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Abstract: An information system for classification of vehi-
cles and for situation analysis with heterogeneous input data
from multiple sources will be proposed. Input data will gen-
erally be available from different sensors. The information
system will be split into three subsystems, which will be dis-
cussed in this paper. The first one will include means for que-
rying and reasoning about spatial-temporal information. For
this reason a spatial query language calledΣQL is under
development. The second sub-subsystem will be concerned
with information acquired from sensors to create a synthetic
environment to support situation analysis and to allow terrain
feature oriented queries. Finally the third sub-system is con-
cerned with the aspects of man/machine interaction in the
system.

Keywords: information fusion, information fusion system,
object classification, qualitative spatial reasoning, spatial

query language.

1. Introduction

Systems for classification of objects registered by vari-
ous types of sensors are becoming more complicated as
the number of input data sources, i.e. mainly sensors,
are growing. Another aspect that complicates the design
of systems of this type is that the data from the different
sensor types are heterogeneous. Therefore, systems de-
signed to support users in automatic classification of
objects collected from multiple sensor data sources
must include means for decision support as well as
means for visualization of the registered objects, their
attributes and the surrounding environment. The deci-
sion support tools may include facilities for application
of queries directed towards the sensor data; for the stor-
age of sensor data but also for the storage of symbolic
information. Clearly, the end-users cannot perceive and
analyze this sensor information because of the enor-
mous volumes of data measured in a very short time.
For these reasons, a system for object classification us-
ing input data from multiple sensors and intended to
support the end-users is proposed. The system is con-
cerned with the problems of how the observed objects
can be classified and how their positions, orientations,
and other attributes can be determined and visualized in

a realistic way. Clearly, a system of this kind must also
include means for visualization of the terrain in which
the classified objects are operating. The latter problem
will also be addressed subsequently. Other aspects that
need be addressed concerns such aspects as how to sim-
plify the interaction with a system that with necessity
will become very complex and how to keep track of the
information that will be available in the system. These
aspects can, for instance, be handled by means of an in-
teractive intelligent agent, which may be specialized to
deal with the problems discussed here.

The system that will be discussed in this paper is mainly
intended for automatic target recognition and for inte-
gration into a military control and command system but
other types of applications can be thought of as well,
e.g. applications for environmental surveillance, traffic
control etc. Targets of concern are primarily ground ve-
hicles observed either from a top down position or from
a slant position. In both cases the objects may be ob-
served from short to medium long distances. Sensor
data fusion is another aspect that must be dealt with in
a system of the proposed type. A consequence of this is
that uncertainties and other limitations of data must be
focused.

A few approaches of systems similar to the one pro-
posed here can be found in the literature. Among these
can [3] by Shahbazian et al. be mentioned. In their sys-
tem application programs are automatically linked to-
gether through rules available on a blackboard. Such an
approach will clearly work in a flexible way. Another
and somewhat related method to target recognition is
suggested by Nifle et al. [2]

2. The multi-sensor system

The structure of the proposed system can be seen in fig-
ure 1. The system can be split into three main parts, i.e.:

- The query language subsystem using data from multi-
ple sources.



- The visualization subsystem with a qualitative terrain
feature query system.

- The user interaction subsystem including support for
spatial/temporal reasoning.

These tree subsystems can be split further into more
specialized modules which will be discussed further
subsequently.

Figure 1.  The basic structure of the system.

An important aspect of the system is the control loop,

i.e. the feedback loop to acquire more specific informa-
tion from the sensors as a result of the interaction be-
tween the user and the system but also as a consequence
of the conclusions drawn by the reasoning system. A
further reason is that there may be a lack of available in-
formation and therefore there is a need to control the
sensors to acquire further information. As a conse-
quence, limitations and incompleteness in the informa-
tion acquired may be present in the available
information and for this reason further information
must be acquired from the sensors. This feed back
should consequently be a result of a decision made by
the user. The users may not only require object informa-
tion but also information concerning the areas sur-
rounding the object, in other words, reliable terrain
information. For this reason we can look at the feedback
loop as a means for deciding whether to collect further
terrain information or whether to acquire more object
information from the sensors. These decisions should
primarily, be taken by the users. Therefore the system
should be designed so that it will be able to supply them
with the necessary information as a result of the dia-
logue between user and system.

3. ΣQL

A generalized tool to support fusion of the information
from the sensors is necessary in a system of the type
discussed here. For this reason efforts to support the
development of such a tool are going on. The approach
taken here is to develop a spatial query language that
uses heterogeneous input data, from various types of
sensors and transform the spatial/temporal information
into a structure that can be used for reasoning on a high
abstraction level. The work is part of an ongoing
project for development of a query language called
ΣQL, see e.g. [4] or [5].

