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Abstract

WITAS will be engaged in goal-directed basic re-
search in the area of intelligent autonomous vehi-
cles and other autonomous systems. In this paper
an overview of the project is given together with a
presentation of our research interests in the project.
The current status of our part in the project is also
given.
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1 Introduction

The Wallenberg laboratory for research on
Information Technology and Autonomous Systems
(WITAS) started working on January 1, 1997 fol-
lowing a decision by the Knut and Alice Wallenberg
Foundation to fund the research project.

The laboratory is a consortium of four research
groups at Linkoping University; three at the Depart-
ment of Computer and Information Science and one,
the Computer Vision Laboratory (CVL), at the De-
partment of Electrical Engineering.

WITAS will be engaged in goal-directed basic re-
search in the area of intelligent autonomous vehicles
and other autonomous systems. In its present out-
line, the major goal is to demonstrate, before the end
of the year 2003, an airborne system which is able
to make rational decisions about the continued op-
eration of the aircraft, based on various sources of
knowledge including pre-stored geographical knowl-
edge, knowledge obtained from vision sensors, and
knowledge communicated to it by radio. The system
shall be airborne, but is not necessarily in direct con-
trol of the aeroplane.

For more information, please visit the homepage of
the project:
http://www.ida.liu.se/ext/witas/eng.html

2 WITAS projects at CVL

For this project we foresee a number of research prob-
lems of particular interest. Although they are tradi-
tional parts of the vision and robotics fields, they are
accentuated by the use in autonomous systems, re-
quiring particularly robust functionalities. As the use
of autonomous systems will increase in other areas,
this research work is essential for future development
[4].

The particular requirements will give us the mo-
tivation and the opportunity to develop and to test
a new sensing, processing and representation archi-
tecture. The traditional structure of a video cam-
era followed by a processor does not provide the per-
formance required for most demanding situations in
robotics. We propose the development of a new vision
architecture which will very rapidly switch its focus of
attention between different parts and aspects of the
image information. It will contain three major units:

e Actively Controlled Sensing
e Fast VLSI Processing Architecture

e Multi-Resolution Semantic Scene and Object
Representation

Many of the components of this structure have
been tested as stand-alone procedures earlier, but
it has not been feasible to integrate all of them
into one system. The real gain will however ap-
pear as all of them are combined into one system,
as any one of them does not separately achieve
full performance on its own. Below follows a
short description of each item. See also the W3-site
http://wuw.isy.liu.se/cvl/Projects/WITAS.html

Actively Controlled Sensing

A traditional approach in robotics has been to use
video camera sensing. This is generally suboptimal
for most situations, and a more flexible and control-
lable arrangement is desirable. There are a number
of requirements on the sensing process:

e Wide angle of view



e High spatial resolution
e High time resolution
o High light sensitivity

In order for the system to obtain sufficient overview
for navigation and localization of objects, it is neces-
sary that the sensing is made over a sufficiently wide
view angle. To allow robust identification of objects
and details, it is necessary that the sensor provides
sufficient spatial resolution. Interpretation of dynam-
ics in scenes, such as motion of objects, requires a
sufficient time resolution or frame rate.

Fortunately, all these requirements are generally
not present simultaneously, a fact which relinquishes
not only the demands on the sensing system but fur-
thermore on the subsequent processing system. This
illustrates the usefulness of a sensing camera with a
number of controllable properties:

e Controllable integration time to adjust exposure
e Controllable frame rate to adjust time resolution
e High resolution sensor element

e Region of interest (ROI) control of readout from
sensor

e Variable zoom optical system, or multiple focal
length systems

e Fast control of camera visual field orientation

Not all variables are independent, such as the inte-
gration time and the frame rate.

A typical sensing procedure may be that the cam-
era moves around mechanically, while images of wide
angle resolution are recorded. There is generally no
particular reason to have a high time resolution for
this case. As the system detects something of interest
it will orient the camera to that direction and zoom
in on that part. If it is needed to measure motion,
the sensor will increase the frame rate accordingly.

