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Abstract: Rapid advancements in machine learning and speech synthesis have made manipulating and tam-
pering audio content feasible. Although watermarking is a useful technique for guaranteeing the integrity of
evidential audio data, distortion of sound quality must be prevented. A reversible digital watermarking tech-
nique based on the human auditory system was conventionally proposed to embed feature data for tamper
detection in the high-frequency coefficients. However, this technique has the drawback that spectral analysis
can reveal the embedding locations. This research explored variable embedding locations while preserving

good sound quality.
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SETIE, AIWEFED LISBW TR 2 1 4
(intDCT) SHVWSHNZ Z e hE L, ARRLIKEARE
JRL T3 [14-18]. T HE2ZEIC, FAIL intDCT R—
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Step 3 N HD DCTHR¥%E M 7u v 2icnEIL, ¥
WEEAE, 2Rk 5. ZhEFIEY— ML, ind %
ko z., zheffio THbAL Tuy 7 E2REL, H
DIABT—TNT ZHERT 5.

Step 4 ind D/NIWHTL—EMD T v v 7 ® DCT &
BEIRL, &) LE2HDIAT.

Step5 N-M+1<n<N¥rk?%DCTHEX ICT
Z AT,

Step 6 WHEE DOT — IV 12 & » T X!, ZRHEBES
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AR, EH Lofth e 7 — X DEITERD & 512475
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Step 1 R737—%&z!, % DCT R¥ X (BT 5.

Step2 N-M+1<n<NIEZDODWTT; «+ X/ mod2
L THEDIABT—TI N T 21ETTT 5.
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Xy [ X7/2]
WKEoTENPLETTDT —REEILT 5.
Step 5 X, WG S z, ICEHT 5.

4. SRERFER LYl

4.1 FHEFE

HHEAHEIC I, /RO THE 2 FBINCHHE S 5
TeDIWILSHHZINTWS 7 X &L SNR (segSNR)
L, MREAEESEFMEFETH 5 PESQ ZfEH L 7.
PESQ 1 & 2 #Hfiifi ¥ LT, ITU-T P.862.1[20] TEHRX
NTWVWS MOS-LQO a7 ZHMAL7%. SNR & segSNR
Z2a7 DFEIZIE AFsp 23w 77— version 9.0 A L,
MOS-LQO R a7 DFIEIZIE PESQ version 1.2 % ff
L7.

TAMF—=%2 LT, ITU-T P.50 Appendix I D7 —%&
ty bEFHLE. 120HHT—X (6 0DFiEICL S 12
ANOFEH: 7 XV AHFE, 777k PEEE (ALREE).
TY~Y—UFE. 77V AGE. FA VEE ki BHoEE
DEHIDO L Z7 v 7)) Z2EH L. T—&ty ME. 16 kHz
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=1 PERE REE L REE 2 oFEILE

Track PESQ_-MOS SNR (dB) segSNR (dB)
FHEL | TERE | k2 | AL | TEBRE | k2 | kL | Rk | Ak 2
Aengflwav | 448 | 4.468 | 4.253 | 21.244 | 21.363 | 28.936 | 28.088 | 28.806 | 29.68
Aengml.wav | 4.466 | 4.483 | 4.374 | 29.208 | 20.926 | 32.568 | 27.151 | 27.497 | 28.733
Ar_fl.wav 4.484 | 4.466 | 4.285 | 27.806 | 27.991 | 33.447 | 28.934 | 29.465 | 31.404
Arml.wavy | 4.447 | 4.468 | 4.307 | 30.699 | 32.847 | 36.289 | 34.201 | 34.845 | 36.346
Ch_fl.wav 4.374 | 4.423 | 4.131 | 32.16 | 33.173 | 34.622 | 31.792 | 32.305 | 33.461
Ch.ml.wav | 4.494 | 4.495 | 4.354 | 28.353 | 20.272 | 32.171 | 21.153 | 21.639 | 24.43
Da._fl.wav 4464 | 4.476 | 4.085 | 22.925 | 23.424 | 31.35 | 26.056 | 23.424 | 27.505
Da_ml.wav 4.393 4.412 4.302 28.423 | 29.362 32.15 28.516 | 29.226 | 30.283
Fr_fl.wav 4.438 | 4.462 | 4.327 | 24.476 | 26.005 | 20.222 | 24.957 | 26.36 | 26.572
Fromlwav | 4411 | 4454 | 4.26 | 28.6 | 30.094 | 32.005 | 29.11 | 29.869 | 30.474
Gerfl.wav | 4.461 | 4.475 | 4.377 | 29.532 | 29.925 | 36.903 | 32.048 | 32.581 | 33.402
Germl.wav | 4.496 | 4.499 | 4.258 | 27.886 | 28.39 | 32.963 | 27.36 | 27.866 | 29.686

