A V i s u a l Q u e r y L a n g u a g e f o r I d e n t i f y i n g T e m p o r a l T r e n d s i n V i d e o D a t a * Stacie Hibino and Elke A. RundensteinerEECS Department, Software Systems Research Laboratory1301 Beal Avenue, University of Michigan, Ann Arbor, MI 48109-2122hibino@eecs.umich.edu, rundenst@eecs.umich.eduAbstractVideo is becoming a popular medium for data collection.The challenge of analyzing video data is to abstract andconclude quantitative results from such a rich, qualitativemedium. The focus of our research is to support videoanalysis by developing a user-friendly interactivevisualization environment to query video data usingspatio-temporal characteristics and to review visual resultsfor trend analysis. In this paper, we present our approachfor identifying temporal trends in video data via queryingfor relationships between video annotations. Ourapproach allows users to analyze the video in terms oftemporal relationships between events (e.g., events oftype B frequently follow events of type A). We present atemporal visual query language for specifying relativetemporal queries between sets of annotations. This querylanguage builds on the notion of dynamic query filters andsignificantly extends them with temporal query support.It is tailored for temporal analysis�allowing users topose queries as well as to browse the data in a temporallycontinuous manner, thereby aiding them in the discoveryof temporal trends.1 IntroductionVideo is becoming a more common form of datacollection. It is being collected by educational researchersfor classroom studies, by software evaluators duringusability testing, by scientists studying microscopicentities, etc. An advantage of video data is that itpreserves detailed information which would be difficult tocapture by other means of data collection. The challengeof analyzing video data is to abstract and concludequantitative results from such a rich, qualitative medium.A few video analysis1 tools exist [13, 20, 9], butthey are limited in that they focus more on the creation ofannotations rather than the analysis of the video. Theyrequire users to explicitly code relationships within thevideo a priori rather than discover them during analysis.In contrast, our work focuses on the analysis process.

*This work was supported in part by UM Rackham Fellowship, NSFNYI #94-57609, and equipment support from AT&T.1In this paper, video analysis refers to the process of identifying trendsand relationships between events in the video data. This is in contrastto bit-level video analysis such as that used for object extraction.Similar to previous work [13, 16], we are also usingannotations for coding the video data to avoid the highcomputation costs of image recognition, and to work at ahigher level of abstraction. Rather than using annotationsto pre-code relationships, however, we restrict them toonly abstracting information about atomic objects andevents. Coding only the atomic content requires lessstorage space and less time than coding every relationshipbetween each atom, especially when users are interested inseveral different types of relationships. In addition, itprovides more flexibility in the analysis process, aidingusers in discovering relationships rather than requiringthem to predefine or pre-code all possible relationships.Thus, once atomic information has been encoded, ourenvironment can be used for exploring the data in searchof data trends. This paper focuses on identifying temporaltrends in the video data.Consider the case where educational researchersanalyze classroom video data to study social interactionsin the classroom. Once the video data has been coded withannotations (e.g., to indicate in which segments of videothe teacher is speaking, which segments the student isspeaking, etc.), the researchers can begin exploring therelationships between different types of classroom events.In particular, they could search for temporal trends in thevideo data by specifying queries to locate occurrences of,and relationships between subsets of annotations (e.g., dostudents generally speak for shorter periods of time thanthe teacher?).In order to support the trend searching process, we aredesigning an interactive visualization environmentconsisting of a visual query language (i.e., a directmanipulation query interface) linked to a spatio-temporalvisualization. The visualization is dynamically updated asusers incrementally adjust query parameters via directmanipulation of buttons and sliders. This paper describesour overall environment and then presents the details ofour temporal visual query language (TVQL). Our TVQLallows users to specify relative temporal queries and canbe used to browse video data in a temporally continuousmanner. We introduce the use of temporal diagrams asvisual clarifications complementing our VQL approach.Section 2 describes our annotation model. Section 3presents an overview of our approach, while Section 4describes our TVQL for specifying relative temporalqueries. Some preliminary evaluation of the query language is provided in Section 5. Section 6 discussesrelated work. Finally, Section 7 presents our currentstatus along with a summary of contributions.2 Annotation modelThis section provides an overview of the annotationmodel we assume by defining the terms video, videosegment, event, and video annotation as they are used inthis paper. While this section primarily describes thetemporal aspects of our annotation model, the spatialaspects of the model are described elsewhere [10].Video. In this paper, a video object v has thefollowing temporal characteristics: a start time,v.t.start_time (defined as time 0); an end time,v.t.end_time, defining the finite (maximum) length of thevideo in seconds (up to two decimal points); a start frame,v.t.start_frame, indicating the physical video framenumber corresponding to the start time of the video; acorresponding end frame v.t.end_frame. We define afunction VF(Vtime) which maps a given video time (inseconds) to the corresponding frame: VF(Vtime) = round((Vtime * fps) + f_offset), where fps = the number offrames per second of the video and f_offset = the framenumber corresponding to time 0 of the video. Similarly,we define a function VT(frameNum) �> time:VT(frameNum) = (frameNum - f_offset)/fps, where theresulting time will be rounded to two decimal points. Weassume that a video object is one continuous medium,including the start and end frames as well as every framebetween them. v is a complex object decomposed of anordered sequence F of frame objects, F = [f0, f1,..., fz].2Video segment. A video segment vs is a continuoussubset of frames of the video object (i.e., vs is definedover frames [fi, . . ., fj], where 0 £ i, j £ z). Similar tothe video object, a video segment has a start frame(vs.start_frame ‡ v.start_frame) and an end frame(vs.end_frame £ v.end_frame) as well as starting andending times. In addition, the length of a video segmentmust be less than or equal to that of the video (i.e.,vs.end_frame-vs.start_frame £ v.end_frame-v.start_frame).Video annotations. A video annotation va is used tomark real-world situations of the video, also referred to asevents. Each va temporally links a descriptive object to avideo segment and spatially links it to a position on topof the video (i.e., to a position on the display relative tothe video window). An annotation can consist of a text,audio or graphical (e.g., square, circle, arrow, etc.) object.Each annotation also has comments and a link to content-based characteristics, stored in the descriptive object.More formally, for a given video vp, we denote theset of annotations Ann(vp) = {va1, va2, . . . , van}. Eachannotation vai (1 £i£ n) has the following characteristics:

2We assume that we are dealing with uncompressed video, so that(unlike MPEG files) every frame is complete.

temporal info t:¥ start_time¥ end_time¥ duration¥ start_frame¥ end_framespatial info sp:¥ pos (x,y)¥ width¥ heightcommentsdescriptiveobject dj

annotationvai

Each descriptive object dj, referenced by vai, containssemantic information about the event being annotated.This includes information such as the name of the object,action, and category which describe the event. Thedescriptive object also contains a reference to a mediaobject mdk. A media object is the object which isvisually displayed or orally played when referenced by anannotation through the descriptive object. For example, ifmd1 is a talk bubble icon and d1 describes events wherethe teacher is talking, then each vai which references d1indicates a segment of the video when the teacher istalking. More details about the descriptive and mediaobjects are provided elsewhere [10]. Although we arecurrently requiring researchers to manually inputannotations, previous work by others in the area of objectextraction (e.g., [14]) could eventually be used to generateannotations automatically.3 Overview of our approach3.1Overall project goals and approachOur overall goal is to support users in analyzingvideo data by providing tools for querying videoannotations in search of relationships and data trends. Theresults retrieved from relative queries need to be visuallypresented to facilitate this searching for trends. The queryand review part of the video analysis process is similar tothe process used in visual information seeking (VIS) [3].VIS is a process for browsing database information; it ischaracterized by rapid filtering, progressive refinement,continuous reformulation of goals, and visual scanning toidentify results. These characteristics make VISparticularly well suited for searching for trends in videoannotations. We are thus adopting this methodology asour underlying framework.Figure 1 presents our overall approach to applyingand extending VIS to the problem of video data analysis.In our MultiMedia VIS (MMVIS), users first code thevideo data with annotations. These annotations are storedin an underlying database. Users can then explore andanalyze the video through iteratively specifying queriesusing a visual query language (VQL) and reviewing thevisualization of results presented. Similarly to VIS, ourinterface will be composed of dynamic query filters toallow rapid adjustment of query parameters via the use ofbuttons and sliders. This is in contrast to text-based query

languages, where query specification and modification aretypically much more complicated and non-intuitive.specify queries via Visual Query Language (VQL)create annotations with Annotation Tools (AT)specify display preferences via Presentation Language (PL)VisualizationNavigation Controls (NC)

queryqueryresults

storeUser InterfaceSystemUserlinks toDatabase Manager

storeretrieve

Annotationprocessor { <, >, = }. We assume that the conditionsTable 1. Primitive temporal relationships[In last four columns, double-lined borders and bold valuesindicate minimum endpoint relationships required.]rtgraphical descriptionFreksa�sicons [6]ao -boao -boaf -bfaf -bo

