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Content-Based Query Processing for Video Databases

Tony C. T. Kuo and Arbee L. P. CheMember, IEEE

Abstract—This paper presents a query processing strategy for queries. A query mechanism based on the spatiotemporal
the content-based video query language named CVQL. By CVQL, correlation of content objects in the key frames was proposed
users can flexibly specify query predicates by the spatial and tem- 551 - A set of relation description factorsvere defined for
poral relationships of the content objects. The query processing . L . .
strategy evaluates the predicates and returns qualified videos or some spef:lal appllcathns. In (7ot ObJ?CtSWh'Ch are the
frames as results. Before the evaluation of the predicates, a pre- Subject of interest were identified. Hyperlinks were constructed
processing is performed to avoid unnecessary accessing of video©n hot objects for browsing video data.
which are impossible to be the answers. The preprocessing checks Various temporal relationships for video query specification
the existence of the content objects specified in the predicates to\vere provided in [12]. In [21], a set of temporal operators were

eliminate unqualified videos. For the evaluation of the predicates, desi df P id : The t | relati
an M-index is designed based on the analysis of the behaviors of the esigned for specifying video queries. The temporal relation-

content objects. The M-index is employed to avoid frame-by-frame Ships can only be specified between frame sequences. Spatial
evaluation of the predicates. Experimental results are presented to relationships of content objects were not considered. In [19], a

illustrate the performance of this approach. hierarchical temporal logic for specifying queries was proposed.
Index Terms—Query language, query processing, video An extension [13] was presented by providing negation opera-
databases, video indexing. tions in this language.

Sixteen primitive types of motions for specifying the tracks
of content objects were considered in [3]. The relationships be-
tween content objects were not considered. In [20], we proposed

HE retrieval of video data becomes an important issue dge€nechanism to query videos by the motion track of content ob-

to the requirements of the multimedia databases, WW}#lcts. Query processing is then transformed into the motion track
applications, and video-on-demand systems. Video data c@fatching problem. In [10], we used the notion of three-dimen-
tain temporal and spatial relationships between content objegignal strings3-D stringg to represent the spatial and temporal

Based on these characteristics, a new accessing interface redétionships of content objects. A data structure is also designed
be provided. Traditional database systems only support textes fast query processing.

and numerical data. Video data stored in these database systenfhe above works can only specify the behavior of the

can only be retrieved through their video identifiers, titles or dgontent objects to certain degree in a query. More general
scriptions. query mechanisms for users to specify the events in the videos
Many researchers have investigated the enhancement of Vige® required. In [8], we proposed a content-based video query
query capabilities [3], [5]-{7], [11], [15], [18], [22], [23]. In Janguage (CVQL) for general query specifications on video
the past, content-based retrieval was applied in image databaggabases. This approach was extended for approximate query
[2], [4], [14], [16]. Similar concepts are extended to enhancghecifications in [9]. In this paper, based on CVQL, an efficient
query capabilities in video databases. In [18], video data cangery processing strategy is presented. The required indices
queried by image features, such as color, texture and shape. 2A algorithms are discussed in detail.
query capabilities are limited by only using the spatial informa- The organization of this paper is as follows. In Section II, we
tion and image features of the video frames. present the CVQL. Section Il presents the elimination-based
A video query language VideoSQL was proposed ipreprocessing of CVQL queries. Section IV presents the
[15]. It used an inheritance mechanism which provides thg-index and the evaluation of the video functions. Section V
sharing of common descriptional data among videos and #fi@strates various experimental results to show the superiority
corresponding operations for specifying queries. In [5], th&f our approach. The last section concludes this paper.
spatial/temporal semantics of video data were studied. Concep-

tual spatial objects (CSO), conceptual temporal objects (CTO),||, A CoNTENT-BASED VIDEO QUERY LANGUAGE CVQL
physical objects (PO) and a set of predicate logic operations L . . .

were defined to express queries. Since spatial and tempord?‘ content quect is a symbol in a video, Wh'ch represents a
semantics are only captured by CSO's and CTO's, semantf@?l world entity. For example, an anchorperson is a content ob-

that are not defined in CSO's and CTO's cannot be used!ffft Of @ news video. The CVQL allows users to specify pred-
icates by the temporal and spatial relationships of content ob-

jects.
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Sports ———==I Basketball | objects among video frames are considered as temporal
— relationships.
5 Tennis | 4) Compound relatio.n_shiyA' more co_mplex state can be
| Video =1 Politics | — specified by combining the descriptions of spatial and
temporal relationships of content objects. According to
the two types of spatial relationships, we explain their

—={ Economics | combination with temporal relationships. For type 1, the
motion of a content object can be specified by consid-
Fig. 1. An example video class hierarchy. ering the locations of the content object in a continuous

frame sequence. For type 2, the variance of the relative
locations of two content objects between two continuous

frames can be specified. For example, a state describing
two dogs running toward each other closer and closer
can be specified by the variance of the relative locations

of these two dogs in continuous frames.

5) Compound stateZombining two or more states in a se-
quential order in the predicate is nhamead¢@mpound
state For example, a ball jumping up and then falling
down needs to be described by a compound state: the
first state describes the ball jumping up and the second
describes the ball falling down.

Sports. In this paper, the name of a video will be presented in
bold face Roman, and a video class will be presented in bold
face Roman beginning with a capital letter. For the convenience
of specifying predicates in a query, content objects are also man-
aged in a class hierarchy. When a content object class is used in
a query, it represents all content objects belonging to this class.
A content object is presented Arial font and a content object
class is presented iArial font beginning with a capital letter.

In Fig. 2(a), we illustrate a class hierarchy of content objects.
Fig. 2(b) shows the instances of these classes.

B. Syntax of CVQL 6) Se_mantlc de_scrlptlorit may be inconvenient for users
_ toissue queries by describing a complex relationship, es-
A CVQL query can be expressed by the following structure: pecially for naive users. A semantic description is a way

of relieving the difficulty by allowing users to specify

a complex state by simple functions. For example, in-

] stead of the complex specification of temporal/spatial

* range: The range clause defines the search space of a rg|ationships, a simple operation near(objectl, object2)
query. It can be a set of videos or video classes. If the can be used to specify two content objects within a short
users have no idea about the possible sources where the  jistance.

target may come from, the symbol *** can be used 6 CVQL, a predicate has the following basic form:
represent all videos.

