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Abstract This article presents a passive way to implement varying spatial springs. These are springs with controlling ports which can be used to modify their spatial rest length or spatial properties. These controlling ports have a dual structure which allows to supervise the potential energy injected into the spring by varying its properties. A direct application in telemanipulation using geometric scattering [15] is brieﬂy described.
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edge is brieﬂy reviewed in Sec.3. More interested readers can ﬁnd an extensive treatment in [15]. In Sec.4 a quick review of the major concepts used in spatial springs is presented in order to introduce the major contribution of the paper in Sec.5. Sec.7 will brieﬂy describe some possible applications and Sec.8 will conclude the paper also stating some future developments.
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Ψi Right handed frame i.



Introduction



A lot of interesting work has been done concerning modeling of spatial springs [7, 2, 11, 5]. The cited work concentrate purely on the modeling of constant stiﬀnesses and does not address any direct use for speciﬁc control purposes. Compliance or impedance control applications using spatial springs can be found in [3, 15]. At the knowledge of the author, only in [12, 15] the use of variable length springs is used in the context of passive grasping. Some recent on going work showed that, using geometric scattering, variable springs can be used in Intrinsically Passive Control (IPC) for, among others, tele-manipulation applications [15]. This last work does not speciﬁcally consider a power consistent way to vary the spatial length of a spring together with the position of the center of stiﬀness and the stiﬀness values. It is well known that changing the stiﬀness value of a spring implemented by means of control, is NOT a passive operation since it changes the energy stored in the spring. By building a proper dual structure this operation can be made passive and the stiﬀness information can be coded using scattering techniques and sent on a transmission line with delays without compromising the passivity of the total system. This is to the knowledge of the authors never been done. The paper is structured as follows: in Sec.2 a list of used symbols is introduced. The background knowl-



Notation orthonormal coordinate



Hij Homogeneous coordinate transformation from Ψi to Ψj . Tij Twist of Ψi with respect to Ψj . Tik,j Twist of Ψi with respect to Ψj as a numerical vector expressed in Ψk . Wi Wrench applied to a mass attached to Ψi . Wik Wrench applied to a mass attached to Ψi expressed as a numerical vector expressed in Ψk . Wi,j Wrench applied to a spring element connecting Ψi to Ψj on the side of Ψi . k Wrench applied to a spring element conWi,j necting Ψi to Ψj on the side of Ψi expressed as a numerical vector expressed in Ψk .
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Background



In order to study rigid mechanisms, the theory of Lie groups [10, 4] turns out to be very useful. If we discard important considerations about the intrinsicity of references [14], we can associate to each moving part i of a mechanism a right handed coordinate frame Ψi . Some extra information can be found in [15, 8].



3.1



1c H2c



Conﬁgurations



Once we have chosen a ﬁxed coordinate frame Ψ0 , we can associate the conﬁguration of each part i with the homogeneous matrix Hi0 of change of coordinates from Ψi to Ψ0 . This homogeneous matrices turn out to belong to a matrix Lie group often indicated1 with SE(3):    R p (1) SE(3) := s.t. R ∈ SO(3), p ∈ Rn 0 1



Ψ1c Ψ2c B2 B1



where SO(3) indicates the set of orthonormal matrices with positive determinant, which is also a Lie group.



3.2



Figure 1: A spatial spring and the center co stiﬀness



Twist and Wrenches



where



If we consider two frames Ψi and Ψj moving with respect to each other as a function of time, we can use a trajectory in SE(3) to describe this motion, namely Hij (t) ∈ SE(3). For reasons which are explained in details in [15], a much better description of the instantaneous relative motion of the two bodies, can be achieved using the following matrices which happen to belong to se(3), the Lie algebra corresponding to the Lie group SE(3): Tij,j = Hij H˙ ji



and



Tii,j = H˙ ji Hij .







