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Background, Context:
Most of control laws applied on actual robots are laws based on the measures obtained from
the internal sensors, i.e. the actuator encoders [1][2]. These measures are then considered as
the input of the geometric, kinematic and dynamic models that are used for predicting the
pose, velocity and acceleration of the end-effector in order to ensure the robot control.
However, these models have inaccuracies and each encoder error is amplified via the use of
these models [3]. This is the main reason for which it is preferable, for applications requiring
high-accuracy, to use external sensors that will be able to get measures as close as possible
from the end-effector. Then new models for the end-effector pose, velocity and acceleration
prediction must be computed in order to take into account these new measures. The efficiency
of the use of external measures for the modeling, identification and control of certain parallel
robots family has already been demonstrated for kinematics [4][5] and dynamics [6][7].
Usually, in the optimal design process, the designer looks for obtaining the best mechanism in
terms of given objectives (accuracy, velocity, workspace size, etc.) and constraints (joint
limits, actuator maximal speed, encoder accuracy, etc.) [8][9]. The used models are those of
classical controllers, i.e. with inputs coming from the actuator encoder measures. As a result,
all the performance indices of the optimal design algorithm are extracted from these models
[10]. However, if external sensor based control is required, new models are taken into
account. It is then necessary to define new performance indices that will be extracted from
these models in order to obtain the best robot performances.
Research subject, work plan:
The objectives of the research work are listed below:
1. To optimize the kinematic parameters of robot controlled via external sensors to get the
best accuracy performance for the robot
2. To optimize the link shapes of robot controlled via external sensors to get the best quality
of observation
3. To achieve the experimental validation of the obtained theoretical results
In order to achieve the three previous goals, this research work will focus on different points.
First, discussions will be carried out in order to select the external sensors used for the control
(camera, laser tracker, accelerometers, etc.) taking into account that it is required to obtain the
best performances possible in terms of accuracy for several types of robots (high-speed
robots, robots for milling, etc.). Other discussions will be also carried out in order to define
which parts of the robot should be observed and which type information we could get from
the sensor.
Once this is achieved, it will be necessary to calculate the geometric, kinematic and dynamic
models required for the controller. Several types of sensor-based controllers will be
investigated (depending on what is observed by the sensors, i.e. lines representing the
projection of cylinders in the image plane [4], the moments of a bodies wrt the sensor space
[11], etc.). From these models, performances indices for sensor based control will be
extracted. These indices will be used in the optimal design process for obtaining the global
robot kinematic parameters [9] and also the link optimal shapes (via link shape optimization
methods [13]) in order to get the best robot performance possible taking into account some
given specifications (e.g. accuracy, dynamics, but also simplicity of end-effector pose
estimation from the measurements).

The last part of the work will be to validate the optimal designs of robots by simulations and
then via experimentations. Several types of sensor-based controllers will be first tested on
numerical mockups (ADAMS + Simulink) and then applied on the prototypes that will be
designed by the student (and created via rapid manufacturing) in order to validate the
theoretical results.

References:
[1] W. Khalil and E. Dombre. Modeling, “Identification and Control of Robots“. Hermes
Penton London, 2002.
[2] R. Kelly, V. Santibáñez and A. Loría, “Control of Robot Manipulators in Joint Space,”
Springer-Verlag London, 2005.
[3] D. Deblaise, “Contribution à la modélisation et à l’étalonnage élasto-géométriques des
manipulateurs à structure parallèle,” Thèse de Doctorat, 5 décembre 2006, INSA Rennes.
[4] N. Andreff, T. Dallej, P. Martinet, “Image-based visual servoing of a Gough-Stewart
parallel manipulator using leg observations”, International Journal of Robotics Research.
Special Issue on Vision and Robotics - Joint with the International Journal on Computer
Vision, vol. 26, n°7, pp.677-687, July 2007.
[5] N. Andreff, P. Martinet, “Vision-based Self-Calibration and Control of Parallel
Kinematic Mechanisms without Proprioceptive Sensing”, in Journal of Intelligent Service
Robotics, Springer, Volume 2, Number 2, pp. 61-112, April 2009.
[6] F. Paccot, N. Andreff, P. Martinet, “A review on dynamic control of parallel kinematic
machine: theory and experiments”, International Journal of Robotics Research, Vol. 28,
N° 3, pp. 395-416, 2009
[7] E. Ozgur, N. Andreff, P. Martinet, “Dynamic Control of the Quattro Robot by the Leg
Edgels ”, IEEE International Conference on Robotics and Automation, ICRA11,
Shanghai, China, May 9-13th, 2011.
[8] S. Briot, A. Pashkevich and D. Chablat, “Optimal Technology-Oriented Design of
Parallel Robots for High-Speed Machining Applications“, Proceedings of the 2010 IEEE
International Conference on Robotics and Automation (ICRA 2010), Anchorage, Alaska,
USA, May 3-8, 2010.
[9] S. Briot, A. Pashkevich and D. Chablat, “Technology-Oriented Optimization of the
Secondary Design Parameters of Robots for High-Speed Machining Applications“,
ASME 2010 International Design Engineering Technical Conferences & Computers and
Information in Engineering Conference IDETC/CIE, Montréal, Québec, Canada, August
15-18, 2010.
[10] J.-P. Merlet, “Jacobian, manipulability, condition number, and accuracy of parallel
robots,” Transaction of the ASME Journal of Mechanical Design, Vol. 128, No. 1, pp.
199–206, 2006.
[11] F. Chaumette. Image moments: a general and useful set of features for visual servoing.
IEEE Trans. on Robotics, 20(4):713-723, Aug. 2004
[12] Bendsoe, M.P. and Sigmund, O. Material interpolations in topology optimization.
Architectural Applied Mechanics, 69(9-10):635{654, 1999.

