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Abstract: In recent years, research on motion vector-based video steganography has attracted considerable
attention from researchers in the field of information hiding. Many video steganographic methods incorporating
motion vector-based additive embedding distortion functions have achieved good performance. However, the
mutual embedding impact between cover elements in video steganography is neglected in these additive
embedding distortion functions. In this paper, joint distortion which reflects the mutual embedding impact for
motion vectors is designed. By decomposing joint embedding distortion, modification probability transformation
can be achieved and embedding payloads can be dynamically and reasonably allocated in horizontal
components and vertical components of motion vectors. Therefore, the video steganography method using non-
additive embedding distortion is proposed. Experimental results demonstrate that the proposed method can
enhance the security performance significantly compared with the typical methods using additive embedding

distortions and obtain the relatively better video coding quality as well.
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50 50
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K 5 K 3
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ni( 30 P nﬁ 30
S a4
B30 B30
= F Y L
= % 95
0 02 04 06 08 1.0 —e—SI,0.2bpmv 0 02 04 06 08 1.0
I3 —&— S1, 0.3 bpmv 8
" —e— 52,02b e N
(a) A% SCH I 95 FL R B e 520.3 bpmv (b) SCHR[O] J7 i) % BT B
B 1 A SCRISCHIR 9] (4 77 15 1) 2R 3. R B0 8 A [F) 2 B SR RS S 40 AT 5 SIS 211 14 R
F£ 1 SMBRAZETSMIRE 5 ERNSTIRE S5 AR &N FI91R 55 K482 (%)
SCHR[4) T7 % SCHR[5) 77i% SCHR[6) 7% SCHR[9)T7 1% ARICT7F:
BN\ (bpmv)
SI S2  S3 ST S2  S3 SI S2  S3 S1 s2  S3 SI S2  S3
0.1 46.54 37.19 17.56  46.29 16.02 16.12  40.36 40.95 17.26 4555 41.10 21.02  48.71 42.14 21.51
0.2 4169 2601 11.82 39.86 836 11.77 32.00 37.29 1385 4268 37.78 1494  46.54 41.30 16.96
0.3 37.20 2354 950 3408 6.08 974 2621 33.88 1241 3838 34.03 12.71  42.98 41.20 15.68
0.4 3452 17.11 593 2616 455 673  17.16 28.04 9.79  34.32 2582 10.04  40.06 36.84 15.18
0.5 31.75 13.95 4.95 2226 3.07 564 1231 2413 7.96 3195 21.17 7.81  37.24 34.82 12.81
50 80 30
S X 70 S o
= 40 4 = ~ 25
i 5% 60 5
% D% [ %
% 30 g 0 7
& & 404 &
K 20 oK oK
a g ¥ S
£ 10 bR 20 b
- < F <
= B 10 =
0 0 0
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
HAZ (bpmv) RAZE (bpmv) HAZE (bpmv)
(a) HEITSTIIMERE (b) FRFTS2MTEE (c) H#EPTS3HItERE
——3CHR[4] HR[D] —a— SCHR[6] —o— CHR[9] —o— AL

P 2 5FifE S T IR T3 R S T ik P RE

SCHR[6) T VR T ARG, R K5
TR ER R R, R HIS2h tE RE ki, H
XTPUST M RER 22 . R SCHR (9| T HiE
MEREHES, HiE RHEN MR T SDCHMPECK
[ ROMES R EV o & S € S Tl TR N 7
ANFEM, R REA WA S . S3IRIESADI &
I A SR AE o SFIBR S 7 BRI B R R A
R, AT FANIR T H AR AR T, B
X SCHR[9] 7 VI A 7 0 U B T BB RN 2K B0 i
Galid AL

W —FRE LR MRS o 77k
T PO AE R A, A KRR BR S T Rl A R
M. ik, FATSIEEA o NFER S M, |

— MRS AR LR A R B2 S 2 A J7 V2 A i B
/NIRRT BRI i/ IME, SRETREFRS LN
CEEPURMIYERE . SRR S iEHRBTIST, S22
S3MERE B/ NI S ER 2 AT 4G I, 3
ASCHE RS V2 A PR DU e A T A
AFRBRE JTI
5.3.2 FKEMEE

