.5 EBEEARY MVILEGE

AR 72 FEERNA T4 v 7k e L CEBEA R FVIEE (Direct spread spectrum,
DSS) #23% % [33,34]. DSSETIE, XXD L IHIZx v —IEWm(n) %, PN (Pseudo-
random noise) f§%5 c¢(n) Db D, JNWAXT PV TAXRY P NVIKHZETT 5 2 & TED
LIEFwn) Z2EKT 5. ZOE52 A METz(n) ITNET 5 2 & TERDPHEOIAEN
755 y(n) ZHEKT 5.

y(n) = z(n) + w(n) = z(n) + am(n)c(n) (2.9)

I Tald, EHhUES win) OLOARIEE % %4 2 IRIEMIERTH 5.

T I, KAD & 5 IR DA E N2 y(n) 12, HDAARIZHIH L 7 PN
BE2RL, ZOROETRSY (RS Oz T2 2 £ Tx vy — m(n) ZHH
5.

_J 0, E{y(n)c(n)} =0

- { 1, E{y(n)e(n)} > 0 (210
E{} BHIRETHD, z(n), yn), cqn) KEALTEI V- FEZIKET 2. ZD%k
O, E{} i 7 i L CREPEE 2RO b DI L &%, T2 TPNRIIGEF,
E{c(n)} =0 & E{*(n)} =1 DWHZF>., THXD, ERPHOIAFTNTAET y(n)
ICHDIARIZHIH L %2 PNES c(n) EHLUES 2L 2 L TUT2E%.

E{y(n)e(n)y = E{[z(n) +m(n)c(n)]}
= E{z(n)e(n)} + E{Lm(n)c*(n)}
= am(n) (2.11)
ZZTax(n), cn) IZAVIZHY . THS., TOZE»S (2.11) K DFE-HIZ0 LAY, F
THHIF E{AMn)}=1¢%%. 2Lk D E{am(n)(n)} = am(n) D 1E N, DSSETIE
Ay —YZRNT 2 EBAETHS, K2.61XDSSEDTQY VAT 7T L%ER
T, ZITH26(a) IZX vy =Y OMDIALTTHEZ, X2.6(b) FEROMHITTEEZ LT,
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Original signal, Message PN signal, Watermark PN signal,

x(n) information,  c¢(n) signal, y(n) c(n)
l m(n) i
Windowing Windowing
o—
m(n)c(n)
¥ Fast Fourier Transform
Power setting ¢
W Zo Detection
: (a) i (b)
Watermark signal, y(n) Message information, m(n)

2.6: HEEAXRZ PWKBEED 70y 2847 77 4 0 (a) HOAARWLIE, (b) WAL
B
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2.3 BREESA\OERM

WAEF RN A EDIIER IS FE L TE T3 [35,36). STRAIGHT $° WORLD 7 £ D
BHEINT AR DFEI ST, ZoEMiZEAL, SFREEICEIT2EHROUIAPR
DT FELEVSMEDPEREINTHS, s DREICE VT, BEOHEIEMEZ (G
THEREEFETICNET 22 LT, BEOEIENEZRGET 2 2 LR TH S EEZ
55,

WEDFHEZ IZEROFBE O, SHESICHIDBEOIIEMEL ARG 2 H®R (BA
T e FeT kL) 2E5IcMN59%, ZoLE, HROMNEGIEH R MES Lot
AR CIND Z ENEENS. WEORERZ, B9 6 B2 T 2 EH%E
L, BEOLRZMRATH I ENTES, BRICUI AL EVMA s NIGE, Bl
DM AARE & 22 0, BEOL 2RI NS,

EAOBEICEIEME 2 GREET 2 WA 5T 28 L LC, HFEES 2SRz
Dirte TEFBEEWMANA T4 v 78T PRSI Tw 23 [37-39). Lo L, BEFOEEE
WA T4 v 7 HED% L, EROMOIAANREFTHE LT L7, HlICHOIAR
WREGFFICERE L7200 T, FHICWL Do ENFAET 5, FEIC, SHEEE
DR AV Z i L 7- (550 6@ LIES2MINT 2 2 LSWEE L 22 2 &, &
HED L) LR R wESTHY, B LOHENEL THL I LR EDRETS
N5 [40], flicd, EEICE» LBMOAENS I LT, GHOMEMEZIENEE 5 Z
ElxboTE ok, s OREZRR L EFERNA 71 v 7Bl S
i, BAEBEREEICETA2UIARLRD T Lotz RIS 2 2 EHREE K 5.

24 BHEBHB/NT1JIKETBHEKIER
RN T4 v 213 FROEREH 2732 Lk 6h s [41].
1. AITEA A REME
2. JEfEME
3. HIAAS &

A HREM: & 1F, BEHCEDNED L S OA ENE5 2 HINL 2B, E»LESD
EROGAEICZ DDV ETH B,

TEEEYE & 1%, B L MDA F N E5 1M & DML (BEAERR 5t £) 23
ZoNTGAETY, ErLES, MOAFNAERPIELIBETESZLTH S,

HDIAAREIE, HNICGOE ZHOIAAREZMERL 72 LT, LEloHEEHZHET 2
ZETH S,
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FIE RBEREDRE

3.1 AR MNILEEDBERADIGH

EEEHANA T4 v B O—212, DSSHERH 5. X13.112 DSS BT X 2 A
T4 Y OB ERT, T2 T3 1(a) ldF A MESERL, K3.1(Db)1EZDARY
FVZRY, M31(c) Z3Xye—YET2RL, K31d)IFZDART FLZRT, K
3.1(e) XIEEUE S TH B PNEFZRL, K31(f) IFZDART PLzRT, K3.1(g) IF
E» LB OAENESEZRL, K3.1(h)IEZDARY MLZERT, DSSEIF AIH I
BT, [HRUESKEL2Z 1T 7080 LBHOIAE NG5 6 L@ fHRzZ RT3
CENAEETH D, BOEEEZ RO, ZduE, DSSIEARIBA(F) IRE D LI ITJAW
HPHIZ A7 PV 2D PNESICER 2T 2720 TH 5, LrLIUuck-T, &
LA OIAENAES I, K3.1(g) IKRENS X ) ITECHIICARY FLZRD
il b, 20D, WHEEIZE, LOBMOAENEE2EALEH L L THRT 5.
kD, DSSTEIZAEATRENEZ A L Tk WHFEERANA T4 v 7B Th D EINT
VW3,

