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ABSTRACT

This thesis’s topic is Content-Based Video Copy Detection. After bringing out the
definition of the task and its mass application, we introduce two kinds of existing
mainstream algorithms from the view of features used. Then, an algorithm based on
ordinal measure and statistics histogram is proposed and tested on the database
MUSCLE-VCD-2007™ provided by CIVR. The result shows it represents relatively
low time complexity but fails to detect certain kinds of video transformations. So we
propose an image-sequence matching algorithm based on SURFI. Its performance
and complexity are very satisfying. Especially, this algorithm represents high local
accuracy, which can be further improved by a successive step.

Keywords: Video Copy Video Copy Detection SURF CIVR
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P, AFARIWHEEA S 550, RNk AP TR TS A
TR Ak (D 10 0, B8 Sk g e AL, ks AL A,
GETHF RN T B AR R EREARR,  HABYE EERE AR D, X AR Bk
B Sk I R BR 2 A8k, 5IA TRORTIE, DI 3RA PRI 285 Sk 24w
AT WURHEA 0 2 35 Z [AJHEH, vt 18 Sk 28 IR (RBOT I
MR, 153 36 M EITIE, W 3.6 Fras.

H B R # S
AR F E = 45 1E
100 0.5
mm-m I ¢ 0 T""\ E— —
01 ..35 0O 1 ..35

K3.6 Zeil oA E s K

3.2.3 BRI FEXMBLEE L

FEAR R T WM RIS S O R AE T, T B R A A A Sk (52
SRR R RSk, RN T RRR T, DUNEEONE S . B PR
i, WTUMEH B MR, AR EHR ERCRR, FREEd RG], BRI R
SRS SR RTI AT LR HET, K BRAROCHE I (2 3 R (I 1)

23R, B SR A ANN (Approximate Nearest Neighbor) 181225 454
ANN BRFAEFTLE 23 (0] 43 E /B, L kd-tree 5% bd-tree ()05 4 SUR R HEAT %
%=, WK 3.7 Pis.

ANN 2525 T AL BRI IR A] 52 24452 4 O(dnlogn) , 28 TRI 2% 5 O(dn) , Horbd
FAAEAES, n 0RFIESH o SR E 240 O(d(1+6d /&) logn) , Hh e /2
BRZENE ], RISRR RIS § AN A0 5 A s W BE 2, FIEIEM S | MR Ak
R, LB L+ €) .
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5.
=L

3.7 ANNZ 5|4t f418

3.2.4 fHiEIxIEIRIN

FEALR B AW ARBE Sk Ja At T LUR ALK L85 B0 3% H e e MUt
FRB G A R, A7 2 AL ELL B SR PR AT AL Q Hh BB X
N, XSRSk A ATBLEE 2 R R BIA3 93, Wi 3.8 Fion. PTil JLP- 852 fixt
4 FR SEVE B A R 8 SR IEAR LS B (] 3.8 R D AR ),
A SCVFA S IIXFE B I

953 B I 2*0.8 IR AR Ry (5 e AT o

SRS | S
// //

3.8 fik Lt

3.25 FFFITHE

FEMEAUG , ) DU SR X L AT O e & IR N 45 2R, thn] AR
I P VL IC S0 Jry B RG A S, O 0 259 AE A

TP DG P S WA 230 (KA BB 17 P 9 i 3 MBSk, R IR Y™
Je& i P BCHLAIEEA T It ) (1 e A1 DL FC A P S A v iy dme VL IS 1
Bo 2 RS IAT R BESL I IFBAT $ LA I A T 3BT, I BLR TH R A 4h
R RIFAR IS 1 — ek, BRI —sr, Wk 3.9 Pror. X
I X SIOR ANREL L b, PRl 1) i 3 AN Sk R EAT 1 P 41 LG .
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K3.9 R BOd A AP (110 5

SN FE IR AL VL 7 PP

DP[i][ j —1] + score[—][om[ j]]

DP[iLj] = max PP[i —.1][j] + score[om!i]][—] - (3-2)
DP[i —1][ j —1] + score[om[i]][om[ j]]
0.0

Hodr DP[N[j1R s LA, § S5 R IGAEVSHC 7/ 510 143 55 score[X][y] & nFrfiE
X,y IARLEE, B x, y DU I759):  score[x][-], score[-][x] 7~ x 5 45 i /G fic () 75
5o VIR DAFIIC SR, § 45 R IR VS IC TR S UG o, V1545 s 4 2
KM DP[iI[j], REASARVLEC e o435, AR 10 % T A UL S 1 S 4

score[s][t] 7 LABS it 54 3545 . W& 3.10 Frw, B 5E7E MUSCLE-VCD-2007M
HROEI S8, A A R AR 3 SRS FE TR eSS REAE s AR t IRIREL f S]]
W R EO H Ak BI1S 21 score[s][t] -

ot

JRAL5H

jr— log(f C
| FITSZIREEA, 1 e » score[s][t]

TR R ELf[s][t]
THRIE fetabditd
DL “

K3.10 score[s][t] kit &
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3.3 BZEM