AdHkl :=



Rkl p˜lk Rkl



0 Rkl



 whereHkl



 l Rk := 0



plk 1







Since se(3) is a vector space, we can consider its dual se∗ (3) [15] corresponding to the linear operators on se(3). This dual vector space corresponds to the space of wrenches which are the six dimensional generalization of forces [15]. Also for wrenches there is a matrix and vector representation which are respectively:     ˜ m ˜ = f m W and . f 0 0



(2)



The ﬁrst twist Tij,j is a geometrical representation of the motion of Ψi with respect to Ψj expressed in the frame Ψj and the second Tii,j the same motion, but expressed in frame Ψi . We can represent a twist either as a 4 × 4 matrix of the previous form or as a 6 dimensional numerical vector. The form of the matrix representation turns out to be:   ω ˜ v ˜ T = 0 0



Once again, from now on we will not make distinction in the notation. Purely for energetical reasons, it is easy to see that the map of wrenches can be represented as follows: Wik = AdTH l Wil . k



where v ∈ R3 , ω ∈ R3 and ω ˜ ∈ R3×3 is a skewsymmetric matrix such that ω ˜ x = ωx, ∀x ∈ R3 . It is then possible to consider as a vector representation of a twist the following vector:   ω T := . v



3.3



Power Ports and Interconnections



A basic concept used in this paper is the one of power port [15]. A power port is the entity which describes the media by means of which subsystems can mutually exchange physical energy. Analytically, a power port can be deﬁned by the Cartesian product of a vector space V and its dual space V ∗ :



From now on we will not make distinctions in the notation between the vector and matrix representation since it will be always clear by the context. The change of coordinates of twists can be calculated with the adjoint map which is function of the relative position of the frames:



P := V × V ∗ Therefore, power ports are pairs (e, f ) ∈ P . The values of both e and f (eﬀort and ﬂow variables) change in time and these values are shared by the two subsystems which are exchanging power through the considered port. The power exchanged at a certain time is equal to the intrinsic dual product:



Til,j = AdHkl Tik,j 1 It is important to realize that SE(3) is actually the set of positive isometries within a three dimensional space and not its matrix representation.



Power = e|f . 2



−Wl1



Lonˇcari´c showed that under certain circumstances, there is a point in space called center of stiﬀness in which the expression of the stiﬀness tensor2 is such that it maximally decouples rotations and translations. With reference to Fig.1, we can deﬁne a spatial spring connecting two bodies B1 and B2 in the following way. First deﬁne two references Ψ1 and Ψ2 rigidly connected respectively to B1 and B2 (not shown in the picture for clarity). Then consider the relative position in which the spring has its minimum potential energy which must exist for passivity. Chose than a point in space representing the center of stiﬀness and deﬁne two coincident frames Ψ1c and Ψ2c respectively rigidly connected to Ψ1 and Ψ2 . By construction, independently of the conﬁguration of the spring, the matrix of changes of coordinates H11c and H22c are constant. Furthermore, by construction, the stored energy function deﬁning the spring can be represented by:



−Wc1



Tl1



Tc1 0 W2,1



0 W1,2



C IS T10,0



T20,0



Figure 2: A bond graph of the variable spring.



This dual product is intrinsic in the sense that elements of V ∗ are linear operators from V to R, and therefore, to express the operation, we do not need any additional structure than the vector space structure of V . In this work, the space V will be often the space of twists (ﬂows) se(3).
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2c 2c V : SE(3) → R; H1c → V (H1c )



Scattering



in which with SE(3) we indicated the Special Euclidean matrix group and for which V (I) is a minimum. It is possible then to deﬁne based on Eq.(3) [3, 15] or directly [2], a mapping which associates to a cer1c the wrench B1 applies tain position of the spring H2c 1c to the spring indicated with W1c,2c (expressed in Ψ1c ) 2c (exand the one applied by B2 indicated with W2c,1c pressed in Ψ2c ). In one of the possible models introduced in [3] and explained in detail in [15], these wrenches take the following form:   m 1c 2c 1c W1c,2c = and W2c,1c = −AdTH 1c W1c,2c (4) 2c f



