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Robotic manipulation with stereo-visual servoing

Visual servoing is an approach
to robot control based on visual
perception. It involves the use
of cameras in the control loop
of the robot relative to its envi-
ronment as required by the task.
Its essence is the computation
of the matrix of derivatives (the
Jacobian) of the visual feature
vector with respect to the mo-
tion of the robot. Whether to
use raw pixel data or estimated
3D-point coordinates is a mat-
ter of choice: both approaches
require the estimation of cam-
era parameters. However, the
resulting dynamic properties of
the task may differ. Stereo vi-
sual servoing offers some ad-
vantages over the classical mo-
nocular 2D- and 3D-visual-
servoing approaches. Depth in-
formation can be recovered
without the need for any geo-
metrical model of the observed
object. It should be noted that.
even in 2D visual servoing, this
information would be needed for the computa-
tion of the image Jacobian.

In our work we have achieved some theo-
retical results concerning the modeling of a po-
sitioning task.' We have tested many approaches
to define this kind of task when using a stereo-
vision system. The vision system segments the
observed object from the scene and computes
its center of gravity, The image coordinates of
this point, in both cameras. are the output of the
vision system to the robot controller. Since 3D
coordinates ol the observed point can be com-
puted from the image data (and an estimation of
the extrinsic and intrinsic parameters of the cam-
eras), they can also be used in the control law,
thus getting a linear Jacobian matrix. As a re-
sult, some theoretical properties of the trajec-
tory of the end-effector can be obtained.” To deal
with real objects, orientation has to be taken ii»0
account. Classically, axes of inertia are com-
puted from image segmentations. These axes
provide information for robot orientation with
regard to the object. Though visual servoing
formalisms with lines and orientation are theo-
retically sound, real applications are uncommon
due to the difficulty of robustly extracting such
primitives.

The mobile manipulator of the Robotic In-
telligence Lab consists of a Nomad XR4000
platform and a Mitsubishi PA-10 arm. Attached
to the end-effector of the arm is a stereo rig with
two miniature CMOS NTSC color cameras, in

ertia. Each camera is connected
Lo 1t’s oWn processor.

The work-place is depicted in
Figure 2 where pliers lie on a
black surface and the robot is ob-
serving the object. Pliers are or-
ange-colored, thus the blobs cor-
responding to the arms are seg-
mented based on color informa-
tion. Blobs are not symmetric
along their inertia axes, but the
system is expected to be robust
against minor deviations.

Theoretical developments
have shown us how to extract 3D
control features from stereo im-
ages: the Jacobian matrix is com-
puted for raw pixels, 3D coordi-
nates are estimated, and a new
feature vector that uses stereo
disparity is obtained. Real ex-
periments in adverse conditions

Figure 1. Shown is the set-up of the visual servoing system: a stereo rig mounted on
the end-effector of a mobile manipulator.

Figure 2. Close view of the end-effector,
targeted 1o a real object (pliers).

an eye-in-hand configuration, linked to two
video boards that deliver visual features at video
rate. Figure 1 shows the configuration of the
system. At this moment only the arm is con-
trolled by vision: in future we hope to control
the mobile base this way too. The cameras are
coarsely positioned, mounted with approxi-
mately the same orientation and at equal dis-
tances from the end-effector’s origin. No cali-
bration procedure is used. The vision system is
made of two inexpensive, off-the-shelf boards
(Cognachrome by Newton Research Labs),
These are video-rate color segmentation systems
that extract colored regions from an image and
deliver the coordinates of its centroid, its aspect
ratio, and the orientation of its major axis of in-
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(large rotation, noisy images,
coarse calibration) show that the
trajectory of the end-etfector re-
lies strongly on the features cho-
sen for the control loop. Future
waork should allow us to state more precisely the
robustness of the different approaches with re-
spect to camera parameters and signal loss, We
are also interested in considering other visual
features and integrating them with other types
of sensors.’
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