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Abstract Recently, explosive popularity of multimedia information has triggered the need for
refrieving multimedia contents efficiently from the database including audio, video and images. In this
paper, we propose an XML-based retrieval scheme and a data model that complement the weak
aspects of annotation and conent based retrieval methods. The property and hierarchy structure of
image and video data are represented and manipulated based on the Multimedia Description Schema
(MDS) that conforms to the MPEG-7 standard. For audio contents, pitch contours extracted from their
acoustic features are converted into UDR string. Especially, to improve the retrieval performance,
user’s access pattern and frequency are utilized in the construction of an index. We have implemented

a prototype system and evaluated its performance through various experiments.
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dhde] 2 7)db M (annotation-based retrieval)
£ Fgv|tie] dlojele tigk rPRE AR A
At olF FHoz FAF AR Fo Ao 1}
g HEES $£439 vinstd FEE dojgg e
Wiolth o] Wi Alge] QA & Qe EE UE
& FAoz AYY F U7 W& o8 BEFE AA
7+el BAIER olFoA 59 u|E HA Rdy T
T vk Aol sk sAW, i8] ulojete] dof
3] Algo] ddo] F4L FAgsof s ALgAte #
Ho weh UE-& g2A H3AY 24& d2A F
A% § lornz dojele] g d@{AE 47 4ok

wZA o] F 7HR] Wye] JMAE FAE 4 ¢4
3t 9HE A3 Hgste] ARSSotd maaEl A
S & & Aot B =FAME MPEG-7S 7|4t
o2 o Helmo] Hojele] WiF XMLE F4 A
gat AFstn AYske A2EE TR ovA
o tidk =48 Hast7] Y&l A JAEIYT AR
A7 A3 LHAEEZ EEsla, LHAEZNY FIt
#AE BEY1sld XMLE 8 39t 2o Hol
B FAI(Frequently Accessed Index) 71¥ke] XJE2&
g 7t 2v]e HA sH2lE ARE-Ste] dlolebulo]
2 AAE A48 oM AMgAES A gHs &
23t A A ARgE EJqck HYL dvelee
AET As o83 B4R A A7|ukelA AFeH
Ztzie]l Eve] wE #A% AEHolAE Fae F
A g AAag & 4 s FEIAG.

E =89 742 g2 2ok 23N e FHATFE
53l v|&9] FEutje] AN 2 F4 A AHT 0
g o8 #A g FA4 PHE O e
MPEG-79 tia] 3Hds] 71gstfen 33dMe B =
ol A Al=dde] MAFHA F2E 2t 4%
AXE F4 7lvkm 8 79k 3 A o] B¢
3l7) 9% A= dojer @A IHES F@3 HiE
ol BHly Wya 4 ALUIYE o|"|A¢t HlY

g F4oz A9ste, 53 E 209 dlolele ol
3t FAIL 7]5ke] Q9 wAUE tisir] doldch 6
Fo e 27|0kg o83 FH AN 2 F4 Al2ge
T A WA Jlestr mREe g 7R A e
A& FF A A =3

2. HH AP

2EH o] F4 Alage 2A ojuA], eTie 1
T Ut A Azdeg UE 4 ok $4 oulx

2

A 2Elo g POSTGRES Hloletwo]2~E J|yke
&= Chabot[3]e} leH, 2+ olw|A7} 712 < S)
£ AA S g dEE o&g d2E v
AN AREAL 93] chkdt FelE Hod 4 3l
concept query, ZLe]1 A} FHE o}&F Y& 7
9k A A Ysch. MIT Media laboratory®] Photo-
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o AR 24 $% XML DB APl XSLT, DOM

4 ¥Fste XML Engine, AFE ov]le Adzeo}
AdE vmdle 20 viA X (Audio Matching
Engine)2 FAH Ut

d| o]l o] 2~ (Database): $-4 AMEAIESY He ¢
g wy] e FEvtio] Hojete] EAES "%F}

o meElxer A doleidiol2d] AT o)n
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Ure ol 47185 25 YA dolelraw data)E&
Ay wolr AR JAEDYW 7] ZHD(key frame)
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</spetial Information>