YTV 716 By PRTLDE FILVEFRTHS. &
7L =240 DCT REOEIEI N =2048 £ LTz, 7uv o spectrum of original data

B3 M =16 & L= 5°
LB E LT, KD 350N EE BT, =
(o) B RS & 4 70w 2 (R 50
(b) BERED 55 > X AT 4 $7213 5 70 v 215 £
Gk 1) time [s]
(c) #HEEEADMEN BAL 4 7oy 7 2 FIETHRR (0514 spectrum of stego data without adaption

2)
ZRENOHEIC L DED LR HDAAE R T IF— &
OfFIZEX 3 I1TRYT. FERIEAF VS FALTF—&D DCT %5

DIGIEDONEIE, TRIZRATFIF—&, FTRIZAVOFL : H
FeRLAFATF—RDENTHS. ”3(a) & (b) & H % 2 PR 8 10

time [s]
spectrum of stego data with adaption (proposed)

T2, (b) TIHEFIEMERTRVDT, K DIHEMHD
DI K BTV BAMRENENH 5. K 3(c) TIEE 7L —24
DB~y THRELED, ATHF VI RABEPHL IR o
TW3eEZHN5.

FHEY Y LD MOS-LQO, SNR, B XX segSNR 1H
DEZK 4 1TRT. ZhoDfRIck s, iEkik (L p
vY) LREHE1 (F) JEEFR T MOS-LQO iz, time [s]

BEE2 () O MOS-LQO 3 fEp o7z, =721, IXT

DfEX 4.0 XY BL, &PhD MOS-LQO f#ix 4.085 TH % 5 BINHLEEIED D OB ECERINZTF IF— R DA
7=, BREOTNTH IBADHETER W WETH- 7 PADHEE (M=64) : Ja_m5.wav

7z. SNRAHIZOWTIHRRE 2 PERETH D, ERkEL

DHEWEZ R U, 8557 111, 1ERIE L IZIZF T SNR

HTH o7z, segSNR HIZOVTIHRRN 2 ofifaeg  MEORTCLD, K1IORT & 512 dkHz (OSSR
HE1EDHENTED, 2 O00EKHIVFNS MR & MEI. > Tz, BRIREHV 2L 357012, UK

D BV segSNR 2R L7z, % LICHBRHOGRofE A CEIMNET Ry 7 RIT 7K1 &, TRk v
BT ) R LR Bk 2 R LA RRIKC X 50

AAMEDTFHRILOF 2 KRS, 2, 7ay 2
4.2 WEQBEREGICETIER P4 XM =64 DHEIT, BAZFRIACY — U THEIGH

REFHEOARD BINE, HDALMEORH NI WHEDIAARER (k2 THY, 5D X S ITIBEHRER
PUET DL ThHote. LHOME [7] T, Hpira  DRABIZoTORLIEHTNS.
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AR NV U TR E 2 FE 3 & W 5 SR -
TW53.

HEE CoKo—E, RHFEEFMIT 18K18052 D
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