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Energy Difference Modulated Video Watermarking

Algorithm Based on Texture Feature
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Abstract: Aiming at the problems such as high complexity and poor robustness for current video watermarking
algorithms, a video watermarking algorithm based on residual texture feature is proposed by adopting an energy dif-
ference modulation. Firstly,the residual DCT coefficients obtained from the video coding process are used to model
the regional texture intensity,and then the energy of the DCT coefficients on the middle and high frequency are ad-
justed adaptively according to the texture intensity to realize the watermark embedding. Under the condition that no
additional complicated computational process is introduced, the algorithm embeds different intensity watermark infor—
mation adaptively for different regions to ensure the video quality and improve the watermark robustness. The scheme
takes the H.264/AVC video codec as a verification example. The experimental results show that, under the premise of
guaranteeing video quality and encoding rate, the watermarking algorithm proposed in this paper has good robustness
to resist attacks such as re—encoding, filter and noise. Meanwhile, the watermark extraction process meets the demand
of blind detection for practical applications.

Key words: texture feature ; discrete cosine transform; energy difference ; digital watermark

w  WimEE2019-12-17
HEETH : TEBEGHTRATE I H (KGCX2-YW-134), Chinese Academy of Sciences Knowledge Innovation Project of China (KGCX2-YW-134)
TEBRN XEE(1991—) 3 g KA, B2 Bl FAF e i L se 2k
+ AR, E-mail : liangliping@ime.ac.cn



2510 14

XSS A T SR A9 RE B2 U T UK BN 32 117

P A — R R B X FEE G B
Iz T AT B &AW . Jegit, A5 R
W5 S Th A 80% LA L A AamifE 8. FLIK I HE AR Y
PR R , A5 AR 73 T FERE UASGE U5 Y
JFEFR TR (RIS P9 25 B L Dy AR AL R R
GBI A R, CRAP AT R R N 25 LS PE 2
K. BFIKEDEARANE — P R R 52 %
. AR, BT RUAE S B i K, ARG A6
IR A RE S AR | DR, B T 0 40
Hf K ERE AR B K.

— AR NSRS AR 6 AR K ED AN AT DLV 1Y
ST, WIZEA e, ERAITTR RS
JE, [R) B XS PR R 4 i I B 38 52 i A /N SR
/NTK BRI 5T 1 A RS20, Zhang 25 AP
FT AR B{E  (Just Noticeable Difference ,JND)
R K BN , Wh 2 25 A A [R) A3 23807 1 1Y)
DCT RECR A AR, BRI BT i 2%
A ] ) 4 v K B AR A B PE. T 4R Hh Y IND
BEFLP Ko Canny 1 ZRAS TN FK B B 5 S HR L, T
AT Z A v, Deng T LiMAE )R B3 AR FTU
SRR BN Pt K ERE . — e R R
T KNS B R BRI T AR R AR

R REAR K BN & 2% BE , Qiu'™ | Fallahpour!! |
Abdil"™ " Duttal™45 A 38 28 5 B0 4 ] 0 JS Ak 22
DCT RECAIR R/ NS A S BIUK Bl A, SR
Kim 58 A\ P58 5 SCIGHIERH DCT R AU R AR Rk
EE G R AR e, DR TIZZE A K
EIEE BT .

R E A AR, RS S N AT DCT
AR AT AL, Weber 5 FEXT R/ SO X 8, XA
[ 3 DX S PR T AN [ 3 8 R /K B iR AR I, FEPRIIE
P TIOR8 T /K Ep -t k. (H a3
R aod B O AR AT DCT 84, R K
paei v

FEXTLA IR, A S —Fh B T iR 22 LY
AE £ 22 P4 AL AUK ED SR . DARE )2 ) H.264/
AVC AT 2 55 A5 HEISA 36 E S, 303k 1 5 R FH 2
a5 2 AL 5 15k 2 DCT ARz B &
Z B AR S 3 B TR s SRS AR SO s i
XA B ) DCT R EGHAT [ 3 1 g i 25 W il
SEIE K B BN IK BN SR SO o A — 2K
HRATK BRI T 5 0 5070 [T, 7K B A 72
TCARAFK ML EAR S, KBNS TR i 2 H Rl

