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Classical robotics mostly deals with conventional industrial robots, well known on the industrial production lines, which require a well defined, rigorously structured and wider space of operation, according to the technological operation which they carry on. From the mechanical point of view, they are constructed as serial devices of joints, the dimensions of which are not subjected to any restrictions, the only necessary condition being related to the development of some suitable forces. It is obvious that these robots can not operate in restricted spaces, their index of mobility being inadequate for the space’s restrictions degree.
The hyper-redundant robots represent a new fascinating class of robots which, as time went by, especially in the last decade, have concentrated the investigation and design activity of a great number of scientific researchers from all over the world. This category of robots has developed itself in order to operate within some restricted spaces. These restrictions are caused by a great number of factors which operate in the external medium. Such spaces can be found everywhere, not only in the industrial medium but also in the biological one. For instance, that is the case of the restricted space within an airplane or within its components, wings, fuselage, engines or the closed spaces of some crumbled buildings, as a result of some natural calamities (earthquakes). We can also mention the restricted spaces from the nuclear reactors, within different industrial processing equipments, fluids transmission lines, submarine structures, etc. In the biological world, the best example is given by the human body itself, which represents a wide domain of restricted applications in any internal medical research.   
Theoretically, hyper-redundant robots are mechanical configurations with a bigger index of mobility than its number of degrees of freedom. Such structures can be frequently found in the animal world: the giraffe’s language, the octopus’s tentacle, the elephant’s trunk are a few examples which illustrate the existence of some extremely flexible biological structures, which have a big manipulation capacity within restricted spaces. 
Having as a model these biological structures, a great number of researchers have tried to imitate, more or less successfully, the structures of the animal world. In short, these configurations can be characterized by: a great mobility, a big flexibility, they can attain any position or orientation, they can evolve on complex trajectories, they can accomplish extremely complicated operations, which are dangerous for the human being, they can still function when certain segments of the structure cease to function. The application area is very large: the rescue, investigation and exploration applications, surgical, endoscopic and medical investigations, the outer space exploration, military investigations, the transportation of the material through nuclear power stations, etc.  
Although we have already mentioned the intense activity of research in this domain of hyper-redundant structures, we have to acknowledge the fact that, lately, in practice, few successes have been registered in the imitation of the biological models. Today’s technology does not possess sensorial or actuating devices which can imitate in detail the complex cellular structures of the animal world. The latest researches have tried to give a few technological solutions, relying on certain materials, which are commonly known as intelligent materials. 
Having in view all these, our paper aims at dealing with some redundant structures and shaping their basic functions, by making use of electro-rheological fluids (ER) and electro-active polymers. The master’s degree includes an Introduction, eight chapters, Conclusions and Bibliography. 
Chapter 1, named “Hyper-redundant systems”, tackles the main hyper-redundant structures, also named tentacle structures, which can be found in the specialty literature or which are presented in applications by a series of international producers. After an analysis of the main tentacle configurations, we talk about the models with a hybrid, extrinsic and intrinsic actuating systems, which are produced on the industrial plane or in the university laboratories. It is described the bi- and three-dimensional model with mixed, hydraulic and electric actuating systems. A special place in this paper is also dedicated to the continuum robots, which represent an extension of the discreet structures for the models which aim at dealing with architectures defined through continuous curvature. 
In Chapter 2, named „Electro-rheological fluids”, the fluids’ main physical properties are described in order to use them in different components of the hyper-redundant structures. It is shown that such fluids, made through suspensions of some polarizable particles into non-conductive fluids, alter their properties by applying an electric field. In fact, the fluid’s apparent viscosity can be modified in the electric field, the response time being by the order of milliseconds. In this chapter, it is shown that there is a proportionality relation between the fluid’s solidification degree and the electric field’s strength value. There are also studied the design techniques of the electro-rheological fluids and of the systems based on them. Then, it is analyzed not only the fluid’s behavior for different signals which are applied to the input, but also the temporal evolution of the unitary effort on the models Kelvin, Maxwell, Jeffreys şi Burgers. A special place in this paper is also dedicated to the electrostatic energy of the fluid environment and to the power changes imposed by the displacement of some particles within the applied electric field. 

