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Design and Implementation of the Video Query Processing
Engine for Content-Based Query Processing

Eun-Hee Cho' - Yong-Keol Kim'' - Hun-Soon Lee ™" - Young-Eun Jung'*'! - Seong-Ii Jin'"'**

ABSTRACT

As multimedia application services on high-speed information network have been rapidly developed, the need for the
video information management system that provides an efficient way for users to retrieve video data is growing. In this
paper, we propose a video data model that integrates free annotations, image features, and spatial-temporal features for
the purpose of improving content-based retrieval of video data. The proposed video data model can act as a generic
video data model for multimedia applications, and support free annotations, image features, spatial-temporal features, and
structure information of video data within the same framework. We also propose the video query language for efficiently
providing query specification to access video clips in the video data. It can formalize various kinds of queries based on
the video contents. Finally we design and implement the querv processing engine for efficient video data retrieval on the
proposed metadata model and the proposed video query language.
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Faa, HE 7uk FA4E A8ty A 19943
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VideoSTAR [4-7]& vt e deldolele] 3
ok AAEE ALz A3 19959 2ol FojolA
AR dolgo] 2~ Alxglojth. VideoSTARE #Al
3 doejuo]x 2dE ALg3te v|t]e dloEef T
z3, Hte deoge on = T W {2
£ F4, vde delHe F&e oeldole AAtE
52 Exoz dvolHE 293 &9rh VideoSTAR
oA uieldlo|E & o] &3l Ao dxt FHa B
Fog Z4%dg. doe Hale 44 dedolg9
WEe Pz, oedolee dgg wrge 2EY
S gegA7E dAA Ha wge Hstz Yk 2
Bt dioleld] i@ AL g H2lEr) fEiM b
£ dojelwio] 28 FHM¥ o Decompose, Map To com-
positions9] olg AWE FPse T vt HloE
o} vietdlo]E| & AR AL 3 P40l EAg)

AVIS [8, 91(Advanced Video Information System)
Eoudes Wes AEEy 44 Agsin, 34
F AEE &7 da) 1996 vl vgA= gt
A Agg dde dolgwels Aot AVISH)
e g e Jdehde A4, Ald, 39 #3
& etelolE & AHostn, o]ES utje HIYUE
Ezld dA NPo2A ZEAY F4 $ES Add
Ack AVISHAE Aeld dledold f¥d 24
o] olojgt Fol 3L AddAch A9 o
SQL 3 uj43 FIND, FROM, WHERE 7z& 2
=t FIND dolH: dole Axz wgksd A9
F9& A9stn, FROM ZelMe g 4% 4
olgluol ol AFE A HL o|F& V&Y,
WHERE Aot 23& 34D AVIS & 39 944
o g F4o2 s F4 7ute deldoly &
ke ATt voled g dojE nde glo
o, AAs A 9Fe dolg +2E Hosly dlo]
ElWol 28 F&adc). &9 aidel W&E Jehie
EA G digt weldolgl7t Qe d3ol k. F
A 7lwke] Ao FETL AFss, FSE A9 2o
2 gostn A= gt

Venus [10,11)% 8129 & 7)ut 348 93
19963 2t Tsing Hua @igtelld 72 g wlt]Q. go]
Elwo]~ Al2”ojth VenusME olvA A 7l&
< AHg3e] ultie el 7 ZE Yo UeiyE AME
B 2 HAE Aole] Az #AA, FH BAEEL wE
HolH2 F%3Qrh VenusdlME Htje AE 9

et

rir

# U4 V9 wite A9 AoAd CVQL(Content-
based Video Query Language)o] #AIEAc}. dit]L
o velvde AAe AAEDY Al I #AN 2
o] qdojol AMg-ETh AMEAE HYe Zgde 4
¢ A3 FAsd vde diojHE HAE £ g
v} a2y A4a dEH) 22 AFHE CVQLE &
&4 WE Ziwt vige g AT Venus Al
2o NE dtjee EJES ZHY dHR FE3)
7] ol dojedlo] A A4 Adde B %9 HE
271 dastA g deldole: 339 SAHENE
Zldte g sl PAHEZ Wgee ugel Akd, F
A 59 49 d449 9ujEe dEeldiclg 2 FAHA
2ty ¢4 AAe [AsA €k

