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Abstract: A recursive estimation method based on the
4D-approach fo real-ime computer vision for smulta-
neowsly determining both 3D shape parameters and motion
state of objects is discussed. The recognition processes
exploit stmcturally given shape models and mofion
models given by difference-equations. This allows fo
confine the image analysis to feature evaluation of the
last frame of the sequence onlv: no differencing between
images has to be done, vet the spatial mofion compo-
nents (satisfring planar motion constrainis) are recoverad
directly without imverting the perspective projection
equations of the imaging process explictly.

Object recogrnition has been confined o a well-stuc-
fured, but ofhernise general dynamic scene for the be-
gimming: road traffic with a imited class of vehicles.

1 Imtroduction

When image sequence interpretation is conceived as a
measurement process in which onlv parfial output varable
measurements (3s opposed to direct st@te wvariable
measurements) are possible and in which the full s@ate
vector of the dvnamical system has to be recoversd ex-
ploiting a genenc dynamical model of the real world
process, a completely different approach to machine vi-
sofn than the one favored by Al-groups results. In [2]
this approach had been p1+:rneereui It took five vears until
in 1987, based on experence in four different app&manun
areas, the general scheme for dynamic machine vision
became validated by real world experiments [3].

Initially, only the egomotion of the svstem relative fo a
s@atic environment could be handled in real time with the
processing power available. Then, one addifional
moving object of simple appearance could be dealt with
[4; both its relative 3D state induding spatial velodty
components and its size (height and width) could be de-
termined. In the present article, this approach is expanded
to the recognition of 3D bodies and their trajectories
safizsfying a genenc shape description each; both the actal
shape parameters of the object and of the trjectory as
well as the state vector of the svstem are estimated
recursivelv by parallel processes in real ime. Central to all
these activities is the infegral spatio-temporal approach
based on edge element feature extracfion and object
oriented feature aggregation ('Gestalt' idea) which wall
be discussed in the next section.

2  The 4D approach to dynamic vision

The main goal of thiz approach from the beginning has
been to take advantage of the full spatio-temporal fra-
mework for infemal representafion and fo do as few rea-
soning as possible in the image plane and hi between
frames. Instead, temporal continuity in phvsical space
according to some model for the motion of objects is
being Exploil:e-d in conjunction with spatial shape rigidity
in this "analysis-by-synthesis’ approach.

Drynamical models link ime to spafial mofion, in ge-
neral. The shape models exhibit the spatial distribution of
visual features on the surface which allow objects o be
recognized and tracked. In order to exploit both types of
models at the same fime, the prediction error feedback
scheme for recursive state estimafion developed by
Kalman and successors [1] has been extended to image
sequence processing by our group. There are many
publications on fhis approach so that only Fig. 1 will be
given here as a short summary (see e.g. the survey article
[3] and the references given there).

Figure 1: Survey block diagram of the 41 approach o
dynamic maching vision

In the nitialization phase there is hi general context
dependent generic knowledge about the fask domain
available. This should be exploited for hyvpothesis gene-
ration as far as possible. In the highway traffic environ-
ment of interest here, generic models of the road and of
different tvpes of vehicles are readily available. The ge-
neral 3D road recognifion problem i3 treated hi [5]; the
vehicle part is treated in the sequel.

3 A priori knowled ge about ohjects
Confining the discussion to those objects which are allo-
wed fo participate hi the task domain under sandard



condifions allows to reduce the wvariety of objects and =-
tuations considerably. For a well-defined task area like

highway dnving there is an appredable amount of back-

ground knowledge available as to what can be expected
under normal condtions:

1. Traffic parficipants are massive vehicles pulled to the
ground by Earth gravity; direct lateral translation is
not possible due to frictional constrains between fires
and ground. Control degrees of freedom are: lon-
gitudinally by engine propulsion or by braking and la-
terally by steering control of front wheels which is
characteristically linked to vawing rotation around the
vertical axis. This knowledge is best represented by
dwnamical models for vehicle mofion capabilifies.