{range; predicate; target

« predicate: The qualification of a query is specified in the video-function(parameterg)y-expressioh
predicate clause. Objects in the range clause are evaluated
by the specified predicate to get the result. It can be parsed into two parteéideo functionand xy-expres-
- target: The target clause specifies the form of the resulgon The video function part computes a value with:acom-
The target can be a video, shots, or frames. ponent and @ component. They-expression part specifies the
restriction for a predicate. In ary-expression, thel variable
C. Predicate Specification andY variable represent the component ang component of

A stateis a specification of temporal/spatial relationships Othe returned value of the video function, respectively. Therefore,

existence of content objects, which can be used as a prediclf:;.l%'eaj component ang component of the returned value of the

: : - eo function satisfy they-expression, the predicate is evalu-
We introduce various types of state descriptions as follows: ated as True Other\%ise ﬁ i l[:)alse Compa?ative operators such
1) Existence of content object¥he simplest predicate ¢ ug » us, » wn and “1=" c:':m be used in thezy-expression. Ei-

speC|f|cat|?c.n dls 0 seargh videos which contain thger v or y variable can be omitted in ary-expression when

user-.slpec: o cohr?te.nt 0 j.ect.s. ; il relati the value ofX or Y is irrelevant in the predicate. In the fol-
2) Sp_aUa relations |p.Descr|p_t|_ons of spatial re atloq- lowing, video functions for predicate specifications will be in-
ships are based on the positions of the content Obleﬁlﬁduced

in video frames. A frame can be viewed as a two-di- 1) Video functions:A video function returns the information

mensional (2-D) space. The position of a content Obje& content objects such as location and motion. There are six
can then be denoted &X,Y"), whereX,Y = 0. There functions:

are two types of spatial relationship descriptions: type

1 regards the position of a content object and type 2 » AP(): It returns absolute position of a content object in a

regards the relative positions of two content objects. frame:

The spatial relationships among more than two content Exl: AP(dog)[X < 3AY < 3].

objects can be represented by concatenating type 2

descriptions with logical operations. Ex1 describes whether dog in a frame stays at the
3) Temporal relationshipA video stream is a sequence of lower-left corner of the frame grid, specified by the

continuous image frames. The relationships of content  zy-expressionX < 3AY < 3.
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(a) Class hierarchy for content objects

Class Tree: pine, cherry
Class Bush: rose

Class Animal: dog, cat, ox
Class Vehicle: car, truck, ship

Class Buliding: lighthouse, chalet

(b) Contents of content object classes

Fig. 2. An example content object class hierarchy.

* RM(): The relative movement of a content object from th o
previous frame to the current frame will be returned. / 9
sequence of frames showing a bird flying to the right ca 8
be specified as

Ex2: RM(bird) [X >=1].

In this example, th&” variable is omitted. That is, there
is no restriction on thg component of the returned value
from RM().

By RM(), users can describe the moving direction an
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speed of a content object. It can also be used to specify a
static content object. For example, Ex3 describes a staftig- 3. (&) Cat bounded in a 3 x 3 area. (b) Cat bounded in an area between

bird:
Ex3: RM(bird)[ X =0AY =0].

AM(): It calculates the absolute movement of a content
object between the frame in which the content object
originates and the current frame. Ex4 demonstratest a
bounded in a 3 x 3 area:

Ex4: AM(cat) [|X]| < 2A Y| < 2.
Notice that AP() acts more specifically than AM():

Ex5: AP(cat)[3 < X < 7TAl <Y < 5]

EX5 tests if the cat is bounded in square (3,1) to (7,5). The
difference between Ex4 and Ex5 is that the former bounds
the cat in a 3 x 3 area where its position is uncertain,
and the latter bounds thmat in an exact area, as shown
in Fig. 3.

By RP(), the relative location of the second content ob-
ject based on the first content object can be retrieved. Ex6
shows the application of RP():

Ex6: RP(tree,car)[X < 0AY < 0].

In this example, the predicate “thear located at the
lower-left of thetree” is specified.

A complex state can be expressed by using these func-

tions. Ex7 is modified from Ex6, which further specifies

RP(): RP() requires two content objects as parameters.

(@ (b)

(3,1) and (7,5).

—

O WRAUANNROO

012345678910

Fig. 4. lllustration of Ex7.

thetree is located statically at (9,8) and tlear moves to
the right-bottom of the frame, as shown in Fig. 4:

Ex7: RP(tree,car)[X < 0AY < 0]and

AP(tree) [ X =9AY = 8] and
RM(car) [ X >=0AY <=0].

« Exist(): Exist() examines whether a content object exists

in a frame and returns a Boolean value (True/False). Q1
shows a simple video query which retrieves frames from
videonthu-campus in which a content object of content
object clasderson exists.

Q1: {videonthu-campus;Exist(Person); frameg

We show the content object class hierarchy and some
frames of videathu-campusin Fig. 5. From Fig. 5(b),
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0 0 0 Class Person: (m)ary, (a)lex, (j)ohn
0123456 01 2345%6 01234 5 6 Class Building: (h)ouse
Frame i Frame i+] Frame i+) Class Tree: (p)ine
(a) (b)
Fig. 5. (a) Some frames of video nthu-campus, and (b) the content object class hierarchy.
we find that content object®ary, john andalex belong Q4: {video *; RM(ball) [Y" Decreasin video}.
to Person. Therefore, the frames of videtghu-campus _
in which content objectsary, john or alex appear will Therefore, the temporal expression power of teex-
be retrieved as the result of Q1. In Fig. 5(a), framesd pression is enhanced by these three modifiers, such as the
i 4 2 are retrieved since content objectsry andalex variance of the speed of a moving content object and the
exist in framei andjohn in framei + 2. variance of the relative position of two content objects.

