wfﬁ-’ffh?f*l'?

COMPUTER SCIENCE

EFQDCT2B/BI5 RIS HEIAKE G =
pEFE, Reflia, 3K

5IAEX

PEETE, REALIG, KH. ETQDCT2RIINRIEMNSEMIUKENTLZRD]. BRI 2023, 50(11):
168-176.

TAO Xinyu, XIONG Lizhi, ZHANG Xiang. Robust Video Watermarking Scheme Based on QDCT Global
Equalization Strategy [J]. Computer Science, 2023, 50(11): 168-176.

BN EEE (SERXINEE IE JENBEENE)

Similar articles recommended (Please use Firefox or IE to view the article)
BMA2BEBRMBHERR

Study on Extractive Summarization with Global Information

HENRS, 2023, 50(4): 188-195. https://doi.org/10.11896/jsjkx.22020006 1

RIFR" REHE + KERGE" (LIRS BB SR
Mechanism and Path of Optimizing Institution of Legislative Evaluation by Applying “Big
Data+Blockchain”

HEHNRIE, 2021, 48(10): 324-333. https://doi.org/10.11896/jsjkx.201200105

ETHMIRSREETCRRIRIT

Design of ETC System Based on Microservice Architecture

HENRIE, 2020, 47(6A): 643-647. https://doi.org/10.11896/Js Jkx.190800010

—FhET2DM3 DS ERENBIHEMDPIRIREE
Improved MDP Tracking Method by Combining 2D and 3D Information
HHEHEIE, 2019, 46(3): 97-102. https://doi.org/10.11896/j.issn.1002-137X.2019.03.013

H T EZVERAIDE WHISTKEDEE
DEW Video Watermarking Algorithm Based on Energy Difference Ratio
ITEMELEE, 2010, 37(5): 271-273.


https://www.jsjkx.com/CN/10.11896/jsjkx.221000228
https://www.jsjkx.com/EN/10.11896/jsjkx.221000228
https://www.jsjkx.com/CN/10.11896/jsjkx.220200061
https://doi.org/10.11896/jsjkx.220200061
https://www.jsjkx.com/CN/10.11896/jsjkx.201200105
https://doi.org/10.11896/jsjkx.201200105
https://www.jsjkx.com/CN/10.11896/JsJkx.190800010
https://doi.org/10.11896/JsJkx.190800010
https://www.jsjkx.com/CN/10.11896/j.issn.1002-137X.2019.03.013
https://doi.org/10.11896/j.issn.1002-137X.2019.03.013
https://www.jsjkx.com/CN/Y2010/V37/I5/271

0 Vf :ﬁ- *fh 1’*‘ ‘? http: /www. jsjkx. com

COMPUTER SCIENCE DOI. 10. 11896/jsjkx. 221000228

ETFQDCT /YN RN EEMIT/KEN AR

MmErFE: R/ K A

I BFBRIEHFHIEALFTC(FERFREIREKRF) ¥ X 210044

2HEAREIRARFRMH¥IE X 210044

SHAGRIBAFUHHANFER KBEFR . NETHZLFR B 210044
(xtao0110@163. com)

W OE ARKAEA—FERNTT AR REPER EF LB TS 2XE, BRUBSIEFRRA.EEB S EFRFT LR

oY B AL AR , B B e A S BAIR B A b — A B R B R % 4 A T R AT AR R R 45 R0 SR ALK B 7 R R A

THRRAE, EAFHEEEFTERSAREHERTH QDCT AHAMRRBAKT EREEHELGHERG, ATHRES

WAL EHRE, X PRET—HEAT QDCT2AH KB EHMMKYZE, AR AMERRZUANABLAEMAT R L

I Fo By ) B B He AR R e B R SR AR A T R L A Rk P AT R e A AR R HE ARG K

VUJJJWMD.M:\ B KA R R M TR AR R R AR, R Ry R E xR B AN A IR AN,
HREP EFRIESRKPAALARGAREREN TR T ZFTERREEHLLE R F L F SR ® TIA RS K

é’a%a‘%#)@%ﬁﬂwvﬂﬂi,;}xﬂ&mi’ 8%,9% .