ΣQL uses information from sensors that generally pro-
vide continuous streams of data. Such data need be
transformed into abstract (symbolic) information of
spatial/temporal/logic type. Operations for consistency
analysis and information fusion must be   available, so
that the symbolic information can be used as input to the
queries. Queries inΣQL are basically made up by se-
quences of spatial/temporal operators, calledσ-opera-
tors, which easily can be translated intoΣQL-syntax.
ΣQL is a natural extension of SQL and allows the spec-
ification of spatial/temporal queries and by allowing the
use of data from multiple heterogeneous data sources
the need to write different queries for each data source
is eliminated.

Symbolic Projection [1] and some further qualitative
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structures are used byΣQL as the basic symbolic struc-
ture. This structure was originally proposed by Chang et
al. [6] for iconic indexing. In this method, space is rep-
resented by a set of strings. Each string is a one-dimen-
sional formal description of space, including all
existing objects, and their relative positions viewed
along the corresponding coordinate axis in a symbolic
form. This representation is qualitative as it corre-
sponds to sequences of projected objects and their rela-
tive relations. A simple example of theFundamental
Symbolic Projection is given in figure 2a, where the U-
string corresponds to the projections along the x-axis
and the V-string corresponds to the projections along
the y-axis. Object A is to the left of the objects B and C,
which both have the same x coordinates. The U-string
thus becomes A < C = B, and the V-string is obtained in
a similar fashion. Figure 2b illustrates an alternative
projection method called theInterval Projectionmeth-
od [7], where the end-points of the objects are encoded
in the projection strings. Thus, the pair (U, V) of projec-
tion strings symbolically describes a given image with
respect to the identified objects, including the relative
positions of the objects and their interrelationships. The
different variations of Symbolic Projections are more
completely described by Chang and Jungert [1].

Figure 2. The original approach to Symbolic Projection
including the resulting projection strings (a) and the

same scene applied to interval projections (b).

 Symbolic Projection is used inΣQL as a means for ex-
pressing the spatial relations extracted by a spatial que-
ry. A σ-query, on the other hand, is made up by a
sequence ofσ-operators that can be translated into a
ΣQL-query [5]. A σ-operator, when applied to a data
source, simply corresponds to aselect function whose
result corresponds to an arbitrary projection string. The
σ−operator indicates that the selection is made accord-
ing to the information-lossless default clustering mech-
anism. To select the x-axis,σx = σx(x1,..., xn) is
generated and with this notation it is simple to show that
(σx, σy) is exactly the same as the pair of symbolic pro-
jection strings in (U,V). Basically,ΣQL is intended for
queries generating results of the following types:

- object classification,
- object attributes,
- locations/positions of objects,
- events (when did a certain event occur),
- moving patterns (change in position, paths etc.),
- object relations,
- object orientations.

To accomplish this, the space need to be split up into
customary sub-spaces, which the query language can
deal with. Such a sub-space is called a cluster. A cluster
is consequently a subset of the space spanned up by the
various dimensions of the information universe present
in the system.

For the image (im1) in Figure 2a, where the projection
method corresponds to the Fundamental Symbolic Pro-
jection the result of the application of theσx-operator
becomes:

and its corresponding projections in the y-direction be-
comes:

It is possible to bring theσ-query further by applying
one or further specializedσ-operators as well; thus cre-
ating a sequence ofσ-operators corresponding to aσ-
query. In such a query it is, for instance, possible to ask
for object relations such as “which is the direction be-
tween object A and B”, which yields the result that “B
is at the upper right of A” or “B is to the north-east of
A”. The σ-query corresponding to this type will look
like:

σdirection(N_E)(σx, σy)im1

In terms ofΣQL the above query may be expressed as:

SELECT direction
CLUSTER (* ALIAS D(ANY_0, ANY_1))
FROM SELECT x, y

CLUSTER *
FROM im1

WHERE (N-E ANY_0 ANY_1)

where the WHERE-clause determines the actual rela-
tionship, D(ANY_0, ANY_1), that is the pattern indi-
cating a relation of binary type or more specifically the
‘direction’ between pairs of objects. The * corresponds
to a default clustering along the x and y coordinates.
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Observe that the existence of other object pairs with the
same relationship will be determined as well.

Both input and output to and from theσ-operators are
represented in single or multiple strings. This is also
true for the object relation queries defined in [4], e.g. for
directions, as shown above.

