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Abstract

Abstract

Video transmission over band-limit error introducing channels provides several
challenging problems that remain to resolve. An important one is on one hand
compressed video streams are highly sensitive to bit errors, on the other hand,
however, the channels introduce vast random bit error and burst errors, impeding the
correct video communications. Despite of many error resilience techniques are
applied, there are still undetected transmission errors existed in the streams that
passed to video decoders. So, it is often required for video decoders to detect and
conceal erroneous visual contents caused by those undetected transmission errors.
Some efficient error concealment techniques have been applied to video decoding.
Yet, the effectiveness of error concealment schemes often relies on how many and
how correctly the errors can be detected. Traditional widely used syntax based error
detection scheme performance poorly, leading to unsatisfied reconstructed images
even after concealing those detected erroneous visual contents. An embedded
watermarking transmission error detection technique for decoder is proposed in this
paper, where the particular fragile watermark is embedded onto the quantized DCT
coefficients at encoder, thus decoder can easily extract the watermark for detecting
errors and their accurate occurrence locations at macro-block level. Analysis for
watermark optimization is also provided in this paper, with de expressions derived,
the performance of the watermarking scheme can be measured. More, the parameter
of the watermarking scheme can be analytically derived if the performance
requirements are pre-defined. The simulation results show that, comparing to the
widely used syntax based error detection scheme, the proposed scheme can largely
improve the error detection capabilities of video decoder, while the PSNR loss and
cost are low. Further more, an important trade-off between error detection capabilities
and visual quality loss due to watermark embedded is stated, analytically and
experimentally crosschecked.

Key words fragile watermark; watermarking; optimized watermarking, error
detection; error resilience
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ST gAY . O TG TR RN S BURIR 2SS (drif) LS, K EDEJHR A
£ MC RN REAT IV o SR T ASCHTR BRI 4~ 18 MC+DCT+VLC 1% fith
A HE I 3-2 P o SR /K B R] DL RN T 500, Qe P>
JEHR(Y-block)Z IRl 3 REFE K /NG AR s Bl EAGIR A T~ 8 X8 TR, i b
WA R BRI R o AR, K BRI SE SR P EAE AR BT S Q-DCT
ABCEREATRN, T AKEE S, DA AT DR A B K B R S8

AT XS 7K BN 56 B (R0l 3 06 418 72 24 1 (1) 2 DR el o 77 A R P 4008

Intra 5z
7<_ DCT Q —j W ol vic | —
A ¥
i v
A Inter Fxz{ e
E 3 Witz L4
o [— < DCT*
| T
B8R

3-2: SR T /K EHIR AR LR ) MC+DCT+VLC it 25 HE 42 ]
W: KB AR

TER TN, DEREE K EPARN TR — D2 5985 1) intra-/inter-B .
T intra-finter-Ft. 2B/ {4 B HL(Y-/C-block) R A EUE I A A AN IR, BRIh T
IEBNHAERIRR, RN T IX S (B K BB ] DA BEAN ] o AR BB, AR S
T RN He BN R, U e IR T AR OR[N, g hd 7365
TSR I BAT R AR, DRI, AT An] RGOSR [ G ) 25 e 225 (10 A ) 2% 0 1 18 %o
P RBEAT RS o 248K, W AR T S T A K BN MR I G 2, R A
WA A S I

BeAh, MK 3-2 38 mf DUEH, di /e Q-DCT R & Atk A 1807 KEN, b
Koo LG 2 (0 B SePs b, AERCF K BB BRI T S, B AR A
T2 FVR 1% 1E A 52 A7 6 TR B T A DA i 188 2 )33 R AR I, X 3 2 TR A7 AT
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B B KERA R EOR

— N (Trade-off) X 3 s ARGE PR A AL P /K ETIRANR], 325 3 B RS 5 (1)
AL DA SO I REFHUEAE € IR B LR NI M ey
IKREPHIRLAE, DAL H ARG

> BRI R AT RN A A B K BB R IR 2 L 2, XA H AR br B2
— U

< BN KB TG ) P 5 T i 1 B,
max { PSNR (/K EIHR A BT B %, AKEHIRN R 11152 )}

B, AKED AR AAN N AZ ARSI (RS R AT R AR I, A5, e o8 52 PRAS 18 L
(¥3 S HTRE 52 SRR, 8 65 R S AR D0 1 25 8 fe /N B e b B JE R A
BT R o R MU BT KB, BATHI X LY H bRl RE 1L 21,
WA LR, TS KRB m ATk,

3.3 #=/KEN /5 X FEW(Force Even Watermarking)

WA 3.2 O MAL, BATEA I T — R B )7 % FEW(Force Even
Watermarking). %7 EIOHEHZH) T XHR2TINR K. 7 8X8 Y] i 5
FOKEIAIN, FEW MR R0 LI 3-8, 4EiKEn i, 25 A 8X8 Hup,
f - AMHE zig-zag 7 pos 2 J MIFTH Q-DCT ZECHIASUL (5L, L4 5
TP BON IR AN SRR SR X AR SRR T T — 15
IR 8X 8 S UHCHE B I9, T0 ZEAR T3 DU PRl 356 5 8 W AR <
T T LK EM NG Q-DCT F MR AR B A, [T LEARRD I I 1 5
BUTIUKEI) Q-DCT FEUEAHL, MIBIKA ST 8X8 He 0¥ 7K I L2y
WO, SRR SLBE T 24T 88 Ay Q-DCT Z¥efs B LB (R BT A
B AMIUA T 110 8X8 HURBRN I T . 25— AN BN (AT 88 B
BRI ARSI, U B SRR s 1724 ELOUS — AR S BT AT 8
X 8 B LI K ENHSBAT BRI, o1 A Y SRR IR . 2R A 1
FHARI RO L, 2B BURHRAG, (IR BT S B B
AKEDFERAE TR o 35 R R 0 00 2 S8 WO, T B
HH LI SR DA FEW 1 FL 7.2 —