DSSikix 2 DJELL D iEH L 2 HOIALNR 2 HEFRALET 5 2 LIZAEHTH S, DSS
EOIER R HEERNA T4 Y 7 HETH D IS, WRE2EH L LELATY,
SROTHIENE 2 R 2 W ERANA T4 v 7k s e EZ NS, Lal, hHES
WPNESZAALTWE I Lon, B LBHOAENIAZFIZEAR, MEAAREMEZ
HRL 72 EHEERNA T4 v 7L LTINS 2 EBREETH S 2 ENEZoND,

DSS #:% W S HEEHRANA T4 v 2B VT, AHEATREEOMEZ k- 3 Hp
TEIUL, FEEE TR TREEOM T 2R L 2B EERANA T4 v oL s e
A5,
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Speech
<
) [ [N

Message .

g PN Signal
=

Sample

(a) |

(b) |

Spectrum
[§]
o S

o)
S

Spectrum

2 0.2 (8), 220! (h)/

X = oA

£ >

P} =

§—0.2 2-20 ¢ 1
0 1000 2000 3000 4000 0 500 1000 1500 2000

Frequency [Hz]

Xl 3.1: HEEA XY P VIKHGEIC & 2TERANA 74 >~ 7O . (a) ErifE5, (b) HH
BEDART FVER, (o) XvEe—UFE5, (A Xye—YEEFDAXRZ FVER, (o)
PN 258751, () PNESRID 22 P, (o) Bh L2SBHOA E N HHES,
(h) B> LPHDATNAEFESD AR bVIER,
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3.2 EUESICKO SN FFH

DSSEICE VT PN ZIIEBIE 7 c(n) D& Z D, HOARER m(n) 385
c(n) ICEBEFH I N, MOAARERIHOAFENIED LES win) PWERINS, #ik
ST c(n) 33X (B.1) IR T &) 1g, ZOE5DMHEIX0, E50 FOWRHMHEIZL &
Vo RS E RO [42]. 2 D7 DSSETIE, X (2.11) IR L AEERBBICBWT, &
DL BDIAENEFICHERU PNES2#Hi0abe 5 2 LT, F R MEFHL “07,
B0 LESIICE T 2 IE8E S0 “17 L2 DDA TN ERPHHTIHECTH 3.

E{c(n)} =0
{ B{E(m)} =1 .

PN 5513 (3.1) DR ZH T 5720, DSSIEICBWTIEEES & LTI T
5., LDLPNEBHIRIACARZ PVEEZET S Lot HEEOREBE L Twa %
&b, B LBHDAENTAZT DA EBISIC R 2o Lk, BIREIZZNn%
M E L CHIRLTLE.

KBTI EAE L, SR MEFOROEIEIRIC D AITHIET 5155 2 IS
T L THOIAREREZ A7 FVILELT % 2 & ¢, DSSEIFAEAREEEOE N AR
7 P NVIEBFIDOEFERANA T4 v IHEELTHHTE S Z LB EZ o5,

DT EDS, TR EE T LINES ZMET L 7.

o X (3.1) DREEFD.
o KA MEFDRFOHPEIHICDARITHET 5.

3.3 WEFHURRICEITIRETIERE

BT O —2I B ¥ (Linear prediction, LP) fF5{t23% % [43]. Z DAl
ZHE R EDRERINGE 2 MRS, A7 MVAMKRERTOICHHINTW2 [44]. LP
R LIEFFED IR AR S I N, CELP & EOFRASLIc SN S,
Z DR, LP &S & > TR o7 LP GlE 5 & S H 051X, LP A LFEh
Twa, K32#ETFIMERONEA 27, M3.2(a) 3EEFRZRL, KM3.2(b) X
ZDAXRZ bV emRY, K3.2(c) FLPAREFZRL, K3.2(d) I3ZDART FILER
¥, K3.2(e) IFLPFREZAL, K3.2(f) Z3ZDART FILEIRT,

P IEZIZ 3.2(e) ISR ENB X )12, FESORMNKS 2R, [X3.2(e) IR
INB L), ZOAXRT FVBRIIFEZD AR FVZIRICEBIL Tw5, $£74LP
213X (3.1) R E RO Z Lo TwE, Ihs kb, LPEZIFHIfionL %,
RS F Ik s Fiziiize L35 Th Y, HEEfES & LTHHETH 2 Z Lo’
ZEAoN5.
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3.2: M TR AR ONES] . (a) FHES, (b) FHEEZD AR FVIER, (c)
LP & A, (d) LPABEHRED AR FVIER, (e) MIETHIREE, (f) SEFHO 2R

7+ OVIER,
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3.4 WITFRAZREZRAW
ARYT MIVIEE B ERIRRINA T 1 VT EDRSE

Bk D, LP AR MAKHIOEFEHRANA T4 v RIS B T 2I8ES &
LTHERITH S Z EMWRI T, AT, LPEAEZHWIZARY PVIRER O & F G
WA T4 v T EERIRET S,

REETE TR T L) IERPEOATN S, Xy = Hm(n) 1%, FAME
Faln) oI NI LP A r(n) ICARY PVIKEZESHI 1, E0 LES win) ERK
INs, BEhUET whn) DA X - CRIEZFFH S, H2 M5 o(n) I
LADLING, TS k> TEL LPHDIAZTNET yn) DERI NS,

y(n) = x(n) +w(n)
= z(n) + am(n)r(n) (3.2)

REEICB T 2L, DSS k& FRRICRK (3.3) ZHOTRRAD L 5 12/7). LP
2r(n) iE, R(B.1) OWEZES, Z07OEL LBIDAENLES y(n) OB
AR L7, LPRE r(n) 2 %32 2 L0, FTROX S I1H I E{z(n)r(n)} 1X 07
&, LPEEr(n) BREINLEIH E{am(n)r?(n)} 1 E{r’(n)} =1 XY am(n) &
LTiiigns,

E{y(n)r(n)} = E{[z(n)+am(n)r(n)]}
= E{z(n)r(n)} + E{am(n)r?*(n)}
= am(n) (3.3)