1Y 3 ROI A9 2 F3HEA dE#Fol&

=
D)
ey Fn e
T There mid FALSE
8 sapleidgan.md TRUE
] IwampleKeep The Fath mid TRUE
10 tsamplaiAmars Be Wy Baty ma TRUE
11 teampiciaways g TRUE
H177T T T T ssamplafSeauttil e i ARUE
I IsarpieiBook Of Days mig FRLSE
i isamplemesperado mid auE
s " ssampleDustin The Vind mid FALSE
a8 ) FALSE
a7 isaTiplefEveny Breath You Taks mid TRUE
ag samplefEare it THUE
A ‘samplef ountain Of Satmaces wit TRUE
‘18 ssamplenocin O Heaven's Dooreng  TRUE
n THUE
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2 o]m| A "]"8‘7(]'7]' HANE LBAE Wi
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FNBA 2z FeE HAFH, o] O ol
XML EAZ A5 A4se] XML wlojetdo]2d] A
gt
2r]ee AS- AAA Astuz} sk d2HE

Ao} 7198+ CPN(Common Practice Notation)?7]
uko] kA2 o] @l AMGAl el HAE FAAH 1
g 49 @& b2 AY QHH~E BAFET A
Aol ot AW Ae Wave MIDI %Y o=
waso] AXHAY, vlg] FA4E 4F MIDI L&
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E5A dolx AnE Heolde FHE ReFn H4
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4. O[0IX| ¥ HIC|2 HIOIEIS| 244

B AoMe ouX|gt uitje dojg e Bag
detdlolel mdy FHE Al Wyl oisiA
Ayggct 94 olu|A vedolEl 7)eFX(Image DS)
o} AAE 3 oluA]| wEldolE} T3l AMER 27
ulo] i3 A9L 3 HHL dolelzRE dojd £
e 94 FAERE BEN3c WHER wde dtEdo]
Bl 3o AMEE 27nlo)] i Mgk =g F3t
AR EAo) 71k A9 oA} oju[AkY FHALE
AN o]gF olu|x] QLEAE FAEHJ dis] <&
ol mRHte g FAAA LA AAAE AT
Ze|zalold 7ol s} dEErh

4.1 OlO[X] M|EICO]E

ol R(F X F el A9 gt vlolg} 7l&FRE oln
29 9uFQ] FHo] ¥ v 7)&FZ(Semantic
DS)9t AYHA vulolelg XY 4 Uve dWEH FR
71&F+Z(Meta Information DS)E & 4 Yl o0
7leTEe olHA7 REIT Y& AAE o A
A ARl x| Jo} e Tol thEg T HR
2 H¥s7) 9dA 5W1H(When, Where, Why,
What, Who, How)&} oJHlE Zof di&llA] 7]&3la
o} wtdo) dlgl AR JleTRE oulxy HFAH b
olels M&dle 71 REA dul 7T vl
A@AFoY o|njx|e] A, AZAte] YR o]u]Alef
o3 a3 49 ARE e 4 ok

MPEG-791X & dHoJets 7I&sle doj2 XML&

Aesln Qow, oju)z] weldelelE AHolstal ®E3}
7] 918 XML 271012 AME3gnh 28 68 on|x|
Heldolets 9% XML 270} tholojagelrt

Ao ALE"E oluRY disiMe AA ovAE &
A NEEHP9E olvx] JleTRd WA FF AA
of w3olr Al (human), FE(animal), S (plant),
d&(art), 22¥Z(sport), ZAZ(architecture), 3-73(land-
scape) B THAR Rtk HAY == Multi-
mediaContentDescriptiond8|HEE  Contentgbes At
2)(child) HB)HEE 7IxH, o|nf HR=E o[, &
ge, HgedAE FEAFE typedHE M 7
olulAE complex typelZ T/4F0] glovl on)A|g
ddWE, ojW|X Y Ao wigh EHA FREFH
AZE B U3t ARE TS dg JB, ouAZH
H #%3 & JE RGB & A% 719=5 Fg A
A4 AR, A9 d2E FoE 3 Ul§ HAHE T
= Uk

a9 7& B =R Add ovA 71ER8t oln
2 AgTEd " 72E XML #e59] oluA &4
& HoE

4.2 diCi2 HEHHIOlEL

HE (BN e deteolel YgTR GAl o]
A ¢} v el Fuek on] A g B
ARZ Y £ o, ofHF FREL HUIL HofE
g A4, A ZHge AFH F2E 7HAe EY gH
2 Zgsy B o she oz BHE 4 Yok o

