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A Novel Video Copy Detection Method based on Statistical Analysis

Hye-Jeong Cho”", Ji-Eun Kim”, Chae-Bong Sohn”, Kwang-Sue Chung””, and Seoung-Jun Oh"""

2 o

AU DEuITo] A%l WPl we} TRUD By THxSe 508 Ad ALD a7t A4 AR FAR o
TR Qo) B BA 44 Az A2 el AFHT B =FAAE 2099 AolA sl AEE BA 44
3R A0 BAY B4S olfae] 1 HARE Z4a 7 B4 0BT BuaE ASH 7ze) By MO 74 wue
Aaeh Qe dEd 540 HE Arel we £92 WACRA 204 Wdd) IS WX YEES H9ow, Holgue)x
of AE WS o) GAEe] U ANARY ANBS Zol7] Slal &9 B ZAYL ool AT FH GHZL &
F90h old¥ FU GATS HOE A By BA WL FAE poksel 2 zAYY PRl A% B
A4L AN FAN G4 FF 9GS TFh] TA BAL JSFOIA BA ANE AVATE Y A3 AQHE 3
M ol el Wal &9 HE ZQe AFEst SASEA AdE 29 BE Zdd F7b o 61% A Al FEsel &
A Ryl ARHE WEe Fe AeFE + Atk W 94 34 ga vl W, A 2 B4, S A, A Y §
ke $04 WYOE TRA0R WA VT BUY U8 AUL o) FAskor)

Abstract

The carelessly and illegally copied contents are raising serious social problem as internet and multimedia technologies are
advancing. Therefore, development of video copy detection system must be settled without delay. In this paper, we propose the
hierarchical video copy detection method that estimates similarity using statistical characteristics between original video and
manipulated(transformed) copy video. We rank according to luminance value of video to be robust to spacial transformation, and
choose similar videos categorized as candidate segments in huge amount of database to reduce processing time and complexity.
The copy videos generally insert black area in the edge of the image, so we remove rig black area and decide copy or not by
using statistical characteristics of original video and copied video with center part of frame that contains important information of
video. Experiment results show that the proposed method has similar keyframe accuracy to reference method, but we use less
memory to save feature information than reference's, because the number of keyframes is less 61% than that of reference's. Also,
the proposed method detects if the video is copied or not efficiently despite expansive spatial transformations such as blurring,
contrast change, zoom in, zoom out, aspect ratio change, and caption insertion.
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Fig. 6. The aspect ratio conversion(16:9—4:3) and caption insertion (a) Original, (b) Left/Right clipping, (c) Letterbox, (d) Caption insertion,
(e) Left/Right clipping and caption insertion, (f) Letterbox and caption insertion
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insertion, (e) Up/Down clipping, (f) Up/Down clipping and caption insertion

HlOI

594 EE Qe LR 71 HHEH R HeHE Ay 2. AdsH|m

FHOZ IA 16:99 4:3 MR SR Yot} o]Y et

SDTVE] FF49] shenel 4:38] €3 HDTVE 16:9 1] & B 2o Mo AHlat BAE A3 g U A5
o] £&5o} ALggol uhel M ThE swule] Gl ZF 2 4 (11)9] R(ol3 %904, Recall) 2 POl A4,

TV 3hwe] sl Mee = Wajo] Aaun 1 W 3 Precision)itS 245k st e mEAEE £ -
theksith 16:99] st 9] GAFS 4:3 sHHE|E HEksl= measure (]} F %—Xé)i Hosic) 7oA BEAE A
WS TE 60)Sk ol sh vl A W AT 20 gloja) Wdel YIS WA B AR Uehl,
B S P E ek 2ol St U Sl aage g w24 94 BAE A8 Bee)
AR VEE FAFE WS T S A ASNE =g wa o) 2o AR maA6l A F ol
el s S el P de) 290tk B 43 S me ge gs geh)y) ol@y) gjRe) 47 B3 9
Holl A 16:9 stHR|E Hghsle= Wyole 18 7(c)9k 2l Zoll Ulgk WEE To] A=S 2AE =)

se) Holg I 2 RATOEHN 23S AeH HFelr)

A= W 2" 7(e)SF 2ol vH] 9] stn & mE P= TP/( TP+ FP)

HE igo—w g2l How;j EA) stk :1 Ek) fr?iﬂl w;if B TP/ (TP EN) .

