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----------------------------------------------------------------

Raffaella Carloni

Title: Hybrid Control Strategy for Robust Contact Detection and Force Regulation

Abstract: Several complex robotic systems, such as grasping and locomotion devices, involve the interaction between a robotic manipulator and its work environment. The control issue of such type of tasks is the regulation of the transition phase, in which the dynamic of the system is switching from the free to the constrained motion. In particular, the crucial point of the control is in the detection of contact/non-contact states since, when the manipulator gets in contact with the environment, large impulsive forces can cause the manipulator to bounce off and to become unstable. In this talk, an innovative solution to the problem of robotic interaction is presented. In particular, we present a hybrid control architecture that involves a position and a force controller, so that the position control law steers the manipulator to a target point in the workspace and, once the contact is detected, the control law switches to a force control that makes the manipulator exerting the desired force. The detection of the contact is realized with a strategy based on force information. The proposed hybrid control assures the stability of the manipulator so that, once the manipulator gets in contact with the environment, no bounces are present and it never loses the contact. The control scheme provides a margin of robustness with respect to actuators errors and to force sensors

noise and it avoids chattering problems.

----------------------------------------------------------------

Andrea Paoli

Title: On event observation in discrete event systems: application to fault diagnosis

Abstract: This presentation is cast in the framework of the so-called "Diagnoser Approach'' to fault diagnosis of Discrete Event Systems  (DES). The word "fault'' is used in a generic manner here and  

pertains to any significant unobservable event whose occurrence must  be "diagnosed''. Diagnosis is the process of detecting on-line the  occurrence of these events using model-based inferencing driven by  the observed event sequence. This is achieved by the use of a special  type of automaton, called "diagnoser. This talk addresses the problem  of Fault Detection and Isolation for a particular class of DES called  Hierarchical Finite State Machines (HFSMs). A new version of the  property of diagnosability tailored to HFSMs is introduced. This  notion, called L1-diagnosability, captures the possibility of  detecting an unobservable fault event using only high level  observations of the behavior of an HFSM. In addition, new  methodologies are presented for studying the diagnosability  properties of HFSMs that are not L1-diagnosable. The final part of  the presentation will present open problems on this research  direction and possible applications to other fields such as software  verification.

Venerdì 16 Marzo,  ore 14
Aula CASY,  Viale Pepoli 3/2

----------------------------------------------------------------

Luca Gentili

Title: Robust trajectory tracking for permanent magnet synchronous motors: a port-Hamiltonian approach
Abstract: In this presentation an adaptive internal model based control scheme is presented to deal with a trajectory tracking problem for a permanent magnet synchronous motor subject to voltage disturbances. More in detail it is shown how to design a controller able to guarantee the perfect asymptotic tracking of exogenous trajectories belonging to a certain family, embedding in the regulator the internal model of this family; moreover a plugin controller is designed to reject possible voltage disturbances acting on the motor. The theoretical machinery exploited in order to prove the global asymptotical stability of the proposed solution is the nonlinear regulation theory, specialized for the energy-based port-Hamiltonian formalism. The last part of the talk is devoted to the discussion of work advances with a particular attention to a possible sensorless approach.

----------------------------------------------------------------
  Marcello Montanari

Title: Some notes on modeling and control of electro-hydraulic systems for automotive applications

Abstract: Electro-hydraulic actuators are widely utilized in automotive industry, thanks to their ruggedness, their reliability, their large power-to-weight ratio. Hydraulic servo-actuators are applied for clutch and gearbox control in automated manual transmission systems, in active power steering systems, for active and self-leveling suspensions, among the various applications. Due to plant nonlinearity and high order and since various energetic systems (mechanical, electromagnetic, hydraulic, etc.) interact, modeling and control of such systems represent a challenging task. In this talk, modeling and control of different electro-hydraulic servo-actuators are presented in a unified and common framework and some research problems are enlightened and discussed.
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----------------------------------------------------------------

 Marta Capiluppi

Title: New Issues on Fault Tolerance for Distributed and Hybrid Systems

Abstract: This talk will focus on the work of the last two years of my thesis. During this period some improvements on the fault tolerant techniques for large scale systems have been studied.

Large scale systems represent nowadays the most part of real systems of interest, such as process and manufacturing plants, planes, cars, computer networks etc. This general description of complex systems needs modeling specifications. For this reason two kinds of large scale systems have been studied: distributed systems and hybrid systems. They are strictly correlated because frequently hybrid systems are modeled using methods for distributed systems and vice versa. In the first part of the talk a method to design functional models for distributed systems starting from their structural graphs is introduced. Some issues on how to use this procedure for fault detection and reconfiguration are also stated. In the second part new ideas are presented on how to apply fault detection techniques to some kinds of hybrid systems. This last part has been developed at the Automatic Control Laboratory, ETH Zurich, where I spent the last year of my doctorate.