Attribute

Element (maxooours:unbound)

a9 6 oJuA| detelel8E AF XML 27]vt tho]ojay)
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£ 50, EFA AR v AIUE g AF
Z Ao AT Y FEHUY S di®ZsE ZH9
AR 59 EAS 7IH, guEQl Are J43 oY
2 FRIRE A& F e W& FARE U9 Ay
ARE EAQ HEYG vAE Au|FHQ AHH
HIs) AHA FEA A=A, AR FH Fo i)
7legct

1 82 HIY L WEHelERE A% XML 279 o
ojo]lazelgt. olu|A| {FAlSIA & HIT) 2+ complex
type22 FAHS i, vt Bdd} e HE Fof
#EE WS A AA dE du=ES 539 A
23 Zzbe] ArEd] Ui T HEEF oWEE

o]2 Al 30 A Al 5 3(200310)

W3] 7St o]ES thA] 4 dEPES A o
g Ze ) oWE FREH Fo] g™ JRE B
A3k Frel 2l(category)e BT FUe] o= WE
o &3 JAEAE JEH ZA Fi(news), 2¥2
(sports), ¥3Hmovie)®}t WS (education).E WStk
Zt AFE S HF(sub category)E 7HAY ol T3
o2 AAEE dHIHAE FIAN dgstA FAL
4"E 4 Uck

Hte FAXTe A AA #EH A doEE 7]
oz Aadeeld BAA4L AXNA frh ol AE-H
= A dojghs 93, F2, X2 FoM AEHE
A 2ZH U3 WEe 22 sl AR R|ep AL A

Ak

<?xmlyersion="1.0"'?>
<MuitimediaContentDescription>
<Content type="Image">
<image id="1°>
<Matainformation>

<FllaFormat>
<FileSize>35
<Title>Goal
<Crentor>AD
<CroateTime
</Matatntormation>
<Cotlortntorm atien>
<RGB>212
<Keyword>
Colorinform stion>
emanticintormation

1
R
</
<S8

<Categoty>§
<Ksyword>C

<Wh

AAAAR

w
w
w
w
H

LEEEE

</Annotation
</Semanticinformatio
</image>
</Cantent>
</MultimediaContentDescription>

<FilaNamed>p2

a

<Annotstion>

o0
JPG
oK8

.

0610./Jpg</FllsName>
/FllsFormat>
/FlleSize>
ony</Titie>
Creator>
2/06/10</CreateTimo>

2
<

<
srem
TLS/
>z00

8 95</RGB>
d Qreen</Keyword>

>
ports</Category>
efemony</Keyword>

at>Skats GoalCeremony</What>
sre>Fleid</Whaere>

sn>After the goal</Whaend>

y>Let psople know OhNo's mesnness</Why>
o>Lee,.Chun-80o0</Who>

w>MImic OhNo's violatlon</How>
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Algorithm Query Process

Return matched melody;

Else

(4) Play the retrieved melody;

/* Definition of Functions */

max_FAI num £ = musicin].FAI.max;

(1) Find the position of new entry;

{1) Get a humming query from input device-microphone, CMN;
{2} While {any query comes into the system)

If {melody q is equal to the melody string in FAI)
Increase the frequency value of matched FAI entxy;

ResultSet search the whole music database;
If (same melody is found in ResultSet)
AddMelodyIntoFAI{musicID, melody)

{3) List up the candidate result melody ordered by the highest ranked melody first;

FunctionAddMelodyIntoFAI{current_music_id n, melody m)

(2} Insert a melody m into musicin}.FAI{f+1};

(3) Increase the access_count variable by 1 at music{n].FAI[f+1};

a¥ 12 FAIA AMSEE 2o A ¢41dF

& ZrlatA gedh 29 119 Ok oL A
Zo|t}k 2T]e wolelo]lx ¢l Y& AT
77l A2O7) a, a, a;, aZ 4 7HA7E A
oA