What is important for this process to be useful is
that it goes very fast. The visual field of the sensor
will ”jump around” in the scene, switching between
different regions, objects and aspects, very much like
we do with our head and eye movements. This al-
lows us to obtain a sufficiently high resolution in all
important aspects, without flooding the subsequent
processing system with redundant information.

The goal of this subproject is to develop such a con-
trollable camera sensor. Sensor elements and other
components having the desired properties are avail-
able today, but what is required are the control mech-
anisms which allow close integration with the process-
ing structure.

Fast VLSI Processing Architecture

The processing to be carried out in the preceding sec-
tions is quite formidable. For that reason we plan to
implement certain parts of the system using special
purpose VLSI circuits to be designed. Together with
conventional commercial VLSI circuits they will give
an architecture for fast and flexible processing.

The first unit to be implemented as a special pur-
pose VLSI circuit is a fast convolver, which will em-
ploy methods for fast separable filters, developed at
the laboratory [1]. Together with an architecture
which allows fast control of operations and data flows
[6], this will give a very flexible focus of attention
architecture, where the processing resources can be
switched between different parts of the incoming data
in a way which is well adapted to the patch-like na-
ture of the input image data.

Multi-Resolution Semantic Scene and
Object Representation

Together with the actively controlled sensor goes a
very different processing and representation struc-
ture, compared to conventional methodology. The
data which arrives from the sensor(s) can be viewed
as patches of different sizes, rather than frame data in
a regular stream and a constant array arrangement.
These patches will cover various parts of the scene at
various resolutions. Some such patches may in fact be
image sequence volumes, giving a sequence of images
at a suitable time sampling from a particular part, to
allow estimation of the motion of objects. The infor-
mation from all such various types of patches has to
be assembled in some suitable form.

The conventional array form of image information
is not very useful in this situation, as the patches will
be of different sizes and resolutions. It is also nec-
essary to have the information in some interpreted
form to fulfill its purpose to evoke actions. This im-
plies that the information should be in terms of con-
tent or semantic information, rather than in terms
of pixel values. An interpretation of the information
is made, and the information is represented as linked
objects. The more extensive discussion of the meth-
ods for representation of objects as linked structures
will be made elsewhere [3].

3 Overview of WITAS system
architecture

In order to get more than separate, “free floating”,
subsystems from each of the participating groups, the
interfaces between the subsystems are targets for con-
siderable attention. Almost all interfaces and subsys-
tems are already “in the loop”, making it possible to
detect design-flaws and unrealistic assumptions in an
early stage. Another advantage with this approach is
that the groups have gained insight in one another’s
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fields. The overall structure of the integrated systems
is presented in figure 1.

The autonomous decision software architecture,
which encloses the other subsystems, consists of three
layers; the process, reactive, and deliberative layers
(see Fig. 1). This part is developed jointly with the
Department of Computer and Information Science,
but will for completeness briefly be mentioned here.
See also
http://www.ida.liu.se/ext/witas/eng.html

The process layer, which is the lowest layer, exe-
cutes a tight loop of a sensing-and-acting type of ac-
tivity and is characterized by sense/act control mod-
ules called behaviors. Each behavior is designed to
deal with a relatively narrow aspect of the total flight
control system. For example, a behavior may rep-
resent a particular feedback/feedforward control al-
gorithm such as altitude/heading control. Some be-
haviors may be designed in such a way so that they
encapsulate more complex control algorithms that
implement particular flight maneuvers such as left-
and right-turns, increasing and decreasing of alti-
tude, etc. Additional behaviors may deal with in-
formation gathering and analysis tasks not directly
related to the flight control systems which might in-
clude identification of map segments, classification of
earth-bound vehicles, predicting the behavior of such
vehicles, gathering information about weather con-
ditions and their consequent classification. The main
part of the vision system belongs to the process layer.