-19-
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1l2]a|7 1516|2220 for i = pos to 64

AC, =sign(AC;) x

1012 (19|25 32|41 |45 | 54 even(abs(AC;))
11|20 |24 |33 |40 |48 |52 | 55 end
21|23 |34 |39 |47 [ 52| 56 | 61 L

X if X is even
22|35 |32 |48 |51 |57 |60 |62 even(x) =
36 (37 |49 |50 | 52 | 59 |63 | 64 x-1 if xis odd

K| 3-3: FEW /mEK
XHL, FRAT e SCK ENAG I o5 5 h -

0 ifabs(f)iseven

Wi ):{1 if abs( ) is odd G

TEfRRS A, TR IS B fE—A 8X8 B Q-DCT HEL Fik NWE T /KENF
55 w(i)=W (AC,) i=pos,..64, XH AC;jt 8X8 A Q-DCT H¥. XH
PATAT LA SN A= 1 W ek 25 (Error Assessment Function, EAF):

EAF (w) :%iw(i) L =64 - pos (3-2)
pos

EAF FIHBUEYE [0, 1]. b 1 AW 15 75 28R sh i iR kel i, Al 1 T —
ABIME T(O<T <1), 24 EAF (W) >T I FRATIR 2555 15 (1 2 B R Bl 15 B 4]
P 124 EAF (W) <T I, WA 24T 8 X8 HUg A H iR, B X AR R
S I LA 2 (1) o XL IR 2% RE A R A 7EAT LI A A KA AT — N =i Q-DCT &
BORA R AT AR B B S, B AN A AN TEAT B R K P 7 A )
R TR

3.4 AKRE/

FEA T
& AP TR S WA K AR BEA T e bRl (AR — B A
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B KBRS A DB AR

SR A HLAA I 7 %

WRLAE G i A Q-DCT AR AL EARA Sy WA By /KED, IF HAE M A s or I 75 B |
TN SERENE AU 5 2 e 108 A AR SRS TN S AR A DR A BB (1 2 e e AETEAT
—BPE TN, AR FERE AR B ARG (1 R TENUE S (KA AL

> AT O RAL HER AL R FR AR G AN 3 (Trade-off) 5 &R
<> FEAN MR T A AR T FEW TR

BRI AR R AT b B B AT, A RES X T S LA — A
TEM.
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FPYE

Xt FEW IR EES 0HT

EOG, BAE S N B LR S MR S
R A-1: TS E SCRAT 5 AR 5K

OAC; 1=2,3,...64 G ae szt DCT 25 #5351 8X 8 Hep 1 63
N AC 2%

AC; 1=23,..64 il ae 2k DCT 254 RIEHAL JE 43 3111 8 X 8 He iy
] 63 I~ AC %

acH :{AC AC ) IACH N | pnsts ocT s,

| o ~SIOn(AC) FIACTsodd | e ke s it 88 Heps

i = pos,...

L AC &%

OAC, i= pos,...64

ntdes el DCT AR figEll, W7 MBS
2] 8 X8 Ly fr) 63 1~ AC REL

OACTi= pos,..64 Gt EIL DCT 288, BACRIGEA K T KE,
FEUEAT SR LA B0 8X 8 Ui L /4> AC K
ACi 1=23,..64

gl tehu)a, iSRS 13 211 8 X8 B A 1) 63
M AC RH

—~W _
AC; i=pos,..64

SR )G, AR ARSI R 8 X8 Hrpymy L
MR T HF/KEI) AC 2L

n 1=2,3,..64

INEEAES i A AC REC LK AGN B 21604 0,
Ji%ho,

w(i):W(AE) i = pos,...64

FEMRS T4 IR L AR T 807K BN AC R %L
ol 2 BT K B A W() ILK(3-1)

erf (&) = %Ij e dt

g7 R

-22 -
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sign(.) TSR AR ERONRIE 1, 2 MR [
-1

abs () LRI RR R IR 5 AR ot

Lf] =0 WU PR K @, PRIy do S AR R e
BN

[f] f=0 HOBBRA b, BRI HRE h Je il F A A L
B ONE

4.1 IR NEE S

AT TR AR, BATT 2N IneE Q-DCT AR LW Y, X HLIAT]
KT AEAR 22 SCHR Hh 0K A (05 T IR 2 vy 407 16 7 (Addiitive: Gaussian Noise,
AGN)BEAY . R BeHRE—A> Q-DCT REL BRI BIME N T7 228 o) B s
W R, U B ATT ) UIE I HE 345 B0 R B E AR RS H L SOKEI S 52
[ [ R FOCAR

AC; r _______ ﬂ_%f"i _______ *i AC,
Y
| | | | | | .
n' n-1 " "1 42 | f
AC; L
Pl g *n AL