. The size and shape of highway traffic participants is
geared to their transportation task of camrying people
and goods. Most frequent are passenger cars of di-
mensions [width, height and length hi m] around (1.5
to 2)* (1.3 t0 1.7) * 3 to 6). Then- shape usually is
very close to mirror symmetry relative to a vertical
longitudinal plane.

3. The roads are smoothly curved both horizontally and
vertically; on highways the radius of curvature is of
the order of magnitude of hundreds of meters. Usually,
roads have more than one lane, each of which is
about 2.5 to 4 mwide

4. Independently moving objects usuallv are well apart
bv a safety distance dep&nchng on the speed travelled
(a2 seconds'-distance is recommended, though very
often disregarded by drivers).

bt

Enowing what to look for alleviates the task consid-
erably and allows to make processing of the huge
amounts of data from TV-cameras more goal oriented
and more intelligent. Intelligence ln the comrmon sense
means the capability that phvsical or mental processes
@n be recosnized by observing only small but somehow
chamacteristic parts of that process (and of propetly ad-
justing the own behavior fo this).

4  Generic shape models

A generic 3D shape model defines the spafial stucture
of the shape without specifying the values of the parma-
mefers ocourring in that model. In fig 2 an idealized ge-
nenc polvhedral 3D passenger car model is given in four
orfionormal views: Top down view (center), front and
back view (left and fght), left side view (boftom). The
different edge lengths are the model pammeters vet to
be determined in order fo best match groups of
perspectively mapped image features. The tvpes of
features for measuwrements sfill have to be determined too.
In the polyhedral model corner point positions at first
glance seem to be reasonable features defining the shape;
however, on real cars the cometrs are more or less
rounded vielding no chance for precise measurements of
corner posifions since well visible silhouette points are
rather sensifive to aspect condition changes on parts with
medium curvature. Parts with either very strong or less
pronounced curvature vield more stable contowr feature
positions under varving aspect angles.

Figure 2: Idealized generic shape model of a passenger
@r

For these reasons, linearly extended edge- or confour
elements and their relative positions with respect to each
other mav be best suited as features to be tracked and
measured for spatial shape recognition hi the general
case. Knowing what to look for, the choice of mea-
ningfiul feature combinations is much reduced. This is
what psychologists refer to asthe 'Gestalt-idea [8]: Oneis
able o see an object definitely only after the overll
frame has been set by some means in an ambiguous si-
wation. Features which are less pronounced from a mere
image processing point of iewmay become the major ones
supporting the object hypothesis despite the presence of
well visible other ones which just happen fo be there by
pure chance; a typical example for this sitmation is the
existence of shadows hi the scene with strong variations
hi bnghtness over the shadow boundary while the object
boundary within or outside the shade is nmch less
pronounced. This also points to the fact that hi more
complex scenes there may be nothing like an optimal
feature extractor, but that it may be background
knowledze which makes the svstem work reasonably
well.

Since what the svstem tries to interpret are sequences
of 2D images of 3D scenes, hypotheses for the object and
for the aspect condiions have to be generated i
conjunction. Knowing about the imited mobility of the
objects hi the real world, fhis interprefation process can
be stabilized over time by incorporafing this knowledge
about center of gravity (c.g.) motion into the recursive
least squares esfimation process. Shape nAgidity links
feature motion to that of and around the c.g. by taking
perspeciive mapping info account.

The polyhedral generic 3D shape representafion model
for a passenger car as given in fig? consis of 12 po-
Ivhedrons with 26 edges and 16 corners. The body-fixed
X-axis Hes hi the plane of symmetry pamllel to the base
plane polyhedron, pointing into the forward direcfion;
the y-axis points fo the right, the z-axis positive
downward hi the plane of symmetry. Each edge between
two comer points may be given as the space diagonal of a
rectangular box of length/width'height fx/fi/fz onented