1 RS KENRARBIINGRED 2R 224

H H.261 YU gmtpriite, B bRIEES | Ak
HERR BRI, — BT T J0 A AZ e 1R 5
HAZRAFAU. AN 1 Fr 7, T 2 65 M AR ARIR R A ==
] BN TRIAR G, AR C 2w 5 O 15 300 S 015 g
QAR VEATLAETIN , SR X T (A FLAE A0 22 9047
2 2 i , Dol IR 20 B S A 5 2R o S UDRE S 7 L
e DA S Y 28 SR SRl I 4, HRA S
T AR AL A AR e R DN . Z R
WA o AR A K T, e X B RO
FAF T RS , AR/ NG P4 70 B A 5, i —
AR TR A 2 A ) R AR,

%éﬁﬁ%mﬁi >~ 5%,% > ‘kﬁéﬁﬁ%
B e G
AR [« e e

A1 e EAER
Fig.1 Framework of the hybrid encoder

ARICEEAE DCT Stk AJKED, 254 1 2518
AR JLA RIS A% A 1 Sk — MRk B
M. MK ENFA R E TR DCT AR 4 fl ik fb 22 (] B, e
TRAGT R EA B, Al K EE B
TR, 50 7K BV 5 57K IS BR R B 7 2 A 34
FELLAN A Z BT, K BRI 2t 2 i
WBRAE R, TASAL IR PO ICHE Ao S AT B S 5 2]
JEEEgmt P A it e, 3B A o ) B A —
TR, RAERTT SRR K BN BEFE L2
J& IR A Z BT i A PR R AN 2 BR Rl E
K ENEEAR BRI i 45 4514

4% S~ et | ks JI_ ,
o MO e [ A T
_l | A |
\ 4 |_ _"_] I
Bl e
4 Lo [ |
A it A |
ji p
AW e 5 Rof

B 2 SR ANIKE AL G A 2 25 M AE B

Fig.2 Framework of watermark embedding on hybrid encoder



118 IR RS A4 (A AR BE 2R

2020 4F

23 P Vi A5 HORE AL AR 23 DA S AN AR SR X
B, TKEMR AR AR SR B 73 45 RS i B A 3
I AR BN A AR, 5 C A ST ], SO AR
B ARER SR i R S A, SR
BE A DCT A2 A AL 5 19 R 40, o bz
B IS, TR B AR BE TR TR N, 2
RAVKENG ,  H KBNS |6 ) i 25 221 AR S A A B
W R R E i, TR Sttt R 2%
T kA it A st 1R 22 A R W K 2R, RIE T
G i ) R — .

2 ETLEHritmstEERH KENEZ

PR B — PR B /K B AN AT DL e
B, S RUE R 7K ERAS T DL , 3 3 PRIk
Bl ASREE, MK ISR 57K Bl AR B 1
AEIG, TRIK ERGAE B OGS T A o] A X — Xt
HNPJE B R AR AR SR, R £ Gkt
PRARE DX Sl PN i 6 35 v A e o B RE D 855, PR
ML 3L 2 A DX I ) A AU 2 . AR SCIE A
PR RO U T S B X S R 4y, LT RE R 2
e, WU FE 43tk i S0 B DX el A A S0 L X sl R B
AN BE R I SR, AT ZEORAIE /K BN AT WL APE Y
[FIHST, S —Fh A2 2R AR B R PSR I 7K B A SR
2.1 ET5%ZE DCT REHLIEH E1ERY

PL H.264/AVC GRS R, TRA gt dett rh
) T 24D 3 Ay Tt P 0000 R[] T30, XoF 7 1Y) S i
WCFRAE T P il CEEORNE & B ). X — D RE i
P51, 1 A R A Wi & A5 B ik, AT
TR AKENB 2 At k. T, AR ST T ik A
IKER. X F— N rgmtsmt, H X FRRR SR RES P
FOR R ETIMAL T TG R E S R Fn
A A

R=X-P (1)