» Distance(): Distance() is used to compute the distance for ~Moreover, a complexy-expression can be simplified by
a 2-D value produced by a video function. For example,  the XY modifiers. For example, Ex8 and Ex9 are equiv-

in frame+ of Fig. 5(a), RPg, a) = (0, 2)- (3, 3) = (-3, alent.
-1) and Distance(RP( a)) = 1/(—3)2 + (—1)2 = V/10.
Q2 illustrates an example to find the frames which include Exs: RM(0) [X' > 0] and ARO) [X' > 3]
two content objectfish andcrab in a short distance. Ex9: AP(0)[X > 3 A X Increasing
Q2: {videosea; Distance(RFfish, crab)) < 3;frameg. » Continue: In a query, we may have to specify the time

_ _ _ _ _ interval for a state. The Continue is used to indicate the
Distance() makes different semantics when applied to dif-  minimum time interval for a state. The Continue follows

ferent video functions, as follows. an zy-expression or a video function. For instance, Q5
1) AP(): Itreturns the distance of a content objectfrom  accesses videos which have at least 30 sequential frames
its location to (0, 0). containing a content object &ferson.

2) RM(): It returns the moving distance of a content _ _ _ _
object from the previous frame to the current frame. Q5: {video *; Exis{Person) Continue 30 frames; vidgo

3) AM(): It returns the distance of a content object ) _
from the current frame to the frame where the con- O convenience, the number of seconds can be used in-

tent object first appears stead of the number of frames as the unit for time interval

4) RP(): It returns the distance of two content objects. _Sl_%ec'_f'g_?]t,'on' i enates two states int
By using the video functions, the spatial and temporal relation- en. This modimier concatenates two states Into a com-
ships among content objects can be specified pound state in time sequence. Q6 retrieves frames con-
2) Modifiers: In addition to the video functions, a set of taining aball moving left and then moving right. The

. . . former state describesall moving left and the latter state
modifiers can be used to enhance the power of predicate speci- : T
fications. describes thball moving right.

* Increasing, Decreasing and Equal: We have introduced six Qg: {videosport; RM(ball) [X < 0]
video functions for retrieving the information of content
objects from video frames. However, the basic compar- )
ative operators for they-expression is not enough for RM(ball) [X' > 0] Continue 10 frames; framgs
query specification. For example, it cannot specify that
two content objects keep the same relative location in two
or more continuous frames. The Increasing, Decreasing
]‘?”d Equaltmo?:iers (namedy’ r;]odiffiers) are proposedQ3Q7: {videosport; (RM(ball) [X < 0] Continue 10 frames
or supporting the-y-expression for a frame sequence. .
illustrates an example which shows two content objects Then RMpball) [X' > 0] Continue 10 frames)
keep the same relative location in two or more continuous ~ Repeat 1 time; frameés
frames. In Q4, video objects containing a content object
ball which is falling faster and faster will be retrieved. In summary, Increasing, Decreasing, and Equal are used to

specify the variance of spatial relationships; Continue is used
Q3: {video * RP(01,02) [XEqual Y Equal; video} to depict the time duration that a state has to be kept; and Then

Continue 10 frames Then

» Repeat: The Repeat modifier specifies a repeated com-
pound state. For example,
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and Repeat modifiers are used to arrange the time order of edble 13 temporal relationships proposed in [1] can be defined as

state. macros using our video functions and modifiers. We illustrate
We have introduced the operations for specifying spatial rite definition of Meet function in the following.

lationships and temporal relationships between content objects

in the query predicate. In the following, we illustrate some more Meet(0,,02) = Exist(0; ) and !Existo Then
complex query examples. IExist(0;) and Existo,).
Q8: {video *; RR(dolphin,ball)[X =0AY = 1] Ex11 shows the simplification of Q11 by defining a crash macro

Continue 3 seconds; vidgo function, as follows.

Q9: {video *; RM(bird) [|X| < =1AY| < =1]
Continue all frames; video

Ex11: Approach{o;,0,) = Distance(RPo;,0))
Decreasing; Cragh;,0.) = (Approact{o, 02)

QLO: {video *; AP(bird) | X| < =3A V| <=3] t0 0 Then IExisto;, 0,)) and
Continue all frames; vidgo Clasgo, ) = Clasg0,) = Vehicle.
Q11: {videoDisaster; Distance(RPtrain, car))
Decreasing to 0 Then The Class function is used to limit the parameters since any

content object may be applied as a parameter.

1 1 1 .
'Exisi(train, car); frameg Therefore, Q11 can be simplified to

Q12: {videosport; RM(barrier)[X =0AY = 0] and
RM(horse) [X > =0AY > =0]and {videoDisaster; Craskcar, train); framesg-.

RP(barrier, horse) [X < =0] Then ,

h ~ B q For the use of macro, a set of macros are predefined. Users can
RM( or_se) [X >=0AY <=0]an define new macros by themselves. The definition of a macro can
RPA(barrier, horse) [X > =0]; frameg. be changed in the user profiles. For example, Ex10 defines two

near content objects by their distance “3.” Users may change it
Q8 retrieves video objects containing a frame sequence whigt2” for a stricter criterion.

has a dolphin crowned with a ball. Such a frame sequence has
to be kept for a duration of three seconds. . ELIMINATION -BASED PREPROCESSING