In Chapter 3, named „Control systems based on electro-active polymers”, there are analyzed these intelligent structures, which are capable of altering their dimensions by applying an electric field, which makes them similar to the biological muscles. First of all, there are presented some materials’ finite elasticity elements which allow certain profound research of these materials’ properties to be made. There are thus analyzed the storage law of the elastic energy within the body, body’s equilibrium equations, as well as the principles of the optimal design of some actuators, which are achieved with electro-active polymers. A special place in this study is dedicated to dielectric electro-active polymers. There are studied the pressures, which are accomplished by the polymer film depending on the applied electric voltage, as well as the deformations produced by the polymer under specific margin conditions. There are shown and analyzed some conventional configurations of actuators with dielectric polymers, such as the bimorph model, unimorph model, diaphragm model, push-pull model, vertical elongation model, etc. It is insisted on the design elements, under the conditions of an imposed load, the behavior within a compliant regime, as well as the imposed speed and frequency restrictions.  
Chapter 4, named „Kinematics of hyper-redundant robots, actuated through electro-active polymers”, deals with specific problems concerning the kinematics of tentacle structures. For the hyper-redundant configurations, which are accomplished by a serial connection of some articulations, the kinematical control matter is reduced to the conventional, classic matter of Denavit – Hartenberg models, specifying that very small angular variations determine considerable simplifications within the matrix operators.   Much more difficult is the kinematics of the models, which are defined through continuum curvatures, which require special treatments. Within this chapter, such a kinematical approach for a model actuated through electro-active polymers is analysed. The basic geometric model of an element, which is controlled through three actuators, which are made with electro-active polymers which allow the obtaining of a controlled curvature, is rigorously defined. There are strictly determined the relations between the kinematical model and the arm bending. Then, it is built a differential kinematical model in order to identify the joints’ velocities. It is thus built the Jacobean matrix, taking into account that the operating space is defined through the position and orientation of the tentacle’s tip. There are used two analytic methods, the former is based on direct kinematics and the latter relies on the analytic calculus of the actuators’ lengths, depending on the voltage which is applied on them. There are computed the velocities for the redundant model and the inverse kinematical model, through the Jacobean pseudo-reverse, by using the method of the smallest squares. In order to best accomplish the pseudo-reverse, there are used, as target-function, the measuring index of manipulability, the restrictions imposed by the mechanical limits of the configurations or the minimizing of the distance to the obstacle.
Chapter 5, named „The dynamic model of hyper-redundant robots made by intelligent materials”, deals with the complex problems of the building of dynamic models of the tentacle structures. First of all, it is studied the planar model of a tentacle arm made with electro-rheological fluids. Then there are determined the potential and kinetic energies, which are associated to the Lagrange formalism, that is adopted for the infinite dimensional systems, on the basis of which it is obtained the arm dynamics, under the form of a nonlinear integral-differential equation. Then, it is studied a planar model obtained on the basis of a spatial discretization, which underlines the evolution of each arm segment, as well as the effect of the parameters which define the viscosity of the electro-rheological fluid and the electrical field strength on the dynamic behavior. In order to avoid the complex problems of the continuum measurement of position and speed, within the chapter it is developed a nonlinear observer, which is associated to the discreet model that has previously been found. Further on, it is determined the dynamic model of a three-dimensional tentacle robot, by using the corresponding extensions of Lagrange’s equations. There have been studied not only the arm bending effects, but also the elongation ones, depending on the system’s elastic parameters. 
Chapter 6, named “The control of hyper-redundant robots”, deals with the complex problem of controlling these models, which are described by nonlinear integral-differential equations. In the specialty literature, dealing with these systems is, moreover, accomplished by simplifying dynamical models, eliminating nonlinear terms, whose implementation would require a great computing effort. In this respect, there are studied control techniques, based on power relations, which allows the avoidance of complex integral-differential models. Within this chapter, it is rigorously defined the control strategy for models with distribution in 2D or 3D space. Unlike conventional robotic structures, hyper-redundant robots control law emphasis on finding some laws which may allow the reaching of a certain form and orientation of the tentacle structure. There are established the relations which allow the evaluation of potential and kinetic energies, within the framework of introducing some algorithms based on Lyapunov functions. It is demonstrated that the system’s asymptotic stability is assured through an uniform distributed control law PD, where the error evaluation is interpreted as a global error of the whole tentacle arm. The algorithm is applied on a few three-dimensional and planar models, for which the phase portrait of error is accomplished. The algorithm is then extended for control laws with spatial weighting of error, whose convergence is demonstrated by Lyapunov functions. For the particular case of some models which are approximated by a discreet spatial structure, DSMC control (Direct Sliding Mode Control) is introduced. DSMC control allows the accomplishment of some sliding control regimes, by controlling the damping factor of the electro-rheological fluid and, therefore, the fluid’s control potential. This development allows the introduction of some fuzzy control systems, with one or two hierarchical levels, with inference rules deducted from Lyapunov stability conditions of the system. For the implemented fuzzy controller, triangle or trapezoidal functions are used. Further on, the complex problems of the tentacle arm control for the target interception operation are studied. There are formulated the interception problems when the target motion parameters are known or are partially unknown and there are evaluated through an observer. In both cases the suggested interception algorithms whose convergence is demonstrated by Lyapunov functions are proposed. The last part of the article deals with the control laws based on the artificial potential method. The results formulated by Arimoto are extended for the infinite dimensional systems. Arimoto method introduces artificial additional potentials, aiming at eliminating the complex nonlinear components of the mechanical system and assuring a desirable evolution of the system according to the suggested control strategy. There are presented a few artificial potential types, corresponding to the evolution of a tentacle model within restricted spaces. Then there are determined associated Lagrange equations and are demonstrated the control laws when there are certain obstacles within the operating spaces. These control techniques are illustrated by some planar models, which are simulated in MATLAB.