BHINh7 Xy —YEFam(n) 37—V 223 h, Z2oE5ORERIVTRIHE->
THDAAA v 2= m e LTSNS,

_J 0, am(n) <0
m = { ~ 0 (3.4)

PREEIZDSSEICE T 2 PNES0Rb b i, LPEEZFIH L THOAAEHRE A X
7 PVARBZERT 5. K 3.2(e) 26 b 05 X ) IC LP EEIZF A MES DK 2 D
bDOTHD., £K32f) IR NS L), ZOAXRT PATBIRIGIEFICEELIL TED,
TODBEDRFOARY FVEEEIEANE L, ZDZEPL, XAvEk—UEENEAL
(ExE Aim%mﬁﬁﬁ WEBROIMEIND 2 EIchD, I6ICIELPEAIC K 296
EFPER D ZF X, FUFEROE & L CAIRMWICEAS S0, BEIEE I3 OIAARDIAE
Kﬁﬁ(:kbl%&&é.%@k@,m%&kwﬁtfé%ﬁmﬁzz%%%ﬁﬁ9
L, A MEFERX Yy = EFPAEMICHA I N, HTHEOEARIFECE A X U
{7 %, Z3Ud Bregman Q¥ RIWHRICHHI N2 ATEEEIC X 2 b D LRI N
% [45]. F7z, RREEIIDSSEORBEZAHL THEFEFE» L 2fT>o T 7%d, DSS
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HEOROBEMEZMA 2 EVEZ 6N S, T KD REEL, MEAATRELE & ED
DM ST 2 Rk L 7S mE @&, Lk L 25 2 ENEAL 6N 5,

REE2zEFERE I TEEORAE - HIEMERGEEE L THA T 28556, J#EHIL, &
PR IEEOHIEEZ RAE T 2 5H 2z, Boicloiil, ZEHIZ, F9roHiElz
RAET 2 M2 RN L, EEORE2MET 2 I XML LS., BRI ALER
MZ6ntt, ZEFDRO LP RE LRI ADMA & NG5 DIHIE TR 5 7
0, HHROBHBAAAEE L 20, @EOLREERIRIEI NS,
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F4A4E RBREDER

4.1 'BEHRDIBHAH

4.1.1 BEHRDOEBHAAFZILIVXL

KEITIE, REEICBT Xy 2=V EROMDIAA TN TY) X L%2RT, K4.1128
LRIk 2 Xy 2 —VEHROMDIAARD T Oy 7254 7 77 LERT. [HFROMDIAAIC
BOTET, B0 LES wh) 21T 2. &2 LES wh) ZHEORAD X v 2 —ES
m(n) ZILBEFICARY PIVIKBETT 2 2 L oo s, 22 TAye—IEF5 mn)
21E 1D MRS, HOALERZILIC7 L —LARTZNZNRS NS, JEHL
BE e LPEEr(n)X, HEHETHLIHBAMET z(n) 2 7L =00 LEAST %
fTv, LPAMIC L > TERS NG EFHET EFA METDETZIS Z L THRoN
%, BEAFICIZEBEEE HH L 72&13 Hanning B TH %, BAMNIFICE->T7 L —2#
BRI E T 2 il e Bl 2 WA S &, MEOETZR>TWw3, £RBEETIE7 L —
L5 250 msec, 7 L —2L > 7 b 125 msec, OLA (over-lab and add) % FIH 9 2 Zef Tt
FHSH 2179, "fonfXve—IEF5m0n) &£ LPEEr(n) ZREL, B LES
wn) 2185, E» LES wn) =an(n)r(n) IZEBT % a X, FEd L O DIARGREE 2 i
T2R9 A= Th5, BErLEBwh) EFRAMER2(n) IR LEbIN, BEd Lo
DiAF NG5 y(n) 215 5.

X 4.2 18R FE R TG EERANA 74 v 7 ORI 2R, 2 2T 4.2(a) IFF A
MESZRL, M420)ZZDARY FLERT, K420c) FxAvye—IE5%2RL,
42(d) IZZDART PR, K4.2(e) ZILEBIETTH 2 PNEE52RL, M4.2(f)1F
ZDARY PAVERT, M42(g) 1B LA ENAES 2R, K420) 1dZzD0 2
X7 FIVERT,
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Original signal, x(n) Message
information,
Windowing m(n)

]
LP analysis
LP residue,
rin)

Power setting

win) = aminjrin}

_|_

—

Watermarked signal, y(n)

4.1 RBBICB I A2EREOAAD Ty 754775 A,
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4.2: MEEZ MO 7FHERNA T4 ¥ 7 OB - (a) HFEfES, (b) HFETDA
X7 PUER, () Xy e—YES, (d) A vye—IFBE5DAXRT FVIER, (e) BT
Bz, () METFHRED AR7 PG, (g) & LBHOATNEREZ, () &
2 LM OIAENIHFFFTDART FVER.
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4.2 BRBEIFIBOHIAFHINT XA —TEXTE
4.2.1 BHAHHERIE

A2 RY N IWEBIIDIEFANA T4 2B L TERZHOIADE, A MEFDARY
LS S 6 T INEZROBEL LEFVIA MEFIELAELNS, ZD70
FENCE IR A MEF LB LPMOIATNEFLDEZEHOEA (HE) & LR
T 5.

COMEZ RIS 572012 DSS % EDARY M MWIEHBIOERANA T4 v 7 CliE
PLESOIREZFAG L, TRAMMESARLADLEYIEL LEFDIRIEZ/NZ T 540
MBfThN T3, BEFEIIBWTH ZOUMHZIEL, SOAISA M2 oS HEE#R
NA T4 v 7HEEHE L, SBRETIR IO Z O AAREMIEEFRL, &2 LEF
w(n) = am(n)r(n) IZEBF 2E)» L OMOIARBEZFAM 287 X —F o 12 & > T
L 7.