] 4-1: HRN T K EIBR A Bl A0 8 75 T 58, R R K BT REAR AR
H1F Q-DCT RM& i ALhi)m Al 1R, I n] g 3 EUR A T R B A7 /K EN
WA, & 4-1 WoR T RBURFIERMKENN AL . B4 Q-DCT Rzt
feli)a, LM Ja 19 2 AR BTSRRI -

AC, = AC, +sign(n)x| abs(n,) +0.5 | (4-1)

P{AE=Aci}=P{o$|ni|<o.5}=erf[ (4-2)

_
ZJEGn

-23-



$PUE 6 FEW [RELS 2007

SRE, BATIAE S AFRS | AR T 20 () 7K E LS w(i) 4 O IR«
P{w(i)=0} = P{ACi mod2 =0}
= P{(AC, +sign(n ) x| | +0.5 |)mod 2= 0}
=P{Zk—0.5£|ni|<2k+0.5,k=1,2,...}+P{O£|ni|<0.5}

_ 1 > 2k +0.5 2k - 0.5 (4-3)
=erf [_Ni_an J* z{ erf ( N J erf [_ﬁ_gn H
eV R G, oA BB T % O (L, AR FI %08 T A0k 0
O B B B 20 2 0 ) Q-DCT B LBy, 4
BB e B O % T=0 B G BB BT 6 A 8 X8
Ho).

P e = P{EAF(\Tv)>0| AC # AC}
P{EAF(\T\/)>0}

_ Tc ] xP{AE¢A0|EAF(\7v)>0}

P
6
- [ P {i(i) - }}
pos x1
1-

{AC = AC}

'U

1—{erf 2\/%% J+g{erf [zf/%:fJ—erf [Zf/z_consﬂ} “-4)
1{erf (2\/%% ﬂ X

R, R EURE R E RN AR, B ol AR BN, A% G 2E s BN U
W0, JUIRIN B R IR RO

1 6L
P M~ 1- (Ej (4-5)

MEE T AT 0, AR E LR N
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Py we = P{EAF(Vv)>T|AE¢ AC}

| P{i w(i)>T-L} (4-6)

i=pos

P{AE;&AC}

2 (8-6) AT LI 28 T30 A0 TR K BN A1 W R 2 A4 [T A 1 MR
B (4-6) 2T LU — 4 Bk

(1 o-pfir=o)) (el o)

KTL]

Ped_MB: 64x6
1
1-lerf| —=—
[ (Zﬁcnﬂ

N (@-4)R1(4-T) 25 T B R A IE AR E AR AT /KBNS 4 pos R FIBEIE T 2
] IR) PR B ZR o ARAEX LU OGRS, BATTRT LU 25 5 1) 2 BUE R 20 # 80
AKERLIAS BRI TERE s Sz, BATI ] DAAR s B 2 R3E 2 1 M B R L vH KN 2
BOREE U PIWTBI(E. ARRACOC R LA Y, 3 B i iR I i P Rg, s
LR BIE T, B I/ pos AYHUH -

4.2 HRTKEMBRAMSHMERRE TER S

TEA/NTTN, AR AT B TOKED RN T S 300 B % i R R, FIEib 24 QP
L & K B 2 % pes 2 HW M X R . X H AT H
PSNR (7K EHRAHTIKI &I, RS (1815 Aty i B S5 IF) R, % PSNR
K, RYE SR BTSN

e, WAV —E MR IR, S K ERNRT G B % 2 [0 DCT 45 i
¥77 1% %5 (Mean Squared Error) (1 HIEE(E, tHE) E(MSEpcr), #EAT/0#T1; fAEIHE
IKENZ4 pos MIEANZEL QP ZIAIMRECC R, X5, T DCT Afi g~ IE
AL EAR e, FARPEMATGE FU/R € BE[30], DCT 4 b7 2= s b Eatss: 7%
i BT R 2, EIE(4-8), JLUFRH TS UL SR A

MSEpct = MSEspatial (4-8)
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XFE—2K, FeAmn] LLE L (4-9) k1145 PSNR:

255? 255°
PSNR =10l0g,, | —>>_ |=10log,, | ——2> i
S0 { E(MSE )} Juo { E (MSEpcr )} (4-9)

Spatial

N, FRATIF U A IR IX AN LR AT BRAT T 00 TAE . B s, AOCHR[31][33]3%
%0, intra BRIIZE DCT 280 J5 1K) AC R A6 hut by i (Laplacian) 73 A7 ,
ol R A, RSB0 2 A (Generalized Gaussian Distribution, GGD);
BEARSCER[32) 5 VR FRATT, 7R T 123 Tl J5 753 2 inter HR )48 DCT A8 45 i
1311 AC REW T4 bz i (Laplacian) 73 Ao PRI, ZETFAATRATOHES TEZ
A, FRAT K IR SR T — MR EZL B intra AT inter BRI¥ZE DCT A8 j5 BT
1311 AC REURMNZZAF] (R h738% 47 46 (Laplacian) 73 A7 -
0952 g )

H TFRATTH ISR RS B R A R 2251, DR DA 207 — AN 1 Ak
B AY BT R L8 AR S, TATR T H.26x B it S AL R s B Ak R 2
P HAR R AR E, A A R AR AN T S AR

Intra—block :

(4-10)