3. bige djoje 29 3 A9 2o

B oAddME g dHolHe &&3 AME 3%
Bltje dlojg =z W&ruk FAg Y] AT
8|t e Ao 2of(Video Query Language)E #|2t3ic),

21 4{c|2 djojef =Y

vt 2 dlojeiMel 2 A2y FEHE st aTH
oA djg)e dolg e v gy A4
A% FAE Y8 omA S} FAE 7N 3
= 5% deold mdg gag @ vide Rxe
8o dolElo]7] W&o o]& a&Hor #l
7] $tslAE dite dole e W& AA N wed
oJEj7} Hasdith B =FoA At Htie dolH
Bde gg¥or M2 a7HE AR FY A ¥
ol W& wleldlojete] ¥FE V|EoE (29 D#
2 EER(Extended Entity Relationship) |€}dlo]e}
24E ARt

(32! 1) EER HIEHHIOIE] 26
(Fig. 1) Metadata Model using EER
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¢ Raw Video A : 44 H|t)e ~2EYE FdH=
2 Ao},

e Video A : H|t] Q& F@s: AATh

o4 A : vtle dolEg ZaH doE e F
A s A

on|t]e ZY A4 : d4d Zadde ARE YEhd
£ AaA

el¥ ZHY A :vde FYE dEE LY
4 Yehiie AA

e Object 244 : tE Z Yol vhebiE ObjectE &
@al= BA,

eolu|x &3 MM : R Td HE =AY W
o] Object7te) #AE vehls AA

oAt A : wcled vehd ovigls FAE o
45 2d5= AAY

o3z A4 : vre AMe =Y AZ FE 9
g dusiste A

®Sequence MA : FA 75T ool Eel¥ #
i dolelz FAE AA

eScene A : Y A, FY FAoA HAF HE
o2 FAHE AAch

eShot A : ghel slugl FAdez FAHE ZY
FHg JehdlE AA

22 vige He| 9

e F9Y AN AL HiE Ao By
olUzt ofo] &, o|n|#|, 2A A, aA] o]v]A] FHAL o
&3 uFd e AgHo|=2 TAHo ok #} o
?g vde Fddes HHY ouig 7HHe TI9¢ A
A Axde Ao Ay dojx UG o ¥ F,
WE71 g 7] A o) #HE3 AR
Hltje Aol dolg Aostedol dh B =EdAE
Warsk A4S A8 79 =E ol & F4 vwk A
oo} My A, £ T olvA 5A AAY Az
Y, F0Y A4 € AZEH #AE o8E EA 7
g Ao BEE AF vt d9 0|9 BNFE t&
3} o] Atsict

VQL = <Result_Expressions>(:)<DB_Expression>(:)<Condition_
Expression> ()

<Result_Expression>::=VIDEO CLIP SEQUENCE SCENE SHOT
<Condition_Expression>::=<Video_Expression>