278 P ALY 5L 0 R AT X AN TS L P
ST EE A 20515 8, H TP T e R 32 2R F A
LB IX B30 T B bt X SR A T e R Al T, BR
S XA, AR DI A £ P T 3 I DR ¥4
FrEA Al TR S RO AR 2, ELASE i DX Sl 1) 250 B
% SeMAb T A O FR 2R 2 YRR 25 T DCT
B EIRBIMAEF R BB Z . X T —1> 4 x 4 5%
e, YERALIE I DCT RECHEM T

Co Coi Cn2 Cop3
Co Cu Cnp Cp3
C= (2)
Cy C2 Cn C23
Cyp €31 C3p» C3

E X C WAEERHESE S (Non—Zero Fea—
ture Matrix, NZFM) T .

nzy Nz nzpy Nz
nzypy nzy; Nz Nz O,cij:O
NZFM= nzy=
nz,y nNzy Nnz; N2y 1 ,ciﬁé()
nziy Nz NZsx N2
(3)

YEGE C A RECRHE— B0, A —
T it R SCHA E AT, =X (4) B -
INZFMI,, =T, 203 [X 35
otherwise , JE S HH X dak, 0= T< T (4)
Hor, INZFMIL, i NZFM () m—{55, b3
AAFFICR DL T HBE R BT TR s Ty A T
REMRCE AR KMH. T2 NZFM 5 AU S Y
— RS A i AR C 1 NZFM X
1) m RS T HR/INE FR BT S SRR SR DX I
BXI 43, A0 LT Zhang 58 APER AT Canny 81
[ IND AR o Bk B sl o 2 45 NSk FH ) i T
Weber 5 HEIFIE T, TR 24 B ORI
IRTT, C RN [RIALE ) 2 RO AN R] , e 2s 3k
BB E WA, Kot C hiE— R R
BN BNR R B SO IR, 5 NN BB R
HOER UCCREURIEDUA 0 F 1 PIRpRoL) -
On Sn On On
0 Ou On On
UC = (5)
520 52] 522 523
O0n On On O
H A A R T
Yo Yo Yoo o Yo3
Y=C'x(UCxPF)xC,=|"" 7" T 0]
Yo Ya Yo Y3
Yo Ya Yo Y3

1 1 1 1 @ ab & ab
1 12 =12 -1 ab b* ab b?
Ci: ,PF:
1 -1 -1 1 & ab & ab
12 -1 -1 =12 ab b* ab b?
(6)

Kda=1/2,b = (2/5)".



2510 14

XSS A T UM A9 RE B2 IR T UK BN 32 119

Sy ¥ I [R) A7 B RT3 ) 8O A
B BRRAKEE —A 8, AR AR RBAENE 1]
DIFRE) 16 MEZRHMRE Y. NEA Y 8 K7 4L
4 B ( Horizontal Direction Texture Matrix, HDTM )l
I H 7 M 20 4 (Vertical Direction Texture Matrix,
VDTM), 73513 Y FE/KF-J5 1o i B ) 284k
FHE.

ho ho ho he 0
,%. ‘:}G‘. j+1
h]O h]] h]Z h]3 ! !
HDMT= 5hij: L,y >y m
hy ha hyn hy 1 <
=1, i<Vi,jn
hs ha han hs e
Voo Vo Vo2 Vo3 O,%,F}fm.j
VDMT=|vyy vy v v |,05=11,5>Ym.;
Uy UV Vyn Ux =1,y <y,

(7)

125, % HDTM F1 VDMT 354 7 [ [ TCAT T R

BRI BR A 7 1) _EAHSR AR 2E300. X7 F HDTM, #7[7]

—ATIAHSRTTRAEARIE], NSRS ARSR R R RSy

AR, TRERZ R, (URE—DARE.

VDMT 44 BEZ AL T i 25 bR Al B 1] 1R TUAR ST, He

245 3 H5 B 1 HDTM A1 VDMT. 2 # HDTM F1

VDMT, 75 3CE XA ZR B0 I AR 28 38 S 38
/(I

Woo Wor W2 W3

Wy Wy Wy Wiy

W: Tl=

Wy Wy Wxn Wy

W = O
AW O~
noA W
o RV I N

W3 W3 W W3y

w; = IHDTMII, + IVDTMI,, (8)

AR (8), HDTM F1 VDTM H 4% o6 2 ik
Z AGRARE 2% SO R

2, A SCE SUMAL ) NZFM (Weighted
NZFM,WNZFM), 575 = (4) , 7] A4S 2l — > 3
T WNZFM 12 A .