A more complex example concerns a situation where
more than one sensor is at hand. Such a query can be
formulated as follows. Given that the input information
is coming from a laser-radar and a video camera, see
figures 3 and 4. Then the query can be based on the ob-
servation that it is simpler to determine whether a vehi-
cle in a video frame is moving once it is known whether
there is a vehicle present. In this particular case, vehi-
cles can be found in almost real time in laser-radar im-
ages, this has been shown by Jungert et al. [6].
However, it cannot be determined whether vehicles
found in a laser radar image are moving or not. Thus,
once a vehicle has been found in a laser-radar image, it
is quite simple to determine if it is moving by just ana-
lyzing a small set of video frames from the same time
interval. This is possible since the location of the vehi-
cle at a certain time is known from the laser-radar infor-
mation, which is illustrated in the figures 3 and 4.

Subquery1: Are there any vehicles in the laser radar im-
age in [t1, t2]?
Q2 = σtype (vehicle) σxyz,interval_cutting(*)

σt(T
o) T>t1 and T<t2

σmedia_sources(laser_radaro) media_sources

Subquery2: Are there any moving objects in the video
sequence in [t1, t2]?
Q1=σmotion(moving)σtype(vehicle)σxy,interval_cutting(*)

σt(T
o)T mod 10 = 0 and T>t1 and T <t2

σmedia_sources (videoo)media_sources

The information from these two sub-queries need to be
fused to determine whether a specific vehicle is in

motion. Therefore, a fusion operator,φmerge-and , has to
be introduced, which yields the following completeσ-
query:

φxyt
merge-and(*)

(σmotion(moving)σtype(vehicle)
σxy,interval_cutting(*)
σt(T

o)T mod 10 = 0 and T>t1 and T <t2
σmedia_sources (videoo)media_sources
σtype (vehicle) σxyz,interval_cutting(*)
σt(T

o) T>t1 and T<t2
σmedia_sources(laser_radaro) media_sources)

Figure 3.  A laser radar image of a parking lot with a
moving car (encircled).

Figure 4.  Two video frames showing a moving white
vehicle (encircled) while entering a parking lot

Each of the images are transformed into the correspond-
ing projection strings for each sub-query. The reasoning
is then carried out by theφmerge-and-operator to deter-
mine whether any of the found vehicles are moving.
Translation of theσ−query intoΣQL-syntax is simple
and straight forward and the result of this translation is:

MERGE-AND x,y,t
CLUSTER *,*,[t1,t2]
FROM (SELECT type

CLUSTER vehicle
FROM SELECT x,y,z

CLUSTER OPEN (* ALIAS T)
FROM SELECT media_sources

CLUSTER OPEN laser_radar
FROM media_sources
WHERE T > t1 AND T < t2,

SELECT motion
CLUSTER moving



FROM SELECT type
CLUSTER vehicle
FROM SELECT x,y

CLUSTER interval *
FROM SELECT t

CLUSTER OPEN (* ALIAS T)
FROM SELECT media_sources

CLUSTER OPEN video
FROM media_sources
WHERE T mod 10 = 0

AND T>t1 AND T<t2)

Among the above operators the MERGE-AND operator
obviously is the most complex and clearly it need to in-
clude means for investigation and solution of the asso-
ciation problem but also for handling uncertain
information obtained from the sensor data. Such tech-
niques are needed to make this operation general. For
this reason, further research is needed.

4. The visualization subsystem

The visualization subsystem will be designed to present
what is going on in the environment assessed by the
sensors, but also to support the users in their efforts in
determining the existence of various types of objects
and determine their behavior and activities with respect
to the geographical surroundings. Most information
made available by the sensors should be possible to be
acquired by the users whenever necessary. Hence, the
visualization subsystem must include a spatial/visual
query system for determination of information about
geographical objects that eventually may be visualized
in the synthetic environment thus allowing the user to
follow the on-going activities of concern. This is, in
other words, a way of enhancing the synthesized envi-
ronment with respect to activities otherwise hidden
from the users.

4.1. The Synthetic Environment

The information that will be used to create the synthetic
environment will generally be coming from the sensors.
This information need be classified with respect to their
geographical types. Of special interest is to allow the
generation of a high resolution terrain model in 3D.
There are various ways of doing this and a number of
sensors exist that can support this. In this work a laser-
radar called TopEye, which is a civilian product from
Saab Survey of Sweden, has been used. This sensor uses
a helicopter as a platform. The laser-radar contains a
vertical scanning direct detection laser and the succes-
sive pulse emission and repetition do not overlap. The
overall accuracy of the measured point co-ordinates is
approximately 0.1 m in all three co-ordinate directions.

