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ABSTRACT

In this paper, we further expand on work first presented elsewhere
[9) regarding the automatic sclection of control points for model-based
target tracking. The shape descriptive qualities of the segmentation
algorithm [9] proposed for the tracking task are tested experimentally.
Comparative experiments are also presented for a model-hased tracking
scheme with and without the segmentation algorithmn. The experiments
highlight the positive features of the algorithm and verify the positive
role the algorithm can play in a model-based tracker in terms of speed
and quality of tracking.

KEYWORDS: curve segmentation, deformable-model-based track-
ers, rigid-model-based trackers, corners. key flat points.

1 INTRODUCTION

The need for target tracking arises in a number of different applications in robotics
research. Characteristic examples include vision-hased control of grasping and ma-
nipulation tasks [10, 13], and visual tracking of moving objects [3, 6]. Target tracking
is also important in 2 number of other applications, like automated surveillance and
traffic monitoring [12). A spectrum of techuigues has been developed for real-time
visual tracking. Model-based tracking is a well-established and popular approach that
involves the use of either deformahle models [3, 4, 12, 13] or rigid models [5].

A necessary first step in the computation of certain models (3, 4, 5, 12, 13] is to
determine a set of control points to approximate the tracked object’s contour. Un-
til recently, this was usually done by hand through a user-interface. However, the
possibility of using a curve segmentation algorithm was often indicated. Picking con-
trol points manually, renders difficult the automation of the entire tracking task. In
addition, since the user is picking the points randomly or at best by using some
heuristic developed through his/her own experience, he/she tends to pick either too
many or too few control points. On the other hand, using some classical curve seg-
mentation algorithms 2, 7, 8] only half-automates the task since the performance of
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these algorithms depends upon the fine tuning of a number of parameters. Different
object shapes may require different parameter settings or otherwise the segmentation
algorithm will perform at times either excessive segmentation or sparse segmentation.

In [9], for the first time, a segmentation algorithm was proposed (named P & P),
that filled out the existing gap in all the respects. Specifically, the proposed algorithm
fully automates the selection of the control points since it does not depend on any
parameters and works equally well for most kinds of shapes. Comparative experiments
in [0] showed that the P & P algorithm comparatively to other curve segmentation
algorithms, manages to select a small number of points that yet deliver a superior
description of the original shape.

In this paper, the P & P algorithm is further analyzed and tested. It is also
incorporated in a model-based tracker and its beneficial role in tracking in terms
of speed and quality is verified experimentally. The organization of the paper is
as follows: Section 2 refers to some model-based trackers that may benefit out of
the proposed algorithm. Section 3 describes an experimental investigation of the
algorithm’s descriptive power. In Section 4, the performance of a model-based tracker
with and without the algorithm is reported and discussed. Finally, in Section 5, the
paper is sununarized and conclusions are drawn.

2 MODEL-BASED TRACKERS

There are two major categories of model-based trackers: deformable-model-based
trackers and rigid-model-based trackers. Some of them require the selection of con-
trol points along the contour of the target and may directly benefit from the P &
P algorithm. As far as deformable-model-based trackers are concerned, Curwen et
al. in [4] use a B-spline approximation to the original target contour. The control
points of the B-spline could be appropriately placed by the P & P algorithm. The
P & P algoritlhun is especially suitable for spline approximation of curves becanse it
does not only locate high curvature points on the contour but also key in-between low
curvature points. The latter helps in the reduction of the spline’s approximating error
at a small cost. Yoshinii et al. in [13] and Sullivan et al. in [11, 12] use a formulation
of deformable models that involves an explicit placement of control points along the
contour of the tracked object. This, and the fact that the computational cost of their
methods is linear in the number of control points makes them ideal candidates for
the testing of the proposed algorithm. In fact, Sullivan's implementation in [11] is
the method we chose to highlight the potentially beneficial role of the P & P algo-
rithm in model-based tracking (see Section 4). As far as rigid-model-based trackers
are concerned, the algorithm can also be proved useful in automatically building a
succinet and accurate model of a 2D object from its initial imnage. '

3 EXPERIMENTAL INVESTIGATION OF THE ALGORITHM’S DE-
SCRIPTIVE POWER

The P & P algorithm locates points of high curvature (corners) using a methaod
similar to that in [2]. It also locates key in-between low curvature points (key flat
points) by employing a procedure conjugate to that for locating corners. The P
& P algorithm is described in detail in [9]. Here, only an interesting experimental
investigation of the algorithm’s shape approximating power is presented.