WNZFM = NZFM*W

| WNZFM ||, =T, 808 XI5,
otherwist, JF2CHH X 41,

XFF T EUE, Y T (B4 /N, IR0 DX 35,
B H e MBI S, ik A K S XU 5T 5
MR 2 TEER I, HA B DX i ) o ok
SRR, i A K B JE XA 5T 5 i 450N, (HLERL Ry
TRHEB 53 AL DX Il ARy A S X Tk APRBR JBE 7K
B, RBUKEVEIE G BERAR. T 158 S B0 B E
IR 7, AT AT AN T A e AAsimy .

’OSTST“QX (9)

TE[O,] ,2,'“5T\’Iax]
max { p(T),SIM(T)}
T

T. = f(WNZFM,T)
T = fra(X)
SIM(T) =T, Ty
p(T) = QWm(T.,)
A O () I3 HMRERA LB AL RN 2 L
RIRLPRER ; T T T 53 RS AR SCREHY TN 2275
BEAUAR B A RS X 0] 7325 5 5 SIM(T) Ko T,
F T BIARRLRE s QW ()RR T LR S0 45 - 1
IKENEIE I PE BETTAN AR T 5 o (T) R K NSV 1 1
fE. A CLL Zhang 55 A\PHE T B9 SCETRL R 2 7%, LU
Foreman MU 51 A RS, % T (B BRIV S
J 5 RETRG BE (1) G R TR, AnlE 3 .

0.80

(10)

0.75 [+

0.60

0'550 36 91215 18 2124 2730 33 3639 42 45 48

T
B3 BMATTRR T xS B ) A L 0 % v
Fig.3 Accurate of proposed SIM with different threshold T’

M 3 T LA, AR BLEEAE A 2R JEE A 3
W hr, A SCHE Y SCHA E R S S BORAH 1L,
AUBEAELRE 7 (938 R S B S N 2 el IS 4 22
a1 0 TR PR St T — R s,

BRARMUBESL, A SCArHA e R A 25 X /K Bl
SR P RE QIR et K B R R 5 e AE
SO AT AR BEE b BOTORS RE My , S
TEBATESEPAEOL, BT SO F IS K ENSRE T
MU AR MR AR, TR TR 2 Y 8 B X
M HEAAOK ENSiR RE B , K - R b e
22 ETREEZRTNKINRENEZ

TEAN Kim 5 NS, RIER FH AR 9 4 i i
i BRI AR Uk A A, i
TE5% 72 DCT ZB LS I ASLSN , A5 0 af 4 5 ) il 3



120 R R AR (A AR BE R

2020 4F

A FR BB (Pl T R S i A K B D v e
B, Langelaar 55 A\ JGHE H 3T MPEG/JPEG A9
FZorRE R K BN TR YR LS 5 N Kz B AR S AR
H.264/AVC WAT/K BB, 512% IR SR E
PEFE 4 x 4 DCT FBUHFE ) — M R B —A~ &
3R BVE R K B AL B %7 A e A ) G
—,DCT 224 J5 {55 7 RE 2 = B4 i e B AN AL
BT R B A K ED XA R R R e AR
H 7 MR Zhang 25 NP BRES0H 5 S B25 21, 2
AT EE AL R A AT, DCT AR 3 1% B I AR R 50 )
A2 T AR A R AR, AL, BT
W F B A 7K B e B

T, ASCEPE(2) T H SRS e Tl e
VER BFRRTE, FT 2.1 Rl AL ) E R R 52
PR BE 30 Y A RE & 2= PR K ED L. DUEHIHE %
T EINE G R 5], 7K ERSEE AR A B BRSO A K
T I AHEB I I FRR GRS e A N B, 8 SURE IR
DCT ZERERAE R FIN SLE, 2N kD 4x 4 T
Hepd JRdBhg s LEbIk(k ), ).