FEREVFRISEIAEVEZ 5, 3o T HAE MUSCLE-VCD-2007M %4 4k L3470
Re MWPRFEG A Pentium(R) 4 CPU 2.80GHz; 2.79GHz, 2.00GB 7+

3.3.1 #EEENA

MUSCLE-VCD-2007™ 2t CIVR $i At () B TR0 A5 52 1R IS4 1) B 45 . 5
PREEALFRZ) 100 /NIFIARA, WA 72, BARBEZEE, A DUR A s B
ARSI T Y S 5o

3.11 MUSCLE-VCD-2007™

AR S N R ek i e U S E AR A T R

H—REMPA 10 MEHIS, 5 NER AL, WA 5 4 EhE] 40 43
AN, IR SR . HAR(E B R 3.1 iR XA NPl e
Quality AT ] . Quality P14 T -

Quality = Ncorrect/ Nqueries (3-3)
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e Neorrect $5AIWTIER %L H, Nqueries =15 f& 45 £ i) 5 2.

3.1 MUSCLE-VCD-2007™ 1 (1) 55— A i)

EERGIETD 1NN A
ST1Queryl 6:57 color adjustment + Blur
ST1Query2 5:48 not_in_db

ST1Query3 6:18 reencoding + color adjustment + cropping
ST1Query4 5:25 not_in_db

ST1Query5 7:43 reencoding with strong compression
ST1Query6 6:02 frontal camcording + subtitles
ST1Query7 7:00 not_in_db

ST1Query8 8:00 not_in_db

ST1Query9 9:13 colors phase modification + color adjustment
ST1Queryl0 11:33 non frontal camcording
ST1Queryll 11:46 frontal camcording
ST1Queryl2 14:41 not_in_db
ST1Queryl13 17:27 flip
ST1Queryl4 26:19 resizing + subtitles
ST1Queryl5 42:59 resizing

9 RE WA 3 AN, BEAS 15 3, BRSO AR R AT RN 6
2 8 BB Bt Bl BB A 20 02 120 FhANGE . X —REH =AM
w=5Fr: QualitySegment . 7 i i [A] F1 QualityFrame . QualitySegment F/1
QualityFrame 15401 -

QualitySegment = (Ncorrect — FalseAlarm) / Nsegment (3-4)

QualityFrame =1— Nmis/ Nframes (3-5)

b Neorrect & AW iE & I H R Bt 2 H - FalseAlarm & i) 4 52 B
[FIARATEL, Nsegment = 2152 & il v B2 Nmis & & et (1) 52 i sl 5
A SR BT E,  Nframes A& & HIMTR S E, T3 AE % 2 00 R R AL
KSR EIFD, BT Nmis £ Nframes 76 715200 FHRD SR AL RS .
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CIVRZEhttp://www-rocg.inria.fr/imedia/civr-bench/Results.html 45 H 7 2007
SESINVPAG S B IR 25 R, nf DAE XS LU RyEEE . XSRS — KAl ah
SRS Ay gs o &l 3.12 A1 3.13 s

Team - run ST1 score ST1 search time
advestigo 0,86 64 min
IChinese academy of sciences - 1 0,46 41 min
IChinese academy of sciences - 2 0,53 14 min
ICity university of Hong Kong 0,66 45 min
IBM - 1 0,86 44 min
IBM - 2 0,73 68 min
IBM - 3 0,8 99 min

K3.12 xf LR SAAS — KAWL 45 R

Team ST2 Recall ST2 search time
Considering segments

City university of Hong Kong 0,86 35 min
advestigo 0,33 33 min
Considering frames

City university of Hong Kong 0,76 35 min
advestigo 0,17 35 min

K13.13 i BEARSVAS SR A k45 R

3.3.2 BE&AIETE
B AL T ARG = 5B 47
T A AE S B TR 22 5.5 /NN, L) 1.5Mbls.
B PAEAE LTREE 5 vk, AR 51142 AN Sk RERE .
7 ANN R 5|72 20 75,
3.3.3 F—LEHMLER
SRR LS R
Quality =12/15=0.8;
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http://www-rocq.inria.fr/imedia/civr-bench/Results.html�

AW ] 27 2pf, b 22 29T AR s A i R AR AL

XA A R Canl&l 3.12 Fro) AHEL, R RUE HFRATTI S50 i 1) 43 2% J i
fiX, PERER LR
334 EZXEHMAER

o5 RAE WIS R T

QualitySegment = (15-1)/21=0.67;

IFE) 2k 8 3dd, b 6 2B A TS A VA R R ALE

QualityFrame =1-500/1006 = 0.59 .