Figure 5.  A terrain model in a high resolution grid
structure (a), and the reduced model after the wavelet
transformation (b).

The technique used here for generation of terrain eleva-
tion models from laser-radar images is discussed in [9]
and [10]. A critical step in this process depends on how
accurate separation between ground and forest informa-
tion can be performed. A laser-radar image maps the
terrain from a top view, which includes reflections from
both the ground and the vegetation. In order to deter-
mine the information corresponding to the ground sur-
face forest and vegetation information from the laser-
radar images must be removed. In cases where the for-
ests are very dense this problem has no simple solution.
The main problem is concerned with the loss of direct
reflections from the ground and how to interpret and fill
in the areas hidden underneath the trees with informa-
tion without to much loss of accuracy. This problem is
further discussed in [10].

Once ground and forest information has been separated
the process becomes more straight forward. In this ap-
proach a regular grid with a point distance of 0.5 m is
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first created, see figure 5 a. From this grid structure an
irregular sparse structure is determined. This structure
is made up by a regular grid, with a grid point distance
of 2 m, and a set of irregularly distributed characteristic
points that eventually should be used for triangulation,
see figure 5b. To accomplish this, it is necessary to sub-
stantially reduce the number of internal data points
while still keeping the most significant, i.e. significant
data points belonging to such terrain structures as hills
and ditches etc. This is motivated by the fact that storage
and access requirements require a structure where un-
necessary points are eliminated. A square size of 2 m
was chosen since it was considered as a suitable com-
promise between the goal of reducing data while keep-
ing the elevation errors below 0.5 m in total. The
irregularly distributed points are determined by a some-
what modified version of the linear wavelet transform
[11]. The 2 m squares and the points that occur inside
the squares constitute the basis for determination of a
qualitative code that support describing the terrain.The
different categories that can be identified through this
technique will eventually be stored in the terrain data-
base.

Figure 6. A terrain model with a simple skin on top, il-
lustrating a round-about with four incoming roads.

The terrain data model will have a dual use. The trian-
gulated grid structure including it irregularly distributed
points will be used for visualization purpose only, while
the categorized structure will be used for querying pur-
poses. The latter will be discussed further in section 4.2.
A triangulated terrain model using laser-radar data can
be seen in figure 6. The model has been covered with
simple skin and shows a round-about with four incom-
ing roads.

The result of the terrain generation process gives a total
reduction of data of about 88% compared to the origi-
nal data volumes. The average error is, as determined
from the maximal error in each square, 0.128 m and

with a standard deviation of 0.065 m. In conclusion a
reduction of data close to 90% have been possible and
with a total maximum error in each square less than 0.5
m in 95% of all cases when adding also the measure-
ment error of the sensor which is around 0.1 m.

4.2. The terrain feature query system

The queries applied to the terrain feature query systems
are calledτ-queries. Theτ-queries have similarities to
theσ-queries, since they also correspond to a kind of
spatial low-level queries. Theτ-queries are, however,
more shape and geometric oriented as they are built up
by patterns of the squares determined from the irregu-
lar grid structure in the terrain model. Aτ-query is sim-
ply a matching process on a symbolic level between a
given pattern and the pattern of the existing terrain
model where both are represented in terms of a qualita-
tive tile code.The purpose of the terrain feature query
system is therefore to answer queries made up by the
patterns of categories of grid tiles as discussed in sec-
tion 4.1. The basic idea is consequently, to describe the
features of a terrain object in terms of combinations of
grid tile categories, and match them against the tile
codes given in the terrain database. This kind of match-
ing can be applied to determine, for instance, ditches.

About a hundred qualitative grid tiles have been identi-
fied. The simple features in the grid tiles can be com-
bined such that more complicated types can be
identified as well. Figure 7 shows some examples of
the different types and their features. The grid tiles in
figure 7 correspond, from left to right, to a flat area, an
area with a top, a ridge, a ridge close to the lower left
corner and finally a structure of two combined features
e.g. a ridge at left and a valley at right. The tiles must
be rotation invariant with respect to their features and it
is simple to see that they can be individually triangu-
lated for visualization purposes. Furthermore, since the
tile features are qualitative a special feature like the
third tile in figure 7 can have any arbitrary direction as
long as it stretches out from top to bottom inside the
tile.

Figure 7. Some example of grid tiles with some simple
feature types.