LEbIk(k)=]|cy |2+ |ex |
SLE = Y, LEblk(k) (1

B kA4 x4 THAFRGNRBES R
CS(k ), PTG M RESER R €S/ (k) KENHR Asd
RUE .
(¢, ez, SCPRIX I8

S =1y AEsmbs

R a).CS"(k)=CS(k) +1

S = |2

AN =1 ) esr (k) =0 (12)
ﬂﬁﬁ%ﬂﬁﬂ’a _ (SLEA =SLEB,w,; =1

SLEA<SLEB ,w; =0

TG, AR R A K XS T e A R, T
SUBLHR, EPEIR ] R B {en, onbs XETARSCHLR,
eI Z K en). BOETFHRARKEME BRI N
LW BE 50 W={w), “7KEDECEF w, 24 1 B, FIH]
AC2) AT HRLN a) 3G A 2 e A4S BB
JrrvRaEE B FHIA SR bR B 25k N A>Tk
FRTRRERE , (A5 A A JRARRERFIR T B 22
FHBCHE, 25 w; 29 O I AEHTRLIN b) IR A 2B AL
a) Wi B ML A5 Fe 2B R /2 A 2 H R RE
HHVNT B R
2.3 ETaeEBERGIMKENRRE X

K ENFR UK B B0 . B X A K

BN R AR A S A TR AT, A5 32 knY DCT
A 2B 2 05 A (LD K7 1) L ARAR
ZEHE A R B )Rt Ml SLEA 5 SLEB, i i i
TAH RN B DR, BB a0
(1,if SLEA =SLEB
wi = (13)

- 0, otherwise
3 XBRERSHH

HBAEAS S SR BN A &R, DL H.264/
AVC Gty s N BUESEA], SR IM8.6 Bt it
ZEBARUSLHT-G R 16 DA 5 A FZ 3
@2 1Y CIF (352x288 ) 4% LAY ARME P S HEA T 1
ATy 51 2 4% RT3 0 30 fps 1 Wi g % Ji) 45
151 Mt b 228 QP=28 (1YL & AT St , o i td ot
Kk 150 WL, K ERAR AR ATE T ivirh. [5] i, R 3C
K FHBEHLAE BUA7K B B HEA T, 3R /K EN P31
AR B R SRR

A S IEAE {5 M . (Peak Signal Noise Ratio,
PSNR ) . 25 ¥4 L1 (Structure Similarity Image Mea—
surement , SSIM )" 7K EJ &% ( Robustness, R ) . Zwh%
AR B0 ( Bitrate Increase Rate, BIR )4 /N5 T 434t
B{ELTTFR 7% A f /K ENSERE R RE RS2 . [, S 73
BTk BRI () R, XA [R5 ) 45
HORECFEIE.

PSNR = 101 MxNxA”

N-1 M-I

2 2 Lfmn)-fm,n)P (14)

n=0 m=

APSNR = PSNR’ - PSNR

=

=}

(Zlu,,u,+ C])(ZO-J'-CZ)

IM(x,y) = i Ny 1
SS (x’y) (Mi +M}2,+Cl)(0'§+0'f»+cz) (15)
R={1- DN 00 (16)
BIR = BR=BR 009, a7)

K(14) M N FR I 5% ; PSNR FT PSNR' 43
TR A TK BN A JE AT A I (£ 1 L ; APSNR
R AJKENJE PSNR 197284k, 2(15) o 1 o 2351 K
AT I S hRiEZE o, R o By BOERTT 255C,
Cy FE MR BT 0 S8 E AT E 1 5 LY
JNEEL RO16) N, BTN, A3 3R TE R ER U K
B[S AL AR 7K ED S8 . 0 (17) 17 : BR 1 BR
G35 R ATK B S AT AR RS B R,



2510 1t

XSS A T S U A9 RE B2 IR T ISR BN 32 121

3.1 USRI ST BN M RE B B Im A3 AR

TR SR, T WNZFM (14 5030 ) o B
KRS BUETTR T IR/INEEADC. Y T BT,
TR 22 19 LS 3 X el TE A ARG 1k [
B Z MRS IX S H e O IX S [z, 2 T
by NN LK o = I Y o I TS 2 s
SR FERLARAY DX 30 R Ry AR SO X AR 2.1 51
30T, BETTRR T HREE 2 0~48. AL Je4)
BrT T X AZKEDJG 9045 PSNR AT BIR 95200 , 4N
& 4 FE 5 FR.