KRR ALK SR EP  H. 264 ML ERG S F > A%

FEESES TP391

Robust Video Watermarking Scheme Based on QDCT Global Equalization Strategy

TAO Xinyu'?,XIONG Lizhi'"* and ZHANG Xiang'*

1 Engineering Research Center of Digital Forensics Ministry of Education(Nanjing University of Information Science and Technology) , Nanjing
210044 ,China

2 School of Software,Nanjing University of Information Science and Technology,Nanjing 210044 , China

3 School of Computer Science,Nanjing University of Information Science and Technology,Nanjing 210044, China

Abstract As a promising technology of copyright protection,video watermarking has attracted more and more attention in recent
years. Different from the original domain scheme, the compressed domain scheme does not need to fully encode and decode video,
so it has higher efficiency,and the video storage and transmission generally need to be compressed and encoded. Therefore, robust
video watermarking scheme in compressed domain become a research hotspot. However,most of the existing schemes in the com-
pressed domain use the individual QDCT coefficients in the compressed domain to embed the watermark, which makes the algo-
rithm less robust. In order to improve the robustness of the compressed domain algorithm.a robust video watermarking scheme
based on the QDCT global equalization strategy is proposed in this paper. Firstly, the blocks with both texture and high spatial
complexity are selected as watermark blocks by using the number of non-zero coefficients,and then the sum of all coefficients in
the two blocks is calculated respectively. According to the sum of the coefficients and the watermark information,all the non-zero
coefficients in the sequence block are modified by the global equalization strategy to satisfy the block-pair coefficients rule,and the
watermark is embedded. Experimental results show that the robust performance of the proposed scheme is better than that of the
existing robust video watermarking scheme in resisting both recompression and noise attacks,increases by 8% and 9% respec-
tively, while ensuring the high visual quality of the watermark-containing video.
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QDCT Z (9 5 P b BT R S B, AN l&l 5 Fr 7w, B/ A AR
KN AXA Y, NBERF R —A 16X 16 M9 B, /T L4
B A A 8X8 T B 5 iy A KT — 4~ 8 X8 X
A LAY A 4 A 4X 4 B B B IX 8K,

Bl 5 H. 264 FE4580 i) 72 gl i E
Fig.5 Macroblock structure in H. 264 compression domain
e H. 264 it d #Evp, — & 128 B current_mb_nr FIn
P AE 2R (0 B F AR i 08 FRR T S M TE Y AT
Herh i O BT QDCT B 7E 1 2% B b i o7 2 0 A8 2 64 ofe

4.2.3 KEFHEN

o T AR R T AR SO AN By — 2R S UK B R A
HBIA—AEHEE T, BESRNT.

Stepl AR4E 4. 2. 1 T AYPE R R DA S KW
P, MpE i — Xt Pt Bk 3 Step2.
R BeX X QDCT #4333l i Blocks 1 Blocks 71
A Sumo fCoe fficients I FACAE sum_qdctCoe fF 4 F
sum_gdctCoe ff i s TFARIEZ (DT A T H B 221 Diff o

Di ff . = sum_qdctCoe ff  — sum_qdctCoe ff )

Step3 A T Stdtk A K B[R RU AT S 5T = 14 5% ) 3k R
AXFEEETHERERME T,. WHE Dif, KF T, 0
PR P Z 18] 1Y 22 B 2L K, B 5% B Stepl HOBr B BERF A S
B Blocky 1 Blocka AN7E 5 75 W 4k 2 Step4 .