B H AR AR Canl&l 3.13 o) AL, W RUE HBRATT I B2 i ) 2 2%
IRAG, (HAEPEREENAT KBk, QualityFrame fRARK, {H2&FRAT I 72 20 5201 v B
WriEdfh, RS e AR AP LA, AU, SRR R E o i S LAt
{E2 BT PE e K 2, 53 QualityFrame K

3.35 FRitit

Ext AR ER A R (1 3.12 F1E] 3.13) MLL, oAl AN S0 45 A
ANBR SRR s — o A v (R B 6k e LA R B s R M RS B (R A [
AL,

S ANRE U BRUA SR T WU B Ik P LR (BT B TR AR . S b, A VAT
DR 43 B ) A FH T S OO R AR, e S — 2K, B 27 438, i
IURRAE CRLFR I R EE S O ARAE ) B 2% 22 2. OB IO 5 & 2 AH 6T
oA Ry, BV 75 B8 Ze vl 7 B I 5 R S M R s 46 4 B Sk SURFAE
IS ) S oo FEAR SRR I A o bR T3 IBCRAAIE 1R I ) 5 B M A B e B, T
DATIL A G 22, XN SR IR RE S ORI IR TR DR o )1 RIS ) = 22 T
FEEANEE S o TR T ANN 251454, Bt DURIAS 2 A BT R 1) His 5 Clan
I 10000 /NI, 3K S I TR A AN 23 2 38

AR, KR B2l 90%, 5 REMPh 94%) £
S DR A 0 9 06 A R AR 2 I 3w AR FH 7 P 47 DE PR i 0 0 B, AT AR 74 5 4] 1)
AR Do BRI RAR T B B R USRSV P R, 2R A R
CRE—RAEMPh 80%, B REMPTH 71%). Lidtd, KIEA R B
SRR AT A S R (R e SR P A o Rl A 1 ) LA AR e . RSN HB U, i
INF- 1K LR 1) AR e B E S TR BT . BE R RS . B AR . X
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BEAR W I S U P SRR AR AN e R FF S AR 4, i W [m] 28 i I A2 DAL R Iy
JER G Z S FEIE TS TR B AR 25 AR UE B 73X — Al AR 3 1) 52 41
PRATAE Gt 16 g e RSN St e B 46 B, AR S 7P AIIL RGP BRI G . B
UL B R R RE, 20 SRS B R (AL

B T LA EPIANRS 2 Ah, BT E T2 R S i B 5 WA B . 28
TR P S W SR RS A E (R bR QualityFrame SR, AH R IX SR AR A [ 3R
RIE B, A RPRAGE S FIRAIIEECTE R M. T VST 78 DERC A R,
FATV 7 ZE LA RS A2 A E AT, ARSI 21 1 A 7 S iR L. CIVR 4
BER S5 R TR B XA ERS, 04T QualityFrame/ QualitySegment STl % LL4E
VP BB 4 R 0 0.76/0.86=88%, 11 FRAI I 559204 0.59/0.67=88%, W AHI,
Wi B 7 7 FI VT RO S5 0G5 T R RS i

3.4 HEERZ

P R IR 1T B VR RE S R S AL i A TR I R 2 AR, XS B
PEREAL, FEEE—2R A, XA I R 2 o Fo A S —2F, IAE
KA, BN, NTRDON HABSEEAR 14, F 2002, 65
— RIS AR IAE S R, & R A TR ER — S AT 1 7 )
FICHCE B, xS PEAR AR AL PR AR — SR W0 I n] BEXS R SRS A BT FANIGTE , Py
AN [R) E2 LU AL PR EE S8 Ao I 1) S8 AR Ry AR A3 AN AR XS I ) 25K
ERA ™ 4% B A [P R0 BESRAN ™ W R W FH AT R LA e 122 1) U AR
LB, JRBATEOR BRI TR IS s 112K RENS PRt It B s Tn ) AL
s AT BOF AT SR SEARBE, DU N R OR Bcdla 8 (137 5K o IR O
N, BT R T VLS B A EE R A

RAFIRE Rk B TAE AL, Sem FRAR R B TR i Py R
RFALE XS 0 T S TR B R A KPR 25 LT AR B b 22, SR 52 T R
SRR EAR U /I, TEIR IR S RIS 22 0F v AV A ML AGT I H X 42 ik
JR ST A T 3R ERe, A E R R AR, RATIN C 2k
L, JREEEIEE F T PR R, (EOR LRSS B 2, D R AR AL
g A P ) T ) UK S A ] BRI SR 2% S i PR R e R TR i

IXAHIIMES ) AR B v B B eI O UL, AR5 AT R SRS I 2
o XFRGT R 73 Sl T IXA S gl AT Pk TE RIS, o SR R
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WSRO Sy, i HAGGE RN, W SRRS S, MBI R 2 H K255 1 1E
SRR H DA ) A B SR 2R (K 53R 0 AN AEL L I TR) 2% R . fH
ARG R FIFEAR S e 73X R K AN i SR ok e SUX — 2 s AN
af s IR B 20 SR S RE S RIS B 5, B JETA SR SR TR RE AR 0 25K
PITELE 25 AR AR A Y S i ) R R ik, DASR = IR DAl $ o
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F4F ETSURFHIEBE R F3LE & *

4.1 EEBLA

fE b, AT AT T 3 P 1) LS VLS . XA
HARE, AEE VPSRRI AR, i DRI MU B8 Ay i ) RS e fr) 5 e P 22
TR BeATT R WA, O T PEmbEaE, BAIE ST S R N R R L

AP R AR AR 1K) T AR TR vy AR R B, SR 5K
(R JRARFAE, FENT 205 1 Fb e A RO MR (R g it A SR IR R, AR
HERERM 25 vk 5, AR AR PRI SEHR 100 /NN HE S A RFAE R 2 2500 /N AR
2 AN SR EC A 15 73 BUIBIRI R 75 22 375 208 IXAEAC KN TR Xk DL 32
(K1 PRIMEAN AT BESR IR — MU i) Ja PR AL, FRAT Yo 28 R 1 P Ml B BB 5 S v 75
T R AL o

