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Abstract

Video copy defection is a complementary approach to watermarking. As opposed to
watermarking, which relies on inserting a distinct pattern into the video stream, video copy

detection techniques match content-based signatures to detect copies of video. Existing typical

content-based copy detection schemes have relied on image matching. This paper proposes two

new sequence matching techniques for copy detection and compares the performance with color

techniques that is the existing techniques. Motion, intensity and color-based signatures are

compared in the context of copy detection. Comparison of experimental results are reported on

detecting copies of movie clips.

Keyword : W-&7]3F Bl 9 BAMEx|(Video copy detection), 417 $HSequence Matching), Ordinal,
23z} EA(Color and Motion signature)

.M B

QR £ witiels] mHo] s ol ol
oM age] wirioje] BRAll Rt A
Baxo] Zrlakn ok Aol nawpior SEG

*IEER, Bl B ASEIERER

(School of Computer and Information Engineering,
YoungSan University)

B HF20024E3 131, T4 2002411 A25H

(96)

Hedg Arlshe YerblSe] dikeg A7E Q)
2} wirje] mele] W} olv] miExl vir]o]d
Haleds B53 4 gl el gk

W47k BapukR](content-based copy  detection)]
718l FAlE . 27 HEivkA(the media
itself is the watermark)’o]ct. & mltjei(¥]c]e, 2r)
2, olnlA)e HALLS Z&EsrISlah FREla 553
AR5 BF3ka leks Zleolvh W-8rI8E HAptA|
W2 WA Aee] vit]ejellA EAl(signature) & &
) 72e BAo] HlAE nt]e] AEROoR Y 3

=g

_—

r
e
% o

;&N



2003%F 1R BFLBEWLGE

€7 BAE AEe] QE nltiele] BARS ¥t
EAE dsi)gla] A7 vic)eie] SA3) u]wai)

Elmpgol nlal WEr BApdAle) e A
& B 23¢ vlheirt B3 olFx & 4 9l
i Zolw JEjuble AAY =49 witle] sl
Aoz A4 4 glok oS 59 4o 2xpg
AMPH o2 Star WarsTh]e] vhae] slo]zejl 54
29 22313 o] EASL eyl 2y BAH
zEl9l s Bule] 2YPES Fud A" S 9ok =
g o] whle dejuizbae] webxel WA g
& $x 9ok H2d o] dA7es) Ak FAb
7 Warut Bapgaubge)] oigh 278 Assls gl
o8 )20 Yes b Fikey) ©]RIXBEYE]
olmlx|7ut BAlL FE8)e] Hglatc)

B =2o sh}e wtle zHQlos Atk %1
o] ) vlr)e =alQ)e s A7t HAE AE
gk whel 233N sequence matching)siel| =4-&

il ek =R Rjrel] $AYE SAHeE #ds)
o] 9% vehlle 2AEAL A3, ordinal

RS MH L $abgA Holol Agailc olF 57
& 71Ee) geh B4 wlwsie] SAbgx] Wl
Rlag shgch APL Star Wars$u)E T2}

o] HetesA(intensity  ranking), =
ordinal 543} Ze} slaEalesl e EAL 7|FE
EA(reference signature) 28 Q& 8B|t]e ZHgJeg

XA,

FE FEsha, AL EAo] H2E e #£4]
(sequence)ZHE &3 BEAlRE 72379

N 543 gk

Bt

—

0. LHE7|8t SAYX|

W HE S BApgAE Q8 Wt esE A
&S FAAINe] 54E REeT, ol
AAZE ulele 2EYo ey FEE 543 AY
of BAel¥E AFU) HAPRA AL 2

s, AAl Alz"E ] sixe 2 DAt
ol Ao R 2zv|ue F& F3E& Aok sk, B
A7t ol4ke] dlelEiHlol s QJEAE FAIFE 5 glofof
ale] AX|ZE H2|7} =ojo} it vir) o] EAZEL
Zel, PyEse F3H4e EAat 74, optical flows
2] AZHAQl A2 vE 4 Qlth dApiRle 7] =

97)

F£40% SPHE £ 1% 97

HAYE AHTFE o[r]x] EAE o83t Aje] vjLrut
HApA] Bolol] 2gxlo] g8,
Linchart5-2 £39] 7]=d¢ &8