Stepd it 5 Blocks 1 Block s W i ‘&, B A& 7 X ¥ 78
4.2, 4 AT TR A . 2 JE ARE 20 (8) X B Blocks H Su-
mo fCoe fficients BEATEM B UG I sum_qdctCoe ff 3" 7
bit R AKEE A .
AR SR A R ¥ 43 VA L e B A AR SR R IR A
B R T H B B Sumo fCoe fficients s R () 7R s qdct (5)
Hlgdet” (DA HIMRES j A QDCT FEUE MAT )5 1A, Np &
AHB 1 NNZAH o TARIEIE AP 18 B 19 3 B0 2500 #
BT E round 1AE, (B3 ZE MR, i AJKEDA B8 kA
ey NNZ {8, e AURIEE SR REE AR 0. Bk, 2 2
D=L B qded’ (GHH 0, FEN I EEH— 1,250
SR AN E B 1, B YL B B Stepl, T F
iR SE A K ED

if bit=1 and Di ff ., <<0
if bit=0 and Di ff, =0

if bit=1 and Di ff . <<0
if bit=0 and Diff 4 =0
Fom, H I AR A% (Lo BT RUTT 3 1 A7 K BP9 QDCT He 76 41
AT 4 2 X0 57 B Locationyen (1) FoHT i 5 T A RIK B L
BB B . AT 580 Y BT A 7K ED B B9 408 %o 437 &, F 2445 5]
LB IR 1R, o7 R S 1] S A % 7K B AL AT 3 3 A W A IR
JER T RIS K DR AR R A HER T 352X 288 Ky
RRAS 90 5 % A 100 bit 7K B G A 07 5 Bl 5 1 LA — o il 3 7 st
K/INH 125 Bytes I FH AT d5 87 09 3k T = 58 1 07 b 3 04 T
FE 45 735 SR R 4 b 3R R ATk #1) 50 % 5 22 I R Al xR 2
BT HLAEAT I, B 258 2o W] AF T8 AR LR 2% B A s

locationyey = current_mb_nr * 16+5b8 * 4+ b4 (10)
4.3 EBHE

of 5 K EVRR AT 8 4T A7 T J5 B2 00 TT LA H BEAE E R AR
AT BB DL T 32 UK B SR IO BE S5 A B B 28 B, %
WA A B KB R AR A D L PR R R A G A (RN AL
Jo i [ A 45 P B HkE L IR 4 BT H sum_qdctCoe ff 4 F sum _
qdctCoe ff 5 » ZJERAE X QLD AR B BT A K ENMR B . H Ak
ERL A 1 22 v B ik e T [ D A R X & S BUR B &
PB4 K ENE B R e A K EN IR . R UL, MR IE & B
P2 WY 7K B RS 5 J5U bR K B R SE R — B0 1) &% it 1 SR &
A E LG Bk AR R A E e S B e AL B K ED R,

Step2

Step5

8

9
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BEHIE A AN Swmo fCoef ficients H , B Ji AR5 (11) 42

B T A K ENE B eatracbit,

if sum_qdctCoe ff 2=sum_qdctCoe ffp

if sum_qdctCoeffr<sum_qdctCoeffp
(1)

{ extractbit=1,

extractbit=0,

5 LBWHER

BN TR Rt R B R AR B N N SIS R
AT T SLER IR BT A SR I O R BT T8 5
8 P RS 0 D X 5 A A S O R I DL R T R AT
T 5 Hr,

5.1 XLWiEE

AR A H. 264 B 7 KA B TM 4T SE B F AE Mat-
lab2018a P45 T A T Ak PERE . SCEREERE T CIF(352 X
288) Al QCIF (176> 144) H 2 A4 R0 I3 7 371 , 43 Ff 40450 e 51
BIBCT 30 Wi, mid Sk 30 Wifg RS, GOP 2y IPPPP, 7E4:A4> 1M
Hritk AJKER, QP B 0 28, [AlIF o T 4 335 8 3% 5 %€ A /K Ep
AT R R R P R e 2 ) S A AR SR T 3 A 1
fE. B0 T,, T, T., 2o TAE 5% i) NNZ AL E ., A
3.3 WA LAAR L, NINZ (8% K 05K BNy S8 484 3 6 46 ey
HE BB, B T3 REFEOKE A &/, Jo e
SR R FH A oK . PRI R 2 AR 4 R [ 7 3 e K D 4
EREENTERR®ERE T, HE 4 TH, Y T.HKTF 8 H,
QDCT He Rt % 28 A8 Ak (W 4 56 78 #7122 300+ 0, Sk I 45 s 1k A
SR PR AR SCRERR Y TAE IR/ T 8, Je 4 U AR 418 itk A 7K
B LR BOR B 4