A
[
A=

gl of M

T ST

E2 A9 ME UDR 2E#°|A a, ay, aj,
A2 FEHA grt. olF9 AT diH 2o
dd 5 Ut

iZjol A3}t ai N a;= Fo]i ai, a3 € Aot}

Z & =Yg 7187)e FAI dEIE o7 A7 2
F 02 N2 FEFHA gon, O ko g MR
UDR 2E7e] Holglx & 4 UARATH B A=Fe
A& UDR 2Edoz A%E ovje Adzel oo
UDR 2E#L fAE whge] ofd A& vy Wis
ARS-) o)} WY £ e EAFPoEE Be A9
E°l 8% UDR =E¥E 714 § 1, AHEAEY
o Zt7) A g Ao 2EYE TEo| FAIY 949
AEe A9 #ge] YR Boprvkes Holth olF AZ
3l7] &AM, FAI 192 A4 AFE A2 dER
o] ALE A3k, A2 de A2ty dELd A
FE 29 dazde FEEE A 8L 39
(merge) AME2L 2EZL AAFIh 1Y 12¢ AHEA

MR
p
Ay b

o Aol Wzrlsh FAIRS WY 2Egste) va 3
29 AN EAE nAFL BelE

6.4 &

A8L A3 1,000709] Z(corel) o¥ R tHE|A]
F4 949 ¢ euAEezrY B3I @A T M
< AA A4 E(excelon) HIojEHHolAo] AR v
e dojele 93 108, A¥2 58, 74 109L 2
o= 500059 MIDI HYg oj8sle] E A|2Fe]
A& H/1EIA 484 AR EE dolge A
E¢ ¥o]7] 98l RAID(Redundant Array of Inex-
pensive Disks)ol A&t ojw]A|e} nijrjee] gt
Helslolgle T35t F 633,000719 =2 7TAEHY
o, A3 diolgel Ul AT W8S E 13 2ok

olulx] HMe] 7A¢ A HHS JY=E o]£3F 2
o9 B ARE e B AYS Fusie] Ay
ADE wwslgch ¥ 28 “®@7H 29 R g
A Qe Al oluXE ZolgVEle Ao mEtA 42
P ZANARE el olu) diojel o] 2o A
ool A3 Fishs ouiAE 2370e)x, 159 A9

E 1 49 delg

TE [ wgma | A = eeee e
=24 ou]x| JPEG/BLOB 1000 15 MB 17,000
CES MPEG-4 10 6.87 GB 34,850
fat 34 MPEG-4 5 751 GB 5,250
& ASF 10 660 MB 6,200
aal MIDI 5000 175 MB -




504 AEAGE=FEA] : woEH ol A 30 A Al 5 2(200810)

¥ 2 2 BAE o8 omAd g Ao F3

123456788
Nunber of Query Objects

No Spatial ‘Constraiat 1
1 - - person 53 23 434 %
2 - red car 366 23 62 %
3 - red tree 147 23 156 %
i B - red person, car & tree 32 23 719 %
5 left or right red person, car & tree 24 23 95.8 %
% 3 8t dig 2o A
i movie love 56 42 45 75.00 %
g movie car 35 24 25 6857 %
3 news ship 8 7 9 87.50 %
4 news stock 4 4 4 100.00 %
5 sports shoot 97 94 94 96.90 %
Time (ms) Image Tirre {ms) Image

R & 2]
— A

0 10D 0 IV 4O 20
Nurrber of Musics

Tire (s} Video
160
140 §
120 & - Movies
1000 § = News
Sports
——Movies'
~- News'
=~ Sports’
123 45678910
Nurber of Queries

% 13 elu, Hide, er]e wojete] B Fol A A3t

Zde wal HAE oln|Ae] A 59 JETE Ko
F3 ok Beld & 4 UEe] 1~4% 3 B
£ o)gslx & 7E9 weln, W FEL FIA
HEZ ojg3 Efded gt #4 ZAyoln 7)Yz}
A oEG ARG JFEI 258 ¢ 5 Ut
vt Ao AL P}, 2x = Frzdd WA 4z
g slEa ¥ 38 Zhzte Ze g Ad¥dnE
vehdch st tig Aol FahiolM “Algdold &
o9} “Apga’ele wol7} AMEE AWL A= Aoz,
Faode “ojide] U AA"d “‘FAYHIY s
Agsls AU"E AMslgon, A¥X2qMEe ‘27 7
7104 %2 She AAL Folet e AYE Sk