S B3 4 st AR D AeM HFe goe

Aol wheh B =Rol A A gksls Wy el AN S 3 R =2

o EAle AAS Fa B3t WA £G4

AR HEE 5 Q= shd Gs), oiu) W, ) " (11)011*1 TP(True Positive)= A4] 2A] G442 2
9S4 Wy mE 1A HriE AdRsiAch 2 A% A, FP(False Positive)= H] 24 A4S 1)



W3 ehs| =51 20099 #1449 A6E 671
E 3 HERYN M2 ¢ 22 = £+
Table 3. The number of keyframes according to transformed type
. - CHH| HH3 ChH| E43 Mt de 5 = o
St ¥st (-50%) (+50%) Hi=2| Alol S =4 oo
H|okeled 186374 188174 188474 174574 205274 | 140174 | 1804.87H
Chiu®t Chentt || 307574 305274 309274 28227} 333471 | 23027 | 2946.77H
2 7A&38E= 7, 1832 FN(False Negative)= 24 A DOG W3} Blwate] 2 x 29 ROC WS 243 7ich
< H] A o R gsts Aolt wEkk] FPS FN gt AAkS Sl Holgw ol o] 5 HH ] 27l 8
ko] 00] =of A Aol 12 7RI Zlol £ = AR e A # ok
- A% e HeEdt ASA 9 AE e gis 45 vae ettt Be
HA o] - W Z Chiu} Cheno] AIQHet 42|53} H ol AL HFeE AU 94 S48 Gl el
kel 4 £ B2 ZY e FEEHE 7Y AT s v AQFshE Wl A4 4o AF IS HE&aA ¥
W E3E G A2 Gl tig AE WS A8 73-9-9k(°l 3t Methodl) 283 73-9(°l3} Method2)E PR
ot 73-9-9F A&35kA ¢ Aol dish s Hrtetth A& B3l 45S 39k 19 89 PR F42 Me-
i 32 9 22 ZYdE FEct ARS-ske Chiust thod27} Method19l| Blal 73Q1d 3 28] BF =2 3k
Chen®] DOG ¥ & =4 Atsk= RCC WH< S UERion 7313 Aol 24zt Adshdel A2
ol &3t WP FPol WE HA| Gl =9 BE = FEE AAT BE Hit 15%9) 15%, 428 GAtol A
#9S F23 Z3o)t}h Chiugt Chen? DOG W& = © B 42%8 19%°] 35 FEe B B3 Aljtsh=
gl el 7H-AIQE Atell FAMEE ME g Agste] 1 o] 4 Q A7k A Methodl & 483+ -9} Method2
S FatE A0 EN 3 X 3OE o]Foj7 £ T Ut £ A&3 45 08919 SEAfolE HYoH o] HE9]
o] M3l AAtste] 9 T T YS HAE9Th 9000 = A e FoloH Aok A8 Ak Th
AdS 7IFo 8 Ajtete WHe 9 B8 A T B3 £ 4o A= 7o) WE ol et AlQbshe W
7} Chiu$}t Chen Woll vl oF 61% AA FE5H = 3 Hel HFAA 5A AE &S T 671X dAGe] UE
2 Jeistth 23902 Are WS Chiu®l Chen®] FEOZ U] Agsdt FE TS A 9
&5t H2 H52| &gl =3
1.00 1.00
0.90 } 0.90
080 080 -
- 0.70 :: 0.70 +
0.60 0.60
- 1 r 4 ) ) *
T g0 b | P o N—
020 | Vet 020 |~ Methodt E—
0.10 - —+ Method2 0.10 |—— Method2
w0 —————————— w0 —————————
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
aud Zo1y
(a) (b)