The intermediate, reactive layer combines behav-
iors into goal-achieving sequential activities by des-
ignating an order on these behaviors based on the
continuous sensing of pre-conditions in the environ-
ment, where pre-conditions allow or disallow particu-
lar behaviors. Essentially, a goal-achieving sequential

activity is intended to represent the variety of ways
a particular mission can be executed. Examples of
such missions are “follow a car”, “identify traffic pat-
terns”, etc. A program package “RAP”, developed by
Firby [2], will probably be used to implement some
of the functionalities in this layer. The higher levels
of the vision system belongs to the reactive layer.
The highest, deliberative layer will perform a num-
ber of deliberative activities. For example, it may pro-
vide guidance to the reactive layer when the latter is
unable to realize its goal-achieving activity, i.e., can
not, continue its execution since certain pre-conditions
are not fulfilled as expected, or certain behaviors have
failed. This layer can also be augmented with func-
tions that monitor the execution of the activities from
the sequential level, monitor the environment, and
predict how the execution of an activity will proceed
at a future point in time, etc. The deliberative layer
will also include limited look-ahead capabilities which
will assist in avoiding entry into undesirable states.

4 Overview of Vision system
architecture

The vision system provides to the decision system a
set, of skills or vision-primitives. Each skill provides
certain clearly defined information, such as the veloc-
ity of a specified object.
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A skill can be implemented in different ways, each
with different characteristics. One version is perhaps
very fast but not that accurate, another the oppo-
site. This gives the decision system the opportunity
to choose the skill that fulfills the current demand
on speed and quality. In figure 2 a coarse overview
is presented of the current vision architecture. The



skills, and the rest of vision system that belongs to
the reactive layer, are in the top of the figure. The in-
formation the skills generate is made available to the
decision system through the Dynamic Scene Database
(DSD). The DSD contains both static and dynamic
information about the environment. The static in-
formation is, for example, data about roads in the
neighborhood. The dynamic information is data de-
scribing a non-static object, for example a car. The
dynamic information is in addition linked to the ap-
propriate static information, e.g. the car is linked to
the road segment it moves on.

Current state of implementation

The structure and the algorithms are and probably
will be changing considerable in phase with the de-
velopment of other systems. The following functions
have been implemented so far.

From the camera in figure 2, a number of ROIs are
readout to a sensor buffer. At least one of the ROIs is
defined as the, known as, stabilizing ROI. This ROI
(or these ROIs) covers an area on the ground with
stationary structures of high contrast. By tracking
these stabilizing ROIs on the sensor we can calculate
a coarse first approximation of how the image has
been translated due to the movements of the UAV
since the last frame. With this information we can
make a coarse but fast motion stabilization of the
ROIs in the sensor buffer by assigning each of them
a offset. This “sensor tracking” is the first and the
fastest loop in the vision system. The tracking could
be implemented in many ways but we currently use
a simple mask correlation.

The next step is the Camera tracker loop. The
movement of the object (or group of objects) we are
currently tracking, this could be a car or a road seg-
ment, is calculated and the result controls the cam-
era. This calculation can be made either by a fast and
simple mask correlation as above, or as the result of
the robust and accurate spatiotemporal filtering tech-
niques we have developed at the laboratory [5]. The
spatiotemporal filtering is also used to implement the
“Find moving objects” and “Velocity segmentation”
boxes.

A very important skill is the “Coord map”, see fig-
ure 2. All operations below it produces results and
relates to image coordinates while the decision sys-
tem always “talks” in world coordinates. The task of
the “Coord map” skill is to make the transformation
between the two coordinate systems. In order to do
that, the skill tracks a number of stationary ground
structures, called landmarks, with known world coor-
dinates. From the tracker loop the skill gets the cor-
responding image coordinates of the landmarks and
it can thereby calculate the map. The skill gets its
information about suitable landmarks from the GIS-
database, which is part of the knowledge database of
the system. In geographical regions where there are
to few landmarks the skill has to estimate the trans-

formation map based on directional data from the
camera (tilt angle etc.) and positional data from the
navigation system.

A video containing results from the above men-
tioned motion stabilization and spatiotemporal filter-
ing is available.

5 Future work within CVL

We will continue to work towards the research goals
specified in section 2. In the short term, the following
items are important:

e Specification and implementation of skills.

e Specification of implementation of operations in
hardware. This is done in collaboration with one
of the other participating WITAS groups.

e Specification of camera characteristics
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