I
o
ol
)
X

ol Ao Wi 4F A BHd 2d, At
ol &3 g3t HYRDE 2¥ 2y 29 ZA$U o
AY=E 2L F ATk ole d7IAREY dgr}
o|FE R3] HIF|A 2F21} Fie AMREHE
Bo} ojlESC] EFH A7) HEot

Lrje Ao A9 Aejx] UDR 2E Oid {4
oy o] ohd A 2EY wAHE AHSE] o
Eoll Az teixe et Ferh AR, FAI
71ke] AL oY) AHx9 F7} FIIASE V&Y
dolgolagel RE e Holets FMdhs Wi
Br} we Ao AAne ARE AL ¢ & Aok

a9 132 olulx, Hltle ¥ 2rie wlojete] g

N
wu rlo



evitio] A4 A2 AA R T

BT A9 A AHe BoFEh olwlx| wolete] A$
FNTA BAA de] QHAES $rl FrEAl HW
SR Zke] ZAAFE & F Utk ol Fe LBAEY]
F7F o FHL4E Ao onA| e} dlolehuoluyg
ojulxjgle] vla Hato] Frisly] wEolnk = FIt
HEE o83 Foo} 1¥A k& 9 HE vm
stk olvix|e] 7} F7HE] wel & A EF
T 7 Azte) Frkstedl oviAY 47 FAESE
FAFRE o83 Ayl B} H¥sixn wE P Z
& Uehdg ¢ & Utk old ¥R Yo 2BAE
e dAstn JPg@t) vvle dolgte ¢ 93,
Fr, 22Xz UsiA F 7R 49 doE e
XML EXU 54 ==gve blashks @yel 534
ol old RE x99 & Hashe WHED F
Alzgel 498 HE F Ues AT F Utk &
tlQ HoJgle] A AHoz HAE Ao] FAIE A%
A g2 dutAEl en)e A4 whiel HE AA
AZre ez ddoz EAE Ho] FAIE o]43
2de A4 Ao HNAIHE Jehdch F dY 2R
Azl F7b F74ge wet A Atz Zo] F7he
A5k FAIZ 7|9te.2g )2 7o) BE v)olety o]

28 AAE PEED A5o) Aolud ede Ad
29 47} FHESE FARS L 5 U

AE U 2T WY

7.
B =FdAEe B oA, Hite, 2L Heoles
7T &3 AL e Wkt z FEH T Ho)
elol gt vlgt vlolelE FE3n AMSANY Ao ¥
€ FAlZe Q4 zd A8t F43ts 4S50
Z o 43 RN dEHelAE ARe XML 7hite]
dEjnjtie] 4 @ A4 AARlS FE3Pch APS
oA ojm| A9 B Ao} FYPEse] EAHES o]
23] doE FASuR FNHRE EFRHoI of
3te] g F AU A=t EolPE FAFA
vltle o] B¢ 27nkd FejE RE =ES AN
W Eoh XPath9 XQueryE 8% 5% =259 3
A4 o] e Aol HAtE 87IETh 181 &
tlee] A$ A¥FHoz BE uolehwolAs AMsle
YHET FAIE 78to 28 A4 Wye] &4 &L A
o) AE AHEE § USS QAT FF A7
HAZE ¢S Asstd dEnto] dolet 4 7y
FEF¢ QA el Ada Alxdel 4% TS
2% e FAI dET NFE e Roluh

g #

[1] E. Hwang and S. Lee, "Spatial Similarity and

(2]

[3]

[4]

(5]

[6]

(71

8]

[91

{10l

[11]

[12]

[13]

{14]

[15]

[16]

505

Annotation-Based Image Retrieval System,” IEEE
4th International Symposium on Multimedia Soft-
ware Engineering, California, December 2002.

E. Hwang and D. Park, "Popularity-Adaptive
Index Scheme For Fast Music Retrieval,” Proc. of
IEEE Multimedia and Expo, Lausanne, Switzer-
land, August 2002,

V. Ogle and M. Stonebraker, "Chabot: Retrieval
from a Relational Database of Images,” IEEE
Computer, Vol. 28, no. 9, pp. 40-48, 1995.

Alex Pentland, Rosalind Picard, and Stan Sclaroff,
"Photobook: Tools for Content-Based Manipulation
of Image Databases,” SPIE PAPER 2185-05 Sto-
rage and Retrieval of Image and Video Databases
1I, San Jose, CA. February 6-10, 1994.