B L DOMDIAARBRIEZ T T 2/87 XA =% g ld TRk > TEZSNS,

Lay = Lpus — Lpss + Lgsv (4.1)

a = 10Fan/20 (4.2)

ZZC, Lo i FEEAIEL L, Lppg 134 A MEF D87 —L )L (Power of Host Signal) ,
Lpgs 3YREUE 5 D787 — L X)L (Power of Spread Signal) , Lggr, S & IA AR E L
~)L (Strength Setting Level) % ZNZE T, 3 (4.1) IC L > THS N7 EAIEL X
W L 1330 (4.2) 12K o THEL NOUAZEH I, FED L OBLOIABGREE 2 i § 585
A= a%zf35. FoNIFED LOMDIAREE Z i T2 /37 X =% a ZIUIED LG
FOREZHFAGT L, TAFMEFANELEDYE 3,

2 L DMDIAARBEZ PG T 2/87 A= o ZFifiT5 2 LT, & LBHDIAEN
TEFOHEANRBESR LT 2 E23E 26150, ZNEFKIED LEFHH AR
BRIt A7 3N, MEKBENEAD T E03EZoN%, AHICIIEHRERNA T4 v
7 LRt %D L OMOIARREZ i T2 /89 X =% a KD B 701, HDIAA
BREEERTE L N Lggr, % —20 ~ 20 dB £ T 5 dB %A T L fvitifie 2% 5E L 7z
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4.2.2 EEHRME

2B L OMOIARBEZ I T 2/ A =% a ZET DI H 7D, HEAAHE
P MR O ILUEZ E D 72, FMIEAREEEIC O WTIE, & LBMHOATNETDHE
BT X o TR L 7z, BEHERSEE IO W T, MHEER (Bit error rate, BER) 12X 5T
AT L 72,

HHE DO I ELA R R ILEA (Log spectral distortion, LSD) & Perceptual Eval-
uation of Speech Quality (PESQ) %M\ »7z [46]. LSD I3 HEF DEAZRL, Z DHfi
MR 1 dB AT D & FICHEWEH L SN T 5, PESQ IF EBIEHIICHE-D  KEIEHT ©
» Y, Objective difference grades (ODGs) 12 & > TZ DiHliFE R~ I %, ODGs D
HARRIEERALITRT L) ITED 6N, ZOFHIMFIRB 05 -1 DEEFHmFHL I
ns.

BHIREEEIC DWW T BER 28 10% LA T & SBHIREIEICREDR vk Le, CoLE, &
FIERNA T4 Y 7B WTREE SN 2MEOAAEHRE (12 —F) FERINT»
BV, 2 ZTARETIE, 6 bps DA B — FT10%D#MINHR TIERBETSRE X & &,
HHEEHRANA T4 v 7L LTHEHTH % LRE L 72 [46).

LSD & PESQ O > O EHFHl & IR D 2 N2 Dl FE e 2 5 72 37, & A
NA T4 Y7L LTt ZeiZzin L OMDIARGRIE Z i § 237 X —% o Z#ET L 72,

MG IE ATR 77— X—2Z (B) & D 12HBHOEH N L THRGEXHA 1 IcH LT, 4
bps & 8 bps DA B — FIZEWTEEZfT- 7%,

2 4.1: PESQ T X D 1195 ODG fA.

I AT [ODG
LA ARE 0
(imperceptible)
HEODRIOD 235U 5 )
(perceptible, but not annoying)
PRI D 5
(slightly annoying)
Ea 5
(annoying)
FEHFICKIT R D A
(very annoying)
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4.2.3 EERR

4.312 4 bps DA D LSD & PESQ D =D D358 Sl 5L & MRS FE o STl S %2
4412 8 bps DHED LSD & PESQ D -0 D35 E S¥HHifG 5 & WS FE o AT S % 2
NZFIURT, KORHHIZ A v — F2mR L, S 2mn 9,

INSDFRER KD, HMOAARREL UK E R DICONBER A L, ZUlfEo
TIHAHEDIAA G FH OFEHIFERME T $2 2 &b o7z, 722 ORRIFAf v —
FIcEL W bbb,

4 bps DA T — FOHA, HMOARBEERIE L NV Leg, 28 —10 dB MLEDHA, BER
23 10% AN TH D LSD & PESQ O EHEH G-l DFE R b IHHEMND 72 &, HH A A0
EL )V Legr, (& —10 dB 2MRIETH S EEZ6ND, ZD L ZIFEHMEAMIEL XL Ly
13 —20.6 AB TH o 7.

8 bps DA v — FDEE, i MO AARRERE L X)L Legr, EHAEL o7z,
BER 728 10%LL N ¢, LSD O aFlifE %A 1 dB BLF, PESQ DFHMlifEHA% —2 ODG LN
ZIMIIEAEL T3 &, HOARRERE L NV Legr, 28 0 dB D & & FEHER il 72 3 I ow il
XN, DL EEEREEMIEL )L Ly 13 —14.0 dB TH o 72,

IS DR X DIREDLTIE, HOARBERE L~V Legr, 1& 4 bps D4 10— FiZ
BWT, FMiidEEZR - L7722 —10dB & L 7=,
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4.3 1BmEH

4.3.1 BEHROBEBZILIIVXLA

AREICIIREEICET 5, B2 LBHOIAENLEE» 6 X vy —Y 28T 2 5%
HO7 N TY ZLIZDBTHRS, K45 ICREEIC K 2 Xy =Y FROEHO 70 v
VA /A N

Ay —=IEROBEE LP 221K (3.1) oEZ2Ff>Z L 2FHL, DSSEICE
2B L FARIC LTS, B ORI NLET yn) 2 7L —o5#IL, &
AT EFTTE, 208K, IEESELTHEZO6ND Ay =Y DHDIAZRICHIA L
7287 L —LDLPBEEr(n) %, EHRIEOIAFNAE T yn) ICET S, FROMBED
W% kD 2 &, EEF O (X (3.1 )25, A MEEEIZ <07, &> LES
HIZEr2(n) =1 & D am(n) &0, AvEe—IF5mh) BEEING. Fohl Xy
t—YEE5mn) 27—V 2B, FBEOERKSPIE (0 1) Thiut 17, F50
EWRDDE (0LLF) THIUL 0" E L TA v =Y mEZHRHT 2, BEECE, /v
774V B ZEEL Tw 570, IKEfET L% 5 LPEAEIZ A v £ —Y DM DIAARIC
FALZZLPERELHLUES L L.
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Watermarked LP residue,
signal, y(n) r(n)

v

Windowing

Elv(n)rin}}
=E{xm)r(n) + amm)riin)}
= amfn)

Fast Fourier Transtorm

v

Detection

v

Message mtormation, m(n)

4.5: |MELICB T 2 MO 70y 754 775 L,
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4.3.2 7 L—LFHEKRE