In order to get an indication of the goodness of the algorithmic selection of con-
trol points in terms of the accuracy of shape description, the following experiment
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was devised. Let a contour C of an arbitrary shape consist of N puints (C =
(P1,Pa,...,Py)). Let the P & P algorithm select for the contour C a set S of
m control points (S = (Ps;,Ps2,...,Psa)). Let also a set T of m control points
(T = (Pu,Pua, ..., Pun)) to be chosen in a way so that an error norm is driven to
minimum (optimnal polygonal fit). The norm chosen for the purposes of the particu-
lar experiment was the Euclidean distance error of the polygonal fit represented hy

the point set. The set 7 was determined after an exhaustive search of all the (f’")

combinations for the contour C. It is interesting to compare the set of control points
given by the P & P algorithm with the optimal polygonal fit point set for a variety
of shapes (see Figs. 1-4).

Figure 1: A square Figure 2: A parallelo-
contour. gram contour.

Figure 3: A triangular Figure 4: An irregular
contour. contour.

The small circles in the above figures represent the points of the optimal polygonal
fit set while the points given by the P & P algorithm are represented by small squares.
In all the shapes, the prominent, coruers are included in hoth the optimal polygonal
fit set and the set of the P & P algorithm. Discrepancies arise only for the key
flat. points of the algorithm. The equivalent points of the optimal polygonal fit are
mostly clustered in noisy areas of the shape. In contrast, the key flat points of
the algorithm are uniformly distributed between the prominent corner points. This
behavior is highly desirable, since the algorithm has not been designed specifically
for a polygonal fit but for a more generic fit that may be even a spline fit. In fact,
some model-based techniques use the control points for polygonal fits [11, 12, 13] and
some others for spline fits [4). The algorithin loses very little in terms of polygonal fit
accuracy by placing the key flat points in a distributed instead of a clustered manner.
For example, in the irregular contour case of Fig. 4, the error of the optimal fit
is 0.8189 pixels while the error of the P & P fit is 2.1701 pixels. The error of an
arbitrary polygonal fit for this shape vould run as high as 42.8378 pixels. The small
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compromise the algorithm concedes in the polygonal fit case pays off in the spline fit
case where a clustered distribution like the one favored by the optimal polygonal fit
would give very poor results.

4 EXPERIMENTAL TRACKING RESULTS

Preliminary results of experiments incorporating the P & P algorithmn for auto-
matic control point selection in a model-based tracking scheme [11] suggest that this
approach holds great promise. The P & P algorithm extends the previous system [11)
in two important ways. It automates the selection of hoth the number and location
of control points. In the previous implementation, the number of control points was
preselected by the operator and their location was manually determined at run-time.
By automating these tasks, the P & P algorithm makes the system more general
and more independent of its operator. The system has been implemented on the
Minnesota Robotic Visual Tracker ([1], see also Fig. 5).

Experiments were conducted in which a target was presented on a 27 inch monitor
located one meter from the end-effector mounted camera. The target, a 7.3 cm tall
square or triangle, moved around a rectangular path of 100 cm at approximately
8 em/sec. The position commands sent to the robotic arm were collected and are
graphically illustrated in Figs. 6 - 8. Previous results [11] (see Fig. 7) were compared
to results using the P & P Algorithm (see Fig. 8).

The previous system used a predetermined nimber of control points irrespective of
the target’s shape. These points were manually placed near the object contour in a
highly regular configuration. The generic constraints used by the tracking algorithm
created a bias toward equidistant points and equal angles between edges. The new
system uscs the P & P algorithm to automatically select control points. Because the
P & P algorithm does not choose equally spaced points, the constraints used during
tracking were modified to reward configurations with angles close to the initial angles
and distances close Lo the initial distances.