S wsIsisl 2
2} ZgHcolor coherence)EE o|-43le] v|t]. ¥
e g Alzdel] ALt SancherS-e B}
AE A8 Flzaele] et saEadedy FAR
(principal component) &SR0z ARl oz
TVHddge] 8300t Ze} wlo] s A}
w1735ttt Hampapurso] Aok wpEL oAE5AL
AMgate] Zepdstel st stddt? 2eh o))
HHEE B2 $4(video sequence) T FEA
S Ao dgstA] Rk v[v]ee] AzE4al
(temporal) AE-& A7 IndykES vt Lol A
H¥Hscene change)Ate]e] A=l EAA AMg-sigict
B0 o= AAlz Agsh=]l Agle] i SAolth
Mohan ¥]5&g 52hg Fdshe vit]2 48 ¢4
ordinal 54& AH315Y. NaphadeS-& wlt} 227
< Ags] Sl 2l Fara 45 wEE
Aokstii MPEG ®It)2ed  DCEAl(sequence)?
YUV 22 aeie] wai-g AHegiel”, 25e =3
oA EAY £45 AH-slg] o), BAo] BaRolA ol
R CAEspdA A Dbt wgeSe] wWEs
7 739l gk A3-E 3R sl

H|T]L HAafrlA]
Edshs
ordinal®} #Z=}
Hlo]e S92

ARE 7L

it

2.0
'-15]"2“

Ak

2
R
rE
i)
ol
FIF
ol
[
3
o
2
o
i
F

Bit] e 9] Zule} FEA F rio] A3} o) A
7 BA 2% =] 4 A3Hrame sequence

matching}& AHgsle] WIEl9e] AR WeIaA
ek

1. 2488KMotion Direction)
24 BAFE oA AAAe 382

Aes o



Ye)
o)
=
v
o
I
S~
>
oF
N
il
o
Of
O
-3
fru

o3} ek 72 2 xHE NZ PRT, v3E N,
2 bEe N = Ny X N, le] 358 23, 7 B2
gt wAd dEE @4 Tasls e sz
T AN 7 2Ee mAMEE Qe waez
WSS ek AR BASAE FRE mawa
& @ zegdo] o) EAZ T, & @ zA9le] 5
AL 7 Q wWke Tshe malMEle] Agolc) =)
oF Q uholelol £Xgde] gl LRoleh mAdule]
o] 217} o] Hm BEL Oubo= AojEel olF
4 ZHYe 15x15 /9] EF02 ey mAEE
7 aupeom mﬁ} Qb ol L) HIELe. %
& () % @ vepds ek

SuD=ao(D), q1(D, g2(D), q3(8), q4(&) M

a{n={0,..., 225},i=0...,4 (2)
4714 qve] &

3 @ suplER 38E £ gle AR Qldre] &
2 2o 9ok
A =S f, cheZEde foleky s <2
4 >3 o] RARYARAL 2T 5 ok =)
f 8] BZ BelA] 34E (x, vyl & E5271(p »y)
9] 22 "oty 27hg pPelw Frk =Y fia o o
X3k BF BollX 4L (x4, vin)dll & 49
(S\ SOE Aozl Wk 27t P Al B
7Fe&k flA|oll sl AdjEiX}o](absolute pixel
difference)®] S AKX
Auskiatele] F& 249 FAEE Akl 9
‘E‘H A]—%—‘Eﬂ-ﬂ]—_ ] “‘]/\%l—a 7x]'t 1’]5{](MXt+1, MYt+1)
7} 27t P} 7P frAksld s 71Eled, 4]l B E

f, for 1

Motion Vector
Extraction
3

For Each Block in f, 3

¥

| Quantization ‘

Motion Direction l

Select Image Patch Histogram
at block center
I
Find the ASD at each point
inS,. S inf,,
Minimize ASD(Absqute Sum
of Pixel lefevences) m /\/\
[ Motion Vector d,.d,
%
time T time T
Signature Signature
Direction 0 Direction N

a8 1. 245 FF oA
Fig. 1. Block dlagram of motion signature.

