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Abstract: In this paper, we present a speech steganography algorithm based on dynamic search of fractional pitch de-
lay. The algorithm can divide the candidate value set of fractional pitch delay into 2* subsets according to the needs of the
covert capacity (x bits/subframe), where each subset represents different x bits of information. In the closed-loop pitch
search process, the algorithm can select for each subframe the best candidate value of pitch delay that can not only denote
the secret information but also make the interpolated normalized correlation coefficient largest. In this way, the impact of
steganographic operations on the original carriers can be effectively reduced. Taking adaptive multi-rate speech codec widely
used in the current Voice-over-IP systems as an example, the performance of presented algorithm has been evaluated from
the aspects of covert capacity, imperceptibility and anti-detection, and compared with related works. Experimental results
show that the proposed steganographic algorithm can achieve better steganography security (better resistance to detection
and imperceptibility) than the existing steganographic methods based on pitch delay, while maintaining relatively high steg-
anographic capacity.
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5,0,0) 0.181 0.346 0.195 0.420

i, RSB A () AT R
3.3 i

R it — 20 PPAG A5 Bk BRI i L AR S0 A3 SR
FH Ren %52 Tian 2520V R0 Lin 2677 3 HY A 56 T 2535 R
SR S A3 B Ak X 3% 1 P 4% B B M R A G 5
5. S X TR R E AR, M 2 800 IR 1
T REAFI N I B 5 BEA AL R A B 4, 4% 42 1Y LR 451
R o IR IR . % 4~6 57045 H T Ren
AT Tian 25 POVR Liu 2527 09 BS540 M 5 B0 T 45 Fh
B B A T A R A e 25 2R

MF 4~6 Pl LA AR 458 .

®4 TEBRSHERXERen EREHHHE ST RN EMRR

S,(1) 5,2) S, S, S, 5,3.4) 5,2,4) 5,2,3) 5,0,0)

POER 52.50% 48.93% 97.50% 99.64% 68.93% 50.00% 50.00% 50.00% 50.00%

POFE L 48.93% 51.07% 100.00% 100.00% 72.14% 50.00% 50.00% 50.00% 50.00%

YOE R 51.43% 52.86% 96.79% 98.93% 67.14% 50.00% 50.00% 50.00% 50.00%

YOE L H 52.86% 57.50% 100.00% 100.00% 86.07% 50.00% 50.00% 50.00% 50.00%
x5 FERB#HRE Tan BB S EP THAN EMRE

S,1) 5,2) S, S, S, 5,3.4) 5,2.4) 5,2.3) 5,0,0)

PUE B 49.29% 64.64% 98.93% 100.00% 70.00% 50.00% 50.00% 50.00% 50.00%

PB4+ 52.50% 64.64% 99.64% 100.00% 75.71% 50.00% 50.00% 50.00% 50.00%

B 54.64% 60.36% 97.14% 99.64% 70.71% 50.00% 50.00% 50.00% 50.00%

PB4 55.71% 66.43% 100.00% 100.00% 89.64% 50.00% 50.00% 50.00% 50.00%
*6 AERBHEAELUEESSHTEY THRNERZE

S41) 542) s, s, S, 5,3.4) 5,2,4) 5,2,3) 5,0,0)

PUE B+ 52.86% 60.00% 94.64% 94.29% 71.79% 50.00% 50.00% 50.00% 50.00%

PUEL 55.00% 65.71% 97.86% 96.43% 75.00% 50.00% 50.00% 50.00% 50.00%

YEIE T 52.50% 63.21% 96.07% 97.86% 66.43% 50.00% 50.00% 50.00% 50.00%

YR 54.29% 68.93% 99.64% 99.64% 82.50% 50.00% 50.00% 50.00% 50.00%

(1) ZFPBE S3Hr 500 T S RS, R A ) 1
HILE94% LA I, HA ZAME I R 2355 1009% , % T
S, 52X 110 4G T I S E 66.43% % 89.64% 1], i W
Huang 20 FI™ 45 JLAE 1 5 5505 © 4 TR i

A7 BRI 2, S ZE A P B B0 P T B kAT
FCF Huang % A5 IRI0 1721, DRI 486 00 1) 1E 7
AR R, BT A7 AR BB A I 4 XS

(2) Liu 25 B30 3% iy T 78 70 J0HE 3 SE 3R 3R 7



/o1 W M R T O S IR Bl S R i 5 R 5 3k 73

5 I AR ARG R PAT T RO R A 5
PRAE (75 3 BORE o 2R R 5 i ) 58 4 — 2, T, 30
A AN TR RO IR R B A i T TR e AR
24 R TE A 232 50% ) , 150 B Liu 55 09 5515 RE A% A7 500t
PO RS ST

GIERFIEFREAR T = F RS 5381 07 34T S,
(1) A58 2 4 6 I 1E B 2R Y 7E 50% 22 A7 (e s AN A8
56%) , XS, (2) £ 2 K D IF B A 48.93% &
68.93% 2 [a], Ut AR SCHL L L RE IS A RO P BLA I B
B3 A ik . A T A R Bl Y S R R B B B
HER SO B RO SR S0 AR T s . R E A