The model-based tracking scheme described iu [11] worked well only when a small
number of control points was selected and the points described the contour well.
Since that system encouraged equidistance between contral points and equal angles
between edges, it performed best when the contour of the object being tracked could
be approximated hy an equilateral polygon (a highly regular shape) with as many
vertices as the model had control points. For less regular shapes or control point
configurations, performance degraded. For example, the system in [11] lost track of
the square target after just one revolution when an eight-point model was used (see
Fig. 7). The old system was not tested with the (non-equilateral) triangular target,
since this target is not a highly regular shape.

The system using the P & P algorithm for automatic point selection performed
substantially better. Ten tiials were measured. In the first five, the arm tracked
the moving square. In the second five, the triangular target was tracked. Results
from the first trial with each target are presented in Figs. 6 and 8 respectively.
The control point selection algorithm invariably selected ten points for the square
and six points for the triangle that appropriately described the shapes. The tracker
maintained tracking of the ohjects for several revolutions. In this experiment, the P
& P tracker exhibited its ability to maintain tracking at fairly high speeds of different
target shapes (square, triangle).
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Figure 5: Experimen- Figure 6: Tracking of
tal setup. a triangular target with
the P & P algorithm.

Figure 7: Tracking of Figure 8: Tracking of
a square target without a sguare target with
the P & P algorithm. the P & P algorithm.

The target was lost af-
ter one revolution,

5 SUMMARY

In this paper, firther experimental investigation of the P & I algovithn, first ap-
peared in [9], was reported. The P & D algmithm was designed to antomate the
selection of coutrol points for certain model-based trackers. The algorithm was de-
signed to perform satisfactorily for polygonal as well as spline fits, since bhoth abound
in model-based trackers. In the present work. the algorithm’s outpnt was compared
with the corresponding point set that gave the optimal polygonal fit for a variety of
shapes. The error of the algorithin’s polygonal fit was very close to the error of the
corresponding optimal fit. In particular, the corner points reported by the algorithm
coincided with the corner points of the optimal set for every shape tested. Discrepan-
c¢ies hetween the algorithm’s point sot and the optimal polygonal fit set arose for some
of the key flat puints reported by the algorithm. These discrepaneies cost a small ap-
proximation error to the polygonal fitness of the algorithm that is anticipated to pay
off in the case of spline fits. Similar experiments for spline fits are under way and will
be reported in the future.

The algorithm was also incorporated in a model-hased tracker [11] and preliminary
comparative experiments between the old and new systems highlight the beneficial
role the P & P algorithm can play in model-based tracking. Further experiments with
a greater variety of shapes and under a greater variety of conditions are under way
and will be reported in the future.
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ABSTRACT

For the successful coordination of two arms handling a common object in
unstructured or ill-known environments, V. Perdereau and M. Drouin [1]
proposed to implement at each arm level an efficient hybrid position/force
controller where the force control loop is closed around the position loop.
For now, the efficiency of this new hierarchical solution was only proven
by simulation results, It was however suggested that real-time applications
with industrial robots could be viable. This paper is devoted to reporting
the validation of this method we have achieved in collaboration with P.
Dauchez at the LIRMM in Montpellier on an experimental setup built
around iwo PUMA 560 robots.

1. INTRODUCTION

When two robots operate in a complex environment and work on a same object
interactively to achieve complicated and dexterous tasks, the object motion may be
constrained in some directions due to interaction with external environment. It is then
necessary to control the constraint force, i.e., the external force, in addition to the motion
of the object and to the relative position/orientation of both end-effectors (or the reaction
forces, i.e., the internal forces, between the arms). The control objective is therefore to
realize the desired position and force profiles in a constrained coordinate frame located at
the grasped object; controllers are supposed to explicitly use the forces sensed at the robot
end-effectors.

One fundamental advantage of the master/slave approach [2] [3] is that the two arms
are controlled independently allowing a distributed computer architecture and an easier
implementation, However, both controllers do not share the same force and position
errors, the force controller must react fast enough to changes in position to avoid
dropping or damaging the object.
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