TR THE T REREEEEmaEEmE. T T/EMH
TEHEA B Sumo fCoe f ficients | Q1S B AR g B 32 /)N D) 512 56;
ORI, B S g b T, 00 OfE B B AR AR SR LR B
5. AT %R A AR IE # # (Bits correct ratio, BCR)/E & 4
PR AT A5 AR, ot =N A IR o Hor bits e 4
BRI LR B bt s TR K EDE B B LR AL, 3R 1 R
SR LSRR, T, 5 4 vk AT L B S RS B R L. 2
T, % 15 B S0 M AL 0E 0 1 e o747 Bk B — AN B
PR BRI AR SO R P G R BI(E T, BB 15, F 1
REL P B A0 2 7 5 140 M e (R 45 L TR TR

BCR=1—0bitScrror / bitSiol 12)

F 1 ANIE T BUHE S 540 B0l 06 Fe b o 3 i i
Table 1 Robustness and visual quality of recompression attacks

with different T,

A F 7 T, PSNR BCR
5 31. 26 0.8678
10 30. 39 0.8743
Mobile
15 30.1 0.8971
20 28.91 0.9129
5 37.15 0.904 3
10 36.47 0.9143
Football
15 36.16 0.9229
20 35.30 0.9371
5 37.06 0.8771
10 37.01 0.8829
Flower
15 36.12 0.8871
20 33.20 0.8914

T, 56 Bt B 8 T, 8K W R AR BT 1 Sumo f-
Coe fficients HAHZE B A, B B P 5758 , (H 5 7K B9 A 430 (9 #R 56
P, F2HWM T ARRMEEFIIT T, 1A 5 BE X
B ST S R R A R R R R R LI T g IR B T, B AR
TEAER X B, 2 2 oo RoR. MR 2 W LI, iR E T,
(A5 B SOKEN U I M IR R B W iR E . BEE T,
RS BT 08/ 0 5 7K B RS A 0 08 o B 0 i A v B B R R
B BEAR S, 2 XN T, BUE T i 904500 58 B 2 A
BN RMHAITE S RIS A T, %8 20,

%2 ORI T, BUE T 5 40 Sk ) 5 1 R B BT
Table 2 Robustness and visual quality of recompression attacks

with different T,

A 7 T, PSNR BCR
18 44.67 0.8657
20 44.11 0.8914
Mobile 22 42.90 0.8929
24 42.70 0.8957
oo 30. 39 0.8971
18 42.15 0.8916
20 41.72 0.8975
Football 22 41.41 0.8975
24 140. 31 0.9011
o 36.16 0.9229
18 42.05 0.8729
20 41.92 0.8786
Flower 22 41.91 0.8786
24 39.86 0.8857
36.12 0.8871

Selm b, A b BE 5 R 0T AR [ 09, AT AR AR SR N 9
5.2 SLIuiEAEE
5.2.1 #AZE

K S i — M AR IR e 480 A TE 210K T B A 28 B B0k A
i, AR SCTT R MK ED S R TR A B BT R 0 A
VLR AR A B 0 SO R A . 3% 3 il T 45 AT B A
AN A B T Wi A A i . 24 B {8 A W] 1, Mobile, Tem-
pete Fl Stefan S5 WU T 51 14 #c A 25 4t 35 3 405 . ROl X 26
ARSI J - KD, = NNZ fH 9 QDCT He i % 42
AR . WX TR — AR B, 1 R, AT
AN 25 g A

3 R THE T F R 4R S0 0 R SE B
Table 3 Robustness and visual quality of recompression attacks

with different T.

