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Figure 4: V; and V|, components of the tip of the pen
during the action
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Figure 5: Frame-to-impact .durin:g the motor act

e a further observation, even if based on rather
qualitative grounds, is the fact that a decelera-
tion in the X direction is often synchrcnous w1t,l1
a relative high value of V. '

Finally, the plot of time-to-impact, actually mea-
sured in terms of frame-to-impact (FT1), (see fig. 5)
shows that in the initial phase (up to frame 19 in this
example) the the value of FTI is rather oscillatory,
while in the final phase (during the more crucial phase
of the approach) the FTI is asymptotically decreasing
in a much smoother way.

5 Discussion and Conclusions

This paper has shown two things:

¢ Humans perforin two-arms manipulation in a way
which is compatible with visual measures not re-
quiring explicit 3D computation.

o The computation of such measures is possible
from real images using state-of-the art optical
flow computation.

Many point are still unexplored and worth studying
in more details. Among them, the most relevant are:

¥
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R et
?-_ -'-’ -‘ “ E’ E A " e the role of tactile (and more generally propriocep-

tive) sensory information;

» the role of the stereo system to account for depth
**(or, disparity measures)

¢ the structure and theoretical aspects of the con-
troller

o the role of kinematics transforming visual mea-
sures into commands to the joints of the arms.
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Abstract

The role of vision in lwo-arms menipulation is in-
vestigated to suggest a qualitative approach for the so-'
lution of coordinated manipulative actions. The visuo-
motor behavior proposed, although partially supported
by experimental results, differs from more “geometri-
cal” approaches, based on explicit jD measures and
trajectory estimation, in that it is based on direct vi-
sual information, such as sterco disparily or ihe 2D
image molion field. The ezperimental part presenied
in the current paper is limited 1o the analysis of the
optical flow information exiracied from manipulative
actions performed by a human operator. These ezper-
imenis demonstrate that the qualitative approach pro-
posed is not in contrast with human behavior and that
the lwo-arm manipulation task proposed can be seen a5
a lestbed for qualitative and geomeirical approaches.

1.

1 Introduction

In the last years the emphasis of computer vision
research has been directed toward the extraction of
metric information in different forms. As far as the
use of vision for the continuos control of motor actions
mahny interesting experiments have been performed in
gaze control [1, 2, 3, 4] and to program robot arms in-
teracting with external objects moving independently
(see for example [6]).

What we would like to argue in this paper is that
the full, explicit knowledge of the 4D trajectory of
the object to be handled is not strictly necessary to
perform even complex two-arm manipulations.

The approach proposed in this paper is that of us-
ing iconic information directly extracted from the im-
ages, such as stereo disparity and the 2D image motion
field. Based upon the continuous extraction of these
measures, purposive motor behaviors can be designed
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to solve the task [7, 8] without relying on gray-level-
based (or frame-difference-based) segmentation of the
object to be tracked (it is nor clear how to extend
these, apparently simpler, approaches to general envi-
ronments and to moving cameras).

2 The paradigm

The motor task selected to outline the approach is
that of capping a pen. To perform this task the goal
of the hand-eye system is to control the motion of one
arm such as, at the end of the action, the tip of the
pen correctly “docks” with the cap. If the action is
performed in closed-loop using vision as a feedback
signal, it is necessary to constantly monitor the tra-
jectory of the moving hand (and the tip of the pen)
with respect to the cap. A possible solution is to mea-
sure the position in a 4D space (x,¥,2,t) of the tip of
the pen with respect to the cap. The alternative hy-
pothesis proposed in this paper is the use of a direct
solution based on the measure of optical flow field and
disparity without the need of explicit 4D measures.

Considering the capping action, the goal of the
visually-guided controller is to keep the tip of the pen
on an ideal linear trajectory connecting, at each in-
stant of time, the cap with the tip itself. The projec-
tion of this 3D trajectory on the image plane repre-
sents the 2D trajectory that must be followed by the
image of the moving hand to dock with the cap (see
fig. 1). This is the first control variable that may be
used: keep the image of the moving hand along this
ideal 2D trajectory. In terms of optical flow, this can
be achieved by minimizing the component of the flow
field perpendicular to this ideal trajectory.

Of course, depth must be also considered. However
if the fixation point is either on the cap or the tip
of the pen, a successful trajectory lies on the zero-
disparity plane: the control action is, in this situation,

Figure 1: Ideal 2D trajectory connecting the tip of
the pen and the cap. The controllér should keep the
moving hand along this trajectory =

|

to minimize the absolute value of disparity or, in other
words, to drive the moving hand toward (or along) the
zero-disparity plane.

Moreover, it is worth stressing that, if the fixation
point is on the cap (or on the tip of the pen), the ve-
locity profile can be controlled through the measure
of the time-to-crash computed from the component
of the optical fiow along the 2D trajectory of the ap-
proaching hand.

3 Experimental set-up

The experiment described here has been performed
processing a sequence of 60 images acquired during a
capping action performed by a human operator (see
fig. 2). ;

The optical flow was computed from the image
sequence and the following measures were extracted
from each frame of the sequence: :

e Segmentation of the moving hand from the static
background;

¢ Computation of the position of the tip of the pen;

« Computation of the average components of the
2D velocity field along the direction connecting
the starting position with the goal point (the
cap), and along the direction perpendicular to it.

¢ Frame-to-crash (i.e. time-to-crash expressed in
terms of number of frames)

Figure 2: 18 g;f.:.the 35-fi:améé_|iséd in the experiment.
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Figure 3: X andY position of the tip of the pen during
the action.

4 Results

The results of the experiment are shown in figures
3, 4, 5. In this particular experiment the capping ac-
tion was performed in about 1.4 sec. (or 35 frames).
Figure:4 represent the x and y components of velocity
(Vz and V;-respectively). Few observations are worth
mentioning: R

. v, is. stnall compared to Vi, assuming values os-
cillating about zero. This demonstrates the plau-
sibility of the hypothesis made that the controller
is actually minimizing V}, in order to keep the tip
of the pen “on tracks”.

e V. is not constant (as well as V) showing that
constancy of velocity is not a goal of the controller
and that the controller is constantly tuning the
velocity to keep the tip in the direction of the
cap.



