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Abstract

This work addresses the problem of updating Moving
Objects Databases (MOD) using real-time traffice informa-
tion. The motion of the object is represented by a trajectory,
which can be constructed using the available electronic
maps and the information about traffic patterns. Howeve1;
the statistical information about traffic patterns may change
due to accidents, extreme weather conditions, road work,
etc.. .In this work, we present a model for updating the tra-
jectories of moving objects when unexpected traffic condi-
tions OCCU7:

Many sites provide an up-to-date information about traf-
fic conditions on major expressways. Howeve1; the unex-
pected traffic conditions may affect not only the vehicles
on the expressways for which an on-line monitoring is pro-
vided, but may also have an effect on the streets near those
expressways. We propose a model of this spill-over effect
and we utilize it in the process of identifying the trajecto-
ries which are affected by the abnormal traffic.

Keywords: Moving Objects Databases, Updates, Real.
Time Traffic

I. Introduction and Motivation

However, even if the speed profiles are considered, one

may still experience unexpected variations due to accidents;

road-works; bad weather; etc. In this case, some sort of a

real-time information needs to be utilized by the Moving

Objects Database (MOD) to update the motion plans of the

objects whose trajectory is affected by the unexpected traf-

fic conditions. Otherwise, the (Iocation-time) information

stored in the MOD will be inaccurate. Specifically, the an-

swer to the query "which objects will arrive at the destina-

tion before 4PM", will be incorrect.

Real-time traffic information is available for many

metropolitan cities. The University of Illinois at Chicago

(www.ai.uic.edu) maintains the information about traffic
patterns on the major expressways around Chicagoland (1-

55; 1-290; 1-90/94; 1-294) which is updated every 2 min-
utes I. The sources of information are traffic sensorsl detec-

tors which are mostly located on highways (e.g. toll booths)

and intersections of major streets.

This kind of information can be used to detect an oc-

curence of abnormal traffic conditions on given sections of a

road network. In order to utilize this information, the MOD

needs to: I.) Identify the trajectories which are affected by
the abnormal "iraffiC; and 2.) Update the (location-time) in-

formation about their motion ~

It is a common tendency that, upon an unexpected con-

gestion on a particular route, some drivers choose an alter-

nate route which is close to the initial (congested) one. This,

in turn, will increase the traffic density on some neighbour-

ing street -which will cause some of the drivers there to

move a bit further away from the point where the abnormal

traffic originated. The effect "recursively" repeats itself un-

til, at some distance from the point of the abnormal traffic,

the density is at its "normal" value for the particular time

period (i.e. the effects of the abnormal traffic are negligi-
ble ). We call this a spill-over effect of the abnormal traffic.

1 NTUA maintains the real-time traffic information for Athens. The

Intelligent Transportation Systems (ITS) (www.itsonline.com) has links to
maps with the real-time traffic update for over 25 major cities throughout
the world.

When constructing a trajectory (c.f. Section 2.) of a

moving object, one needs to take into consideration differ-

ent speed along a particular street-block/expressway, dur-

ing, say, a day. The values of the speed along a given

segment during different time periods (e.g. rush hour vs.
late night) may be obtained, for example, by monitoring the

speed patterns. We call this attribute a speed profile of a

segment.
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If a MOD is to be properly modified upon the occurence
of the abnormal traffic conditions, the spill-over effect can
not be neglected. Most of the reported approaches on re-
routing of arterial traffic upon abnormal conditions [5, 9]
are based on the results from queuing theory, analyzing dif-
ferent distributions for the arrival rate. However, to the best
of our knowledge, the spill-over effects have not been con-
sidered when identifying the trajectories which are affected
by abnormal traffic in MOD.

The main contributions of this work are as follows:
* We define a model of a traffic incident to represent the
effects of abnormal traffic conditions and we demonstrate
how to update a trajectory which is affected by the abnormal
traffic.
* We also present a model for a spill-over effect and we
demonstrate how to identify the trajectories which need to
be updated.