IR F 7 T, =4 T.=6 T.=8 T.=10 T,=12
Bus 436 319 216 135 68
Container 201 153 106 65 24
Football 398 293 215 154 85
Mobile 559 479 376 246 109
Tempete 502 380 276 189 101
Stefan 410 365 296 213 119

5.2.2 MRERE

T f AR i dk BE AT 2 A B
J 100 bit, [71 I 7 7% T, BUE 20, T, 15. T3 8.
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6 T, K BN B AN R A AT S BORLA ™ A= B I A9 A fh
s NIRTC T X 53 IR A6 WU AN A BT

Cb) X 37 4 7K B it

K6 FHKEPRHLSR 3 (Football, Stefan, Mobile, Tempete) 1 3= W
Mo e I
Fig. 6 Subjective visual representation of watermarked video

(Football, Stefan, Mobile, Tempete)

AR SCTT % 0 B 0 {8 {5 M 1 (Peak Signal to Noise Ratio,
PSNR) 1 Sy % W52 56 14 5 5 A o, F 5 Dutta %57 LK Gup-
ta SFAY T RUV AT T R, S0 UM [R] A 0 A8 A,
MM EWRN LR RS — B LR R WA 7 s,
SRR LR 30U R PSNR 7 4 4 08 )7 51 B 3894 T H:
My %, KRR AA R R EFELME &M QDCT #
PE N B I HK BB A B BEOR FH 42 )R 349 43 3R 0 1 ol ik
¥R g~ ER R B X QDCT & A 7R 1 ok 3h iR B
BN,

----[16] - -[31] — AXTH

50

45

40

35

PSNR/db

30

25

20

Moblie Football Coastguard Paris Soccer  Flower

W7
B 7 &K ERALIIUT B (4 2 AR BE T
Fig. 7 Objective visual quality of watermark video
5.2.3 HAREI
i  QDCT 9 Sumo fCoe fficients Fl Fh A~ R Bk
A K ENE B, H BCR 1E b & M 09 15 4 48 45, S5 00 245 2
k4 pral, Hod, S1 R IR B B SwnofCoe fficients K

A KB T5 22, S2 KR 8 B A R BOUR i A K BN 5
Ko AN THRIEX A IEHE, S2 b B QDCT B rh &
PERCGE AR AC REL I H & 4 W T8 5, 3k 4
LA AEAN TR QP BUCE A K 7 31 R L S1 BB E
B FHEHEILET S2 FE.Z0K BCR#E® T 4%,
WEZRE T 18%., FETwrl LIEE., Y QP A Z &K
W, S2 J7 %2 1 BCR A 8k Bedl , T S1 J7 22 9 BCR 3 3 5
/NI AR BB PR R 7E 80 %6 DA I, 30 2B #R 3 BA B K Bl A A5
W2 R4 S A QDCT Y Swmo fCoe fficients FF
2 B Y5 e AR L B AN R ACE /N . WG, B QDCT 1Y
Sumo fCoe [ficients Fetx N7KED B8 T &k,

F 4 BT SumofCoefficients FFE:T A RN K EDJ5 G X & He 1k

A
Table 4 Influence of the watermark scheme based on Sumo f-

Coe fficients and single coefficient on the robustness

WA F #| BCR

Cf; Tempete Mobile Bus Football Stefan
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
24 0.85 0.81 0.87 0.82 0.84 0.76 0.88 0.82 0.86 0.81
26 0.90 0.86 0.90 0.86 0.90 0.82 0.92 0.81 0.85 0.80
28 0.97 0.90 0.98 0.94 0.97 0.86 0.98 0.89 0.97 0.94
30 0.89 0.70 0.88 0.77 0.8 0.70 0.83 0.78 0.88 0.80
32 0.82 0.69 0.8 0.76 0.80 0.64 0.80 0.68 0.87 0.71