It is shown in [15] that we can associate to each power port a new representation which is called scattering representation of the port. This representation is not unique, but it depends on a choice of an impedance. Once this impedance is chosen, we can in a geometrical way associate uniquely to a port (T, W ) a pair of scattering variables (s− , s+ ) in such a way that: 1 1 W |T  = ||s+ ||2+ − ||s− ||2− 2 2 where W |T  represents the dual product corresponding to the power passing through the power port and the norms are properly induced norms. This is fundamental because it makes possible to interpret the power passing through the port as the superposition of two waves, s+ and s− going in opposite directions. This fact makes possible to extend the seminal work [9, 1] to a geometrical coordinate free treatment as it is shown in [15].
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(3)



where 2c 1c 2c 2c 2c ) + as(Gt R2c p˜1c p˜1c R1c ) m ˜ = 2 as(Go R1c 2c + 2 as(Gc p˜2c ic R1c )



(5)



1c 2c f˜ = R2c as(Gt p˜2c 1c )R1c 1c 2c 2c 2c + as(Gt R2c p˜1c R1c ) + 2 as(Gc R1c ),



Spatial Springs



(6)



as() is an operator which takes the skew-symmetric 2c and p2c part of a matrix, R1c 1c are the subparts of the matrix  2c  R1c p2c 2c 1c = H1c 0 1



A spring is a storage of potential energy and its behavior is completely characterized by an energy function which associates to the relative position of its extremes a corresponding stored energy. In a spatial spring, the relative position of its extremes has a very speciﬁc structure, it is namely topologically homeomorphic to the Lie group SE(3). Spatial springs where ﬁrstly introduced and deeply studied by [6] and then used for modeling in [3]. They are then used for geometrical control in grasping and tele-manipulation in [15].



and Go , Gt , Gc are called respectively orientational, translational and coupling co-stiﬀnesses of the spring and have been introduced in [3]. More details about the choices and calculations can be found in [15]. 2 It is well known that the stiﬀness matrix is a tensor only at equilibrium.
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1c = I. is zero and therefore per construction when H2c Clearly the following relations can be chosen:



Ψ1c



Ψ1



Ψ2c



T21,2c



Figure 3: A simple model of a varying spring
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(7) (8)



It is possible to see that if the center of stiﬀness is not changed Tc1 = 0, the change of the length of the spring corresponds indeed to Tl1 and the center of stiﬀness will symmetrically remain between the two extremes of the spring. In the other extreme, if the rest length is not changed (Tl1 = 0), the frames Ψ1c and Ψ2c will move within Ψ1 and Ψ2 changing the effective location of the center of stiﬀness and its principal axis. It is now possible to calculate the wrenches that the spring generates for the four ports. From Eq.(8), we obtain   1 1 Tl − Tc1 . T22,2c = AdH12 (9) 2



Variable Spatial Springs



In this section we will show how it is possible to deﬁne power ports that can be used to modify both geometric and parametric properties in the spatial spring.



5.1



1 1 T + Tc1 2 l 1 = Tl1 − Tc1 2



1,1 T1c =



Ψ2



Changing the geometric properties



The proposed spring which is depicted in Fig.2 as a bond graph element, has four power ports: 0 0 • (T10,0 , W1,2 ), (T20,0 , W2,1 ) corresponding to the hinge points where the bodies connected to the spring can be attached



From the deﬁnitions of twists given in Sec.3.2, we therefore obtain:   1 1 2c 2c 1 ˙ H2 = H2 AdH12 T − Tc (10) 2 l   1 1 1 1 T + Tc1 H˙ 1c = H1c (11) 2 l



• (Tl1 , −Wl1 ) corresponding to the port which can be used to modify the rest conﬁguration of the spring, namely expressed by H21 in the case in 1c which H2c =I • (Tc1 , −Wc1 ) corresponding to the port which can be used to modify the position of the center of stiﬀness and the principle axis of the spatial stiﬀness.



1 (t) which can be integrated in real time to obtain H1c 2c and H2 (t). Using the chain rule we can ﬁnally calculate the state of the spring as:



In Fig.3 a simple model of a variable spring is reported which can be used to follow the discussion hereafter. The spring is composed of 4 massless parts which can be moved with respect to each other. The springs hinge points where the two bodies will be connected correspond to the frames Ψ1 and Ψ2 . The relative position between Ψ1 and Ψ1c and between Ψ2 and Ψ2c can be modiﬁed by controlling ports as it will be explained hereafter. The spatial spring connecting Ψ1c to Ψ2c is a geometrical spring with the feature to be at rest when Ψ1c and Ψ2c are aligned (zero displacement). This spring is called the internal spring and it is characterized by an energy function of the form reported in Eq.(3) with a minimum at the identity. For the moment we consider the parameters of the spring constant and only analyse how it is possible to vary the length and the position of the center of stiﬀness. In Sec.5.2 this will be extended with the possibility to vary also the stiﬀness parameters. First of all, it is possible to relate the controlling ports to 1 2 and H2c in the following the relative variations of H1c way. First of all the rest length of the spring is as said previously H21 when the energy stored in the spring