The targets of Q9 are those video objects containing birds ] ] ]
flying slowly. Since the “Continue all frames” is specified, all QUEry processing evaluates the query predicate for the videos

frames of a result video must have a content object bird sgRecified in the range clause and returns the qualified targets
isfying “RM(bird) [| X| < =1 A [Y]| < =1].” Q10 retrieves &S auery result_s. The processing is perf(_)rmed in two phases:
videos containing birds and these birds are bounded in the afl&& Preprocessing phase and the evaluation phase. The former
(0, 0) to (3, 3). per.forms an ellmnjatlon—based approach to eliminate the videos
In Q11, users want to retrieve video frames of a train crashif§!ich are impossible to be the answers of the query. The can-
with a car from disaster videos. In the predicate of Q11, first wlidate videos are retrieved. The latter evaluates the query predi-
describe the state of a train approaching a car. After the cra€fte in detail on these candidate videos and integrates the results
both the car and train disappear from the next frame. to form the query answers.
Q12 retrieves the frame sequence containing a horse jumping ]
over a barrier from a sport video. There are two states in the Indices for the Preprocessing
predicate of the query. The first one describes a horse runningA set of indices are constructed for the preprocessing.
close to the barrier and jumping up, and the second describes the Class hierarchy of videos: As we discussed in Section I,
moving track and the spatial relationships between the horse and the videos in the database are classified into a class hi-

barrier after the horse jumps over the barrier. erarchy for the convenience of query range specification.
Each video class contains the information of
D. Macros 1) members (videos) of this class;
Macros are defined for the simplification of predicate speci- 2) super-class of this class;
fications. It may be difficult for a user to specify a complex state 3) subclasses of this class;
by primitive video functions and modifiers. For example, to de- 4) mincov and maxcov of this class (to be described
scribe a crash, instead of the complex predicate specification as later).
shown in Q11, it will be more convenient if a crash function is « Class hierarchy of content objects: The content objects are
predefined. also classified into a class hierarchy for the convenience of

A macro can be defined by primitive video functions and predicate specification. Each content object class contains
modifiers or the other macros with a set of parameters. For ex- the information of
ample, Ex10 defines the Near function. 1) members (content objects) of this class;
2) super-class of this class;
Ex10: Nearo;,0;) = Distance(RPo;,02)) < 3. 3) subclasses of this class.
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mincov(*)={}
maxcov(*)=
{01502903304905}

mincov(B)={0,}
maxcov(B)=

Class A:

video V1, COV={0;,0,}

video V2, COV={0,,0,}
Class C:

. _ mincov(A)={0,} [ A

Video V4, COV-{O10 mazeon(A)-
Class D: ’ 30 4 {01’03,04} {01’02,03’04905}

video V5, COV={0,,0;} ) 3

video V6, COV={0,,0,} mmcov(%)‘_{os}

video V7, COV={0,,0,} Mmaxcov(C)=

mincov(D)={0,}
maxcov(D)=
{0,,0,,0;,0}

P
{05,0,,05}

(a) (b)

Fig. 6. COV’s of a video class hierarchy.

This hierarchy can be used to find the corresponding con-  impossible to be the answers from the query range. The
tent objects if the parameter of a predicate contains acon- qualified videos are extracted eandidate videas

tent object class. The details of each step are elaborated as follows
Content objects in a video (COV): The COV records the 1) Query Predicate Graph ConstructionVe use a

T o e e e Cp00W apcac o consict the ey predicate graph

relevant functions to retrieve the COV’s.for the videos iF'rSt’ construct a state-flow diagram for the query pre(_j|cate.

a video class: (1) theaxcoyVC) returns the set of con- I%econd, represent each stgte by the as_somated predicates of

tent objects that exist in a video of video class VC anthe query. The state-flqw diagram contains two co_mponer_lts:

(2) theminco(VC) returns the set of content objects th ) the nodes representing the_states, and (2) the directed links

existin all the videos of video class VC. Theaxcoy) and etween the nodes representing the order of the states. The
‘ time duration of a state can be specified below the node. There

minco\) of a node N can be computed by the fOIIOngare three types of the state-flow diagram according to the query

formula. predicate.
1) Single state: There are no Then or Repeat modifiers in the
if (N is not a leaf nodg query predicate. In such a simple case, the query predicate
mincov(N) = Nmincov(n;), wheren; are specifies a single cqndition .for the v@deq contents. An
children nodes ofV: example state-flow diagram is shown in Fig. 7(a).
’ 2) Consecutive flow: There are Then modifier(s) in the query
mazcov(N) = Umazcov(n;), wheren; are predicate. A Then modifier connects two states in the time
children nodes ofV; order. Fig. 7(b) shows state S1 followed by state S2.
else 3) Repeating flow: There are Repeat modifier(s) in the query

predicate. In this case, the query predicate must also con-

mincov(N) = Neo(v;), wherev; are videos tain the Then modifier since a simple query predicate

in video classv; is unnecessary to be repeated. Fig. 7(c) illustrates a re-
mazxcov(N) = Uco(v;), wherev; are videos peating flow type state-flow diagram, theindicates the
in video classV. number of the repetition.

For example, Q6 can be transformed to the state-flow diagram

Fri]g. 6(a£] iIIu.strates th; COV's fcf)r s?]me .\éidGOT and Fi?' E(ba?s in Fig. 8. The query predicate contains two states S1 and S2.
shows themincoy) andmaxcoy) for the video classes of t € The duration of each state is ten frames. The flow from S1 to S2

video class hierarchy. For examptainco{B) = minco\(C) [

nmincoyD) = {Oz} N {O3} = {Os}. The COV is used for the
elimination of videos which do not contain the content objecE
of the query predicate.

B. Steps for the Elimination-Based Preprocessing

repeats once.

A state can contain a single predicate or a conjunction of more
fian one predicate. In a query predicate graph, a square node
represents a predicate.

When the subpredicates in different states contain the same
content object, the content objects are namedevant content

For the preprocessing, a query is processed in two steps. objects The relevant content objects will be used for the result
1) Query predicate graph construction: The first step transtegration. A dotted link is used to connect two predicates con-

forms the query predicate into a query predicate graptaining the relevant content objects. Fig. 9(a) and (b) illustrate
The content objects of the query predicate are also cothe query predicate graph construction of Q12. Fig. 9(c) lists the
puted. predicates P1-P5.

2) Video elimination: According to the content objects of Furthermore, the content objects of the query predicate are

the query predicate, check the COV to eliminate videaomputed from the query predicate graph QG by a function
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(a) (b) (©)

Then Repeat

In summary, the query is first parsed for constructing the query
graph QG by its predicates. Second, the content objects of the
query can be computed from the QG for video elimination. The
resultant candidate videos are then generated for the video func-
tion evaluation which will be presented in the next section.