T 5459 Ae9t B30

2] WolWE] de= xeMxei®t dv= ye-Myr1 & 738k #
3 f=tan (d/d)Z AR} o|F wEle] Wit
7R oL gk Zaglell gk $AIE ekl AR wlE] e
718 A3 sl 2-HE 4% ik e uleky
= b wkEkel ot g F9H& el ofg Tl
AEo vehll= Zlolct
(1) 24 A3 Motion matching)

24 B AFFYS dAEIY wld 2E
B3, B4 A WHe 4 2YE Fok AR
o ERsislene Fob Yo fing A

715256l disle] AkeAE
bAoA Astst A (normalized
correlation coefficient)& &k ol & +3F & 39
G e Ze AP AR elebn g
ROE 71§89 5Ao2 TOE H~E 259 5
Aoz T (99 HiEZFF ] Zo| LTUES|
A Aqrgl Al Clos A Q)3 2ok

_ E(RIOT(D) — ECR(A) < ECT(A)
Ay = A R(D) < o T(D) ©®

o714 & Ev ok 4] @)} 2o}

i=

i+ L2
BS)=1- 2 [S0)] @

c R o(T()= FTetellA EAY #HAE
ehich z8j3 CloollA Za7hE thn®]3L RS T
2] 24 Aygelat wdgicl.

2. Ordinal HY=E EA

Bhat$} Nayar'”3= ordinalghd cd4ke] alx|eins =
Asp7198l A9 28315, Mohane o5 a3k
9 2 Rl Hapkle] 242 915 Mohano)
W3g 2Azke A3t ¥t 239 ordinalEA
S Fab7] slal, S 2 ZE ol gt ordinal #E
HR &Il AARE N= NoxNy 2712 e 2+
B2 AP WYES FIt e gese A4
we} JPHT ranks} 2 Bl AoHrl <& 1>
e} rank s Velgigich

qheF N =92 vlrrhd, t9x19] #9919 ordinal
EAL 7 x99 Aol dAshs A4 no WEE
A G)e} Zre] vepict.

I

So(H=(r1, 720 ..., 7w 5)



2003 1A BFILSEH

E 1299 olel $eoe i weE
At 4o B2 rank
Table 1. Average gray level in a video frame
divided in 9 blocks and its rank
based on intensity ordering.
20.3 129 1232
250.1 723 1992
69.3 80.2 200.0
1 0 5
8 3 6
2 4 7
(1) Ordinal A3t
715 §A& RUOE 3haL HAE =

fo

5 BgAele] A2l 4]

(6)=} 7t
1 te Ll .
1o L2 RO TG ®)

RS} T(DAlel] A7} #Hav})
e 7 A Ao wkdicl

D=

L

T

AR twin®] D(t)

3 #e} ey 54

o] 548 A (sequence)ellA] 7h ZHqle] EAow
YUVS|AE#E AMSha, S|aBEa# apRi-g
T Bl AnEAgte R FHsle Ao
Naphade7} AlekstAnt™. wah chabal 2alz A4

21
Q. zelle] BaEaNe UHHe PEe AN
oh B R Tl SAhgrRge] Asuas sl6

a5 PR ool slaral wApmt
& FREIth YUV slAE7e wr)ee] zb xa)
oAl Axrelm, YE 32, Ust Ve 168RI8)steg
M=64712] AA™ s|AezloR 3jgirk Te{nzg v
2 F¥e] AL 7 ZH9le YUVE|aRade] &=
A(sequence)e]c}
(1) e} slax72) A

Naphade7} AH8-& A W2 7IE 548 ROZ
sk o] Lrol d=9-8 H8% vlaE 548 T

=+
53

(99)

. $£40% SPR OF 1K

9

gl &, st 8 aE e wR A Y (normalized
histogram intersection)< th3- 4 (7) 2 (8)7} 2tk

t+ Lo/2

NHICD =7~ 3} KH, Hy) )

S min (Hy, (), Hy (D)
SV H,

KHy,Hr)= ®)

NHI:= Rt TS FAFEE 3Tk 1A tnaollA]
o] #Hd) NHI(07F 34 A gho]wt.

A kS

v.

iy

o} gl

e

AFE 28l Star Wars2} Super Bowl 200154]&
o]g3}e] Star Wars®] dlE™-2 MPEG] (352x240).2.
2 gl QRyujY 7RIS dAElsls, HaE B
AL J1EEAY e 270 wAEp] Y8 Star
Wars®} Super Bowl®] MPEG] (176x112)elzwog
HE] ok <ZE 2>+ AY dlelslll s el
-2 EAARS A% A8 AAE ARsEisich

YN

Eva 2. }%_Iiﬂ tﬂO]E]-
Table 2. Data for experiments.