Quantization: AC, = OAG,
2QP

(2AC; +sign(AC,))QP —sign(AC,)QP, AC; %0

Dequantization: OAC,'=
0 AC =0

1 QP iseven
QPo :{

0 QPisodd
Inter —block :
Quantization: AC, = %JFO.S
2QP

2AC,; +sign(AC;))QP —sign(AC,)QR, AC; =0
Dequantization: OAC, ' = (2AC, +sign(AC,))Q gn(AC,)QR, i 7
0 AC =0
1 QP iseven
QR): .
0 QPisodd

IXHEPATISExT intra LG SLEAT VHERL, AR JRARYE (AR E B n] LLAG 2 inter B
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4. IWAC! MFRIEAIAVIE, HAMRLN TN AC REA SAEKEHRA
PRI R e 2 s T HL SO s I 2 221000 Lo 3XFE—2R, £EXT K OAC
FOAC Z )~ J7 1R 22 BT R A -

EUOAQ' —OAciW'D - E{P{lAC,=1jx[30P QR[]

+E{P{lAc|=1x[20p(ac, - At |

4kQP

A - P
=2(3QP-QR)’ [, e X+BQPTY [ ¢ K

2k-1)2QP 2 (4-11)

_ (3QP _ on)z y (e_zopzi _ g iPa )+ 4szi[e—2(2k—1)ziop _ e—4k?LiQP:|
k=2

= (efzqmq _ QP )(3QP QP )2 1 4QP? (ezmp _1)ie74m,op
k=2

-6,QP

= (2% % )(3QP - QR, )’ + 4QP? —
(&7 —e " )(3QP - QRy)" + 4QP*

@A, 2, 12,360 AR AC RENURHIT G 1S 5. (50
@10y, Tl T L5 A 5

64 ,
E(MSEper ) =6—14 > EUOACi' —oac! D

i=pos

(4-12)

(?’QP_QPO)2 & (a20ps ey |, QPP & e
64 ;(e e ) 16 Sil+e @

(4-12)FE X} intra BLEATHTIOE R o [RIFEIVIEENIARE, FATRI LA 2] inter B
o Aras R .

(?’QP_QPO)2 O (aearn ey, QP2 & e
E(MSEyg )= ” ;(e —e Ph) 4 16 21 (4-13)

MR (4-12) (4-13)A1(4-9)2, FATTat nl LAAF BIE intra-/inter-BR L0 T, HiFK
BV M3 BN B S N S S HC MR AR . IR IX R Hoe R,
TR LURR 25 5 1) 2 BB R S0 8805 /K BRI R R IR S s ez, 3RAT I m)
IR 5 T 258 B I PERER BT K EN S A AL 240 BRI A
A RN G IR N2, v LU QP BE 9K pos Y HUAE .
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4.3 KW —AEZE /TR (Trade-off)

TEA/N N, AR I S50 4.2 7 9 30 i B 7 A 45 R A — Nk . 7R S5
Hr, FATTH TMNS gfifts 25855 CIF #% 20 Cost Guard [P 2T i, X5 FAT
TSI T K EM RN AT G B AR ) PSNR. 28, FRATEESE QP X
7 A1 10; JKEIZHL pos %} intra HLEL 24 3| 44, %} inter FRHY 14 3 34, IXFEIRAT]
L2 453 intra B inter Bt 00T PSNR SEZI6 ek . [N, ZESEgerh, 34T
AR S0 o GE 11 (1 543 38 T intra-finter-3 N AC R ERy by 107 20 A 10 S 5
A i=pos,pos+1..64 o ARJFIHIL LG E IS EA(4-12). (4-13)F1(4-9), FRATI1H ]
T PSNR [ 2R k. gEimre &l 4-2 FOE 4-3 A Do i 2 Fn sl th 2k gk A7 7
LAt LR R BoR, W4 82 M IULEC . 75 intra $R1K) DCT R 5040
A RARFF G RGH A TEOU T, W Re s I AT O, X2 KR
intra $L1¥) DCT REUZITART G h G hr il oA, SRS, X L8 R 505 br 1
BN A —8 A (GGD) . BRltk, Wi R T —8s Wi/ A g A7 404, wILA
1SR EOEHA . nT LN AT Z Mg R, (2, XRMEEREAAA T
LR FIN T, T A SR IR 23 B 7kt A s 1) 2

Fralwicdlycadedaed

Fralwicdlycdodaed

3 L . . L 1 L L 1
%D il 30 35 40 45 G%D 25 30 36 40 45
pos pos

a) QP = 10 b)QP=7

4-2: PRSI RN PSNR 2 Fscst 45 i b Cintra )
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a1l Fralwicdlycaucabted

PSHREE)

ok
e Aralicalycdoized
z
o

Esparimert rezult )
Esperiment rezult

3 L . . L i L L 1
%D 14 20 25 a0 et} 10 15 20 25 i) et
pos pos

a) QP =10 b) QP =7
Kl 4-3: HIRTHEAG 20 PSNR M2 fscae 45 R R Cinter o)