IV. VIDEO FUNCTION EVALUATION

Fig. 7. (a) Single state, (b)consecutive flow, and (c) repeating flow types of After the video elimination preprocessing, a set of candidate

the state-flow diagram.

10 frames 10 frames

Fig. 8. State-flow diagram of Q6.

(a)State-flow diagram (b)Query predicate graph

P1: RM(barrier)[X=0 A Y=0]
P2: RM(horse)[X>=0 A Y>=0]
P3: RP(barrier, horse)[X<=0]
P4: RM(horse)[X>=0 A Y<=0]
PS: RP(barrier, horse)[X>=0]

(c)Predicates

Fig. 9. Query predicate graph construction for Q12. (a) State-flow diagram.

(b) Query predicate graph. (c) Predicates.

gcq). For example, thgco QG of Q4) contains a single content

objectball.

videos are extracted. The candidate videos are further exam-
ined by evaluating the video functions of the query predicate for
query results. In this section, we propose an efficient approach
of function evaluation based on the examination of the behaviors
of the content objects. We define various types of behaviors and
analyze the video contents for the construction of the index of
behaviors. When evaluating a video function, the video function
can be classified into one of the behavior types. By applying the
corresponding index, the videos containing qualified behaviors
are extracted.

A. Behaviors of Content Objects

According to the CVQL, we discuss the types of behaviors in
two ways: 1) the behaviors of a single content object and 2) the
behaviors for two content objects.

There are three types of behaviors for a single content object.

e Static: A content object is static if it stays in a position
for certain time duration, which can be described by
{RM(O)[0, O]}

* Regular_moving: A content object is regular_moving if
it is moving regularly, which can be classified into the
following types.

1) Uniform motion: A content object is moving
with a constant speed, which can be described by
{RM(0O) [X,Y], where X, Y, are constanis For
example X = 2 represents that content obj&etis
moving with speed = 2 along th¥ axis.

2) Directional motion: A content object is moving
in the same direction, which can be described by

2) Video Elimination: The elimination process prunes
videos which do not have all the content objects specified in
the query predicate. It is performed by traversing the video
class hierarchy. By evaluating theaxcoy) andmincoy() to the
nodes in the video class hierarchy from the root downward, the

{RM(O)[X,Y], whereX,Y € {"+”“-"}}. The
“+" represents content objead® moving in the
positive direction and the—" represents content
object O moving in the negative direction. The

positive direction along theX(Y) axis is from

number of nodes visited can be minimized.
Algorithm:

VE _processing(Input: query predicate graphG,
visiting nodeNV; Output: candidate video s&t)
if (qco(QQG) C mincov(N))V = member(N);

/* all the descendants of N contadao (QG) */
else if(qco(QG) ¢ mazcov(N))V = &,
/* none of the descendants of N contaitv(QG) */
elseV = UV E_processing (QG, n; ),

wheren; are the child nodes of N;
I* some descendants of N may contaitw (QG) */
returnV.

left(top) to right(bottom) and the negative direction
from right(bottom) to left(top).

3) Accelerated motionA content object is moving
with an accelerated speed, which can be described
by {RM(O)[X,Y], whereX, Y € {“++"“ ——"1}}.

The “++" represents content obje@tmoving faster
and faster and the-*" represents content object
moving slower and slower.

* Random_moving: A content object is random_moving if
it is moving but not regular_moving. It can be described
by {AP(O)[X,Y], whereX, Y are in certain intervals

When extracting the behaviors for a content object from a frame

sequence, it has the following steps.

1) Static examination: Check the content object if it satisfies

the predicate of the static behavior.



2) Regular_moving examination: If the content object is not
static, it is moving. Evaluate the content object if it satis-
fies the predicates of uniform motion, accelerated motion,
or directional motion.

3) Random_moving examination: Content objects not clas-
sified into the static or regular_moving are classified into
the random_moving behavior. In this case, the region the
content object stays is computed.

The behaviors between two content objects are similar to the be-
haviors of a single content object. They represent the variation of
the spatial relationships of two content objects. They can also be
classified into three types of behaviors: static, regular_moving,
and random_moving, as follows.

« Static: The relative positions of two content objects are
fixed, which can be described byRP(O;,02) [X,Y],
whereX, Y are constants

* Regular_moving: Two content objects are moving closer

and closer or farther and farther, which can be described .

by {RP(O1,05) [X,Y], whereX,Y € {"+"“-"}}.The
“+” represents content objecf$; andO, are moving far-
ther and farther, and the-" for closer and closer.

» Random_moving: The relative position of two content ob-
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Possible value [Motion_type Denotation
0 Uniform (Moving in a constant speed
+ Moving in the positive direction
Directional

- Moving in the negative direction

++ Moving faster and faster

Accelerated
—_ Moving slower and slower

Fig. 10. Denotation of the Motion_type attribute.

3 along theX axis, and keeps a constant speed 1 along
theY axis. The Area attribute denotes an area (0,0)—(9,5)
as the position range of the content object in this duration.
The duration of this behavior is from frame 123 to frame
130.

Random_moving: (OID, Duration, Area). The attributes
of random_moving behavior are similar to the attributes
of the static behavior. The only difference is the Area at-
tribute. It is in the format of X1, Y1) ~ (X»,Y2) which
represents the moving area of the content object.

jects are not constant and cannot be classified into reg- « Behaviors of two content objects: (OJDOID,, Duration,

ular_moving (i.e., these two content object are not moving
farther and farther or closer and closer). It can be de-
scribed by{RP(O1, 0-) [X,Y], whereX, Y are in cer-
tain intervalg.

B. Properties of Behaviors

After the video is parsed, the behaviors of the content objects
in the video are extracted. The attributes for representing these
types of behaviors are shown as follows.

 Static: (OID, Duration, Position). There are three at-
tributes. The OID denotes the ID of the content object
which is static. The Duration denotes the starting and

Type, Area, Distance). The Type attribute denotes the be-
havior type of the two content objects. The format of this
attribute is(X,Y), where X, Y represent the type of the
behavior along theéX andY” axes, respectively, as shown
in Fig. 11.