PRI 50% 16 W] 4 R & A 3R B B TS LT ARk
TG00 T 255 3K 1) 68 %% 136 WY Xof 8 AR o S IR A — i 1Y)
PAIE. 31 € SIS TSN CUEEi ey 22l 1) g X LA P/
H T IH BRI — 520, A SO I AT A R HOHE 3 SR IR
B BRAE XTI AR AE AT AR UE B S BT S 1) B JO 5 4
BZHGE R — B ER S S, (DS, (2), Hoxf
PLEH RS P R R R mE 7 iR, N
MEF L, A B S 4By I S (1) FS T (2) PR Al
2RI TE B 3R 20 50% , 3= B T B 5 i S A AR 4
FH IR B HOE 2 — B, BTS2 7 ik
TCHA SR S (1) A St (2) 45K

®7 VA, QBSEAERGES A FHRMNERE

Ren 25 B 5 S0 M 7 ik Tian %P 5 43017 14 Liu %P B35 4347 7

§'(1) 5',2) ) 5'42) s'(1) 52
POEF 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%
BB 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%
YRR 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%
YETH L 50.00% 50.00% 50.00% 50.00% 50.00% 50.00%

BE—2  RATBEPLIERE T 301 10 s TEFFREA, XA
A B A e B ) SR B T R A R AT T AL
ZERNE 3 s . W AYER H

(1) R B S, B | Liu 2500 1A (S, (3,
4).5,(2,4).5,(3,4).5,(2,4)) FIZA SCH LA S0
T AEIR P 5 AR S (1) (S (2) R 1 B 5 vk i ]
AR = LT A S R vy N L T Y S i 7 N
T S5 A R g D R 2 R 55 N I R0 o e A e
B 2 il it BT PEAT — R E 5 Gt 15 2 R 40O 5 4
RSHL, SR G 6 S R & i ik P v MR 4l A B 2 1)
) &35 L R 7 S 15 T B E R AT P A R R
T UEA TR G R R A 5 L 25 A DU jASE RN AR SC 803
B RO IR T TR S (1) LS () B A
T R 4 A A P D PR D) S A A O o TR SR A 5 "

P b, PR 8 R RE 5 X 5 A 5 W vk sy, B 35—
URAE B it PR AT 1) 38 5O JE 3R 7 75 58 IR i 15 3
PR BB JE R

(2) A SCREIN 7 RS IS, (1) FLS, (2) R ]
FEESEL ST (1) S (2RI 2 . HL, 76 SER PR 2R 5
s T BB R S, (1) A8, (2) , e S i P
BLRAS i (H XU B8 Bk T e, G RS
P S (1) AS (2) 85

BEAE, A SC AT I, Liu 58 /9 58005 th T 2088 T 3555
BB HE SRR AEAE 53 B 0 3 52, 7 T A 1 7 B 4
3R AR TG 22 ) b e A BB T B, AR R S R E R AL
RS BRI BAGT T AR SCHE LM Lin AW H.
T B 25 AR S SR AE e S 7 o B 4B R
H (RIS — ok 55 = F Wi AY 365 B3R 75 [ 95, 143 it

350 T T T T T
—B— EH 5D —e—S(1) —A—S,2) —w—S5, 95, <45,

300 —>—5,34)  —8— 5,(2,4)—K— 5,(2.3)—8— 5,(0,00—0— Sy (1)—— S,(2)|
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FELE ST BOER 47 ) W REAS LU 9], an 2 8 Ity . ANHER Hh
S,(2,3)F18,00,0) # XS 5 1Y A FEAHR AL & S5
WYL SRR, BEAE 100% BRI Hi 3K 5.S,(3,4)
S, (2, 4) BB 5 J5 (AR A T L ol 20 4G T 1 B 32 7
94% L I s MR 2 T A U AR X B 5 5 $ AN FEAE X
TR REAR T TR

*8 FERSEXTHE RE S HESERENRRLLH

S | 82 | S34) | S24) | S,23) ]| 5,00
BOEF 0 0 94.57% | 94.57% | 100% | 100%
BB 0 0 94.57% | 94.57% | 100% | 100%
Py 0 0 94.29% | 94.57% | 100% | 100%
Yt 0 0 94.43% | 94.57% | 100% | 100%

5L AR B B =ML IR S e A T ik
I T S 3 R S R (R A A I 5 VR A TE A A
R A S5 Bk T H A R 5 B30 P A7 A A R A JEE

WA BRI RE . AT ABERT A SCHR Hh B S 0k
Bz A FLA SR PR D PR RE
4 l%\zdn:

BT REFERA RS ARG R E)LZ—.
SR, A L AERR S B W PE AU BE 1 L AFAEANR]
FEPERGIRJET . M0, AR SCER T —Ffor i 2 T M
THER B SR RS . I T AR R B
it EORE RO SRR R B X 7 AT AR,
DT EAFEAF W LR B 7E A R T Rl R,
AT WO RE REF s i A A 15 B HL A I S 1Y
U — A AR 5 2R R R 0 BCRE 7 SR A e (LA R
LR LD RS B B 55 B2 . L AT VoIP
R Gz T AMR TR 2 1 0 191, X258 05 AR
JECAS AN AR ST I =07 IHEAT 1 PERETTAG
IS TAESEATRS LB . 2R SRR W], A SR
AR E B A RE RS A SO LA B S ek, H
B B e T IR W B S AT R B RS A
g A [ B ] O B B A A SRR . (B4 A, R
SRAR SCUAJE T S IR S A X R A A 2 T 3 iR LI R 1Y
B 5 3R  (ENTHR & G 4 I B F A 2 S s ]
— DA R B2 M BN 2 RO (8 S A S, ikt 2
FRATARR M H LN TAEZ — . R, i Ti%05%% H El
i JCAT 250G T T B, MIRE S HE TP 0 A B HE A B
XN B S AT T i — MEARR AR
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