-0.70

SIRER IR I O R A A S
S| O O O O OO e < 11|
R

il

P03 6 9 12 1518212427 3033363942 4548
T
B4 BMEIR T 55 PSNR X 89 % 0
Fig.4 Analysis on degradation of PSNR with different T

20.60 Hi-4g-:.

[74/dB

=055 HHTHT

PSNR

-0.50 HEHTHTHTHT TR espo i

-0.45 HHHFHFHFHTHTHTHHTHT -H A

N 4 0] DB A SO I Sk e 26 55 N
K B Y 23 WA PSNR 38 U2 I i 4 26 . % T
SRR I 16 AN F 5, 76 T =1 B, A
SCREEST AR PSNR B2 K, IR 0.681
dB ML Z T, KR4 5 AMIET 5 PSNR -3
FEAIC 0.595 dB. FfiE TAHMIIEG I, A SO i
PSNR $ 2 28/ NI AR T SR 14].

=A% |
6 - Scikf14] |

9 12 15 18 2124 27 3033 3639 42 45 48
T
A5 BMAITIR T 2F BIR #9% A

Fig5 Analysis on BIR with different T

5 25 T AR SCR L Sk e A A NPT R
ST 5 A R S Ak | AR Sk Sk 4k
258 NPT PR AR X AT Gt A5 Eb R385 ) 2 0 AH
2 PRl ZA AT

WA, ASSCHE G40 T T H K BN B R S e
FRIE, LUH DL 4 Fgc (5 5 A BREGE S h ) :
WruE JEERYI(EDE B = B s AR L e s . Hod
T I AR TR/ K 5 x 5, Sigma 50K 0.3;1F
PRI I I 24 5 Fl Radius K 0.5 5 155 e s Y41
A0, 7724 0.001; HIERE 2 A 0.001. & 6 25
TARSCA R Sk g 455 NMRRAE 4 FIORTR BT

5 AL BRI B T B PRI g

98

[+ &

70 T S T T S S T T N S TN S S
0 3 6 912 1518 21 24 2730 3336 39 4245 48

T
(a) R HTEE

R TS
P T e SO |

____________

80

0 36 9121518 21 24 2730 3336 39 4245 48
T
(b)PEFR IR

Robust (BT S TE )

N S N S T A T S T S
0 36 9121518 21 24 2730 3336 39 4245 48
T
(o) sl



122 WIS R AR IR 2020 4F

94 . : ‘ . . ‘ ‘ _ . "E' /IXJL M[zl 6 E'jﬂ‘[)/{%‘ldj ) %I‘Eijﬁrj BE T E@E&ﬁ;ﬁﬂgﬁ
2R e 1) it —E ST, A SOKEN L i S B R T Sk
B T [14]. % F 4 Fhocah Bk skAE 46 55 NMIBTR L 1
g VM 43 ) 82.18.82.28.78.73 1 79.11, 74
%586 SCHEIETE T =1 B 88 -3 1E 50 501 o 96.44
3 84 96.45.93.04 11 92.76. AN, Wi B b A8, XF
o I = ' B B R R TR 51, A SCK BNk )& B e Ra e
St A T . - = ¥~ T 5K 2 26 25 N\ H B0 A 6 P X AN [R5 571

T80 3 6 912 1518 2124 2730 3336 30 4245 48 R R 22 74

T 3.2 KENERMERELLES

(iR BREC S S AL BRI s A, T RS AR —F AL

A6 REELETKRP SN XL R

Fig.6 Robustness of watermark against

signal processing attacks

AT Ak, H i e BRI « 1) IR A ;
2RI QP T gt A SOKENSEA 5 E A A
KICHRAPERE LLARE SR IR 1.