REFE—K, Tl (4-4) (4-7) (4-12). (4-13)H1(4-9), FAT AT LAVF i Er 7 /K Ep
J7 M) Sy RIS S B R TURLIN B, ok, FERZSH, Wngihdas il
ZH QP W T ok, BRI SH A1 =2,3..64 CAIITEOL T, AT
MRYE LR IR IEAE AR P, o MITVFI PSNR, K1 /K T Z 4L pos. IE4H,
MK LR AR AR S B 1, 13X intra-/inter-B. Y/IC B, &A1 —
WS HRERAFR), WA, i=23.64Fc2, PrUlEMFEIVERT, X2 F1
P KENZH A ] LA

Bk, XS R FGERAE 128 = B P M A — 1R W, RI7E Ry (KR R A A%
AU S SR 2 18], f2AE% — DN (Trade-off) . XK R R, fEdt
AT HC K ENOCAC R IR, PR 2% RE B 5 LE A R 14 B B SR s i R A BT
B, Pl By KENLAE, e BAE M E B 0L, SRS PERER)
At XAATLELA ) UL, Al H b Tl e A BN K s AN F 1
FEE 4-4 1, FeATTas Y T BRI SR Y 5C A 1R 1E A 0 A N B S Jo e 40 2 2 ] )4
K WEREATE I MRS, BIAERAERRIKT T, KETS
ZAE QP 04 10 INRBLEAL T4E QP 5+ 7 MINARMRIL. HiEE — mEiEs
I QPR 23 RABE UK AR, 41 R AR AR N 2K A % . HE
MG —NREERTERE, 24 QP MR MINR, A 82 KRBy 0, kA >
2 MR BB EHRA LRI E S, L, BARBEE il R IR B E R —
g, [EENNESRREA DT, £ ERHEREA RN, SRR &
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Mk T

G5

PSR

1] 0z 0 05 (I 1
Ped

Pl 4-4: B DR IE A A RN 51 K 2 TR (13T s R
4.4 KENF

FEAT S, A
g T FEW JKEDTT S A B AR Y

AR, B AT RIE R 2] T LA R TR IR IERE AR . R R
BURAKENZH R SHCL KRR KT &I

MR IXLERTA T, FATT T LAVEA 7K B3 5 PR B R TR 5 A7 3R B 3 18 11 B 52 5t
B AN, BALE TR, KET RITERE HKEN S 4 pos Mgutdds LS
QP Frjsg, IXXHE e MEREEOR MR TKEN B fe S

& ARSCHEAR /TN A MPEG N H] HH IR S £E R bR A R AR IE TS DL B
R  HIAT foe i 1 DG i

seAh, FATE B ESR I AEAE 15 =5 1 G R R .
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5.1 XIGHAY

S A AR ARG AE B, 28 DY B rh B g BRI A B 45 R0 T s g e (n
MPEG—1, 2) M A 4148 i i 65 R A S 5 00 R 1R A B (R DT
FEARE G (bbtn H.263, CIF, 300Kbps LA F) N8I H T Q-DCT R Bk
VLRI R ZE RS I, PR RANRE 45 A 2= . H2 T LUF JLAHEH,
WAL PR T H.263 S 7 N FHBEF T 5256 -

< AEHR NI, H.263 fEfRM A LN AR Z . It BATTIA N,
CAAERTRT SO NP 1SR BB K II2 8l 1Y) H.263 it 7L W AR RS
R IAEA E AT E LA LR AT ELBOE B IR i 5t

> AR NHNUARSER 45 H.263 Jnft i FiAL 4 EATIRGF I BIS . BORFIEL gk
filt, AEAFASCHE BT LA LR . BB S S L. SR SR M
BRI 22 i) i

> JET H.263 MRS R AT LA FEW U7 SEPERER DL, JF HAEW
EUEHAR 7 M I Fi A LA H AR Z TB] 3T 258 &R

> FRATIPR R RS AT A R A A A R 3, W HL.263 VA, 3K
AT TR DCT AR ERI AR AL 45 il F1 H.263 3 H R EVT L R A5 28 BT ] 1
1 R AR S RO EIg 4R

FEAR ELSEI A, FRATIRE X AN R R B AR RN 2 47 5 R I MEREREAT VAl . T R IN
PERECLR M T I, — B R 2 e Al A MBS DR B A E A %8 1T SR I
ISR TR, X T0X — B A TR A 00 A PSNR SRIEAT LR . ss ok
5 PSNR A 40 K

PSNR( f,z)=10log,, (5-1)

FRAR A ST S8 PSNR (080742 dB, 3Ref £ (mon) B EE%, 2(mon)

-31-



I LIRS R

BB S . N, K f(mn) 3K z(m,n) 5 AL

AR S IR I LU S A TR R AR A A E AL Tk, 1207 SRAE H TS
FARE T Z A s ARS8 P R DAL 7 S AR SLBE R B 255 T AU K BV DA
P SIAER DAV S NS 0 RPN i B SN SR MR bz % SIS 3= g 1 TB s
BURIPPAL o O 7 253 25 Pl R PR S Bl S S O AN [, ASSIZRR T [ 5 Ak
DKM R . EGTE R P (51 LU (PSNR )R AT it (1) (AL dB), i
TAEMRNECTF /K BT S T R i e 23 R AR AR A, DRI 4 LA ) 7 8 1) PSNR
JERAE X, ARICERYE % K B (R-D) th 445 BIA RN ECF K ENRE, R IRA
JE RS AR PSNR , AR J5 FERIHR NS0T 7K B 1) PSNR BEAT LLAL, Xt/ S
£ A PSNR IV Tk