BHEEICE VT, BE0RER LEZEHDOFROESIXFICH UES L IZR S v, 4]
Z\E, WEOMBIZE T 2E5DRIER, HEROY Y 7Y v 7L — DR Sk 7k
BRNBEZZ6ND, HEHANA T4 v 7w, E50REIZIEFICEETH D, MDA
FNEFO7L—L0E, MEICEBIT2FE 7L -0 L 206, HoAzhk
Ay —UIEMZ LIS 2 2 L3N E 2 5. 2 2 CIERDBHEOAENETD 7
L—2at, BT 28ES24EMT 570D A MEFD 7L -2 HIEE 3
LT, BELTCIEMREHRZHRET 27007 L — LARBMEESHHE E 72 2, REET
FIERRE 7 LY RADORLELE LT 7 L — AR 21TV, %ZE L =SR2 17
A EELT.

o 7 L — AAHAVE

X 4.6 ICIREEICB I 3ESFHRMMED 7y 7854 777 L%, KA4TITREEICET
27 L—LEANED 70y 754775 LT, REBICEBIT S 7 L — AL
X, £9E> LPHDIAEFNETEILHINEFTEFRA MEFOMRMEZIT). 2D
%, FAMEEDPSEONDE 7 L —LfEICED N, E5RAFHEL 7L — oY%
79.

B LDBMDIAENEBEEREPEHEINESZ 1Y 7 VEIT LIy 7 FEE, KA
Mg L DM Z KD, ZOMBEDPRKNE RS HD, HOIAEFNLRIVDEEIN
BHREFAMESDOY Y 7IVELIHLHTHY), 2OV v Pz E5HEMNEE L
7o, EEEMENINEE > 7%, FAMEELPS 7L —AMEZETL, 7L —ABHRA
BERDZF Y INET EPLPHOAEINLEEOESEZEHL 7L — 2 %2179,
K7L — LR Z L, RSN ED L BHEOAENES LA MESL 5
Sz LP A2 A L CEREH 217 9.

B 48 ITHREEICEIT 2 7 L — AFBILIH 2R3, 22T, K4.8(a) lFF A MES,
X 4.8(b) REFENEHE I NAMBINA T ARVEL LBEHORAENLESE2RT, X
4.8(c) XX 4.8(b) DIEFZE 1YV 7N EHITEICT S L, M4.8(a) DIES L MHBIZ - 72
TH 5. X4.8(d) 13X 4.8(c) T & MBI D IR KM 1 2 FRIIFIRALIE & L7 & 2DfE5
FADTHN7ED L OIAENAZF 2T, K 4.8(e) IMEFFIABTONIZED L
DHDIAEFNTAEZH %2, FAMEFLLEONL 7 L —AMEICHED LT 7 L—AFIL
755 %R,

o 7 L — A [AJHHEETAG S 1
REFICE T 2 7 L= IcOWT, E5REMEDY > 7L iidn, 7L —A4MH
WZ1T - 735 DM AERZ H\OCEHEi L 72, FEliicid ATR 7—¥X—2 (B) &0
12 FHBEDOFFICA LT 4bps DX v —VEREZMOIAAR, EE5EZELHL, B5EN
EHINLEL LBHEOAEFNLEFITOVT 7L —a 2TV, 2B EREE %
172,
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o 7 L — A [AIIEEHlhiS R

7L =LA X 2EEENEHEHINIED LBMOIAENAE DY v 7V sl 121
DEFH, —ODFEF UL 100%DIEETETROLEMEZRET 5 2 LN TS,
7, EEROEHEMEDI O THRH > —D2DEFITBLTZOY Y FLEOTNIZL
YUY TNRDOTINTH o7, 7L —AEMZITo7ED L BHOIAEN7AE550 5 DIER
B OMHEAERIZ, 11 EOEFTL00%DBETH ), 12FMOEHITE L TZ OB
AT 2.01%TH > 7z,

DLEDRERE D, BEICKEIMA SN THWARY 4bps D4 B — FOEA, REED
7 L—AEPBEEFTS LT, MOREETH R MEE LEFROEHEINIEDL L HH
DIAENTAZFD 7 L —LFIZIT) T EDARETH 5 T LRI ik,

36



Original Watermarked
signal, x(n)  signal, y(n)
I I

Withdraw, y(m)

v

Correlation
x(n), y(m)
lCorrelation,

c(m)

m=m+1

|
Max of ¢(m)

v

Synchronization position, n2

4.6: |-ELICB T 2E5REDO 70y 754775 4,
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Synchronization

position, m ‘

Frame rate, fr

synchronization
position,

Jp=r

Frame -

~~
‘ﬁ-
-

e W
m<fr*3 ~--
H?‘,’/
[
\ 4
Jp =3

Cut watermarked signal y(n)
according to frame position fp.

________

Frame synchronized watermarked signal, y’(n)

AT RBFICBT L7V =270y 754 777 L,
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4.8 EFEICET 2 7 L — ARG - (a) A MEF, (b) BEENEEINT
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12> LB DIAEFNTAES, (e) 7L —L0 AR ITo7E» LBHOATNES .
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I~1

BOE REEOH

ARETRIRERIC K 25 FERNA T4 v 7 DBNEA RN L2572 L7 LT
b %% Ml L 72,

5.1 FHMAERE
o HITATHENE

PREFITB O THERCEDED L SHLDIA N E5 2 HEILL 728212, &2 LB DEAEIC
L[OK DRI CIX, E»LPBHOAEFNLETZOEADOKEIPR, ZOFHICL-
TEAINS, KR TIE, REEIC K 2EFERNA T4 ¥ 7 OAEATRENED R D
7o DITED LD OIA E NS5 O EE Z 5l L 72 [48] [49]. & L DA E N ES
DEEFHIIC X LSD & PESQ Z V72, LSD REFDREARY FLVEAZIHMEIL, #
DFEAMFERSY 1 dB LT D & EITEWHEE L INTW5, PESQ I3 FBIEHI 2 3D { &8l
PHIfE R 2 H I L, Objective difference grades (ODGs) 12 & T % OFHilifE R R X 41
%. ODGs OHIIFERIFR A1) KR T LI CED SN, ZOFHEFERI 025 -1 DL
SHVWEHLEINS.