----------------------------------------------------------------

Gianluca Lucente

Title: Modelling of an automated manual transmission system
Abstract: Vehicles with automated manual transmissions (AMT) for gear shift control offer many advantages in terms of reduction of fuel consumption and improvement of driving comfort and shifting quality. Complexity, nonlinearity and high-order dynamics of the automated driveline, combined with strict requirements for high performance gear shifts, demand the development of driveline models, which include a detailed description of the actuators. These models can be useful for different purposes: (a) during system development, to evaluate the achievable performance and its dependency on system properties; (b) as simulation tools for gear shift control algorithm design. Physically-based detailed nonlinear models of the electro-hydraulic actuated gearbox and of the dry clutch electro-hydraulic actuator of an automated manual transmission are developed. In order to analyze their behavior and their impact on the drivetrain during gear shifts, actuator models are integrated with a simplified transmission shafts dynamics. A reduced-order model of the gearbox actuator, which is valid when dither signal is imposed to servovalves, is developed with the aim of analyzing its properties and performances. Model parameter identification has been performed mostly by means of theoretical relations and design data. Experimental tests, performed on a commercial car, confirm that the proposed model is able to describe the actuators behavior and the main phenomena characterizing system dynamics during gear shift.
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----------------------------------------------------------------

Luigi Biagiotti

Title: Modelling and Control of Robotic Systems interacting through viscoelastic layers
Abstract: The use of viscoelastic soft pads contributes on one hand to increase the dexterity   of robotic devices, and, in particular, of robotic hands but, on the other side, it   makes the modelling of the interaction extremely complex. Standard approaches,  based on simplified versions of the finite elements analysis, are not suitable for real-time control purposes because of their complexity.  In this presentation, the adoptionof lumped-parameters models is proposed, together with procedures for online identification of contact impedance coefficients. In this way, it is possible to  consider the dependence of the response of the interface on the geometry of the  contacting surfaces, on the thickness of the pads, which is variable according to the point of contact, and on all the factors influencing its dynamics. The adopted models take into account nonlinear relations between deformations and forces. In particular, the Hammerstein models is considered. The presentation will illustrate the main drawbacks linked to adoption of soft/viscoelastic structures in the field of robotic manipulation, and after a general overview on modelling techniques, some control approaches, designed by explicitly consider the complete model of robot device, viscoelastic interfaces and environment, will be discussed.
----------------------------------------------------------------

Gianluca Palli

Title: Modeling and control of antagonistic actuated robots

Abstract: In this talk, the dynamic model of a robot with antagonistic actuated joints is presented, and the problem of full feedback linearization is analyzed. The use of transmission elements with nonlinear relation between the displacement and the actuated force allows to control both the position and the stiffness of each joint. The main advantage of this actuation modality is that the achieved stiffness becomes a mechanical characteristic of the system and it is not the result of an immediate control action as in the classical impedance control scheme, improving in this way the safety and the dependability of robotic arms. The application to the antagonistic actuated robots of an external forces estimation algorithm both for the collision detection and for the compensation of unknown loads is shown, and the stability of the overall system is analyzed. After the description of the transmission elements characteristic, different types of simultaneous stiffness/position controllers are presented and the problem of the system parameters identification is taken into consideration. Finally, the experimental results both for the parameters identification and for the validation of the proposed control approach are reported.
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----------------------------------------------------------------

Gianluca Borghesan

Title: Simulation issues in haptics

Abstract: Two problems related to the simulation of virtual environments for haptic systems are addressed in this report. The first problem is how to simulate, in discrete time and with low computational effort, dynamic systems in order to preserve their passivity properties. As a matter of fact, simulation of complex systems in real time may lead to undesired effects, like unstable behaviours of the haptic interface, if proper care is not given to the definition of the simulation algorithm. An algorithm is presented here able to maintain the passivity properties of the physical (simulated) system with a reduced computational complexity. The second problem discussed in this paper is the interconnection of algorithms running at different frequencies, i.e. the control algorithm of the haptic interface (running typically at high frequency) and the algorithm simulating the virtual

environment (running at lower frequency). A proper software interface, able to connect these two algorithms in an energetic consistent manner, is presented and discussed. The general framework of both these techniques is the passivity theory and the so-called port Hamiltonian formalism.

----------------------------------------------------------------

Roberto Naldi

Title: Modeling and Control of a Ducted-Fan Miniature Aerial Vehicle
Abstract: This work investigate the modeling and control strategy for a reduced mechanical complexity ducted fan miniature aerial vehicle (MAV) that has ben designed and developed under the CIPS project. The system has been designed to cover a possilby large set of applications, such as suirveillane, image acquisition, remote operations, etc. One of the more challenging aspetcs of the project is to deal with the transition from hovering (i.e. stationary) towards high speed flight.  For this purpose a nonlinear model of the vehicle to describe both conditions have been developed and a possible control framework has been introduced. An experimental framework have also been developed in order to realize the first working prototype of the system. Experiments on small scale prototypes will show the effectiveness of the design.

----------------------------------------------------------------

Manuel Spera

Title: A PLL-based approach for precise internal clock synchronization in event-triggered real-time communication systems
Abstract: In industrial automation, many standards and protocols were designed and developed in the last 20 years for the communication system. Fieldbuses are, in general, the networks connecting field devices, such as sensors and actuators, with field controllers (for instance PLCs) as well as man-machine interface. The real-time features of the data broadcast in such networks ask for some requirements: deterministic network behaviour, the preservation of some temporal and spatial properties (absolute and relative temporal consistency and spatial consistency) of the transmitted data, and a precise and accurate clock synchronization among the field devices.

In this work, the problem of precise internal clock synchronization, able to guarantee the preservation of the above properties in a communication topology with a central master controlling many slaves, is faced. The background of real-time periodic traffic developed on the event-triggered philosophy, in which data time-stamping is not available, is considered. A control strategy based on the phase-locking technique is presented with some considerations on typical communication problems like jitter and data flow control, of major interest in event-triggered systems. At last, experimental results are shown by means of the transmission of a multi-dimensional trajectory.