AP R AR P 28 A DR E - Qi - 550 g i P B3 v e M RO ATTABLEE o 55 05
Jp JiE i o FL A BT BAANTRD, Ry BRI A A5 S AN e — e, — i
BRI R R AL T LU G n A4S m i), Hobon ARDE, m . IXHE, AhE
LAV B R R SR (K B 8, At AN H] ANN R 51454, K08 ANN %
ST EE SR AE Z 18] 1K) Minkowski BR 2. PRI, 5 B4R S vHS5 P 5 SRy A
IATBLRE IR 258, RN AN BE sk 55 ek BE -

TR HHET SURF I A P SIUL RS . Sk i 4.1 Fros.
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A EEE
12 BR U5 4iE $2 BRpUFFAIE

1 1
1 ||
1

ik 12t B i 40 5

1

Kl4.1 T SURFIIE F A TERL &L iR K

4.2 HEENE
R RIS A D BREAT RN A4
4.2.1 FHER4FHEIRER

T R BB R AE (R s S 2 B, FRATIE R A B S AR I — ot 1) =) AR A
T AP R SRR 1 25— 0 R Bt Sk o X200 AR 3.2.2 Wkl d ki 1
YESE—FEM, PrUAAFEREA UL o [FIFE, b T HEBR T8, Bk FmigoR > (2>
T 10 M0 [FEELERA T HIE

5 P RIS S R, RIS R R R . AR, R
TEREHR IO Ah J=3 SR AE o 222 SCHR[3] P HR s T = AN SR ) SR 1 P AL A A2 i A6 1
S, FARPIANAL[A5] R F Harris S8 a5 i — AN ek BROAS 1 b A 2%, #E%%
AU DRI 4 A s AT B IE s 35 = AR [16] 2 H (1 I 25 2l
(Space-time interest point). J&& IR G 288K m, MIMS, #rd HaidE

30



{HE Harris %8R 5 AT H EER AR, TRAT 1% RS FH A 1R 45 A B 4 s, — £
T IRFAE o

2, AR I SURFIEEAEF SIFTEYSAE LA 436 . SURF Rk %L
SIFT F4f, HEZ 2, $2 I SURF K [H] LG SIFT 220, PRt AT T £ HL SURF
FFIE.

Fig. 2. Left: Detected interest points for a Sunflower field. This kind of scenes shows
clearly the nature of the features from Hessian-based detectors. Middle: Haar wavelet
types used for SURF. Right: Detail of the Gratliti scene showing the size of the de-
scriptor window at different scales.

Kl4.2 SURFHEAE 7745

PRI IR B4 1) SURF RRAE— % 75 224001 300 2 500 A r (ani&l 4.3 Fras),
FERFAS T ) o B X s B i — A 64 4Efr) A, BN FET 0.2 31 0.5 F5.

Kl4.3 T8 E i A I 2 SURF A3

I FRAER AR, R X SURF R HESE T 3E— 2P/ 4.
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SURF FFAIE i A (1) 3k 2 G AR BRI AR DR, 6] B AR 4 AT AR SR I B8 1k
WE 4.4 s, BMEXTREG 088 BEA R SRS E i s BB, P E
B4 SURF FEAEARE AT IR o IXAF AR AEA G L, FRoATTn] DAfA] S b 647 T4k
iR F R T, AN 2 25 MU RS (). T iE iR, R rETRE Sk e
I PRI TR £ A2 185 Sk R BRI I e IS TR)_ BT BN S, il 4.5 o LRI
A4 F1E 45, wJLURBLPE BIABIEE, B SURF R AELE it 7 It 415 AR A 1R 3 1)
Gk, DRI FRATFEBE Sk rh B BT AN 0SR20 735, e T 2 B3 &

Ela.4 PR oo

K4.5 itz

HAR SURF ALY YU H R B RS P RE, (B2 B AR IR
ARSI B SE M), AT RETFANE S R . EEAnAE AR, XA AE,
RS TIESGI 1 SURF RFALUIZR AN 0r et AN, B3R 070 I8 M
TEWEIG, IPREGRI NG 3. ERAMSR HHIES . M
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WOEE R P81, R W AER, B UASRE FAR N X FE RIS . O T RS
ARNE, A TTHZRL SURF AERLTE TR AT 55 B P RE .