o JiEfHEE:

HFREERANA T4 v 7RI B T ZEEER, B5 0PN Z & N 7ED L S dIA
EFNET S OEERMBEEIC X > CGHliZ s, AFETIE, &2 LHEOA TN
BFIETUIE, Faofbziil, MBI ED LS OIA N 7E50 5 ERH
179, ZOF, Xve—IE#HRO BER IC X o CEfdM: 2 34 L 72, BHERE X, BER
D10%DA T D & SRS ICHED v e L, WBEDE I @D LM oIA N5
505 BER 10% LA T CIEHRBIIANC & 721K, FREE I S a7l LTtz £
HHNA T4 v 7ETH B E LT [50].

o HAHGR

ARICHET 5 EHIIAA 74 2 2 CRABTRITHERE & TR 2 1557 SR 5 &
THH, WA T4 ¥ 7 TRAMICADE DA (<4 71— F) O
A3 LDRDEND, AR TIRE L BN A 74 > 7B LTS, Mo
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HREROIHEINITH D, HHEL 2 2HOIAAFRICE VT, Lo EA AHE &
Wil SR nE% s %,

L LEHEBEHRNA T4 Y 7ICB0THEL INIHOAAFERRITEREIN TR
V. ARG THC OFEIIEHEICSEE-DE, 6 bps DIEDAAREREZ FHHERANA T 4
Y T OFHIERE L L7 [51,52]. 24k D, 6 bps DHOARKRICE VT, AHEAAEE,
TEEEDS 72 SN 25 E, REEVEHEEBRNA T4 v 7HELLTHATHS L3N D,

5.2 iSRG

REEICB T 2 AEATREME O ClE, F A MESF £ ED LSHDIA N 7E5 1Tk
LT, LSD & PESQ Z W T EHHDEEEHE Z 11> 7. HEEMEIC O W TIREEIC L -
TEP LB OIAFTNETITN L, BUMPR L3I N8 E8TH, 10%L D
BER THLOIAAERZ R TE 220, i & 7 MBI T 5 ikl 2 475 72, AREHi
TIHEFUIE LT, &) LBHOIAENTAE 5125 5.1 1R N3 TR 7243 5 0B,
bz L, HEBEHRREICE T % BER #k0 72, 2o OQUMIZTHC & EICED S
N7 ATH OFEAHEENE T 2 - OFHEIHE O—Eic, HFEAFSLZEML 2D TH 2,

REEDOFHATIX, ATRT—%X—2Z (B) &V R2FBEOEH I LT, EFHEDOHGE
DRSNS 1 BRICIEROB O ALY % T5 72 [53]. ZNFNDFHIIC BT 2 5
LT, DSSERZMWTHED X v £ —L ZHOIAAZES TN LT H i 2175 7.

# 5.1 MRS AN L 22 B o5

JUBIEE|
gy vy (44.1 kHz 05 16 kHz)
MEZEINE (signal-to-noise ratio, SNR 36 dB)
IR (16 bits BTk 5 8 bits E1k)

HREfEE (G.711)
BRI (G.726)
BRI (G.729)
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5.3 FHiiER
5.3.1 HEARATEEHFTMEDIER

REFEOMHEATEEZ T T 5 7201247572, LSD & PESQIC X 3%E) L S H0IA F
ﬂf’{:ﬁﬁo) Bl oS R 2K 5.1 EX5.21R7, 2 ZCT5.11& LSD 1T X % S 2=
Zm L, K523 PESQIC & 2EHififi K2R d., KO II A v—FZaRL, #Hitflds
ATl % 8,

LSD IZ X 2 3fiTlE, $%051E DSSIEE L T2 dB BREDEABEDIHD DA S N,
ETORA T —FIZBWTHED 1 ABUTOEATH-7, kD, RELICL-T
EROBBLDIA T NAZFDEED, ‘R FETHD I LRI N,

PESQ 1T & 2 BHEFHITIX, DSS LI X 2 5HillifG A% 4 2> 6 256 bps DA 1 — i
BWT, 1.805 23DRBICHAZIN TV B DI LT, BEEOIHEFEETIE, 28025
4.5 EREFLEESINFHAFERIIR I N, 2k, PESQIC X 2 FHETH “B
W EETH B LAl S i,

LSD & PESQ @ &5 & OFERHIITd 64 bit FTHRA B —FT, X4 1— NN
T3 &M RME T T3 HABR S Nz, FHEETE, L THEE L7 6 bps DX
A B —FIZEWT, LSD & PESQ DOl 5 DFHli CHMEMZ /2 L TED, EHmFEd
LELTHEHTH S Z LDMERI N,
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LSD [dB]

3.5

2.5

2

Payload [bps]

5.1: LSD I X % BB D F5 5.
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i_i__ m“—*————j___ - .
L J "‘-\m‘\\\k
\\\
- =
. . d 1
4 8 16 32 64
Payload [bps]
X 5.2: PESQ I & % & B 3Hli O fG R,



5.3.2 BRABMETHEDER

PREEOTERNEZ S 2 72D 12{To 72, FEARNZREF A & K501 03 2 it
DRERZK 53006 591K F, 22T L3 IFEFUHPLFF 2L Toukne 2
D BER #77, K5.41%44.1 kHz 206 16 kHz ~DF 7 v H 7Y v 7L L &0l
ERE2RT, K551 3AMOHEET 2 SNR36dB 425X 12MEL/ZEEZDBER 277,
5.6 1ZIRIFE % 16 bits 205 8 bits NEH L 72 & EDBER #/79., K5.712G.7111Ck%
HEAF LB Z i L 7 £ 2D BER 279, X581 G.726 12 X % F A fF 5 (LA % fi
L7zt EDBERZRT, K5.912G. 72912 Xk 25T 5L % L 72 &£ & D BER %271~
7. KO A v—FZa L, #Eifild BER 237,

ST > 72 TOMEFHNIC BT, IREEE DSSED LS 60 5EZ W55 7T
b, L —FPRELLBZICONTBER BZAKE L R3HABPR SN, 2L SRE
ARSI, DSSEXD WS 0 — FCTBER AT AMHALBAS N, L
PLEHE B L OFMEFENE L L7z 6 bps DA v —FiZxf L T?D BER 1%, G7.26,
G.729 A LT AL ST 2 B < SEA IS BT 10% A BER TH % Z LRSI T,
REECHME 2R 2w EEI NS G7.26, G.729 51 51kid, DSS#TH BER 23 <
PR DSS ¥ & AR o2 K> 2 EAVR Ik,
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BER [%]