Resolution
352 X240
176%112
176%112

Video title Length
2hrs 12 mins
Zhrs 12 mins

Zhrs 6mins

Usage

Star Warsl Reference

Star Warsl Q

Test

Super Bowl Test

1. 713 Wit &(R)25E] EAle
2. HlAErr(DESE EAE 3
3 HAE ZF=e] LE Al

4. "Hl~ERHL Tefl4] o)} H(P)E& Al=ghc)
5 P82 Ze] Lo E9(OF Ad=skch

6. Rell sl Co] #A LA MIS vt HE ~
2o} ME A4

7. 4-69AE 100W Hk-EE)

8 o2 2% o] Lo sl 3-7A1S

=]
L]

s,

7zt xR el A58 ROC(Receiver operating
characteristics) =422 vehfiglen) FAL false

positive(F,)2} false negative(F)2] B[E viehdlch Ny
7v Al AgElaEe] AA Adeln & AT 9



100 WL BAPIAE A A2

ol Fy& false

Al ©)2} 2k

AX, Fo& false negativel
positive®] 7H Ao F, 3} Fo

F{o= - F,{0= )

ro @& Haakve Azgid 5%
ZAAARA T Aeleh & ROCFHUGRE %]
R Bk % 9)9] AR el Bt Fu 0o
Sbagch, o149 39 Fie Fac oJeh

Z

v . a
— .33 e !
—e— LA S0CE |
— Sl

] =
fab ™
e
..'FA'..
-

Faise Nepative Rawe
=g

=
'
/

a

0,2 D3] X ]

False Frsibve Rare

2AEA : false positive vs. false negative ¥

false positive vs. false

a8 2
Fig. 2. Motion signature :
negative rates,

i : "
\ oo LR sees |
i o Bl sss
. P 4-3 ' R
e Ldsees |
ha
= .
E >,
o *
2 b3
= N
at
e .,
z .
¥ e
B T
——
e
-
- TT— T . PR
e S
e T,
i
[ n.ns (L3

Falss Positive Rabe

28 3. ordinal 53 : false positive vs. false negative B}
Fig. 3. Ordinal signature : false positive vs. false
negative rates.

0.5
)
B
04k W
k)
5
3 LN
5 E N . “"‘
El \&‘ .‘. .
0.2 RN
ot T
% oz o a6 T
F ol Poaiive Hubs
323 4. #=} B4 ¢ false positive vs. false negative ¥l
Fig. 4. Color signature false positive vs. false
negative rates.
1. 3
< 2>, <O > W <ay > g v

WP, ordinal WS, AR AR ARE depdch

ROCSALS 2337e] Lol ofgr Zsjolck. 7|sha)

o e} F1e4E AT £ 3

Yol hstod l008e 43hat Az g
& g vehich

® 3. &3 Holwsldl Wigh F 3t Furd 3k
Table 3. Representative T, Fnr pairs for a
number of clip lengths in percent.

10.6s 5.3s 2.6
811 24,14 - -
005 { 020 025
2318 | 27,23 - -

L 1.3s
Motion
Ordinal 0,0

Color | 21,14

<28 3> <8 o)A 7F e 2 37)F

el okerh ¥ ¥2YE ordinal 54
2 35s eI, 2t 2

2
A

§‘~
N
o

o
L}‘go

Ae A W B F b
Sqe}. o] AThe A=
a7 wiol). ZeEAe Aol oJg e
wol wherk & 4 Sl a9
gelole] B4E bl
Mg Bl thet

=
el ApH]st

(100



20035 18 EFILSEH

- Ordinal 5% © ] B4 ) 2old) Azks} g22e]
WokEe] AAY gEE EAR), elne rm
s/dagsigol oplsi witle. shaustel 7
4ol glek

- Motion 54 : o] A= Axeiedold dekEs] 4

el WSS Zepr] W] wlr)ee]

SR

Ashs epistell Zslc) e FRkd9e] ARG
7WAA] Eelng A4S ordinalel] Bl Weizich ¢
= il o] 83 FEE0] »

Al Hle}e. e
ARG G & 5 7] W)t
- AR 54 o] BAE 3RS AR
dole] Aduidets d@stes, M2 ok d39
el ofa] sk AAHl Wl wizsich Ao
dolxle wrkd olf= Star Warsﬂ e dshe o

ol
el

=

——

2 Aol|A] 722 AelREE e H-Rel] sl F%F
AB glo] Halrlr) oigich

Agx o g w9 gd ool dis] 2 deledy
7= A 3, ordinal B4 AlxbbHo] B-870)
3L AIARZE Bleiee] Ao wE XA7RE =]
adeg Al HEE dzdshe Exo] HHL
o] Al BAS d@wdhe 7l vls] Algo] ut
tar & 4 )k

