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XCRAB : A Content and Annotation-based
Multimedia Indexing and Retrieval System

S00 Cheol Lee' - Seung Min Rho' - Een Jun Hwang""

ABSTRACT

During recent years, a new framework, which aims to bring a unified and global approach in indexing, browsing and querying various digital
multimedia data such as audio, video and image has been developed. This new system partitions each media stream into smaller units based
on actual physical events. These physical events within each media stream can then be effectively indexed for retrieval. In this paper, we present
a new approach that exploits audio, image and video features to segment and analyze the audio-visual data. Integration of audio and visual anal-
ysis can overcome the weakness of previous approach that was based on the image or video analysis only. We implement a web-based multi-
media data retrieval system called XCRAB and report on its experiment result.
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3.1.5 Harmonicity

23 % (Harmonicity) & 7 #€ 3384 /1A=
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Time index (ms) Time index (ms)

Frequency (Hz)

a
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Time index (ms)
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Notation Operator Meaning

X <Y Lupper XE YY) 9 9o 9x
XAY Llower XE Yo 9% of#d 91X
X>Y Rupper X Y9 2EF 9ol 944
XVvy Rlower XE Y9 28% ofdfo ¢
XUy Upper XE YS9 9ol 94A

Xny Below Xe Y9 ofgfof 93

X1Y Right XE Y9 LEZJ 93
XUy Left XE Y9 9% 4
X/Y Center X EE YE MY %9 9%
X%Y Overlap X Ye 34 =HoAUE
X®Y Inside XE Y9 gkl 91A)

X8Y Qutside XE Y9 g 9le

XY In front of Xe Y9 g A%

(49 19 webd (29 Do) 27 BAE BAHE O
i} 2.

V=A{L1, L2, L3, L4}

Rel={L1 U M}, {L1> L2}, {L1 A L3}, {L1 « L4},
{L2 A M}, {L2 A L1}, {12 A L3}, {L2 A LA},
{L3 v M}, {L3< L1}, {L3< L2}, {L3 V L4},
{L4 « L1}, {L4> L2}, {LA< L3}
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1% 4)‘“ XCRAB Al2®¢ A=FAl Fxo HEMY
of delgel £ #HAT Hoe 5FE EAUE HAF
t}. XCRAB Al2gle a7 Ak £47](Shot Analyzer), ©l
X BEM7](Image Analyzer), ®#7](Classifier)) 28|21
4 = (Annotation ToohZE A%l glch

Image Analyzer
s T

(O 4) XCRAB Al28l 2=

re

=EA e AlZEQ AR (Visual Information) 24
2B ZE oux EAWS o] g3l J1EY Al~d
= gy $3/94 AR E(Audio/Visual Information)
o] o]-&3td vt HolHE EAdte 7yE AL 9
o HO e dolge 4 #FL o 2o $A nde
ol & Ak AA 7A%(Shot Boundary Detection) & 18]S
& o] &8l Ake] BA HEH, 7] ZHY(Key Frames) A
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el #A JRAEe] g FHBA BAE SAET £E,
e dolEE vte dolEE e F&5 WAVE
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AN 7 8 FHRASS AR U2 A,

4.1.1 Ak £47](Shot Analyzer)
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AA AE LugdFE o83t B AE Foe FHY
Agho] WiMstA o]Fold AAZE st AYE B3}
3 9 Y Aoz BMHE 7t AT o9 ol
»A%e el 2L TolnA, TN ASTF 107 ol
Ql AEL T o 7 Wt (Merge) 22 g A
AsA drh. 2He BAYE 2t dHolHE 31ddA
AFRY ¥ 202 EHES BN 53 UHESL @
E1, olE WEES o83t thg Zo] 6719 2Te &
oz BFET}: Silence, Pure Speech, Music, Speech with

Music, Environmental Sound, and Speech with Envi-
ronmental Sound. 2 252 AEL 3y ore BYS
7FAA =, Silence AE-& 91 glE LUIL Ao g HTh
37 gk webd, SAFeE A7 ode ZH Y
i3l X ZCRHA Energy#& T3, ol& gEol Z7 3%
AAA #* 508 EAL 3(dB : decibeD BT AL Ao
°l& Silence Frameo|g}a Aejgt}. shrte] Qrje Ahjd
Silence Frame®] H|&o] 70%E dAHE A% <& Sil-
ence Shoto]ZI A3, o[ & uigle Aolgt #d3d}
o HYe. % HEH nfAZIA R o)A AkFe] WEHE &3}
o A2& YL A& A "ok o18A B4E e
% Hire e oA EAV|E I A ENE F
ER71E AA 9uigle AHE Z2A5HA |k

4.1.2 o|v]A £47](Image Analyzer)

Ht e $A7IE F3t FEH AFE 71 ZH YA #
e oHASZRH A8 A BEIEH a8
79 FLBAEL BAsE o) oA E4719 7ol
th (28 oA HeRH 2o, AHgAE AHEY BE8
(ROI Rrepresenter) € 314 313 o] e] &A= 74
AEE A3 %‘:]r olFA Hed AMELS FHAA
£ 32400 AFRE T #A 2z} YA Aide] 9
A A€