O 8. Z2A oo 245 wel M5 HIL: (a) A3

Fig. 8. Measurement of black area detection method

A2 HITE M) F2

. (a) Letterbox, (b) Zoom out



672

El

Jlo

B8 TR0 U2 R P A
Table 4. Performance comparison of different transformation

[e]

JA+O
- oo

<
I

< N [a] [0 by o o o o o o [s0] o o
Q| |09 |l |9 |S|S |9 |9 |S |9 |98
—_ o o o o o - - -~ -~ -~ -~ o -~ -~
2|
<
o o o (<2 N~ o o o o o [se) [0 o o
S|lg |8 |K|a|S|S|&|S|S |9 |a|S]|S
- -~ -— o o ~ — — ~ -~ o o ~ ~
N~ o o — o o o o o o o [0 o o
Q|9 |Q ||| 9|9 |e|e |||
o -~ ~ o o ~— ~ ~ ~ ~ ~ o ~ ~
—~
e
)
o o o — ~ o o o o o [se] [0 o o
Qe ||| ||| |||
-~ -~ — o o ~ — — ~ -~ o o ~ ~
% N N (30 - o o o o o o a0 o o
) | Q|20 |9 9|9 |9 |9 |9 |9 |2 9|Q
— S| || ||~~~ |~ ||| <] ]| |+«
N
A
o o o (<2 N~ o o o o o o [s0] o o
Sle|le | h|laajQ | Q||| |||
- - - o o — -~ -~ - - -~ o -~ -
N~ o o - o o o o o o o a0 o o
2|8 | & |n || S| S|&5|8 |8 |S|a|S&|S
— o — — o o — — — — — — o — —
e
<
o o o — N~ o o o o o o [0 o o
Q|8 |8 |nw|a|d|S|&|S|8|g|a|S|
- - - o o — -~ -~ - - — o — -
< N [a] (%2 (o] o o o o o o [s0] o o
Q|| |B |0 | S |S|S S |S|S|9 |5
— o o o o o - -~ -~ -~ -~ -~ o -~ -
2|
©
o o o - N~ o o o o o o [0 o o
Qle|le || ||| |e |||
- - — o o -~ -~ -~ - - -~ o — -
N~ o o - M o o o o o o [s0] o o
@ | e |9 | e |e e |9 |e e |99
—_— o -~ ~ o o ~ ~ ~ ~ ~ ~ o ~ ~
e
L)
o o o - © o o o o o o [s0] o o
ele|le ||| ||| |||
-~ -~ - o o - — — -~ -~ -~ o -~ -
ol ol
<1 <1
= El _ Ell
ol | o1 | &= ol | an | K
oWo M .Ar . <1 - .Ar - <0 | K
—_ — — a 1 — a 1
PO e i = S = B B O L = I
OF L el S - B AU BV B - e A
— 1160 B . o' o
T I T e T T I o |2 T
T o BB gk | & | S0 | mo | 2| o | ol
o lof o] ! K < L T | UF | W o =1 | UF
T | T K| AN = K| N =
= | = — |9 a | @
G w | O o | 1o
D | [N o | %0 ol
Rl Rl
o )
Ki <0

= 4 (10)

3

g 4 (5)9] hot A% BAARE A%

1A

3]

Tor

27} (5,2), (5,1), (4,1), (4,2), (3,1), (3,2)<]

1
L

o] n7|

FA2™ nekn

5]

H]jﬂ_

)

o

s,

=
[e)

27l 7+

T M
Mo

3

b

52 H

A vk A dsken 3k

e
3)

e 27 «©
°l

g3ht vl

3
‘lo

WA=

oot

£ 71

= UeRd AR

o] A3E AA

Jo

»ZTH_
T

o

)

.ZT._._
H

ol
HH
H

A 4% 7

L
R

o|J

)

—_
file)

+ 98% ©]

4

b=

3

7

oju



673

AEU Aol E] JEj2HH A2

3z

2] 2009 A48 A6

=]
R

Table 5. Performance comparison with reference methods
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