V. &2 E
7]188] Ht] L EapkA]= 7] Qe o]Egt ofv]

A zétl-o e ARgsiadond, ¥ =7 shlel vt
ZHoo 2 Hgtelx] L ofz] AL nig]e ZHYS

7kA-& Ahask whel £ -8 sequence
WS Algste], Blu]e9] - EAA

7 A Al7¢
matching )
o2 ndste] &
o ordinalEA-S Hvlt]e &
ol o5 BAlS 7iEe] et
A oA AeHlag 3}"4‘:}

vl Axp eAjRigre] =

of

L)
o

ordinal &#o] 2

Ast ZepEAel wg 99 Ase Ravk 58 A
APE Aele 1R bkl Aepiy, g2 F=led dist
ol St oﬂai%, chegtAQl QlElaE 917t wlaa

8- e ® ok el wiY
g oﬂ“ ‘:”dTV CF, whe H3E #33 vjr]e.

ol thall ordinal $4-& 488 ol 7k U3t

=+
B

(101)

F£40% SPlR ® 1%

(1]

[2]

(3]

{6]

(7]

[8]
(9]

[10]

od'

101

8k ordinal SA9] Ml dlsfrE A&
7} ”3-6]"4. =3 dAle] ¢4 AFHPE R
S HEe FHY 4 e dda IS

rgk

=
[

CLE. Chang, J. Wang and G Wiederhold,
“Rime: A replicated image detector for the
world wide web,” in SPIE Multimedia Storage
and Archiving Systems III, Nov. 1998,

A Hampapur and R M. Bolle, “Feature based
indexing for media tracking,” in Proc. of Int.
Conf. on Multimedia and Expo, pp. 67~70 Aug.
2000.
GILP
Pirated video sequences on the internet.”,
Stanford Infolab Technical Report, Feb. 1999.
CKR Lienhart and W. Effelsberg, “On the
detection  and of
in Proc. of the IEEE Conf. on
Multimedia Computing and Systems 1997,
MYM. Napphade and B.-L.Yeo, “A novel

scheme for fast and efficient video sequence

Indyk and N. Shivakumar, “Finding

in

recognition television

commercials,”

matching using compact signatures.,” in Proc.
SPIE, Storage and Retrieval Media
Database 2000, Vol. 3972, pp. 564~572, Jan.
2000.

JV.JM Sanchez, X. Binefa and P. Radeva.,
“Local color analysis for scene break detection

for

applied to tv commercials recognition,” in
Proceedings of Visual 99, pp. 237~244, June
1999,

S.-C. Cheung and A. Zakhor, “Estimation of
web video mulitiplicity,” in Proc. SPIE-Internet
Image, Vol. 3964, pp. 34~36, 2000.

w. Contentwise Inc.

D. Bhat and SNayar, “Ordinal measures for
image carrespondece,” in IEEE Transactions on
Pattern Analysis and Machine Intelligence, 20
Issue: 4, pp. 415~423., April 1998

R. Mohan, “Video

sequence matching.” in



102

[11]

HjY BApAE 9 A2

Proceedings of the International Conference on
Audio, Speech and Signal Processing Society,
1998

M. Swain and D. Ballard, “Color indexing,” in
International Journal of Computer Vision, Vol.
7, No. 1, pp. 11~32, 1991.

T

ul

q
Watson Research Center WHE34 19973 ~&A] <
Aldlgha AHFe] A R Fey 2

B, we. AlE Az, e, RdH

ahbAITe A

(102)

XN XA

5459 4577}

YA

[12] A. Hampapur and R. M. Bolle, “Comparison of
distance measures for video copy detection,” in
Proc. of Int. Conf. on Multimedia and Expo,
Aug. 2001.

7H

% & E(EER)

1986 A5esta Ay
b 1990 AEs AR
FHFEAAD,
AR KA.
1~19934

1994d AR}
1990
A E(F) AFsEN

= o‘iq__/;\_ od'?_/‘ézo]’. 1%31’\:;]"'1%7

2001 IBM T.J.

r

3L

T Hok Ir

riAS: Arimg

ot rlr