5.2.4 ETERHARF SE T oG

B A A A i ATUK BNy 22 M B A B I — IR
bro TEA/NT AR O E W& S Mansouri 45 B9 7
£ Dutta %19 7 7 (Gupta %197 5 L X Ding %51
HEPHATT A,

N T UEBAA SOy AR LM IR AN AT T
R 45 MO AR S MO T S aG . B/ 8 A TS TR AL T
B HCHT T e 4 i i SE B 45 8, b 6 ZH MRUT B A WD 4 QP
E ¥ 28, Z TR ML T & /K ED LA 1 52 8 45 B0 iR
FEIE 545 QP A7 B4 QP Wi/ (8 Jy 26) JE 45 QP 1
KENR 300, B F Ding FER £ HGH T QP %X
SEHG L I H QP 3 IO AR Y R BE K, B L ST B R S, R
B AR Y Ding 55 09 7 9 AT X L, 25 R A 8 (o) Bir
TRe TN AR/NEHEINT — 4 QP {H AR MR K (QP 4E K 28)
1) R 4 B0 6 B S 56, e rh 4 4 AR B ) b QP E
¥ihy 24, 0BG A5 K 9 Fron . ANIE 8 Rl 9 W LAAHH L AR SC
T RAE G LA T H AL %
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Fig. 8 Robustness of recompression attacks with different QP
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--=-[5] ---[82) —AXFE

BCR

Moblie Tempete Carphone Flower

WHF3

9 HEPL QP HAE K 28 Y I R4 iy 1y &
Fig. 9 Robustness against recompression attacks when the

QP value is 28

PLITAE A% iy 3o 72 v 20 AT R IR A ol T 0 o L A TR
Tl A7 BCER MR P 0 (B FES 340 (R DB D 4 . AR /NTTHEAT TR [ e A
Yoidi T 4% 77 S8 0 & HR PR LS 8, Se g a5 2R sk 5 g, Hovp
MR M Y 6 FE S 80 0. 001, BJE S (E g B L R S 50k
0.05, I 5 WL A SCO7 AR AR e A T i i 4% A P
B & R PRI T HA D7 5%

5 EF XA R AT B Y T e e Al o e
Table 5 Robustness of two noise attacks against different video
sequences
% & 4R
. % ¥ XH[16] X#[31] KX F %
s F 71 ’
Mobile 0. 86 0.79 0.94
Football 0.89 0. 82 0.92
N Coastguard 0.83 0.76 0.90
Mk k& % E=0.001 )
Paris 0.90 0. 83 0.93
Soccer 0. 87 0. 80 0.94
Flower 0. 90 0.83 0.92
Mobile 0. 89 0.82 0.93
Football 0. 87 0. 80 0.89
g 7 34 Coastguard 0. 85 0.78 0.88
[:J‘/%'Jﬁl E42—0.05 é.
b4 Paris 0.87 0. 80 0.92
Soccer 0.88 0. 81 0.97
Flower 0. 80 0.73 0.87

25 LTI TS HEHT 4 T A W S AR SO
FA) 5 e A A T A 0 T 408 S ALK BN

HERE ACEB T —MET QDCT 42 )& 4 5w 1Y
CHEMBUKEN T2, B QDCT A Z R BB, 454
5B (8 (i 32 1 A e R A ST A ) B A R K BB, B
T —F A R34y R R A T L S T e & B R BRI
B9 /NS TR) 0 7K B A . et i R0 A3 8 AR I b T e 4 s
IR P A BT 0B R M TR R A R b R R R
0 A TS AR A 180 4 380 O B o BT A IR R B0 R (B L L R AIR
T 7K B A e A0 2R 1 A0 o R S, AR SO R AE
L A S A N 4% BT R 4% 1 S 5 R R IR
BT B R, RORRRAR T /K BN B 2% 2% 9 XU o [R) IS % 1 A
R A I A O R AR N . AR SO R ORI H. 264 4
AR HE BT 0 — Fh B K EDSAL G % T At A3 44 A A v L 75
T — R S . FE BRI RE R — A
BT K B 7 v 0 A JR I B2 T4 .
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