<Object_Expression> | <Event_Expression>
| <Image_Expression> | <Sample_Expression>
| <Spatial_Expression> | <Temporal_Expression>
| <Spatial_Temporal_Expression>
<Video_Expression>::=VIDEO( - )<Video_Attribute-List>
<Object_Expression>::=OBJECT( - )[<Object_Attribute-List>]
<Event_Expression>::=EVENT( - )<Event_Attributes_List>
<Image_Expression>::=-IMAGE_FEATURE( - )Image_Feature List>
<Sample_Expression>::=SAMPLE( - )<Sample_List>
<Spatial_Expression>::=<Absohte_Spatial_Expression> | <Relative_
Spatial_Expression>
<Absolute_Spatial_Expression>::=<Object_Expression>
POSITION (=) <Ab_Spatial_Value>
<Ab_Spatial_Value>:: =LEFT | RIG HT | ABOVE | BELOW
|LEFT_ABOVE|
LEFT_BELOW | RIGHT ABOVE | RIGHT .
BELOW | CENTER
<Relative_Spatial_Expression>::=<Object_Expression> SPATIAL
(=) <Re_Spatial_Value><Ohject_Expression>
<Re_Spatial_Value>::=LEFT | RIGHT | ABOVE | BELOW |
LEFT_ABOVE |
LEFT BELOW | RIGHT ABOVE | RIGHT
BELOW
<Temporal_Relation_Expression>::=<Event_Expression>
TEMPORAL (=) <Teanporal Value><Event _
Expression>
<Temporal_Value>::=BEFORE | MEETS | OVERLAPS | DURING
| STARTS | FINISHES | EQUAL
<Temporat_Spatial_Relation_Expression>::=<Object_Expression>
MOVE TO (=) <Temporal_Spatial_Value>
<Temporal_Spatial_Value>::=LEFT TO RIGHT | RIGHT TO
LEFT | LOWER TO UPPER|UPPER
TO LOWER
| LEFT_LOWER TO RIGHT UPPER |
RIGHT LOWER TO LEFT_UPPER
| LEFT_UPPER TO RIGHT LOWER |
RIGHT UPPER TO LEFT_LOWER |
STILL

vt A9 AolE A% FAH A BNF(Beakus-
Naur Form) ¥@d& Av|2&ca 7dx:= H4 2
o, A i, A 239 4L Ask, FAstan
s A9 FFE Jehdly) A8 ZE()E o, 7H
ol RHstden, doof JEHRE HEL =E()
Hel £ 0|89 2gon TREE Y. =@, 2
o FFe 2L A E@oz 'AND' dAAE A
£3te] EF H9E HY sdvh A T A9 #
A Q4 B8 £ 53 THoE AHEs AA7Y
AAE £ EZ Yk

<Result_Expressions>t= #4 A7 §go2 nld
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2. 9de F§, 18z v 72 @99 Sequence,
Scene, Shot So|t}, <DB_Expressions>& A4 9
A4 dlolg o] 28 Al AE vgde =& A
A vdes gidez FAE 4 dd. <Condition
Expressions>2 Z29] W& & HFA& 0 s
2% $5¥2 wAsE BEog e 4
¥eate vte BEA, AAREA, AA9
$ XEstE AA BHEA, olujx] B4 EFEA4,
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ook il
of ob
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3. 394 dAol9 WA

HHe dHeolE A& A% Hte AH Alagle
TEY AW 2o dY dE FH ARg A 9
3 Fo|F z7] Aeg Welgq olE A9 Y47 E
Fa Hde dejdo] Aoz W WHH Hje
dol AolE Heo] A7l =EAA thA] DBMS7H
A4 5 9l SQL e Aoz mAdL & F
e HAAY7IE 2 ¥ e Ao s AHgAt 3
4 482 & A=E 7433, od WE Aeolg
Ydat] MY 2AE dR ZH Y 2 AER-frame
Listh2 AR Al Alegict $94 A7 Ada
TE AF A8 AE A A, A A7), delo] 4
47190 30 ME 807 TAdh

( ZAAEH A ~ )
Initial Query
PErEE] N

39 73 g i

VOL A : dEoHe sjae

-

Aslop4a7) tva

e

(38 2) BiElR ZM7|e) Rx
(Fig. 2) Architecture of Video Retrieval Engine

31 442 e s
A4e7 948 BRES SR} o Wge He
£ HestA 988 + UEE & 715 4299 A
g AMEAL do HMvIE ddshs v ggEt
(34) 72499 : VIDEO CLIP SEQUENCE SCENE
SHOT
74494 : DB-NAME
AHZA 4 710 54 7
F4 7igk Fdeo g8 HEE uge A A 3
o, A Aoz tpwo] AHEAt Fa F3 &
gEste] A £ YeE #$ok 7 Jw do:
At e, A7 AR, g HR 9 g4 fAsle
AAE A7, T A3 e, FAY AR 5L
ol &3 A4 ol Utk Az AR UHL Allenol
Atek 77hA 9] Azt BAZ o] &[14], F AHAZIY A
 AAE A I A3 AEE FaHY
AR wbl[11E ol&std MAe F0H AAS
NZHoz R¥Este] FAES s}