60 | | |

—*—DSS
——Proposed

4 8 16 32 64
Payload [bps]

5.3: BEUHLRFELE L T\ & 0 BER.
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60 | | |

—&—DSS
——Proposed

BER [%]

4 3 16 32 64
Payload [bps]

54: v 7Y v (44.1 kHz - 16 kHz) (SR 5 it 241 o it 5.
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BER [%]

60 | |

—*—DSS
——Proposed

4 8 16
Payload [bps]

64

5.5: M AFS (SNR 36 dB) 2R3 2 Tt A oo s 5.
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BER [%]

60 | |

50

—*—DSS
——Proposed

4 8 16
Payload [bps]

64

5.6: IRIETAE (16 bit - 8 bit) (1% 2 R 21 o fi L.
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BER [%]

60 | | |

—*—DSS
——Proposed

4 g 16 32 64
Payload [bps]

5.7: G.711 £G5S 3 2 Tt A oD i .
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BER [%]

60

—&—DSS
——Proposed
50¢ * . 4
40 - .
30 - 7
20 1
L y
0 | | |
4 8 16 32 64

Payload [bps]

5.8: G.726 £ %3 2 Tt A oD i .
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60 | |

50

—*—DSS
——Proposed

4 8 16
Payload [bps]

Xl 5.9: G.729 FF 5oL R 3 2 itk SEA o f 5
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54 EE

REEITOWTHE A REN: & EEOM T 27 L - B E &) LIEL & 500
L 7.

EHIHE DA ENTEE5DHFE % LSD & PESQ TilMli L 755, REEICL > TEDL
L 23 dDIA 7235 OFE MRS H X, LSD 2 X 25T, 2 dB FREDEARD R
DAL, HHED1ABUL T THo7, PESQIC & 2FHM<T, FHlifERDS, 280645 &
RELHEBSIN TR, TN LD, REEDPDSSEL D IEFHICRWLEFE CHEHROE D
ABDIHEETH D, HOCHMTEARRZ RO 2 LR I N, BREEZ Mo ERNA
TAVITC, B LPBHOAEFNEZOEEV EV-HHE LT, REEITEBIT S
BEZICRA MEBOERKD T, TR M5 EHML AR FVIBIRZ D LP 74
ZRALZZZED, RELBERTHZ LEZoNS, IBHUEFIC LPEBAZH WA Z LT,
B LEBFDARY FABIRE R A MEBDARY FVIIRDERIT 2 720, &b L H3HlL
DIAFNTAEFTERAMEFT LDEARDEA L, LSD IZ &L 25k R E L2 &5 2
5Nb. £, BOLULEFTDART FABIRE R A MEED AR FIVIBIRDEERIT 2 2
EDS, FAMSFEED»LESE, MENMAEICE>T 206K EE L THEINS
72, TBFHMRE RIS BBEHMETTH 2, PESQ IC X 2 FHlifs R s L L 72 £ & 4
55,

PREE DN 2 17 > 72555, FEREEIZ DSS i & HE ot 2 F> 2 & MR S
7o, ZHUIRBIED AR FVIRELE W), DSSIEDJFIICHEDWTREIN TS 2 L
DRELERTHD EEZ6NSE, T, RREENGT.26, G.729 DFFFALICTM:Z K72
ROERKE LTI ERINS, G.726 TIREIGNAES 7SOV AR5 2R %Z HWTE D,
22537 OV AFFEALZSE (PCM) 128 2 B HLOIEDEEZ L TWw2 [54]. 2070,
R LS E X NIAE 5 DT, FELEiDBEEF L L TR L 2%, Zhick
D, FFALEDN S 7B L DA Z NG5 o/ (n) KB T 2ED LIEEF w'(n) &,
B T 2 I5HUE 5 r(n) ICB VT, KX (3.1) OFREDMERTE T, EREHICEIT 5
BER 23 oz EEZ 6015, G.729 TlE, Algebraic Code Excited Linear Prediction
(ACELP) %MW CRFS{LABEZ 4T > T\ 5 [55]. ACELP 7% £ @ CELP R OfF5{L T,
TREZHIG T 7 4 LY — 12D W ESE LTS T 3. 2080, BEINLT
FESICHHEBRIEEENTE ST, LPEEL EDOERITHEAFREEDO L LTAD
T—mPEEINDE I ERDL, ZUuTk D, G291 & o TR AL S L 7zi@E D L 23
DIAFENTAZ T o/ (n) ITEFND LP 52 ' (n) 1, EMOMOIAAIZMH L 7z LP %%
r(n) ENMHZR EVRLZZES LR 570, X E1) OREPMERTE RS, ZOREE,
EHREEICE T2 BERDYEL ko7t FEZ o5, ERd& O ARREZEE IR ER E ol
FUC XD, B LABHDAFNAE5ICEENS LP 5% r(n) OFEHICKEDMA 5 1,
A (3.1) DEMOMIRCTE 72 < 72 2N L ClitE 2 #7220 2 EEZ 51D,

DLEXD, $REENDSSIEL D bRV AAREN: & DSS ¥ & FRE o2 £ b,
M DERIEH %72 L 72 HE &L LIETH 5 Z DRI LW TE S,
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6.1 ZFHRTHSHICK T &

TEHCEEEMOFE I - T, FREMREEPHENICHHINS X)) Ickho7k, HH
TEEGEE OFMEMED M L L 72655, EHairalREMiosiEic L), EFEEdnEicslr
HERAIARBEDOLEDTEL E Vo BEIMEREI NS L) ko7, ZOMED
fRIKEE LT, avy Ty YICHbEd 2 EHReEETXEERE, 27 Y BIRICAASy
B TNEGT 2EMiTHh 21EHNA T4 v ITHEEDBEE > T3, BifEE CICHEES
ZRRICEREZHOAANE T ZEM & LT, HBEERNA 71~ 7% (ATH) 5% <
e, _ESINTVS, Lo L, AIHIZZONRZEH & LGS, SHEEE O/
THELLE Vo REDE ST L E ). 2070, RUFZE TR A AR & %2
D, HEERNA T4 v R REL K,