The Area attribute denotes the range of the relative po-
sition of these two content objects by specifying the min-
imum and maximum differences along tk& axis and
Y axis. The Distance attribute denotes the corresponding
minimum and maximum Euclidean geometry distances.
If the behavior type is static, the value of the Distance at-
tribute will be a constant.

ending frames of this behavior. The position of the stati¢ The M-Index of Behaviors

content object is denoted in attribute Position. The value

of the Position attribute is in the format 6K, Y'), where The behaviors are used for the evaluation of video functions.
XY >o. Y In this section, we discuss various types of the predicate speci-
. Régulz;r moving: (OID, Duration, Motion_type, Areafications by the video functions and present an index structure

Speed_area). Since there are three types of motioR@medM-indexon the behaviors for efficient processing of the
the Motion_type attribute is required for denoting th¥ideo funct|ons_. _ - _
type of motion of the content object. The form of this * AP() function: the AP() is used for specifying the location

attribute is (X,Y), where X, Y represent the type

of the motion along theX and Y axes, respectively,

as shown in Fig. 10. The Area attribute denotes the
moving area. The Speed area attribute denotes the
range of the speed value of the moving. The notation is
(Xmin ~ XmaX7 Y;nin ~ Y;nax)-

The special case is when the Motion_type = 0 (it de-
notes a Uniform motion), the Speed_area is in the format
of (X,Y") since the speed is constant. By examining the
values of Motion_type and Speed_area, the details of the
motion can be derived. For example, a regular_moving be-
havior is shown as: (Cat, (123130), (++, 0), (0, 0)—(9,

5), (1-3, 1-1)). It denotes a cat moves to right faster and
faster with the minimum speed 1 and the maximum speed

of the content object. According to the specification of
zy-expression, there are three cases.

1) Xy-expression specifies constants: It queries for
videos with a static content object. The static be-
havior is applied for the evaluation. The instances of
the static behavior are hashed by thandy values
of the Position attribute. When th€, Y values are
given, the qualified behaviors can be extracted.

2) Xy-expression specifies an interval: It queries for
videos with the content object bounded in an area.
The frame sequences of the static, random_moving,
and regular_moving behaviors may qualify the
predicates. AnRT-tree [17] is constructed by the
Position attribute of the static behavior and the
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Possible value | Behavior type Denotation
* Random_moving |The relative positions are not constant
0 Static The relative positions are constant
+ The distance is increasing

Regular_moving
- The distance is decreasing

Fig. 11. Denotation of the Type attribute.

Area attribute of the random_moving and reg-
ular_moving behaviors. The query can then be
evaluated by accessing ther-tree. TheRT-tree

provides an index structure for efficient searching
of objects in a on multidimensional space. Since

ative positions. The static type behavior of two con-
tent objects is applied for the evaluation. The in-
stances of the static type behavior are hashed by the
Area attribute. When th&, Y values are given, the
qualified frame sequences can be extracted.

2) Xy-expression specifies an interval: A& -tree is
constructed by the Area attribute of all the behaviors
of two content objects. The evaluation can then be
processed by accessing tRe -tree.

3) Xy-expression contains Increasing or Decreasing
modifier: In this case, the qualified results are from
the regular_moving behavior. The query can be
evaluated by the Type attribute.

Distance() function: The evaluation of Distance() refer-
ences the Distance attribute of the behavior of two content
objects.

the value of the Area attribute specifies a minimunan A7-index is constructed for a video to store the behaviors of
boundary region of the content object, it can bgs content objects. Fig. 12 shows the structure oftféndex,

indexed by thelzt-tree for efficient search.

(a) for single content object, and (b) for two content objects,

3) Xy-expression contains Increasing or Decreasingspectively.

modifier: The AP() function with Increasing
or Decreasing modifier can be transformed to
the RM() function.
Increasing © Y Decreasing] is equivalent to
RM(O)[X > 0 Y < 0]. The evaluation is the
same as the evaluation of RM() (as follows).

* RM() function: The RM() function is used to specify the
motion of the content objects. According to thwe-expres-
sion, there are three cases.

For example, AP{)[X D. Result Integration

For a query predicate, it may consist of some states and a state
may consist of some subpredicates. A subpredicate is relevant to
avideo function. A frame sequence (or video) is a query result if
it satisfies all the subpredicates in the query predicate. We have
presented the evaluation of the video functions. In this section,
we discuss the flows for the query processing, the evaluation of

1) Xy-expression specifies constants: It queries fe{state, and the integration of each state to form the query results.
videos with a content object having a constant The flow of the query processing is as follows.

speed. The Uniform motion type behaviors can
be applied for the evaluation. The behaviors with
Motion_type = 0 are hashed by their Speed_area
attribute. When theX, Y values are given, the
qualified frame sequences can be extracted.

2) Xy-expression specifies aninterval: In this case, the
qualified results may come from the behavior type
of regular_moving or random_moving behavior. An
Rt -tree is constructed by the Speed_area attribute

of these behaviors. The query can then be evaluated?

by accessing th&*-tree.

3) Xy-expression contains Increasing or Decreasing
modifier: In this case, the qualified results are from
the behavior type of accelerated regular_moving.
The query can be evaluated by the Motion_type at-
tribute.

» AM() function: The AM() function is usually used for a
range query. They-expression specifies the area the con-
tent object is located. Therefore, i -tree constructed
by the Area attribute of all the behaviors is applied for the
evaluation.

» RP() function: According to they-expression, there are
three cases.

1) Xy-expression specifies constants: It queries for
videos with two content objects having constant rel-

1) Evaluating the video function for each subpredicate:

As presented in Section IV-C, the qualified behav-
iors are stored in the form (OIB), duration) for
further processing. For example, a state consists of
AP(tree)i = 2"y = 3] and RM(car)k Increasing”

Y Increasing] with a duration of 30 frames. Fig. 13(a)
shows the qualified behaviors of the AP() function, and
Fig. 13(b) shows the qualified behaviors of RM().
Integrating the results of the subpredicates of each state:
Since a state may consist of several subpredicates, the re-
sults of each subpredicate have to be integrated. The in-
tegration is performed by a join processing. It is based on
the intersection of the durations of the qualified behav-
iors. For example, Fig. 13(c) shows the result of the join
processing. After the join processing, the duration of 30
frames is checked, and the result shown in Fig. 13(d).