32 el ali47|

A9 X 7= AR Fe AR Ho)AZHE A9
¥ gedEs Ygedol Ao {38 Awdo VQL
(Video Query Language)@elel F73=8 A4
TR 479 & gt

() Ao #9 By

Aol ¥4 VQL ¥gg Y5t 4ol #H4r= g
% #e dndFe we deo F30) g 45
- Lid=g
Algorithm] : AH8A4 948 A& HQ A <o

< VQLE W3

AN 49 E VQLO Append;
44 dA4& VQLel Append;
if (V_Category.OR. V_Title.OR.V_from_Date.OR.
V_to_Date.OR. V_Production)
HYe A0 &3l V_queryE VQLel
Append;
if (Genre.OR. Subject. OR. When. OR. Location.
OR. What. OR. Name)
AR Ao0g ZEs8lY E_queryE VQLl Append:
if (O_Category. OR. O_type. OR. O_Name)
A H0F &3t O_queryE& VQLA Append;
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if (Color .OR. Texture)o]"|®] 54 ALOE 5%
3l [_queryE VQLel Append:

if (Image)frAl A2()E 3&39 S_querygE VQL
o Append:

if (Temporal) A7t &4 A0E 3239 T_query
£ VQL°l Append;

if (Absolute-Spatial) Hdl ¥zt HJOE &3t
A-S_query& VQLl Append;

if (Relativity-Spatial) 4t} 27t A& ZZ3lo
R-S_queryE VQL\ Append;

if (Spatio-Temporal) Al - 337t A& ZT &3t
S-T_queryE& VQLAl Append;

(2) A9} Yol w2 VQL ¥

Algorithmlel] €3} Ze fF¥o| A=, G 2
o gH4eol o3 VQLREY o] o|Fo] k. F4
719k Aol Mg A4E YHE dolHE AMAdd
st A2e Yo ude A9 AYE EI
s, 54 7w A9 F F BA Ao € AIU
Aold st vFY At o]F VQLE EHF
% F3 9A Basit

Ay 37 e 9 swel AFIA AA ofo
2o REHL Aoz "o TP BAE gobd
o & 99 399 A7 FAGH AA oo 29 H
E FAFRE X539 Y399 vzg B8 A 3T
FAE Ao

4
Y |

Y
7

Ysi

0 Xs Xf 1, x

(33 3) 3 32 'Y
(Fig. 3) Absolute Relationship for salient Object

A F¢ Azt AY A AAete] HEE d)
w2y wd, Ad F3 Ade AMR ARE H
st T Ao A BAE Ao ¥k F, YA F
7+ A9E AY el AA o) g HEUYF AA) 2
o HEGE ANFoEA Fd F BAE Lohdn

AN -3 e 98 stuelA WE gt A
oz 4 shot HellAe] A9 &29g dolict 3}
e 3 X349 HEE 7|E02 4XE XFo29 ¥
A, 4YE YHo2o &3 oz a4, HA ¥
AJ(AX, AY)& 4 : (4X, 4Y) = (X1, YD) - (X2,
Y2)& o] &3te] A EF3 BAAE Al

4

(08 4) A - 32t B8
(Fig. 4) Spatio-Temporal Relationship

@) ¥ge 49 Ao(VQLIY EH
Aoty Hel Ao AMER JHozREH S
4 7wk Ao, A - F FE THEF EA 7
A7t 2% EH Jt5E, o]g5e 2oz o
o]7 &3 de =3 X4l 7t FHh
s AL Fo
o A9 Yo HHdM HEF7H SHdE vdL
CLIPE #olel.
e VQL:CLIP; NEWS.DB; EVENT.genre='%7’,
EVENT .subject="$ =3 o 43",
EVENT.what= '5%’, EVENT.name='#&";
u ojulz £4 9
A7 dHe] §@e A RGB ddstes <A @
oz A7 P9 AL vz HAE Textured T
dgoz vehdd
e A9 :Color7} BAol2 Texture7t XX Hlde
CLIPS #olz}.
e VQL : CLIP;NEWS.DB,IMAGE_FEATURE.Color=
'R:G:B’ MAGE_FEATURE.Texture="Texture_id’;
n Ao F7 A9
e A9 : Hglo| FMEF AZ ofefiHo] v} & SHOT
& #olel,
e VQL : SHOT:NEWS.DB,OBJECT.name='*1 4 ¢’
SPATIAL=-LEFT_BELOW
OBJECT .name="34 %",