ZIEMWIE B QA R, i SURF FFIE T LAE 2 A 64 4EM i X1 Q &4
RQ, THEL R fUR, IR AT, A RAFAE d[I[j] /D THIME GRON
0.3), WA Q7ER L. QFH R MIAMBURE & A

#{Q, | Q7R I} (4-1)
#{Q;}

Hrp#S RoREA S TICEIANE. 1 4.6 o, EHURIIR 4 IR
(R, NI A 0 I (1) SR RS R il Ot N PR AR e Rl R B A R 4 . 7K RRES . i
A FR 4G B, B rh & s S E BE S AL B b . BRARRS DL PRy
sEA—FBONML. ATUET, BRI ORIRBELN, XRY] SURF
FEEVEREDLH

sim(Q,R) =

k4.6 SURFAHLLEE K%
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422 i HmEFE

132 EUZ I SURF RAE S5, FRATTRE 2200 0 il v 5P It SURF REAE A ARBLRS o
BARTERT I SURF 1 B IS FH B ARBLURE s SCRT AAR G- U A it L5 () SURF RE
fiE, AREX e SO G AR =, S-S T ). [817EARAE 25 ] L UK )
s REREN MU REAE o) SRR B S AT A R, R R R B NECGE; 5
— ST ERBCEAE A REIE, ] 4.7 FoR. X8 R BATTEICA S
(R3] &, R 2% SURF USRI AL BE, e 2843 30— AN e 4E gt Ok n) &
ANED . XEr FRERENEES BRI E T E.

N frames of a video

e, A [ s
3 ﬂ ™ g § ¥
B = .

n1 frames closest to n2 frames closest to n3 frames closest to

seed vector 1 seed vector 2 seed vector 3
S1=n1/N S2=n2/N 0.4 S3=n3/N

1 o

Signature of the video = (0.3, 0.3, 0.4)

4.7 S L oA By

Gevh oA BT A A I T . BB — AN LR IE I DA ) . St
) B N e TS BIRRE e S, — RS, e, ROk, PERE
B, (AN e R o DR — A SR 2 R R A T ) 1) . AT T
HUT M 64, 256, 1024. 4096 Ht 4 AHEHEATIR o

Ty A e AT G RS ) B R DA SR R S B, A
SURF s FARIE . HLpR g R o, P A s () e BR it 4 17 181 2 T £
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AR BB LG o BTG AT DASL A R RIS st R 22 0 5 SR S iR turse 7
XA REIVEREAR T o DI IRAT IS (9] 7k, A SRR 7 ik R 1 2
ARG . 75 SURF (A AR 00 N Hh A FH SRR 1) i A Sk ml s 9T e vk By
B, AN I H B TSR S, TR 3 R R R AT R
FBLE VB ARSI A H 64 I 5 5 B AR UG an 1 4.9 o, LI
4.8 1f, HLLKE 4.6 %,

4.8 FARIE L0 BT B RAR U B 5
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4.2.3 BRI ANEHKFAE L

XM 3.2.3 K, KT ANN ZR5I45H, BAEIX EA R3] .
A RAFNE, EEHALEELIN AR, 75 LA T R 1200
R, BV BN TR BIE I BT s AERAENNRA AN AL, Al
i (R BT FRAAE B ST AR A B B AR, e e, AT 28 3B R 2
HIILAE, 15y Ah—SE R AR AR o AT P AT [ e A < 4 H 98 = 52, R
PR, SR [ A 2 H 2. 8 )5 25200 ik, IR [R1 320K
I, THRIEECR, BrABATaE R 1 R 9] N 1 Bl R

4.2.4 THiE{EIER ST

FHEEIEM Y e, SURF ff AL pEPE s o, iy HLIRATLE ¢ 1R AR H 1
AR, DI EAE i e o B N b T (VR P AN IG5 EE B i sk
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K14.10 AR E T s BT . T RISk 64,

I 126 I B IR 55— ) U W U RAR 2, BRI U 21 b, 4
WIELL: Z AN B AT R I A A R BRI N BE Sk o an ] 4.10 P, R
A AR AR, A Al DAk AR R T, PR RS A R I IR [0 () e T A . 2T
o[ Bl R AT B SR T s ATEX A B s TP, s e el R it . 78
PP AR, XA NS, BN ECEAR RS IR, H2 n) AR LR
PR, W 4.11 B
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K411 P25 AR e FRIIT ARG . ALK h6adE, A1 A10244E .

S AN ) RBUR B ) 23 I IR BOMURL Iy BE Bkl o A — 2L, il 4.12
Pios. AEAiiirt 2505 17— A8k, s Bos Ak M A A2 Sk
PSRRI o M ELZ Bo A A, P 4.13 w20 (0[5 el vh i — B

e

moviedd mpg 3. jpg moviedd mpg 4. jrg moviedd mpg. 5. jpg moviedd mpz. B. jpg

STiBueryS. mpg. 3. ipg STiBmeryS. mpz. 4. ipe STiBueryS. mpg. 5. ipg STiueryS. mpz. B. ipe

K412 Bkl A — 2ol
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e ABE I AT S B 5 A S 2 408 B b R 0 mT B A7 7 R 3 DL . 2k
y=x+b. HWWTFELEE 4.13 T BINHLL, WK 4.14,

ECAC U AARURT E AR ) B &0 B, ] LR I AR 1) foe 3 408 PR A5 Bk AR
BN, TR B R — 4k H 2k, BRI RAT R T BUR L AT
[(WIRE

100 LB R IEH I BT AR . W 4.15 RS AL, 20 A
1T AR SRS IEAA VTS, FRATPREX LEH 40 s A 2o

K14.15 ASIERf B Sk VLRC

PR RANTE L y = x+ b TS b o THE ST AT TR AU(X, y) 1y — X
{H, SRFIIEAE b BILELb e SEYTH Rl RS s A1 ELARA ot E LA«

