











Navigation in a urban environment
Classical approach:

teaching: global 3D reconstruction and accurate 3D localization (SLAM)
following a specified 3D trajectory through accurate 3D localization

Approach developed: Accurate localization and mapping not mandatory
teaching: topological description of the environment with key frames
only local 3D reconstruction (points tracking and points transfer)
navigation expressed as visual features to be seen (and not successive
poses to be reached)

simple IBVS for navigation
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Autonomous navigation and obstacles avoidance

Using a laser-range finder for obstacles localization
obstacles

Using a pan-tilt camera to observe the visual path while avoiding
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IBVS for X4-flyer positioning

In collaboration with CEA List, I3S and ANU
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VTOL aircraft landing -
Iss and terrain following = st

Optical flow used to estimate the ratio translational velocity/depth
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Multi-modal visual servoing

1 Task specified on one image modality (a map for instance)
1 Task realized with another image modality

using the mutual information between the two modalities

Current image
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IBVS for fixed wing aircraft landing

In collaboration with Dassault Aviation (Paris)
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Task sequencing (catching a ball)

1 Idea: to give as much freedom as possible to take constraints (joint limits,
occlusions, obstacles) into account
B Scheme more reactive than reactive path planning
B Scheme more versatile than classical visual servoing

 Visual elementary task managed by a stack
B Remove the good task for ensuring the constraints

M Put the task back when possible
Application to a humanoid robot
(in collaboration with AIST/CNRS, Tsukuba)
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Medical robotics

Visual servoing for laparoscopic surgery

Goals: Development of semi-autonomous control modes using visual servoing to help the
surgical gesture.

instrument
with laser

point

Autonomous tasks:
B Automatic retrieving of surgical instruments which are out of the field of view.
B Automatic 3-D positioning of surgical instruments.
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Medical robotics

Compensation of complex physiological motions
B Motions of organs induced by heart beating or respiration.

1 Compensation of respiratory motions :
B Organs tracking (liver)

B Use of a repetitive predictive control scheme which learns the periodic

cycle of the perturbation motions.

1 Beating Heart Tracking : »
B Combination of cardiac and respiratory motions.

Use of an adaptive filtering to estimate separate contributions of breathing
and heartbeats.

B Predictive control scheme which anticipates the perturbation due to an
adaptive disturbance predictor.
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Visual servoing with 2D ultrasound images

Considering soft tissues and 2D moments as visual features
Modeling revisited:

Complete observation available in the probe plane

No observation at all outside the probe plane

Potential clinical applications in medical robotics:
image stabilization for diagnosis
biopsies and therapy procedures: needle insertion
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Computer animation

1 Control of camera motion in virtual environments

B Task specification in the image
B Obstacles avoidance thanks to redundancy framework

Museum visit

Cinematographic
constraints (dialog)

- Control of synthetic humanoids
B Gaze control of a humanoid
B Locomotion control

- Applications: video games, films,...
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