8

2 o
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A - FE A

o Ao HEFVt dFRelA eEFog F
8= SHOTE 3tole}

e VQL : SHOT:NEWS.DB;OBJECT .name="# &+’
MOVE_TO = LEFT TO RIGHT;

s E% 29

e A9 :1997d 129 319 MBC 94 22 & H
T YeF 9= dadda g5t 5Hse
vt} e CLIP %ol

e VQL : CLIP, NEWSDB; VIDEO.category="2=¥ %
¥2', VIDEO.title="MBCOA| = E 2572,
VIDEQ.from_date="1997/12/31', VIDEO.production=
'MBC’ AND EVENT.Genre='%7",
EVENT.subject="8 =3 |43’ EVENT.What="5
A’ EVENT.name='# &%,

o

=t

33 Hejo MM
Aol A7) AR A #fN7] BEdd 4
A3 278 dgoz st 4&e DBMS7E 24
& 4 o SQL®og Wt ¥ DBMSH d9dE 8
Hate 715S FIPh
(1) Aol A
Algorithm2 : VQLS DBMS7F 948 5 3l& IUS
(Informix Universal Server) SQLZ
3y
A 1: YS9 E AAYsEs SQLES HE
e 2: AU doleluo]~E OPENSE SQLE
& e
A 3:ASTE traversedt®A [US SQLE ¥ @d=
IdFE 32 SQLELE wjgA It
Ae 3.1:EXPRY = He A9 {§¥& 4e
W& F=9 nodeclassel B3 @
& A A4 U 159
A7 32:0hge 2P0 ue} 2E) 23L Pt
A 32.1:1F (R WA =3 geeolth
R_Frame 2d2& A9 XAE
o %7}
A 322:1F (g ¥ 28 =71 dh
%208 Ydclip_id INE 49 =
Ede] F7t
A2 333: Az o 28 g7 A
23213 43228 ¥ g

A 4: QueryE W@

G Ay Ao HE P9 FEFER VQLE
IUS SQL2 #gslx, £8 Aejel 79+ Algorithm?2
of wal Az 3229 Az 3338 WEs 2EY
Z2o 2Jate] [US SQLRE wHETH

olu]z] £4 Ao uhg Helel F$, Colordtel
Hele olmA ZrAYHoR FE AHd dE Zdd
of e Color 548 RGB#tel disl 7tz U&=
zhztel 57bA19] g ool dig HAlHe|AE Hwma}
o A (Boundary Value) olde wix& 7 o
E zZaqe unysE i AAFE FHE 2=
v} Texturede Y#HoZ W& Textureid?t #+=
Texture ValueZ i ZdY9 Texture Valuet H|
@3], Colorgk vl el ol UAg ole] ui
2 e i ZdYL vagsE Edd 9A F
o &Aoo A f4F Ao 7 go] =
Shape Value®t tHEZ# 99 Shape Value® H| @
o 87 A olul TAyoryE I3 A
Ao W FE sreel XHEleft below X), 3
sterel YA E(left_below_Y), & Ade X3HE
(right_above X), % 499 Y3 H(right_above Y)
ghe sl F4 AE wi= A4 AEe] vuE FI)
o 27t A HPstE object_ idE ElEso Frt
A|E7 Hols ojur T AAorRE ol MA
o] g Awgk AAEZ 0, AA HUAR FAY
g 1 oz AYL [, AA Y LEFZo 2
wepg |, 3w dFoge Wwarg 12 7HAR Uz
744, AF BAE vlwste #F objectidE W
gt