A query may not correspond to a single tile but to a
number of tiles, that in combination must be matched
against the terrain model. Sets of set of tiles may be
permitted as well. The matching procedure goes on as a



filtering technique between the combinations of
sequences of tile codes until the specified area has been
completely covered by the query. The work on devel-
opment of aτ-query system is currently under way.

A further aspect when applying theτ-queries concerns
the size of the objects. The 2 m grid works well for
small objects represented in a high resolution. Larger
objects, however, require a lower resolution, because
otherwise the combinations of tiles will become too
complex. Therefore, a type of resolution pyramid is
being developed to make it possible to apply grid tiles
of lower resolution in the matching. Useful grid sizes
would be 4, 8 and 16 m, which can be generated
directly from the basic terrain database. This can be
done in a first step by extracting the actual grid size
from the terrain database and in a second step by iden-
tifying the remaining points by means of the vawelet
transformation as performed on the 2 m level.

Finally, another class ofτ-queries that eventually must
be focused on concerns the identification of buildings
and various types of features of buildings. However,
buildings require a different kind of description than the
terrain models; mainly because it is simpler to describe
a building more exactly. However, this requires further
studies.

5. The interactive control and reasoning sub-
system

In the interactive control and reasoning subsystem user
related aspects are mainly in focus. Aspects as how to
interact with the system, how to keep track of available
and incoming information and how to draw further and
more extensive conclusions from the knowledge made
available by the query systems, will be in focus. So far,
the studies concerning this sub-system are preliminary
and further work is required before the details of this
subsystem are identified and can be implemented.

The main modules in this subsystem will generally be
made up by the interaction module, the high level rea-
soner and the meta-database.

5.1. The interaction module

The interaction module will be a combination of an in-
telligent software agent and a web-browser. The
former is intended to support the users in a collaborative
working mode such as described in [12]. The main pur-
pose of this agent is to support decision making trough
a user dialogue. The agent should guide the user to-
wards more correct decisions, while at the same time

the work-load of the users should be reduced thus elim-
inating the complex interactions that otherwise would
require a high-level user competence. Interaction with
SQL will be based on the web-browser technique,
which will be a convenient way of interaction since
most users are familiar with this technique. Finally, an
important aspect to consider is to develop a way of deal-
ing with the problem of how to eliminate information
overload of the user.

5.2. The high level reasoner

The purpose of the high level reasoner is to support the
second level of data fusion, i.e. the situation analysis as
described in [8]. This module should be designed to
support higher levels of information fusion and the
input should be fed into the module as assertions from
the depository of fused knowledge mainly coming
from ΣQL. Information from the terrain feature query
language will be needed by the reasoner as well. As a
consequence, the high level reasoner will mainly be
concerned with the objects determined by the target
recognition process. The information that relates to the
synthetic environment will be used to infer high level
knowledge of compound type. This subsystem will be
tightly coupled to the interaction module and its intelli-
gent software agent.

5.3. The meta-database

Meta-data must be available to the user as well. With-
out this kind of information it will be immensely diffi-
cult to determine whether a query can be answered
properly. For this reason, a meta-database must be
available to determine whether data needed for a par-
ticular query is available in the system. However, the
metadatabase need not be explicitly available to the
users but can instead be indirectly available through the
intelligent agent or connected toΣQL. The metadata-
base should include information generated by the sen-
sors. This information does not only descriptions of
raw-data but also information generated through trans-
formations performed by the system. Of importance
here is such information that tells where and when the
information was acquired and, of course, information
about the various types of available information.

6. Adaptation

Whenever there is not sufficient information available
for a certain task it should be possible to control the
positions of the sensors to get further information from
a certain activity at a certain location. This information
should have a better quality be more reliable etc. and
thus giveΣQL a better chance to fulfill its assignments.



However, adaptation of the sensors should not only be
determined by the query systems but primarily by the
users in their dialogues with the agent.

7. Conclusions and future research

The system proposed here is at this time not a running
system but rather at a planning stage where certain
parts have been subjects to research while other parts
are subject to on-going research activities. The prime
goal is to build up a demonstrator of the proposed sys-
tem. This also requires activities concerned with col-
lection of relevant sensor data. Some sensor data,
which has been used for earlier research, such as laser-
radar data, have, however, been available for quite
some time and as a consequence they have had a strong
impact on the design of the system.

The system as illustrated here just shows a single user
system, which however, should be possible to integrate
in a multi-user system where the communication net-
work should be transparent to the users. The system
should in other words correspond to a CSCW system.
This should, however, be subject to future research.
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