RIER Yy —x B b K2 (|y—x-b'|>10) i, TR A IEFITER
5L 4R A X LL UL RE I ARBLRE Z A M1 73, BB 2% 0.8 4 1k
A

XA DB DAL
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Screening(ANNpoints matchPts)

/* eliminate invalid points */
for i = 1 to matchPts.size
forj=1toi-1
if( (matchPts[i].y-matchPts[j].y)/ (matchPts[i].y-matchPts[j].y)<=0)
matchPts[i].x = matchPts[i].y = -1; /* eliminate point i */
matchPts[j].x = matchPts[j].y =-1; /* eliminate point j */

[* estimate parameter b */
sum = 0.0;
num = 0;
for i = 1 to matchPts.size
if( matchPts[i].x '=-1)
sum += matchPts[i].y — matchPts[i].x;
num ++;

b = sum/num;

/* eliminate invalid points */
MAX_OFFSET = 10;
for i = 1 to matchPts.size
if( matchPts[i].x !'= -1 && |matchPts[i].y-matchPts[i].x-b|>MAX_OFFSET )

matchPts[i].x = matchPts[i].y = -1; /* eliminate point i*/

EE DL A LEBRR AT DL T, SR T AT AL N B A A
TR )Xo FAT AT L 32 FH I 2858 Sk BV R IR y — x (AR O b R Bl
b, IR BN E o
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425 WERIEHRE

5 E—mh LR, X DRI, AFEPE, 8 TRRRE R, K
RS R AEAE IN (ALl B AR MR, 25 B2 — AN EESR PRI — MR REAE, 1T s
SRR A T B LR SR IR AE ,  REASRE AT | — 32 I sh A Sk

15 S0 AT T A IR AG A RRARI , W23 B IR e A D2 LU HERf, R
AT DU 8 0 10 A A 3 B IR A AT LA, DT G T 53 2% F55 i 384 14 ) 7
AT AR 45 RO, AR B e A w2, TR DR O SRR S B
B SR REAT I e, DRk R 2 ) i R, BRI EA TR LE R AT

Q | el I I I
2 I '//I //1 I

Kl4.16 o R R . b CUCACARIB, [ i i DT i CRID LA SCs Jo s R 5

4.3 EEMR

A 148 H] MUSCLE-VCD-2007M 4t 6t Sy ATl . MR & 4
Pentium(R) 4 CPU 2.80GHz; 2.79GHz, 2.00GB W {%.

DAREE—REMR, B PATECE RS . RS —RE R,
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BifRA HMITERBY R AR & o P mENiF
Literature Review

This literature review is organized in this way: Section | provides some
background information about content-base video copy detection (CBVCD, or shorten
as CBCD in this article) and details the definition, along with some promising
applications; Section Il discusses previous work related to CBCD; Section 11l shows
some of my ideas about the CBCD issue; and finally, Section IV lists some important

and valuable references.

I.  Background Introduction

Nowadays more and more digital videos are available through the TV channel, on
the web and in the multimedia database due to the development and widespread use of
video technology. Since videos are easily got by an increasing use of personal
handle-held cameras and through various kinds of multimedia channel, and easily
edited by video processing software such as Adobe Premier and Windows Movie
Maker, there are many videos which are copies of each other which have nearly the
same content but usually been practiced various transformations. To manipulate such
copies brings CBCD to a critical issue.

A. Definition of CBCD

The general meaning of copy or CBCD is self-explained but the precise definition
is still ambiguous. In [1], a copy is defined as a segment of video derived from another
video, usually by means of various transformations such as addition, deletion,
modification (of aspect, color, contrast, encoding...), camcording, etc. In [3], a similar
definition is proposed: a document O; is a copy of a document O if O; =t (0), tET,
where T is a set of tolerated transformations, which indicate those transformations that
do not prevent the transformed video from being recognizable.
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Note each video V as a frame sequence {V;, 1<i<N}. Based on the notion of copy,
a general definition of CBCD can be described as follows. Given a set of videos {R'}
and a query video Q={Q;, 1<i<N}, the task of CBCD is to determine for each RI={R};,
1<i<M’}, all 1<u<v<N and 1<x<y<M/, if there exist, satisfying that {Q;, u<i<v} is a
copy of {R);, x<i<y}. Generally, only the situations when {Q;, u<i<v} and {R};, x<i<y}
are long enough are considered, and here they are constrained to longer than 10
seconds.

Many references consider the situation when u=1 and v=N, such as [7]-[10]. Some
focus on an even more restricted situation when u=1, v=N, x=1, y= M, such as [11],
[12]. These situations are included in the more general definition described above,
which is more complex but practically called for in real applications. Thus, the general
definition is used here for CBCD.