5.2 SRIINER

AICIHAH TMN8 e B AT A g -1 &, IR T 5 TiEvE I A
DRI L H K B R AR LR . B 1 45 SRR A A E K ER
TN ZEABE SR AN EG - 7K BRI RAN [R) (1) 251 R AT IR o ARSI 0 2 AN B % e 51
AT TR B AR, 1K B A 1) 3 AN A AR AR 71l ——Akiyo.,
Mother and Daughter 1 Car Phone RiHEAT /T L4 . X = ANRIF 2 43 IR T
ANFER AR, o Akiyo BT S, RCKE 8123, R4
PRI N faj BRI . 17 Car Phone HH T 5¢Ai23)), Hi s AW REIZLNIE3),
HEEETESVFRMEs), TRATFRIL G E AR S280 R ki 7 /47
1) 240 WHZRAT ) CIF(352X 288 %%, YUV 4:2:0)F5IAE I MATIR, i
k30 Wit/AP

ERCT B K BRI H.263 it 25 e ] WL 1] 5-1. /N 45 2R e AT
K 5-2 il o Ho, A Sk R ML S (Bit Error Rate, BER) 4 5 10-4 [#] BSC(—
JCAFR{FETE, Binary Symmetric Channel)/E A sEE(E1E, &3 T—MEik, B
Bl P AR 0 7 M A 2 i R AT 23 0 50 () DR AP R 3 — A S P fs i, B R g i
RS HA I ACEY, 5 n] AR RICh g H i i — 1> BSC {HiH.

SIRY, ABCES M EERET, BR3P e LR (1 2 5 R Ag
YU, S JEE IR BSC {5 B B LA R ) ek 5] 10%~107°, Xt A5
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AN U T s L A AR DN S A7 fE D RV DR e T IR B . AEA
SO, T B RK Q-DCT ?éﬁlﬁl’ﬁ"/ﬂm4 eI, SEPLH Ly
AT RIS 3 E Q-DCT RAM A % o

%
Video H H T
in A
-~

To
video

m ultiplex
coder

T Transform

Q Quantizer .

P Picture Memory with motion compensated variable delay

W Wa(ermarker

cc Coding control

p Flag forINTRA/INTER

t Flag for transm tted ornot

qz uantizer indicatio

q Qua»nllzmg—w alermarkmg index for transform coefficients

v Motion vector

5-1: AR T /K EHR AR ) H.263 gl %
IKEDERA PR
1 AN K B e B

LI " = .
T, | H.263 Zifin g BSC {%i# __+H%3%@%_;;
A it

K 5-2: PiEAGHEE
TESLIH, AT e RESERE /KIS EN
K 5-1: PHESZK T ARG S HAKEISEL

ZH HE

JKENZ4L pos Intra_Y_block 36
Inter_Y_block 21
Intra_C_block 15
Inter_C_block 15

BRI T 0.0
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Ymht gy =L ZH QP %t inter-/intra-frame #HUIE 52 {8 10
Y iy % 30 i/ Fb
{HFIE LIRS % (BER) 5X10* ¥ 1X10°

ASCIZI A RN BTN A . AR R AR PSNR =AMy TS THARA Al ) e
G057 FAASLINE 7K BN T AT T B =N PAIIsERas R (€ 5-2~%
5-4) WLAF H, ML %, ARICT7 SAEH AR T=0 I, RSk
RTIN A T 61%~117%, X5 DR BB R AT B P S M0 A 5% LE A o7 R 4R
i 1 330%~1300%. ifiZfifi PSNR " [#7E 0.5dB (¥ [l LAY, Tiifis 5 A 4 o
I BATTR PRI 5-6 ST LA B, ol TS DRI IERE (7 A T A3
i SIS R BRAT SR K B AR S B %, DRI X 1 2-3 T b s ) B
L7 BUG (36 G A% G007 SRUFAH 2

K] 5-3 i T4E BER 2y 5X 107 (UL R FEEA RGEAA SRR 7 A F 1
LT, el % 740 EE 50, 100, 150, 180 1 200 Muiff)bbis, it
XL LR IRATT AT LA A SO R IMMIFG e M o fEaZ L, FRATIEHCT fiij 5
(19 52 H AT — W0 0 T A ) 2 i B IR R — Pl AR W IR BB AR, h
THEAX—HAR, BATEARRS IR b, ASESS — WU S T n gk
fho M 5-3 Hmf LU, H T AN RAETERE EAHLUAR S5 S0 580, DAL R
A AEAR R R R T A B B TR BB R . AL, R 5-4 ThIRgh TR
[E) 5 A I 5 €1 gmtish PSNR A#AS PSNR 1) HL %

REHe, FESEEG T, BADBEIAT TEARFRSH N AT ZMNEA, XS4
A G K EISHL pos, HER AW T, afidas m S50 QP DL HIE R IL K BER,
W4 5-5~3& 5-7 f&] 5-5. 3K 5-5 M| 5-5 WA THBIEARIKENSEL T I %
rkae, o R EH, 78S RS Ae 0 AN E GOl R R AR —
AR, IENEE = AN U ELEL R IR .