(2) VQL9Y] IUS SQL £¥

Aol AA7e oA 44d IUS SQLELS t53
Ze Y2 DBMSE Hulo| 7tk dA SQLES 2
o f¥¥E FAAE 53 2
s AR A9
e VQL : CLIP; NEWSDB; EVENT.genre='%7',

EVENT. subject="¥ =3¢ 4’ EVENT.what='

5%, EVENT.name="3 44",

e [US SQL

database news.db;

select RF._image, VC._video_id, VC._interval

from event E, video_clip VC, v_clip_has event
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CHE, r_frame RF, vc_has_rf VCH
where (E._genre='%7') and (E._subject="# =% <
MA")and (E._what="5%") and
(E._name='#£4%"') and (E._event_id=CHE._
event_id)and (CHE._clip_id=VC._clip_id) and
(VC._mytype=CLIP} and (VC. _clip_id=VCH._
ve_id) and (VCH._rf_id= RF._r_f_id)
s olm|z] E4
e VQL : CLIP;NEWS.DB;IMAGE_FEATURE Color="'
R:G:B' IMAGE_FEATURE. Texture='Texture_id';
e JUS SQL
database news.db;
select RF._image, VC._video_id, VC._interval
from r_frame RF, video_clip VC, vc_has_rf VCH,
image_feature IF
where Compare_Color(RGB)and Compare_Texture
(Texture_id) and (RF._r_f_id=VCH._rf_id) and
(VCH._vc_id=VC._clip id) and (VC._mytype="CLIP")
s A F3 A9
® VQL : SHOT;NEWS.DB:OBJECT.name='*1% ¢’
SPATIAL-LEFT_BELOW
OBJECT.name="%#4%¥";
e IUS SQL
database news.db;
select RF._image, C._video_id, C._interval
from r_frame RF, video_clip C, abject Ol, image_
feature IF, v¢_has_rf VCH
where (O1._name="4 3 9¥’) and (Ol._object_id=
IF._object_id) and (IF._r_f id= RF._r_f id) and
(C._mytype=CLIP} and
(RF._r_f_id=VCH._rf_id)and  (VCH._vc_id=
VC._clip_id) and
spatial(01,02 left_below) and (RF._r_f_id in
(select RF._r_f_id) from r_frame RF_], object
02, image_feature IF_1, where (O2._name='
B9%") and (O2._object_jd= IF_1._object_id)
and (IF_l._r_f id= RF_l1._r_f_id))
s A -3 A
e VQL : SHOT;NEWS.DB:OBJECT .name="# & '
MOVE_TO = LEFT TO RIGHT;
e [US SQL
database news.db;

select RF._image, VC._video_id, VC._interval

from r_frame RF, video_clip VC, object O, image_
feature IF, vc_has_rf VCH

where (O_name="#$5") and (O_object_jd= IF._object_

id) and (IF._r_f_id=RF._r_f_id) and
(VC_mytype=SHOT) and (RF_r_f id=VCH._f id)
and (VCH._vc_id=VC._clip_id)

move_to(O,left to right)

£% 49

VQL : CLIP; NEWS.DB; VIDEO.category='2¥ =
72, VIDEO.title="MBCYA| A X =¥ 2,
VIDEOQ.from_date="1997/12/31' VIDEO.production
='MBC’ AND EVENT genre='%7"',
EVENT.subject=" =31 A’ EVENT. what='
£7%’, EVENT name="3 &';

IUS(Informix Universal Server) SQL

database news.db;

select C._video_id, C._interval, RF._image

from video V, video_clip C, vc_has rf VCH, r_frame RF
where (V_category='"2¥2%2~') and (V._title='

MBC 9N AE2%AY) and
(V._date="1997/12/31') and (V._production=
"MBC’) and (V._video_id=C._video_id) and
(C._clip_id=VCH._vc_id) and (VCH._rf_id=
RF.r_f id) and (C._clip_id in
(select VC._clip_id)
from event E, video_clip VC, v_clip_has_
event CHE
where (E._genre="%71') and (E._subject='
YA dA’) and (E._what="53")
and (E_name='#484"") and (E_event_
id=CHE._event_id) and
(CHE _clip_id=VC._clip_id) and (VC._
mytype=CLIP)))
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