B. Application

Here are some possible applications of CBCD.
1. Copyright Protection

There are basically two approaches to detecting copies of digital video,
watermarking and CBCD. In watermarking, information is embedded into the video
before distribution and extracted to prove ownership. CBCD is an alternative approach
to watermarking and its primary thesis is “the media itself is the watermark”. One of
the main advantages of CBCD is that the already existing video materials can be
tracked even if no watermark is embedded into the materials.
2. Usage Tracking

CBCD can be applied when the usage of a certain video material need to be
tracked. For example, a company wants to ensure that its advertisement has been
broadcast in the state channel. Also, the advertisements of the competitive companies
can be tracked to infer some useful business information.
3. Copy Purge

Copies can be unnecessary or even undesirable in some cases, and if they can be
detected, copy purge can be applied to the videos. In the video search scene, the copies
may underplay the effectiveness of the search result and weaken the focus of users.
Copies can be simply deleted or link to the most promising one to enhance the

58



performance of the search system. Another case involves the video database, where
copies may significantly increase the size of the database and decrease the efficiency.
4. Contextual Linking
This is newly advocated application in [3]. In this case, the CBCD system
generates a lot of contextual links (frequency, persistence, geographic dispersion, etc.)
that are highly informative and can be exploited by the data mining methods. Two
television scenarios are provided in [3] to illustrate the potential information in the
links:
» Avideo which is broadcast the same day on several foreign channels refers to an
international event.
» Avideo already having a lot of copies distributed among a large period refers to a
major historical event.

Il. Related Work

There are generally two main steps in CBCD: the first is to extract a certain kind
of descriptor, or called feature or signature, from the video, and the second is to search
the set of descriptors extracted to find the possible (global or partial) matches of the

query.

I1-1. Feature extraction

There are mainly two kinds of features according to [2].
A. Global Descriptors

These descriptors are extracted by considering the global spatial features of
frames in the sequence, or the temporal features of the sequence, or the combine of the
two.
1. Spatial

The spatial features used are the traditional features in image management,
including image pixels itself, histogram of RGB, HSV or Gradient Direction, edge
representation and invariant moments compared in [6]. More details about the feature
and the distance measures can be found in the thesis. The result of the compare favors
the edge representation and its Hausdorff distance measure, followed by HSV
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histogram and its intersection distance measure. However, the performance of these
features is not very promising.

In [5], a successive thesis of [6], the motion direction descriptor (a temporal
descriptor), the ordinal descriptor, and the color histogram descriptor are compared, all
using the sequence matching. The results of the comparison indicate that the ordinal
feature has superior performance followed by the motion direction, and then the color
histogram. Recent studies of global descriptors in CBCD mainly use the ordinal
measure or its variances as the descriptor due to their relatively simplicity and superior
performance, so some possible beneficial details about it are given below.

The ordinal measure was originally proposed by Bhat and Nayar in [13] for
computing image correspondence. Mohan use an adaptation of the original measure in
[14] for video sequence matching. Basically, the extraction are performed as follows:
first, the frame is divided into N=N,*Ny blocks, then the average gray level in each
block is computed, and finally the average intensities are sorted and the array of ranks
is used as the descriptor of the frame.

2. Temporal

The temporal descriptor focuses on the difference of the succeeding frames in the
sequence. In [2], a simple temporal descriptor in the comparison is computed by
summing up the differences of the intensity of each pixel in neighboring frames. In [5],
the motion direction descriptor can also be viewed as a kind of temporal descriptors.
The frame is divided into N=N,*Ny blocks, and the most similar area near each block
in the succeeding frame is searched and thus the directions of the local optical flow can
be computed as the descriptor.

3. Spatiotemporal

The spatiotemporal descriptors utilize both the spatial and temporal information
by combining the two in the match of video sequences. The temporal ordinal method
proposed in [15] uses the rank of blocks along the time instead of using the rank in the
image. In [7], ordinal measure distance and temporal differences of each block in
succeeding frames are summed up by weight to get a better distance measure of the
video sequence.

In [10], the ordinal array of all frames in the sequence is compressed into the
distribution histogram. In [11], seed vectors are selected and each frame feature vector
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adds weight to its nearest seed vector, and the array of weights of the seed vectors
serves as the descriptor. These two descriptors are representation of a whole video and
cannot be applied directly to the general definition of CBCD.

B. Local Descriptors

The local descriptors used are interest points. The framework for CBCD in [3] use
an improved version of the Harris interest point in the key-frames as the local indicator,
and compute the descriptor by differentiating the local region around each interest
point. The descriptor used in [17] is similar to that of [3] but different in the selection
of local region around the interest point and an association of the points selected to
form trajectories which do not appear in [3]. Besides the two above, one other
descriptor involved in the comparison in [2] is the space-time interest point proposed
in [16]. More details about these descriptors can be found in the corresponding
references.

The results of the comparison in [2] indicate that the ordinal measure is very
efficient in most of the single transformations but presents poor performance in
zooming, cropping, letter-box transformation and also in random mixed
transformations. Local descriptors have good performance in both single and random
mixed transformations, but also more computational costs. However, the comparison is
carried out in a relatively small database and all methods are tested by the general
definition of CBCD, while in some other thesis, performance is considered in a large
database or in the restricted definition of CBCD. Also, the localization accuracy
concerning frame-level precision is not evaluated. The selection of descriptors needs to
take these factors into account.

Some other features are also used such as the audio feature in the fine search step
of the algorithm in [10]. Details can be found in the reference and thus are omitted
here.