% 5-2: Akiyo J#4)
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BRI T % gl ARSI BRRIEMES 4SS APSNR(AB)
(Kbits/s) # (%) % (%) PSNR(dB)
F T8 (BER=10?) 92.56 34.98 493 36.45 -
BT (BER=5X10") 92.56 28.9 11.3 36.45 -
AN Ji% (BER=10?) 85.91 56.41 43.42 35.79 0.24
K% (BER=5X10%) 85.91 62.92 49.44 35.79 0.24

7 5-3: Mother and Daughter /54

BRI T iDL ARSI HSULERELT  AESTIS APSNR(AB)
(Kbits/s) (%) % (%) PSNR(dB)
BTV (BER=107) 158.14 28.13 7.57 34.95 -
F T (BER=5X10) 158.14 311 6.0 34.95 -
A% (BER=10) 151.31 63.73 40.93 34.49 0.28
A% (BER=5X10) 151.31 62.25 48.53 34.49 0.28

2 5-4: Car Phone 7%

BRI T % gl ARSI BRRIEMUES 4P APSNR(AB)
(Kbits/s) # (%) # (%) PSNR(dB)
F T8 (BER=10?) 333.76 37.0 4.9 35.36 -
FTEY: (BER=5X10") 333.76 35.91 3.4 35.36 -
AN Ji% (BER=10?) 306.18 62.64 45.42 34.53 0.44
A J7% (BER=5X10) 306.18 62.17 49.64 3453 0.44

% 5-5: Car Phone 34| — AN[AIZK ENZHCT J7 =PRI L

BRI T % infdae  RRLACNTRIN AR EREAT  ASTIS APSNR(AB)
(Kbits/s) % (%) % (%) PSNR(dB)
AT % (pos=22, BER=10"%) 306.62 59.34 36.42 34.51 0.46
AU T7% (pos=22, BER=5X10") 306.62 63.12 40.35 3451 0.46
A% (pos=37, BER=10") 313.71 44. 51 23.12 34.78 0.28
A Tj% (pos=37, BER=5X 10" 313.71 47.45 28.31 34.78 0.28

% 5-6: Car Phone J7*#1| — AN 524 W BIE T 5 S RER LA
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BEBASIN Jy % MDA RS RN AR R T g9 APSNR(AB)
(Kbits/s) # (%) # (%) PSNR(dB)
ACJ5% (T=0.023, BER=103) 306.18 60.28 43.21 3453 0.44
AT7% (T=0.023, BER=5X 10"  306.18 60.34 4752 34.53 0.44
A% (T=0, BER=10?) 306.18 62.64 45.42 3453 0.44
AICJ5 % (T=0, BER=5X10") 306.18 62.17 49.64 34.53 0.44

# 5-7: Car Phone J¥4I| — AR EC T 7 RYEREM LR

BB 7 % DA RS AR R AT ST APSNR(dB)
(Kbits/s) % (%) % (%) PSNR(dB)
AN TJjZE (QP=11, BER=1073) 279.76 57.11 44.22 34.15 0.48
A% (QP=11, BER=5X10") 279.76 56.51 4351 34.15 0.48
ALTT% (QP=10, BER=10?) 306.18 62.64 45.42 3453 0.44
A% (QP=10, BER=5X 10" 306.18 62.17 49.64 34.53 0.44

5 50 i 5 50 i

#5100 i #5100 g
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(a) KL SR TR IRy 58 (b) KA %
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K 5-3: ARSI T 5B T A L P SR ] 1 LR AR

365 T T T T
36F
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I~ 4 ! -I""llﬂll ¥ i '.- w'
LTS 1rl1f| 5
— 4
E,. a5 h
e
i
o545
34t
Sk o p— Employ proposed scheme
- - - Employ syriaxcheck scheme
33 L L L L
1l a0 100 140 200 240
Frame Mo,
a) Zwhd PSNR [ LL#R
4':' T 1 1 1
- - - Employ syriax check scheme
— Emplay proposed scheme
35

3ar

P=MRER)

dar
ho - =
G e e

20} N emmat

-15 1 1
1] a0 100 140 200 230

Frame Mo,

K] 5-4: ANFEESREINT %N s gn s img PSNR A B &% PSNR [A] 1 HL 4
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— Paarderpos =22
- - Paarde pos =37
33 1 1 1 1
0 a0 100 140 200
Frame Ma.
a) 4ifih PSNR [ HL%
36 T T

240
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ED 1 1
1] S0 100 150 200
Frame Mo,
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K] 5-5: A[AZKEISECE S gntidimg PSNR Az B4 K% PSNR [A] fr) b5t

90
NDetected by syntax check
80 B Detected by proposed scheme

0123456 78 91011121314151617 1819 2021

P 5-6: VKIS SRR 6H A BRI R 0534
AP HERT: H SR IIRL FATHS DR AR 2 W ROMIREBE B LAz 2250
SEEDHER: (5 A B R R OB R OB CRGze %)

5.4 RE/

fEARTEH
> BRATT A SO O3S T /K BN GRS I 7 AT T VR, JRRME SIS TR
VR IN 7 BT T X R
v AT ERERIRE SRS B ARG T 2, AT SR B A
T=0 R, HRTRIMNFRERE T 61%~117%, X4 iR BRs U R 1 vk
SEVE R A R R e A RS T 330%~1300%. Wang [¥) 7 & n] LUK
IEHfE A 3 5 10%~30%
v AR AR RS . ATV E AT KB, JRRE S IAFI
AP, 2 T4
v B A ) T A s R e TR I K A TR
Wi, SEUREES REAN 2 . AR R RN i, %
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v PSNR [ EGIRMNR LS S AR T3 Bk 7 &, AR SOy ZEafr R 3ish
PSNR F[%7E 0.5dB LAWY, 1fi Wang /77 i i) PSNR R[4 ] ik 2dB