Chapter 7, named „The control of the hyper-redundant robots grasping function”, deals with the control systems of this specific function of the tentacle structures in order to achieving the grasping function by coiling around the load. Such function is encountered in the animal world (elephant trunk or body of constrictor snake), but it is very difficult to implement within the conventional robotic structures. The three-dimensional tentacle model based on the electro-rheological fluids is studied. This model is made of a number of elements controlled by the pressure and the viscosity of the electro-rheological fluid. Then, the dynamic model of this system is developed and the grasping function is treated, concerning two aspects: the position control and the grasping force control. The control algorithms for the both procedures are demonstrated using the Lyapunov methods. It is shown that, by the usage of DSMC techniques, the much better performances in coiling force control are obtained. The proposed algorithms are illustrated for few planar or three-dimensional models by simulation in MATLAB medium.
Chapter 8, named „Simulation”, presented the simulation techniques in MATLAB – SIMULINK medium of procedures of modeling and control, which are developed within previous chapters. The kinematical control of the tentacle robots and the dynamic control for bi- and three-dimensional models are illustrated by simulation for controllers based on regulating PD and spatial weighting coefficients. There are implemented fuzzy controllers with one or two hierarchical levels of the decisional system, as well as controllers in order to accomplish the grasping function, both the position control and grasping force control. In all of these procedures, the corresponding SIMULINK diagrams, the spatial evolution of the robot arm, as well as the phase portrait of the error are presented.
This work was based on a great research activity which evolved in the last few years within the Mechatronics Department. A part of these results have constituted into some scientific papers, which are presented or published in famous international journals (Studies in Informatics and Control, Journal of Vibroengineering), prestigious international conference (International Federation of Automatic Control – IFAC, International Conference and Robotics and Automation – ICRA, European Control Conference – ECC, International Conference on Technical Informatics - CONTI, International Conference on Control Systems and Computer Science - CSCS, etc.), or have supported by a scientific grants.
The original contribution of this dissertation thesis can be included in the following:
· a complete investigation in scientific literature of the main hyper-redundant robotic architecture;
· the automatic control of small variation in few geometric models for flexible elements by Jacobian methods;
· the simulation in MATLAB of the control algorithms of kinematic models for tentacle robots;

· the presentation of the main physical properties of the electro-rheological fluids used in robotic actuators;
· the presentation of the main physical properties of the electro-active polymers used in hyper-redundant robotic actuators;

· the study of the kinematic hyper-redundant model actuated by electro-active polymers;

· simulation by MATLAB of the kinematic control algorithms for hyper-redundant robots;

· the study of the dynamic model of the bi-dimensional tentacle robots by using the Lagrange equations developed for infinite dimensional systems;

· the study of the three-dimensional tentacle robot;

· the study of the three-dimensional tentacle robot with variable length;

· the study of the PD uniform distributed control law by using energy criterions;
· the study of the spatial weighted control law for three-dimensional hyper-redundant models;

· the study of the fuzzy control algorithms with one or two decision levels for bi- or three- dimensional models;

· the study of the control law in confined spaces by artificial potential methods;

· the simulation in MATLAB of the control algorithms specified the performances 
(dynamic evolution, phase portrait, time characteristics);

· the study of the grasping function for a tentacle model with electro-rheological fluids;

· the study of the force and position control law in the grasping function of the tentacle robots;

· the simulation in MATLAB of the position and force control in the grasping function.

The future reserch directions

· the design of the miniactuator systems with smart materials;

· the study of the robust control law for tentacle robots;

· the study of nonlinear observers for the estimation of the main parameters of the hyper-redundant robots;
· the study of the grasping systems by using electro-active polymers.
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