3) Integrating the results of all the states to generate the

query result: For the Then modifier, it represents a state
transiting into another state; for the Repeat modifier, the
state is self-repeating. Therefore, the integration of the
results can be performed by unioning the durations with
the same OID when there exists a nonempty intersection
of the durations. For example, we use Fig. 13(d) as the
results of state 1 and the results of state 2 are shown in
Fig. 14. The query result is shown in Fig. 15.
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Index oID

| Hash H Hash | | R*-tree | | R*-tree | Duration
types car (1-52)
car (97-232)
Index -
attributes |P°Siti°n | | Type | Speed_area l Area = (25-380)
Fig. 14. Results of state 2.
) \ AV
BehaVIOr Static || Regular_moving| |[Random_moving OID OID Duration
tnstances tree car | (333-580)
(a) Fig. 15. Query result.
Index fi £vi liminati
ypes I Hash J [ Hash | I B*-treﬂ rR*—tree I Effects of video elimination
g\
#_O
quex |Area I | Type l Distance | Area 0Q
attributes o 08 \\ — ]
=
= 06 -2
Behavmr Behaviors of two content objects £ 04 ——y
instances E \\k \\
= 5
(b) 0.2 L\ R e
-
Fig. 12. ThelM-index. 0
1 2 3 4 5 6 7 8 9 10
OID | Duration OID | Duration T#_OR_O(V)
tree (13-56) Car | (85-201) ) o . ) L )
Fig. 16. Elimination ratios for the video elimination preprocessing.
tree (67-99) Car |(254-412)
t 333-418 Car 563-720 . .
tree (525 571) c §863 931; 1) #_V: The number of videos in the database.
ree | (525-571) A - 2) T# _O: The total number of content objects in all videos.
tree (776-841)

3) S_0O: The set of content objects in all videos.

@ (b) 4) #_O(V): The number of content objects of a vid&o
oID | OID | Duration OID | OID | Duration 5) #_0(Q): The number of content objects of a video query
Tree| car (85-99) Tree car (333-412) Q.
Tree| car | (333-412 Assume there is one content object in the query predicate,
Tree| car | (563-571) the probability of videolV' containing this content object is
© @ equal tp#_O(V)/T#_O. More generally, the probability is
Ch ot/ Chtoiny- In this paper, the videos for the exper-
Fig. 13. Joining subpredicates of a state. iments are generated as follows: (1) the number of frames
of a video is given between 9000 to 18000, (2) the video is
V. PERFORMANCEANALYSIS divided into several clips each containing 30 to 300 frames, (3)

according to the values of_O(V) and T#_0O, the content

The processing of video query may cause high computatigBjects are uniformly selected frofLO and assigned to each
cost since there are thousands of videos in the databases aBﬁ’pa(when a content object is assigned to a clip, it appears
video is composed of thousands of frames. In our approach, Weevery frame in the clip). For video query, the content
consider two ways to accelerate the query processing: (1) reddgfects specified in the query predicates are also uniformly
the number of videos which need for the video function evaldglected fromS_O by the value of#_0(Q). For the set of
ation, and (2) avoid frame-by-frame matching when evaluatig@gnerated queries, the elimination-based query preprocessing
the predicates. Therefore, the elimination-based preprocess§)@erformed. The elimination ratio (the number of candidate
is performed for the former, and the behavior-based index a’ﬁ@eos;#_V) can then be computed. Fig. 16 shows the elimi-
processing for the later. In this section, we discuss the perf@ition ratios of the experiment whefe V' = 1000, #_O(V)
mances of these two approaches. =30, T#.0 = 30 0300 (i.e.,(T#.0/#.0(V)) = 1 010),
#_0(Q) = 105 (as shown in the legend).

From this experiment, we observe the elimination effect

For analyzing the effect of the elimination, a set of parametess good in two cases: (1) large#_O(Q), and (2) larger
are defined. T#_O/#_O(V). Since a query predicate usually contains two

A. Video Elimination
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Fig. 17. Access time for processing a subpredicate on various valygsrfl).
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Fig. 18. Access time for processing a subpredicate on various valygsrfB).

or more content objects and te#_O is much larger than in sequence. All the subpredicates of a query have to be exam-
the#_O(V) if the #_V is large, the elimination effect will be ined for the query result. In this approach, different video func-

good in real situations. tions spend the same amounts of time for the evaluation since
] . the same temporal and spatial information of content objects
B. Video Function Evaluation of video frames is accessed. For the behavior-based evaluation

For frame-by-frame matching, the evaluation of vide@pproach, a subpredicate needs an access td/tirdex for
functions is performed by checking all the frames of the videtetrieving the qualified behaviors. Different types of behaviors
It causes a high query processing cost. By evaluating videt! have different amounts of access time. We perform several
functions on content object behaviors, the frame-by-fran@xperiments for the comparisons. The parameters are defined as
processing can be avoided. follows.

ceren o e e o o osay L) (1) The rumber f fames ofavids
behavior-based evaluation approach. Since the frame-by-fram 2) #-F'(B): The number of frames of a behavitt
evaluation approach and the behavior-based evaluation ap e‘a) For the/t*-tree index, the maximum entry of a nodé

is set to 6. The minimum entry of a nodds set toA/2
proach can both _employ the video el|m|n_at|on preproces_smg, = 3. The distribution of the behavior types is assumed in
we compare their performance on the time of processing a .
video. uniform.