I1-11. Search

Two kinds of search methods are presented: exhaustive and indexing, but different
implementations are employed in different definitions.
A. Most Restricted Definition

61



In this case, u=1, v=N, x=1, y= M. Thus, it is the simplest, which means the
performance is relatively easy to guarantee. Therefore, the studies generally focus on
the scalability and complexity of the algorithms. Large database is employed to test the
algorithm, emphasizing on the reduction of storage and time. In order to achieve the
goal, a video is usually summarized as one signature, not a sequence of signatures, and
thus the problem reduces to find the neighbors of the query signature.

In [11], exhaustive search is performed, but this thesis focuses on the uniqueness
and robustness of the signature proposed and in future work, more efficient approach
may be used. In [12], a B*-tree of the signatures of the videos in the database is
constructed based on one-dimension transformation by computing their distances to a
reference signature. Then the distance d of the query signature to the reference
signature is computed, and a range query [d-r, d+r] in B*-tree is performed, where r is
a given search radius. A two-dimension transformation using two reference signatures
is proposed in this thesis, the principle of which is similar to the one-dimension
transformation.

B. Restricted Definition

In this case, u=1 and v=N. Since it is not the matches between the query video and
a whole target video in the database, the summarization of a whole video as one
signature cannot be practiced. Instead, a video is represented as a sequence of
signatures, usually one signature extracted from one key-frame. Thus the problem
reduces to find the neighboring subsequences in the database similar to the query
sequence.

Generally, exhaustive search is performed by aligning the query sequence to
different possible positions in different sequences in the database, though sometimes
some optimization may be employed. [7] and [8] exercise the exhaustive search. In
[10], while sliding the aligning window in the target video for the query, the sliding
process is accelerated by skipping unnecessary steps if the similarity of the current
window is too low. In [9], before matching is performed, start candidates Cst that are
similar to the first frame signature of the query are searched from the target sequence;
similarly, Ceng are found. According to Cgiart and Ceng, possible subsequences are
selected and compared to the query. This optimization reduces the computation

significantly.
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In this case, the localization accuracy that does not occur in the most restricted
definition comes into consideration. To improve this frame-level precision and also the
video-level precision, a fine step may be practiced after the coarse search. The audio
feature is used in the fine step in [10] while in [8], dynamic programming technique is
applied.

C. General Definition

In this case, no restriction is imposed on the definition. As in B, the video is
represented as a sequence of signatures, but the search step is to find neighboring
subsequences similar to a subsequence in the query.

Generally, signatures are organized in an index structure. Neighbors of each
signature in the query sequence are searched in the index structure. [4] uses the
Hilbert-filling curve structure proposed in [18] as the index and performs range query
in the structure. In the succeeding thesis [3], the same index is used but a
distortion-based probabilistic similarity search is performed instead of rang query.

Based on the matching information between the query signatures and those in
database, a voting process is then performed to determine if the video in the database
contains a copy of a subsequence in the query. The voting algorithm used in [2]-[4] are
based on the matches geometrically-consistent with a global transform model. For each
video in database, a global transform model is estimated and the number of
geometrically-consistent matches is computed as a criterion for judging whether the
video contains a copy.

The recent studies on this case emphasize on the video-level precision and
computational costs. Localization accuracy is not discussed in the references.

I11. My Ideas
A. Definition
The selection of the definition of CBCD influences the study greatly since

different definitions provide different task scenarios and emphasize on different goals.
I aims at the general definition for it includes the other two and in practical usages this
definition would be desired. For example, in enforcing copyright, copies of a segment
in the original video are probably embedded into other irrelevant videos. The situation
can only be dealt with by algorithms for the general definition.
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B. Descriptor

Among global descriptors, ordinal measure has been proved to be a simple feature
excellent in both uniqueness and robustness though it still has some flaws in dealing
with the zooming, cropping and letter-box and mixed transformations. One difficulty is
that one ordinal measure for each frame will result in too much space took up by the
descriptors, which reduces the scalability significantly. A possible solution would be to
divide the video into shots, and ordinal measure descriptors within one shot can be
compressed into the distribution histogram. The shot boundary techniques are
well-developed, and also the accuracy in the CBCD scene is not demanded to be very
precise. Further, the compression will not degrade the performance of the descriptor
significantly since the information lost is about the time position of the frames within
the shot and has been proved to be redundant in [10]. However, the effectiveness of
this approach needs to be verified in experiment.

An alternative choice is the local descriptor induced by interest points. Similarly,
the local descriptors within one shot can be compressed into distribution histogram.

Which descriptor to choose depends on the results of experiment carried to test
the performance of the two at shot level.

C. Search

A two-step approach, including a coarse search step and a fine step, can be
designed to guarantee both low time cost and high precision.

In the coarse search step, the shot-level descriptors are used and the index
structure should be constructed to reduce the time complexity and thus enhance
scalability of the system. The index structure can be designed to cooperate with the
performance of the descriptor selected.

\oting process is performed while searching: some score is added to the video if it
contains a match shot to one in the query. And in the end, the videos with high scores
are considered to contain copies of some subsequence in the query.

In the fine step, frame-level descriptors are used and dynamic programming
technique or other subsequence matching algorithms (possible approximate algorithms)
can be applied to further improve video-level precision and determine the matching

subsequence in the query and the target video.
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