The rest of the paper is structured as follows. In Section
2. we outline the model of a trajectory and its construc-
tion. Section 3 introduces the model of a traffic incident
and shows how to update a particular trajectory which is
affected by the abnormal traffic. Section 4. presents the
spill-over effect and discusses the identification of affected
trajectories in a MOD. In Section 5. we position our work
with respect to the relevant literature, summarize and out-
line directions for future work.

we need to define an electronic map (map):
.A map is a graph, represented as a relation where each
tupleWrresponds to a block with the following attributes:
-Polyline: Each block is a polygonal line segment. Poly-
line gives the sequence of the endpoints: (Xl, Yl}, (X2, Y2},
..., (Xn,yn}
-Length: Length of the block.
-Fid: The block id number.
-Speed.:Profile: Typical drive time from one end of the
block to the othe1; in minutes, for each period of a day. .
Plus, among others, a set of geo-coding attributes which
enable translating between an (x,y) coordinate and an ad-
dress, such as "1030 North State St.":
( e.g. -LJ~dd: Left side from street number).

Such maps are provided by, among the others, Geo-
graphic Data Technologf Co. An intersection of two
streets is the endpoint of the four block-polylines. Thus,
each map is an undirected graph, with the tuples represent-
ing edges of the graph.

An external routine, available in most Geographic Infor-
mation Systems, (given a priori) computes the shortest cost
(distance or travel-time) path in the map graph. Given the
start-time, we compute the trajectory by computing for each
straight line segment the time at which the object will arrive
to the end point of the segment. For this purpose, the only
relevant attributes are Polyline and Speed-pro.file.
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2. Representing the Motion of a Moving Object

x

y
Figure 1. Trajectory and its construction
based on a route and speed profiles

Note that we need to use a time-dependent shortest path

algorithm, as presented in [2]. This is, essentially, an A*

[10] based extension of Dijkstra's algorithm, where the cost
of an edge in a graph depends on the start time to travel

along that edge {details are given in [20]). As a conse-

quence, it may be a case that an object traveling along a

line segment will "enter" two different speed-profile peri-

2(www.geographic.com) Note that the GDT maps do not provide a
speed.profile but they provide a single Drive-time attribute. However. as
we explained. the values of Speed.profile can be obtained by monitoring
the traffic.

Commonly, a moving object is represented as a point and
its motion is represented as some (location,time) informa-
tion (c.f. [12, 21]):
.A trajectory of a moving object is a piece-wise linear func-
tion f : T -+ (x, Y ), represented as a sequence of points

(Xl,Yl,tl), (X2,Y2,t2), ..., (Xn,yn,tn) (tl < t2 < ...<
tn). For a given a trajectory Tr, its projection on the X -y
plane is called the ~ ofTr .
Thus, the object is at (Xi, Yi) at time ti, and during each
segment [ti, ti+l], the object moves along a straight line
from (Xi, Yi) to (Xi+l, Yi+l), and at a constant speed. The
expected location of the object at any time t E [ti, ti+l]
(1 ~ i < n) is obtained by a linear interpolation between
(Xi,Yi) and (Xi+l,Yi+l). An illustration of trajectory and
its route is shown in Figure 1.

Note that a trajectory can represent both the past and fu-
ture motion of objects. Given the start-point and startJime,
and the destination-point (plus, possibly, a sequence of
other "to-be-visited" points), the trajectory consists of a set
of points which is a superset of the given ("to-be-visited")
points. This corresponds to a motion plan of the moving
object and it is constructed based on the assumption that in
between the points, the object will move along the shortest
path. In order to explain how we construct the trajectory,
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ods. Thus, although the route consists of one segment, the
trajectory between the route end-points may have more than
one segment. This is illustrated in Figure 1. Observe that
while traveling along the route segments BC and DE", the
object enters two different time periods for the speed pro-
file.