4.1.3 ¥771(Classifier)

Ak X719 oju|x] BA7|E F3ld BAE 2T o9 4|
e AE2 AW ZAA duEFE o83ty ¥£d AT
o @AE erle/mue AES Hum EAsle e
FHET BEdr)

4.1.4 ¥4 =7 (Annotation Tool)

oo Ab EA7)9 ojulx] EA471E T4 FEE 2%
A, 393 FHA BEAAEE BPE(palette) S ol &
st Wastesu B4 AAY 4ye FAHeR A4
AV =S o|&3td FAAYE gk v A F
A A oldd BEANJIE B3ld HEE A HHY ofE
AEE BHEA B4 vded AzE X g oJHES

FHY AREA disl A< £ Yo

42 &M ZX(Scene Determination)

Mte @ ode A BN/ olulx #4718 Ba
23 uod one ASE 24 1 Ao U, 7 ¥

A
1 3
Houge st ¥R oorle AEZH FW A AHE V)
#02 W¥Merging)? 274 (Adjusting)$ 53 MEL F
HOAkg A, ol FR AW dE 29 B9
wet u|gles FHe Z2AsHA dn{20]

CSv; (i=1,, n), CSaj (j=1,++, m) = Candidate shot boundaries
extracted by the video and audio shots
t(CS) = Starting time of a candidate shot boundary
F(¢{CSa)) = Audio features applied at time ¢(CSa) {Silence, Speech,
Music, Speech with Music, Environmental Sound, and
Speech with Envirnomental Sound }

Step 1: If (¢(CSvi) = t(CSa;) ) then
Candidate scene boundary is detected
go to step 3
Else
go to step 2

Step 2 : diff 1 = Diff (¢ (CSvi, CSay)), diff2 = Diff (¢ (CSvi, CSaj))
Candidate shot boundary is adjusted to t(CSa;)
(when, diffl <diff2)
Candidate shot boundary is adjusted to t(CSa;+)
(when, diff1 = diff2)
go to step 3

Step 3: Maxl = Max(F (t(CSa))) between t(CSvi) and
t (CSv;. 1)
Max2 = Max(F(t(
[(CSU( 42,
If (dist(Max], Max2)=Tf ) then
Merge the consecutive video shots (CSvi and
CSvi) and adjust a candidate shot boun dary
to t{(CSviu)
Eise
Scene boundary is determined

CSa))) between t(CSvi.1) and

(3% 5) &M 2% a12F

(g 9% (¥ 6 Fd 23 dudsd 1 S
HojFa gtk FH NEE o|Folx s FH FHo
#a A, i TR FEELS AEse AL oS
3 Zoh #4, 3 4R dAdA LHe FHE CSe)H
HTl e TR AHCSviel LG Ade] ZUE, $H AW
olgti FAH R ARA Ak 1A ¥ Aol F
e GAE dol7bd HY e FH Ao AL A 7]
Fo2 " A 2 F e o]2d ere FH
R(CSw, CSapnHe] AMHAE Hmde, 1 F 7Md A
g JHAE 2He FE Ak B AHoR Ag 2A
gt e T dAdAE F oA AN 24" vt
FH A FFHE YL FH AES HuEtA ", 5
T UYL FE A U eve FH A8 F M L 4
&g /e 2He FE S diE FH AOR A5,
o] 23t Bl e FH AE(CSuy; & CSviy, CSvier & CSvisz)
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Merge audio shots as
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Audio - § ) N
Candidate audio scenc ((Su,} Candidate sudio scene (CSa,)
H . ] 1
45, 45, As,} ds, 145} as,
i T
Audio
loser audio shot is adjusted
VS, . Vs

Caudidate
scene boundary

Video | ] T
Video shot 1

Candidate shot
boundary (CSv,)

Candidate shot
boundary (CSv.)

(D8 6) M &2 oy
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Q1 : “Find the video shots with a red house in
front of the tree”
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# C{?rll):ttri;lnt Color Keyword Retrieved} Relevant | Precision
1 “-r - Tree 215 |5 House| 23%
2 “-7 Red 47 5 106%
3 -7 Red |House and Tree| 21 5 23.8%
4 | Left or Right | Red |House and Tree 13 5 385%
5| In front of | Red [House and Tree 5 5 100%
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Q2 : “Find the video shots have a man and woman

singing in the rain and wear a red hat”
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# Audio Spatial Constraint Color Keyword Retrieved Relevant Precision

1 ‘-7 ‘- ‘-7 Man 786 24 3%

2 ‘- ‘- Red Woman 358 24 6%

3 ‘- t-7 Red Man and Woman 142 24 17%

4 =7 - Red Man and Woman and Hat 8 24 28.2%

5 ‘-7 Left or Right Red Man and Woman and Hat 57 24 42.1%

6 ‘=" Overlap or Left or Right Red Man and Woman and Hat 43 24 56%

7 Singing Left or Right Red Man and Woman and Hat 18 24 75%

8 Singing Overlap or Left or Right Red Man and Woman and Hat 24 24 100%
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