PSS SR T s sl v e itk , D RFERAR
PRAT T B AN R4 85055 . AT = T B AT LR 29k
W BRRAAR S A TR YE . PR A 0 2255 18
BRSSOk B R

155 I B {5 Mt Lk (Peak Signal-to-Noise Ratio,
PSNR) R &8 A iU . K245 T iRAE
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SEEL p——ry 0. 5bpmv i 5 B 7 1975 31 [ 3 5 WA 25 B 4y
g » LD EHSEPSNR. T 78 B B 12 3 5% i 52
K —o SR ) P e AR 2, B TE AR R
X 15 SRS 7V LT A it AT 1 R . A SO
¥ 10 VAR B 3 A LA R 7 T A AR T 5
B 5 BT B B 2 T BRI A e, BR T
g TRAEE, (R TT B 2 iR s 09 B AR RO
01 02 03 04 05 T 4 D 280, ML 5 T ) L S B R %, B
BAZE (bpmv) R LR e Bk . L2 3k 1 2 /b R (E S e
B 3 SRS I AR B S 0T I 4 A P R B R R, T HSEEENER, £3
# 2 RAER0.5bpmvAI5HMER S A B EINE ZIN=E S 2/ FHIPSNR (dB)

AT 51 AR SCHR[4] i SCHR[5) ¥ SCHiR[6] 1% SCHR[9) i ATk
Bus 34.425 34.185 34.235 34.265 34.270 34.295
City 34.676 34.412 34.432 34.464 34.472 34.494

Coastguard 34.410 34.212 34.234 34.256 34.262 34.286
Crew 36.948 36.798 36.790 36.816 36.814 36.844
Flower 34.520 34.270 34.362 34.440 34.425 34.460

Football 35.938 35.842 35.848 35.838 35.845 35.860

Foreman 36.080 35.814 35.794 35.868 35.876 35.900

Harbour 34.046 33.864 33.854 33.898 33.892 33.924
Ice 39.558 39.282 39.270 39.382 39.380 39.405
Mobile 33.616 33.454 33.430 33.506 33.494 33.524
Paris 33.518 35.375 35.243 35.436 35.401 35.450
Soccer 35.664 35.496 35.504 35.504 35.518 35.548
Stefan 35.340 35.070 35.030 35.210 35.190 35.240

Tempete 34.520 34.358 34.320 34.388 34.392 34.418

Waterfall 34.688 34.250 34.338 34.360 34.388 34.405

%+ 3 HRAEJ0.5bpmvAT5FHFE S 7 A BRI H B SRR L 4FERY 3k (%)

HATT 1) SCHR[4) 771 SCHR[5) Tk SCHR[6]) 775 SCHR[9) 7T 1% AR5k
Bus 12.81 14.03 3.48 5.77 3.39
City 22.92 20.47 9.02 10.34 7.01

Coastguard 6.78 9.72 3.92 4.64 2.94
Crew 3.99 4.95 3.10 3.15 1.95
Flower 14.87 15.26 2.93 5.14 1.74
Football 2.15 3.27 1.84 2.17 1.23
Foreman 11.92 18.45 5.97 6.52 4.63
Harbour 6.97 7.34 3.15 4.13 2.72

Ice 16.05 18.03 4.71 6.53 4.17
Mobile 9.95 13.10 3.49 5.64 3.00
Paris 10.44 19.15 2.51 6.59 2.46
Soccer 5.34 7.78 3.98 4.57 2.98
Stefan 13.95 14.89 3.63 5.13 2.39
Tempete 8.89 12.93 3.84 4.39 2.71
Waterfall 18.78 20.20 9.11 8.73 6.70
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25T RN 0.5 bpmv I 5 5 77 15 B %
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AR B PIRE TR E3ANPE, e Xk
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RS Ao RN TH T PAT B TR 2 AR /N, PR
T IRAZFN0.1 bpmvi G, IR e
NIntel(R) CoreTM i7-4710MQ CPU @ 2.50 GHz.
A T PR T I AE RN BN R S AL A D B
SPIIPAT I TE) o 55 0 N K B AT e 5
ML, ARV SINF EE .

& 4 ICRR(9)TTSERAIL S IATEHR N TH B A LRAI LS
ST THIE] (s)

K5 5k A R SRAAAT Mt
SCHR[9) 1% 3.39 92.26 95.65
AT 3.38 92.66 96.04
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