As presented in the previous section, the query processingthis experiment, a set of 1000 videos are randomly gener-
of a video consists of three phases: (1) find the qualified frana¢ed. Three types of queries: static, regular_moving, and area
sequences (qualified behaviors) for each subpredicate, (2) irtigpes are performed. Fig. 17 shows the results of processing
grate the qualified frame sequences of the subpredicates of eticie of a subpredicate for all 1000 videos, with various values
state, and (3) integrate the qualified frame sequences of eafk_F'(V). The value oft_F(B) is assumed to be 30 frames.
state. There are no differences for the frame-by-frame evallihe access time of the frame-by-frame evaluation approach is
ation approach and the behavior-based evaluation approaciminch larger than the behavior-based evaluation approach. The
phases 2 and 3. Therefore, we analyze the processing cosfoafner needs linear searching on the temporal and spatial infor-
the phase 1 for these two approaches. mation of content objects of video frames and the latter takes

The frame-by-frame evaluation approach evaluates the teatgvantages of thé/-index structure. The access time of the
poral and spatial information of content objects of video framésame-by-frame approach refers to the rightxis.
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Fig. 19. The processing time for various numbers of subpredicates in a state.
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Fig. 20. The proccessing time for various numbers of states in a query.

The processing time for the frame-by-frame evaluation aframes. The probability of a subpredicate being qualified is set
proach grows linearly with the values gf_F(V'). However, to 0.2. In the frame-by-frame evaluation approach, the number
the processing time for the behavior-based evaluation approathuples for the join processing is much smaller than the re-
is not affected much with the values#£ F'(V'). For behavior- quired accessing on the temporal and spatial information of con-
based evaluation approach, static type of queries perform teat objects of video frames. It does not make much difference
best due to the use of the hash index. The area type of queiiethe processing time. For the behavior-based evaluation ap-
perform the worst due to the need to accessitfietree. proach, the more the number of the states or the subpredicates

Fig. 18 shows the results of processing time of a subpreds; the larger the processing time is. Fig. 19 shows the growth of
cate of 1000 videos with various values#fF(B). The value the processing time of the behavior-based evaluation approach
of #_F(V) is set to 12000 frames. The access time of the linear since the join processing of the durations of qualified
frame-by-frame approach also refers to the righbixis. For frame sequences is in time complexi®( N ), whereN is the
the behavior-based evaluation approach, the less the numbeamahber of the qualified frame sequences.
frames a behavior has, the more the number of behaviors a vide&ig. 20 shows the growth of the processing time of the be-
has, which also implies the larger the size of feindex is. havior-based evaluation approachNdog(N) due to the inte-
Therefore, the access time decreases with the valge Bf B).  gration processing of the durations of all the states.

The access time of the frame-by-frame evaluation approach is a
constant since the value ¢ F'(V') does not change. Moreover,

the performance of the behavior-based evaluation approach is
much better than the frame-by-frame evaluation approach. In this paper, we present a content-based video query

In addition to the processing time for the integration of thlanguage CVQL. Users retrieve video data by specifying the
gualified frame sequences of the subpredicates of each state spatial and temporal relationships of the content objects. For
the processing time for the integration of the qualified frame sthe processing of CVQL, an elimination-based preprocessing
guences of all the states, the total query processing time fofoa filtering unqualified videos and a behavior-based approach
video is computed. Figs. 19 and 20 show the experimental fer video function evaluation are proposed. The content objects
sults on various numbers of subpredicates in a state and varispscified in the query predicate are used to eliminate the
numbers of states in a query, respectively. The valyé d@f(V) processing of the videos which do not contain these objects.
is set to 12000 frames and the value#6fF'(B) is set to 30 The number of videos which need to be further evaluated can

VI. CONCLUSION
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then be reduced. For video function evaluation, the M-index15] E. Oomoto and K. Tanaka, “OVID: Design and implementation of a

provides a fast accessing of various types of behaviors of the  Video-object database systenZEE Trans. Knowl. Data Engvol. 5,
pp. 629-643, Aug. 1993,

content Ot.)j(.%CtS. The_frame sequences qualifying the pr-edlcafgel E. G. M. Petrakis and S. C. Orphanoudakis, “Methodology for the
can be efficiently retrieved. The frame-by-frame evaluation on  representation, indexing and retrieval of image by contdntgge Vis.

video contents can be avoided. Comput, 1993. . .
Th . ts for the elimination-based bre rOcessinBW] T. Sellis, N. Roussopoulus, and C. Faloutsos, “Fhe-tree: A dynamic
€ expernmen prep index for multidimensional objects,” iRroc. 13th Int. Conf. Very Large

and behavior-based video function evaluation are performed. Data Bases1987, pp. 507-518.

The preprocessing can eliminate more than 90% of videos. TH&8] S. W. Smoliar and H. Zhang, “Content-based video indexing and re-
trieval,” IEEE Multimedia Magazinegpp. 62—72, 1994.

!arger the number of the content ObJECt$ In a query pred|catﬁ9] A. P. Sistla, C. Yu, and R. Venkatasubrahmanian, “Similarity based re-
is, the better the effect of the preprocessing does. Furthermore, trieval of videos,” inProc. Data Engineeringl997, pp. 181-190.

the experimental results show thAé-index can avoid the Iarge [20] T.T.Y.WaiandA. L. P. Chen, “Retrieving video data via motion tracks

L - of content symbols,” inProc. ACM 6th Int. Conf. Information and
number of accesses on the temporal and spatial information of  ,;yiedge Managemert997.

the content objects. The processing is much more efficient thapi] R. Weiss, A. Duda, and D. K. Gifford, “Content-based access to alge-

the frame-by-frame evaluation approach. braic video,” inProc. Int. Conf. Multimedia Computing and Systems
May 1994, pp. 140-151.

. In this approach, _the Conte_nt ObJeCt 1S r'ep.resented by a pOII’[EZ] A. Yoshitakaet al, “Content-based retrieval of video data based on
in the 2-D space. Itis convenient for specifying the spatial rela-  spatiotemporal correlation of objects,”foc. IEEE Multimedia Com-

tionships of the content objects. However, the topological rela- _ Puting and Systema998, pp. 208-213. ,
. hios bet tent obiects such as overlappina and tllegl A. Yoshitaka and T. Ichikawa, “A survey on content-based retrieval for
tionships between conten ] u A pping multimedia databases|EEE Trans. Knowl. Data Engvol. 11, no. 1,

shapes of content objects are not supported. The extension for pp. 81-93, 1999.
providing these capabilities is currently under our consideration.
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