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Project Summary:

Indexing spatiotemporal datais an important problem for many applications (global change, transportation, social and
multimedia applications). The goal of this project isto provide efficient access methods for data whose geometry changes
over time. Two time-varying spatial attributes are considered, the object position and extent. Based on the rate by which these
spatial attributes change, the discrete and continuous spatiotemporal environments are identified. In the discrete environment,
spatiotemporal data changes in discrete steps. Efficient ways to answer historical queries on any past state of such
spatiotemporal data are examined. In particular, selection, neighbor, aggregate, join and similarity queries are addressed
using a"partial persistence" methodology. In the continuous spatiotemporal environment, data changes continuously. Instead
of keeping the data position/extent at discrete times (which would result in enormous update/storage requirements) the
functions by which this data changes are stored. This introduces the novel problem of indexing functions. Using this
approach, selection, neighbor and aggregation queries about future locations of moving objects in one and two dimensions
are addressed. The methods used in this project are expected to achieve at least 30% improvement over traditional access
methods. The applicability of the completed work reaches multiple settings, including Geographic Information Systems,

multimedia databases and transportation systems.
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Project Impact:

Dr. Kollios graduated with aPh.D. degreein Summer 2000, and is currently an Assistant Professor in the Dept. of
Computer Science, Boston University. Prof. Tsotras was his advisor. There are two Research Assistants currently working
on this project, Mr Hadjel eftheriou and Mr. Papadopoulos. Both are 2nd year Ph.D. students in the Univ. of California,
Riverside. Parts of this research are used in a Database Graduate Seminar course (CS267) taught at the University of
California, Riverside (Winter 2000). For this project we have established a cooperation with ESRI (Environmental Systems
Research Institute), the prime provider of GIS. Our contact at ESRI is Dr. Erik Hoel. Through this cooperation we expect to

have access to real spatiotemporal datasets/applications. We also cooperate with the Department of Defense.

Goals, Objectives, and Targeted Activities:

The objective of this proposal isto design efficient access methods for addressing spatiotemporal queries. A spatiotemporal
query specifies spatial/temporal predicates and retrieves all objects that satisfy them. A spatial predicate is defined in terms of
apoint or an extent while atemporal predicate can involve atime instant or atime interval. In particular we are interested in:

(a) selection queries: "find all objects contained in agiven area Sat agiventimet,”

(b) neighbor queries: "find which object became the closest to a given point sduring timeinterval T," or, "find the 5 closest
ambulances to an accident position in the next 10 minutes,"

(c) aggregate queries: "find how many objects passed through area Sduring time interval T," or, "find the fastest object that

will pass through area Sin the next 5 minutes from now,"

(d) join queries. "given two spatiotemporal relations R1 and R2, find pairs of objects whose extentsintersected during the
timeinterval T," or "find pairs of planes that will come closer than 1 milein the next 5 minutes,”

(e) similarity queries: "given an area S find the time instants when there were more than 10 objectsin S', or, "find objects that

moved similarly to the movement of a given object x over an interval T."

During the first year of this project we have worked mainly on selection, neighbor and join queries. In particular, reference
[7] above examines how to efficeintly support neighbor queriesin a database of moving objects. Reference [8] addresses the
all-pairs nearest neighbor problem which is also related to spatiotemporal joins. In [9] and [10] we provide efficient indexing
for selection queries. The application comes from an animated movie, which can also be seen as a spatiotemporal evolution
(where the frame sequence corresponds to time evolution). Many of the spatiotemporal applications use data whose values
range over the domain of reals. In[11] we examine ways to approximate range queries over attributes from real domains.
Recently we worked on aggregate and similarity spatiotemporal queries, as well as more complex selection and join queries.
In[1] we consider aggregate spatiotemporal queries. [2], [3] and [6] present extentions on classification algorithms and data
approximation techniques that take advantage of the spatial properties of the data. [4] and [5] consider the problem of

efficiently maintaining the structure of documents that changes over time.

Project References:



Thisisanew project; data and publications will be posted as they become available through the project's web page.

Area Background:

A spatiotemporal database system manages data whose geometry changes over time. There are many applications that create
spatiotemporal data, including global change (asin climate or land cover changes), transportation (traffic surveillance data,
intelligent transportation systems), social (demographic, health, etc.), and multimedia (animated movies) applications. An
important temporal feature of spatiotemporal datais the rate by which spatial attributes change. We distinguish between
discrete and continuous changes. Traditional databases assume that data stored in the database remains constant until
explicitly modified through an update. For example, if apricefield is $5, it remains $5 until explicitly updated. While this
model serveswell many applications where data changes in discrete steps, it is not appropriate for applications with
continuously changing data (the dynamic attributes of [SWCD97, WXCJ98]). Consider a database keeping the position of
moving objects (like automobiles). The primary goal of this database is to correctly represent the real world while objects
move. Continuous updating about each object's position leads to serious performance overhead. Updating the database only at
given time instants limits query accuracy. A better approach would be to represent the position of each moving object asa
function of time; then object positions change as time proceeds without the need of explicit updates.

While spatiotemporal applications and data abound the field has only recently attracted the efforts of database researchers.
While many temporal [ST99] and spatial indexes exist, very few works have addressed the combination [SY 91, TOW98,
VTS98, KGT99]. Most of research has concentrated to spatiotemporal database models and query languages [EGSV 98,
CR99, W94, E93, SWCD97, WX CJ98]. [BGH97] examines spatiotemporal structures for main memory. Due to the temporal
component, spatiotemporal databases need to manage large amounts of data accumulated over long periods of time (historical

data). It is thus important to devel op efficient access methods (indices) to access such databases.
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Potential Related Projects:
We would like to cooperate with colleagues working on spatial, geospatial, temporal and pictorial databases.