Finally, let us observe that a trajectory can be constructed
based on past motion. Specifically, consider a set of 3D
points (Xl,Yl,tl), (X2,Y2,t2), ..., (Xn,yn,tn) which were
transmitted by a moving object periodically, during its past
motion (e.g. using an on-board GPS to detect location at
given time points). One can construct a trajectory by first
"snapping" the points on the road network, then simply
connecting the snapped points with the shortest path on the

map.

mality (e.g. light accident, heavy accident, road-work, etc
...) and are obtained from historic profiles. The site which
monitors the traffic condition transmits the type of the ab-
normality to the MOD server.

Each of the intervals is illustrated on part a. ) of Figure 2.
Due to lack of space, we do not present all the formal de-
tails here (see [20]), however, we'd like to point out that the
abnormality may spread over > 1 segment, in which case
we need to modify (see below) all the affected segments of
a given trajectory.

Note that, in practice, not all of the intervals may be
significant. For example, an accident which blocks several
lanes of the road happens instantaneously, persists until the
emergency/ police vehicles arrive and the tow trucks clear
the scene, and recovers gradually to the normal conditions,

Figure 2, part b.), illustrates the modifications of an
affected trajectory for a scenario which corresponds 0-
disturbance interval. The accident occured at time t, when
the object was at location M along the segment BC. The
dotted polyline after M illustrates what would have been
the normal trajectory of the moving object throughout the
segments MC and aD. Note how the object moves slower
than normal during the persistent interval. During the re-
covery interval, the object accelerates, which results in an
(inverse) parabola shape in the vertical plane. If the tra-
jectory enters the affected traffic at point M(XM,YM,t),
then for its distance from M at time tc we have: d(tc) =
v. (tc -t) during the persistent and d(tc) = v. (tc -t) +
a. (tc -t -tp)2/2 during the recovery interval. In order
to comply with the definition of a trajectory (c.f. Section
2.) we approximate the parabolic 3D shape of the recovery
interval, with a straight 3D line segment between its end-

points.

3. Updating a Trajectory under Real -Time
Traffic

In this section, we analyze the update of a particular tra-
jectory due to abnormal traffic conditions. This occurs, for
example, when there are accidents or road works along cer-
tain segments of a polyline in a given block(s). The effect
of the abnormal traffic is that the speed in a particular block,
say i, does not match the one for the j-th time period (i.e.
v current = V~,j # Vi,; ).

time'+Id .+td+1p

a" speed-changes due to a traff"'

Inc;dent 4. Detecting the Trajectories which are Af-
fected by an Abnormal Traffic

yl

Figure 2. Effects of abnormal traffic concli-
tions Given the road segments in which an incident occured

at time t, we need to identify the trajectories which need to
be updated. In order to determine if a given trajectory is
affected by the incident, we need to check (details are given
in [20]) if its route coincides with some of the line segments
of the incident, sometime3 between t and t + td + tp + 4.

However, recall that (c.f. Section I.) when the traf-
tic density unexpectedly changes to some Pabnormal due to
an incident, some of the vehicles will move to the near-by
routes, causing the spill-over effect. Hence, even though a
particular object's route did not include the segment where
the abnormal traffic occurred, its trajectory may still need
to be updated. Since the traffic sensors/detectors are mostly

As illustrated on part a.) of Figure 2, a traffic incident
which occurs at time t has three parts:
.disturbance interval- between t and t + td, during which
the speed drops from its normal value Vi,j to some value Vp.
.persistant interval- between t + td and t + td + tP' during
which the speed is constant ( = Vp ~ Vi,j). and
.recovery interval- during which the speed increases from
Vp to its normal value for the current segment and the given
time interval.
We assume that the object is having a constant acceleration
during the disturbance (ad = ( Vp -Vi,j ) /tp) and the recov-
ery (ar = (Vi,j -vp)/4) intervals. The values of each

of 4, tp, td, as well as Vp depend on the type of the abnor-
30ne can use a3D index for the filtering stage-sofar, the STR tree [12]

and the Octree- based one in [17] are closest to our model of trajectory),
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available on expressways and major streets, we need a
model to grasp the consequences of the traffic spill-over and
identify all the trajectories which need to be updated.