PREVE 37 ATH ©h 2 EBEA Y FIVEEL (DSS) #EZICICIREINTE D, 45
BESIHRIETFI (LP) BAZFAL 2, 51, LPAVBFA MES LR AT b
WIS Z RO Z L6, FAMERICEL LEEZRELADLEREE, CTHHERENED L
DHLDAENEFEDEAZRIRT 5 2 & HWEE L 72 0 AREATREN: 2 K5O F A
AT 4V THEERDIEDEZ SN, £ DSSEE VEENEZ RO 7%, DSSED
JFHEEZ A U 22 de ik b MR ICE CEEE 2 o 2 LB 2 ok,

PREED AT A TRENE & E DM OFRIHE 27z L 2 HERANA 74 v 7k
Th DD, ZNFIUOWTHHliZTo 72, AEATRMEIC O W TIED LS OIA TN
755 DHE % LSD & PESQ T & - TEMIli L 7z, FEEMEIZOWTIZED L DA F N
TAEF I E NS L& i L, FEHEMEDIN CRERMIE 2SR TH % 012 & - CTHHMi L
7o, AIEATRMETIEED L OAEFNEE5OFEMGIC X D, REBICL->TED
LM DIAENETDOEHE IZEGFE (DSSHE) X IEFICEHWEETH D 2 LR
EN7z, LSDIC X 25l TI3H 2 dB A L, PESQ I & 23l Clx 3 ODG B
FEAf AN b U 7, TG SRR S LN S @D L S OIA 755 D
WIRHREEORER LD, REEDVDSS ik L FRE O @2 HE T 25 2 LRIk, i
ifSHR &L D, REEIFIDSSHEL D IEWICTE O FE TED L 2 FH ICHOIAL FHH T HE
TH D, DSSkE FAREDHEMMEZ R OEFERNA T4 v 7HETH D 2 LRI NI,

DL D, PREFIZAMEATRENE L EEE2 6T 2 5HERNA T4 v T TH B E
L 7.

o4



6.2 EShl-HE

AR TRESI N HFHEERNA T4 v EICB T &I HELE LT, DHEEEom
EEHSANDNEE) , 77 A4 ¥ FIRIEIE~NOWR ) O 2IHBEIT 5N 5,

o JHEEMDIA | & S ANDIiFHL

AR TIRIHEREf OHHE O—> & L TEAR L (G726, G.729) ZHW723, oD
BHEALDT O N ESD S IREECIHEEIC X v e —PHERE2BRET 2 2 LW TH -
7o, 2070, o OFF SRR IE L 72550 & b ICERPBHTE 3 L H KR
T EMRDONG, T, AFEOFHETH W ZFF LA DTSR LT Rk
EOIHEEEZ RO X ) BB INS 2 L RkdD oD,

Al 5 HETHIBR/ X I, REERFE R EOMBIZ-> T, #Eh L3 oAE N
BHFIEEND LP 2 r(n) OEMICWEDMZ 6 iz a, K (3.1) OREMER T E
2y, MBLUIH L CitE 2R w2 EREZ N, 2000, oL L%
il 72T, Bh LOBDAENLEBICE NS LP 5% r(n) OISR IERICE F
NTWBZERRODEND, FFofbllBle 82 L 7242 Th, & LoOAE N5
ICEEND LP I r(n) OTEBDIEHICE EN 27201, Ed L OMDIARKIEZ, 155
LICTiE 2 R OREIGECE LET I a2 LG MBI NE» LEFICEENS
LP %7 r'(n) &, BIBICFIHT 2 LP %22 r(n) 25, X (3.1) OFEZHEFF T &9 R
EMABZ ERKRDSNS,

AR TIHE UL 5l EDORARNLRE S NI E L THIH I 02 I % FF
OpRFHE L7z, Lo L, RFEELZEFEOMEE ETHHT 2 2 L2BET 2854, B9
XL TE> LESOREZHET 2XBEZMZ NS 2 ENEZ SN, JHUIHT Sk
EROZEDPRELE RS, s BB, JEFREAL, Vv 7ViE#, A-D - D-A
2ot REREBCE L EDBIT S T B [56]. $REVE R E A E(E e £ OEEELE BT I A A
AATHAT A ER2METZ2OTHIUL, TNSDRBIZHLTH, EWiittk:z Rk
BZEMASBZ EDRNELE LS,

L Lahs, REEZEFFOUIACEDTELOMNEKLE LT, HfaE0HEIEES
WMENET 20T E2E LA, £TORRICHEZE>Z LI3FE
LR, BEENSTORBICHEEZ K> Z ik, WSAREY T LMTbEED
5%, [HFROMIBTESL I LZ2EKRL, BEOLEMRIEICIIFHT LI LN TELRLL
5. 2D, HERNRESTUIC/RFL, BEEICH L TEEvitEz s, KA
PHEOTEL LV MBI THOIMEZ RO X ) BWR2ZMZA 5 2 ERkD 6N,
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o 774 v FBHE~NDUR

REEICE T 2EREH T, BRI FRFAMEEZRAL TW5 2 & 2IKE
L, /v 774y PR cH o7, Lo LISHERE DEIICE W TESDRITHD
FOEESZE L TuRLEAVEINS, 2079, HEHEHICEWTEDP L3O
AENTEFDAZHCT, HORAEFNAy b=V ERPIBETREE RS, 7794V F
HROEHREHORRIHED—D LD, 774 FIRHENAREE %5 2 £ T, #2551
FrlfF I BT 2 HIEEOREN 572210 T <, IAVWHIHTZ DFIHMER I s 2 i
%5,

ZDOHEDMZ L LT, Robust principal component analysis (RPCA) 7 & DAl
ZHWT, BLLBHOAINLESD»OFRA MEFLEEL LESZDHL, 73N
7R A MESD S, EROMBICHAHT 2 LP BEZHERET 2 FEkL &2 3
% [57]. Tx OWEITIE, RPCAICK 2 HETHET, FA METEDHiSN-EHEEZD
TPIREDIKE D> 7720, LPEABVRODRESCELZ2bDLERD, 774 v FiEEDH
#CTdh o7z, RPCAICK 2 ERTEED T A=Y ELFYNHET S LT, TAMS
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