R 1 BHEXTEHE LR ERELLE

Tab.1 Performance comparison with previous works

it APSNR/ BIR/ RN PRI SHEMES MURMRS 4D Y Y
dB (10%%) R TEWE R R R QP=28(R) QP=30(R) QP=32(R)
[5] -1.01 0.95 7.02 96.16 — 81.52 — 86.84 53.32 49.97
7] -0.14 0.95 3.73 9431 — 84.43 — 92.87 69.20 67.84
[2] -1.05 — 0.16 78.80 79.00 78.20 80.80 85.68 75.83 —
[14] -0.60 0.95 0.36 82.18 82.28 78.73 79.11 82.28 79.91 76.80
A(r=1)  -0.68 0.95 0.42 96.44 96.45 93.04 92.76 96.45 95.92 85.87

AXER I, FHEE TI5|[712][14], 45 S H Y K B
TR E PR TR 3O R AR SCEE i A K B R B
TRUEMET R ER AL, F AR A 5 A
JIN; RIS, 2R SR FH LT Ryl e B AT B 25 i A K
BN, ELA e A AN AR Pk T SCRRT 121 5% FH B i A 42
SR BT ZR K, MR SRS 18 4 BT, A R )
ZEIASEE, SRR A2 SR
[14] SRR I F 22 3 BE i A K B, {H 5 3CHik[12]
Fl, Wb KBRS R, Pl 3 e AR
SCHR[S PRI 7IAS T L 38R FH il il 32 S5 v 1 =ik
ATKER, SCHR[13]8 48 H 628 7 vk A R il b, I
B SCHRISIAN[7150 30 5 i2E T RS 8 i) IND B A4t
WAE 5UH RSB AR RIS v B2, R
BRI K FHT GRS T, 7K N6 T R A1
QP iy 32 s, SCHR[S]H A 7K B Pk LRI 3] 50 LA
T, AR S A 85 L L.

BEAN TR EPEE G R, AR SRR 2 E R
TR, T SCERIS TR 12] b ) S T A K B A2

TR K BN EAR B TOKENR G B, 40 EAR
BERBRFR S, 23k [ R O S BUK E
SRR, S IR 2.

XFFIKENVE TR E 2, AR R &
FIWr WNZFM 1) m—J08OR/N2L B DCT 20
(BB TR, P55 2 ARG 5 T SR [14] 1) 230 35LH) A
RITEE NG A KB DCT 1855, SCHR[S )P 3£ T
Canny 5.~ JND L8 5 295 12 31 51 B € 35 . Sobel
IGAGIN AN 5 D 2% IR A0 ek B, RS AR
RRAR .

4 & &

AR T P LT R 1) il e 22 9 A
K ERERE , TEA 4 gt i it A v, DA RS 19
5% 2% DCT 25011 WNZFM (1) m, - 55k 20 B0 )
A, 380 5 I PR AH SR B 3R 25 78 DCT S8 vh



2510 14

XSS A T U A9 AE B2 IR T ISR BN 32 123

FI R BRI RE RIS, SEI 3 Y SR YK
Elm A AH T E A 3 TS i K BN 1
AT R KR FEAR. BELL H.264/AVC P4t A
SO ESEA, SCHR 2 SR, AR SO Sk A ORI L
[Tt R 2w At LR 2 0 T, X T S i D e R e
A AT FLA BRI B R 5 IR, AR SO T
PRAFKENL B AR B AF A /K EVE SR ICESR , B B3R
)5 F .

S 3k

[1] NOORKAMI M,MERSEREAU R M. A framework for robust water—
marking of H.264-Encoded video with controllable detection perfor—
mancel[J |. IEEE Transactions on Information Forensics and Securi—
ty,2007,2(1):14—23.

(2] W, AT, B EBOKENEARB )], I R B SR
RIERR) ,2002,29(2) : 117—123
PAN R ,GAO Y X. Study on digital image watermarking technology
[J]. Journal of Hunan University (Natural Sciences),2002,29(2):
117—123. (In Chinese)

[3] Ry, ZHE. —FEET@R AR ERN DCT SRR
(1] MR R (A SARERR) ,2011,38(4) : 77—82.