5. Related Work and Concluding Remarks

a" spread"g of abnomlal fraffic /
x

on nelghbourlng streefs
bJ spill-over elfect on e trejectory

Figure 3. Spill-over effects of abnormal traf1'ic
conditions

Figure 3 presents our model of the spreading of abnor-
mal traffic conditions. Part a.) illustrates how far the traffic
incident along a certain segment is spreading to the neigh-
boring streets, as a function of time ( we "reversed" the axes
for compatibility with part b.) -the time is on the vertical
axis). T{ is the time when the spill-over reaches its maxi-
mum distance -Dmax.

Now, as part b.) of Figure 3 illustrates, in order to check
if a particular trajectory is affected by abnormal traffic con-
ditions, it suffices to check if the trajectory intersects the 3D
spill-over body (again, a 3D index can be utilized).

Let Dmax denote the maximal distance from the incident
segment which is affected during the time of the abnormal
traffic conditions. Further, let i be the segment where the
incident occurs, during the j-th period of the speed profile.
If V~j is the speed during the persistent time of the abnormal
traffic, let 8 = V~j/Vi,j denote the ratio of the abnormal
vs. normal traffic. The spill-over effect, is propagated as a
linear function of the distance from the segment i. If k is a
segment which is at distance Dk from the segment i, with a
normal speed Vk,j during the j-th time interval of the speed
profile, we have the following equation:

a
V k .

,3

Vk,j

{Dmax -Dk) .8+ Dk
-
-

The database community has been very active in re-
searching various aspects of interest for the MOD: 1.) Mod-
eling and linguistic issues: [16] introduced the MOST
model for representing moving objects (similar to [15]) as
a function of (location, velocity-vector). The underlying
query language is nonstandard, based on the Future Tempo-
ral Logic (FTL). Similar issues are tackled in [23]. A tra-
jectory model similar to ours is given in [24] and the work
presents new operators for special cases of spatio-temporal
range queries. The series of works [3, 4, 6] address the
issues of modeling and querying moving objects by pre-
senting a rich algebra of operators and a comprehensive
framework of data types; 2.) Uncertainty: A formal quan-
titative approach to the uncertainty when modeling mov-
ing objects is presented in [11]. [25, 26] introduce a cost
based approach to determine the size of the uncertainty for
optimizing the communication cost and query imprecision.
A model of uncertainty and its implication on the spatio-
temporal queries is given in [21]; 3.) Indexing: A lot of
work has been done on selecting an appropiate index for
certain types of queries both in primal [12, 15, 13, 14, 17]
and in dual space [1,7,8]. [18,19] present specifications of
what an indexing in MOD should consider.

However, to the best of our knowledge, none of the
works has addressed the issue of identifying and updating
the trajectories which are affected by abnormal traffic con-
ditions, utilizing the available sources of real-time traffic
information.

We presented a model of a trajectory and described its
construction based on electronic map and statistical infor-
mation about the speed profiles. In order to keep the tra-
jectory up to date in the MOD server, we showed how to
"react" to the abnormal changes in traffic conditions. We
gave a model of how to update a given trajectory which is
affected by abnormal traffic. Since the effects of abnormal
traffic may not be localized on the road segment where an
abnormality has occured, we presented a model of a spill-
over effect. We also showed how to identify and update the
all trajectories which are affected by the spill-over effect.
Our results have been partially implemented in our (ongo-
ing) DOMINO project [22].

Currently, we are investigating how to utilize triggers
for updating the MOD upon a detection of abnormal traf-
fic, and we are experimenting wigh indexing methods to be
used in the filtering stage of detecting the affected trajecto-
ries. Another extension of our work, which is a long term
goal, is the optimization of spatio-temporal query process-
ing. Namely, in the presence of user-defined functions, the
processing cost of the refinement stage of a given query is
not negligible.

Dmax

The equation simply states that the closer certain street
(k) is to the incident segment (i), the closer its abnormal
vs. normal speed ratio is to the one on the incident segment
itself (for the j-th interval of the speed profile). At the
distance Dmax. there is no abnormality (i.e. the ratio of
abnormal vs. normal speed is I).
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