J. R. Smith and S.-F. Chang. "VisualSEEk: a
fully automated content-based image query sys-
tem,” ACM Multimedia, Boston, May 1996.

C. Carson, M. Thomas, et al, "Blobworld: A sys-
tem for region-based image indexingand retrie-
val,” In Proc. Int. Conf. Visual Inf. Sys., 1999.

A. Ghias, J.Logan, D. Chamberlin, and B. Smith,
"Query by humming - musical information retrieval
in an audio database,” Proc. of ACM Multimedia
Conference, San Francisco, 1995.

R.J. McNab, L.A. Smith, D. Bainbridge, and LH.
Witten, "The New Zealand digital library MELody
inDEX,” D-Lib Magazine, May 1997.

Huron, D., C.S. Sapp, and B. Aarden, Theme-
finder. 2000. http://www.themefinder.org

M. Flickner et al, "Query by Image and Video
Content: The QBIC System,” Computer, vol. 28,
no. 9, pp. 23-32, 1995.

Song, Yong-Jun, Hyoung-Joo, et al., "TIVRON:
The Integrated Video Retrieval System based on
OODBMS,” Journal of Korean Institute of Com-
munication Sciences, April. 1999.

H. kosch, R. Tusch, et al., "The SMOOTH Video
DB - Demonstration of an integrated generic in-
dexing approach,” ACM Multimedia Conference,

pp. 495-496, Los Angeles, USA, October-
November 2000.
M. Carrer, L. Ligresti, and T.D.C. Little, "A

Tcl/Tk-Based Video Annotation Engine,” Proc.
USENIX, Fifth Annual Tcl/Tk Workshop, Summer
1997.

B.Y. Ricardo and R.N. Berthier, Modern Infor-
mation Retrieval, ACM press, 1999.

L. Wilcox and J. Boreczky, "Annotation and Seg-
mentatoin for Multimedia Indexing and Retrieval,”
The 31st Annual Hawaii International Conference
on System Sciences, Vol. II, pp. 259-267, Wailea,
Hawaii, January 1998.

B. Emond, M. Brooks, and A. Smith, "A Broad-
band Web-based Application for Video Sharing
and Annotation,” ACM Multimedia 2001, Ottawa,



506 AEAGE=EA] : Hojedlo]& A 30 B Al 5 B(00810)

Canada, September 30-October 5, 2001.

{171 S. Blackbum and D. DeRoure, "A Tool for
Content Based Navigation of Music,” Proc. of
ACM Multimedia, 1998.

[18] J.T. Foote, "Content-Based Retrieval of Music and
Audio,” Multimedia Storage and Archiving Sys-
tems II-Proc. of SPIE, Vol. 3229, pp. 138-147,
1997.

[19] Guojun Lu, "Indexing and Retrieval of Audio: A
Survey,” Journal of Multimedia Tools and Appli-
cations, Vol. 15, pp. 269-290, 2001.

[20] N. Kosugi, Y. Nishihara, and T. Sakata, "A Prac-
tical Query-By-Humming System for a Large
Music Database,” Proc. of ACM Multimedia 2000
Conference, November 2000.

[22] E. Hwang and Y. Nam, "XVIDEO: XML Based
Video Annotation and Retrieval” Proc. of Intl
Conf. on Internet Computing, Las Vegas, June
2002.

[23] C. Carson, S. Belongies, H. Greenspan and J.
Malik, "Region-based image querying,” Proc. IEEE
Workshop on Content-Based Access of Image and
Video Libraries, June 1997.

[24] jMusic Java library, htip://jmusic.ci.qut.edu.au/
[25] L. H. Rodrigues, Building Imaging Applications
with Java Technology, Addison Wesley, 2001.

{26] K. Tan, B. Ooi and C. Yee, "An Evaluation of
Color-Spatial Retrieval Techniques for Large
Image Databases,” Multimedia Tools and
Applications, Vol. 14, pp. 55-78, 2001.

L

20014 obFutistm BE 2 AFH F3}
(A, 20019 ~2003 1 8¢ o}FHE
T ARFA ARYSA(HAD. 2003 9
A~AA o Fuista FREAN AR
4 9AEA. B4 Eoke dlojeiMo] s,
Rejujr]o] Al2E XML $-8, Water-

marking

AR I =T  dlo|hu o)
30 235 #A=x