ZHU N B, LI J G. A DCT-based robust watermarking using genetic
algorithms [J]. Journal of Hunan University (Natural Sciences),
2011,38(4):77—82. (In Chinese )

[4] ASIKUZZAMAN M,PICKERING M R. An overview of digital video
watermarking [J]. IEEE Transactions on Circuit and Systems for
Video Technology, 2018, 28(9):2131—2153.

[5] ZHANG W,LIX,ZHANG Y et al. Robust video watermarking algo—
rithm for H.264/AVC based on JND model[ ] ]. Ksii Transactions on
Internet & Information Systems,2017,11(5):2741—2761.

[6] DENG H,ZHANG C H,YU H Z,et al. Design method of H.264/
AVC video watermarking based on intra prediction coding[J]. Ap—
plied Mechanics and Materials,2014,644/650:4257—4260.

[7] LIY,WANG H X. Robust H. 264/AVC video watermarking without
intra distortion drift [J]. Multimedia Tools and Applications,
2019,78(7):8535—8557.

[8] QIU G,MARZILIANO P,HO A T S,et al. A hybrid watermarking
scheme for H.264/AVC video[ C 1/ Proceedings of the 17th Interna—
tional Conference on. Cambridge , UK:IEEE ,2004 : 865—868.

[9] FALLAHPOUR M,SEMSARZADEH M,SHIRMOHAMMADI S, et

al. A realtime spatio—temporal watermarking scheme for H.264/AVC

[C// Instrumentation & Measurement Technology Conference.
Minneapolis, US:IEEE, 2013 872—875.

[10] ABDI L,ABDALLAH F B,MEDDEB A. A robust video watermark—
ing algorithm in H.264/AVC compressed domain[ C ]// Acm Sympo—
sium on Applied Computing. New York,US:ACM,2015:1291—
1293.

[11] ABDI L,FATEN B A,MEDDEB A. Real-time watermarking algo—
rithm of H.264/AVC video stream[J ]. Intermational Arab Journal of
Information Technology,2017,14(2):168—174.

[12] DUTTA T,GUPTA H P. A robust watermarking framework for High
Efficiency Video Coding (HEVC) — Encoded video with blind ex—
traction process [J]. Journal of Visual Communication and Image
Representation,2016,38:29—44.

[13] KIMD W,CHOI Y G,KIM H S, et al. The problems in digital water—
marking into intra —frames of H.264/AVC []]. Image and Vision
Computing,2010,28(8):1220—1228.

[14] skiesh, ikl XA RE, 45, 5 T SOMAFIE A9 H.264/AVC i {41
K ENSE LT ] 3 F21, 2012(3) : 82—89.

ZHANG W W ,ZHANG R,LIU J Y, et al. Robust video watermark—
ing algorithm for H.264/AVC based on texture feature[ J |. Journal on
Communications,2012(3) :82—89. (In Chinese)

[15] WIEGAND T,SULLIVAN G J,BIONTEGAARD G,et al. Overview
of the H.264/AVC video coding standard [J]. IEEE Trans Circuit
System Video Technology,2003,13(7) :560—576.

[16] XEE, 8, BFE. —Fh e SRR 28 28 B 57

Szt (1] mRER (BSRERERD ,2019,46(10): 17—
124.
LIU H C,WANG Z J,LIANG L Q.Research and design of an effi—
cient multi-standard video decoder architecture[ J ]. Journal of Hu—
nan University (Natural Sciences),2019,46 (10):117—124. (In
Chinese )

[17] G, 2805, ). JRifR R4 R eI il 11 €5, R IS5 1 45 5
RO (D] WIE R CAARRIZAR),2019,46(8): 132—
140.

HOU C P,LI H,YUE G H. Quality Assessment of tone—mapped im—
agesusing local and global features[ ] ]. Journal of Hunan University
(Natural Sciences),2019,46(8):132—140. (In Chinese )

[18] LANGELAAR G C,LAGENDIJK R R. Optimal differential energy
watermarking of DCT encoded images and video[ J ]. IEEE Transac—
tions on Tmage Processing,2001,10(1):148—158.

[19] WANG Z,BOVIK A C,SHEIKH H R,et al. Image quality assess—
ment: from error visibility to structural similarity[ J ]. IEEE Transac—

tions on Tmage Processing, 2004, 13(4) :600—612.