<beforefifinishedbydicontains> 0sistartedby> 0=equalsstartsdduring

> 0> 0

>after> 0> 0> 0

ao < af and bo < bf always hold true. These relationshipscan be redefined in terms of differences:ao - bo q 0,ao - bo = A1.t.start_time - B1.t.start_time;ao - bf q 0,ao - bf = A1.t.start_time - B1.t.end_time;af - boq 0,af - bo = A1.t.end_time - B1.t.start_time;af - bf q 0,af - bf = A1.t.end_time - B1.t.end_time;where q ˛ { <, >, = }. The benefit of describing theserelationships in terms of differences is that it allows us to

specify quantitative and continuous ranges of values,which is a natural specification to be handled by DQsliders. All of Allen�s thirteen temporal relationships [1]can be uniquely defined by specifying one to three of theseendpoint relationships. Double-lined boxes in the lastfour columns in Table 1 summarize the minimumendpoint relationships required to uniquely specify acorresponding primitive temporal relationship (rt). Therelationships not double-lined are automatically inferred.conceptual) neighbors if a continuous change (e.g.,shortening, lengthening, or moving of the duration of theevents) to the events can be used to transform either relation to the other [without passing through anadditional primitive temporal relationship]. Thus, the�overlaps� (conceptual) neighborhood if it consists of relations thatare path-connected through conceptual neighbors. The useof continuous dynamic query filter sliders thus allows usto capture meaningful disjunctions of the primitives.4.2 Disjunctive operatorThe disjunctive operator allows users to create atemporal query consisting of any combination ofprimitive and neighborhood queries. The operator consistsof two buttons�an �OR+� and an �OR-� button (seeFigure 4). When users click on OR+, the current state ofthe temporal query filters is saved in the current temporaldiagram (see Section 4.3.1), and a copy of that diagram isadded to the bottom of the palette. An arrow to the left ofthe diagrams indicates the current part of the OR querythat is being specified or edited. If users wish to edit apreviously specified part, they can simply click on itscorresponding diagram, which moves the arrow to indicatethat that part of the OR query is being edited. In addition,the dynamic query filters are also automatically updated tomatch the part of the disjunctive temporal query beingedited. The two temporal diagrams shown in Figure 4indicate that the user is specifying a disjunctive query.The arrow pointing to the top diagram indicates that thevalues of the query filters correspond to the top diagram.The OR- button can be used to remove the currentlyselected part of the disjunction.4.3Temporal diagramsAlthough users can quickly adjust the query filters tospecify any temporal query, they may not be able to easilydetermine whether or not the query specified correspondsto the desired query semantics. Part of this ambiguitymay be inherent in the finely-grained definitions of theprimitives (e.g., three different primitives meet thespecification that events �start� at the same time). Whilethe additional English text included at the top of thepalette should provide some help, it only providesinformation about individual parts of the query rather thanthe whole query. In order to increase understandability, wehave incorporated temporal diagrams for quick visualconfirmation of the temporal query specified.Temporal diagrams are visual representations of thespecified temporal query which are displayed at the bottomof the temporal query palette (see Figure 4). In thediagrams, the rectangle refers to B events, while theconnected circles are used to designate potential relativepositions of A events. The open circles represent possiblestarting points for set A, while filled circles representpossible ending points. Freksa [6] uses similar diagramsto describe individual relationships but then uses differenticons to describe combinations of temporal relationships(see columns 2 and 3 of Table 1). While the use ofFreksa�s icons provides a compact visual description, it ismore difficult to decipher than our temporal diagrams.This is partly due to the fact that individual endpointrelationships (e.g., differences between starting vs. endingpoints) are obscured. That is, temporal queries modelrelationships over time, and this continuous temporaldimension is not explicitly captured in Freksa�s icons.Table 2 compares the use of Freksa�s icons to ourtemporal diagrams.Table 2. Freksa�s icons vs. temporal diagramsFreksa�s iconsTemporal Diagrams

0o-bf < 0 0 0,(7)af-bo > 0, af-bf < 0

(8)af-bf = 0, ao-bf„ 0

(9)af-bf > 0

(10)ao-bo = 0, af-bo = 0