S A5 R, AT A FAL G T %

v AERER A AE D EA AR TT

v AT BR A G T STV ) “ R IS

v ARTTEFARAR, BRI A T L2 1) v
XK ENSHORAR G S BRI XA SO S RE_E 2wt AT 1

AR ZECT T R RERBLNI A7 7RISR TAEAR ST b, A iRk
DRE TR S e b B TRl S AFAE — DTSR R
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KA N \
BN gt

TR S8 R R EE (B ET1E) R IR d Ti I 45 — 21 Bk vk
Ryl L, A AR B — s — U7 I, A e AR  £ 38 EARR S A A 0
S 1 g D AT R AR TE T SO AR ST T KR A BEA LR A AT R A R 6
SO TSI IR A o PR R ) U AN AT R T S, AR TRl
T SRR T FE 0 LT AT AL i R P 5 B B A ok e i % R 2B )
PR R, (H2, B BB RO AR S2 A D der I 1K) 45 2R (1 P e
PESEW o AL GE R FE T TR IR A I (R B R AT 5 SRV (8T PR 54T, (ER AR RO I A 3%
] Q-DCT A Hfi Bl EAAAER HRBEE, MEMME T Q-DCT REU K i
IR SRR e G5, RABRIN 1) (R B 2 10 2% BTG R B R BB A,
J T REREI A R, N B s AMEBOR IR, WA BB R 3 IR 22 ot
R L, BA TR R N .

AL

> TEATAT T ARG RS TEE I T R A L FERE L, 455 06 BT K ENE R
TRRPEH T PR K B AR RS AT e A B R FEW
A fEg AT Q-DCT HRE R A 2 W £ 7K Bl (Fragile Digital
Watermark), F H 7D m ko iZ 50 7 K BN se 2, SR$g s G i 2
BRI R FEf A, DUFAS R BRI AR e AT S UF IR . sEBe R0,
PEHUE 7K BN T 28 FEW, ZEEALSH0N 10, RI5E K 5X 107 50, A
PUSE VAR N AL S T &=, AEANEE s/ D3 N i 2 i a4 ©
v A DURE S BRI R $E 5 61%~117%
v R IEH E AL R = 330%~1300%
v PSNR H A5 0 T &
v T RINE IR ERAK

(RIS, DO ASCE SR I TR EAR AN IR AR ST IUESE, H S I
IR K R AR R, gt ] LT 3t A T3 1 LA BT R 5T
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& AT FEW 7, i T RE BRI A AT R I W 002 i 5T
R 4
X SR I B ) (0BT A R T 7R Q-DCT M b1 U A 7
WA (AGN) Y SRl TR, 45 Lo

v FEW J5 R4 R IE A E AR 5 /KEN 24 pos 2 [a)jE N FEIG &R

X R TR ARG Q-DCT A EUIRM B 1z b (Laplacian) 73 A (1) 2
fitt EREAT IR, BRI 2 BT IR 45 SRR S Rk (1) 25 AR 4 A UL

ASCFAFHI R SR, X PP FEW KEDTT S IPERE . 7B —E M R G MEREER T
BEF KBNS AT S 1R 7 o

> ARSI AR BRAT IR, AE S B AN 8 0 A AR R 2K BB 111 3 B
I S i b BRI PN 5 =0 H AR 2 TR AR — A F 41 (Trade-oof)
KA. NI EAFRRAIE

RAPTEINAAE, TR7R T IXISEARAE B ALAL LR 5k
SR SCOEAE N ) s iR

B S B b R P R T AR PR, nT LIRS QP 1424k, ARAEA ST 2L
WoHTAER, XN R TEREEOR, AKEIZECRBEE QP IANFEI AR, X
A DA VS 2 SRR G AR B o BRI, 6T AT AR QP AR B R Y
R, TR PEREZEOR T, KBNS 4 pos Bl QP (1AL fHipk—5K 3K (Lookup
Table), XAF, HARSIHLAIN R 7 2 A nl LU E pos (KU .

& ARSI BRI A ERIUAE, E A SR P 13 K B i 45 4
DR 1 S B R P PR A o gl LAREA T A A A o 0K o, (A AS ST IR,
LT 28] FEC SRIFATRAREOR, HATHKIIIS . [, AP
IR T AU T A By %8, e DL AT 2488, )
PGS & FABDRBARP TR, DA R GEREE 7R DR HRP TR 255 AT SE A 11
R

AT R BB RIS S5 R, JL T80T AYE SCHR[34TAI[37] 4k 3. 1t
Ah, LESCHR[35]AN[36]HT, AN NIEFEH T —FhELT FEW J7 %11 FZW(Force Zero
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b

Fisk A

7((4-8) MSEDCT = MSEspatiar [FJUL1]

IGER
DCT ()= f"
DCT(g)=g'
DCT &M — DCT(f-g)=f'-g"
N - DCTAIEAC AR #, ARHEMHEY FL/R & BE
S(tH)-90)) =X (F0)-a°())

i=1 i=1

é’%—tﬁMSESpatial ( f, g) = MSEDCT ( f, g ')
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