2c 1 = H22c H02 H10 H1c , H1c



where clearly the conﬁgurations of the bodies attached to the springs H10 and H20 are needed. From the constitutive relation of the constant spring attached between Ψ1c and Ψ2c , it is then directly possible to have an expression of the following wrench: 1c 2c ˜ := W1c,2c W (H1c ).



(12)



Eventually, after some kinematic analysis it is possible to calculate the wrenches of the power ports reported in Fig.2 which result: 0 ˜ W1,2 = −AdTH 1 c W



(13)



0 ˜ W2,1 = AdTH 1 c W



(14)



˜ AdTH 1 c W 1



(15)



0



0



Wl1



=



Wc1 = 0



(16)



It is very interesting to notice that the dual wrench of the twist which can be used to control the center 4
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Figure 4: Changing the spring’s length.



Figure 5: Changing the spring’s principal axis.



of stiﬀness is always zero ! This implies that it is not possible to exchange power with the spring using this port. Nevertheless, with this port it is possible to inﬂuence the behaviors of the spring, but without changing its internal energy directly.



model consists of two spheres connected by the introduced varying spring. At the start of the simulation the masses are hit along an horizontal line in order to let the system oscillate. In Fig.4 the positions of the two masses x1 and x2 are shown when the spring length is increased. More interesting is the plot shown in Fig.5 where the vertical position z1 and horizontal position x1 of only one mass is shown. Here the orientation of the principal axis of the center of compliance is rotated around an axis normal to the screen up to 900 and as expected the oscillation energy is moved from the horizontal (continuous line) to a vertical line (dashed line). This shows that without supplying energy, the spatial properties of the spring are changed.



5.2



Changing parametric properties



In the previous section we have considered the parametric properties of the internal spring constant. It can be useful to deﬁne power ports thanks to which it is possible to modify certain parameters as some scalar values of the principal stiﬀnesses. This can be done in the following way. Consider to generalize Eq.(3) to an energy function of the form: jc jc VK : SE(3) × K → R; (Hic , k) → VK (Hic , k) (17)
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where K is a parametric space which can for simplicity be considered equal to Rn . It is then possible to consider an additional port deﬁned on T K × T ∗ K and equal to   ˙ ∂VK . PK := k, ∂k



The relevancy of the proposed spring becomes clear namely in two control settings, the ﬁrst one is the IPC-Supervisor setting explained brieﬂy in [13] or in more details in[15] and the second is telemanipulation. The major idea in this control structure is to split the controller in two parts:



Clearly this port is energetically consistent since the dual product 



• The Intrinsically Passive Controller (IPC) which is a passive system with two power ports. The ﬁrst port is connected to the system to be controlled and the second to the supervisor



∂VK ˙ |k ∂k



corresponds to the increase in internal energy due to the change of parameters value k˙ supplied.
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Possible Applications



• The Supervisor which is a higher level of control which can inject energy to the system in order to complete the desired task



Simulations



In order to test the proposed idea, a 3D model based on screw-bond graphs [15] has been implemented in the simulation package 20-sim3 . The



The IPC can be nicely designed as an equivalent, spatial geometrical mechanical system and thanks to this passivity is ensured during interaction with the environment. In this setting, elements of the IPC could be the presented variable springs whose



3 20-sim is a powerful modeling and simulation package developed by Control Lab Products http://www.20sim.com
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controlling ports would be part of an extended port which connects the IPC to the supervisor. This has been done for IPC grasping applications [16] and for tele-manipulation applications where the Supervisor is composed of a transmission line and a second IPC and a user on the other side of the line [13]. In this kind of tele-manipulation applications the presented springs are very relevant since geometric and parametric information can be exchanged along a transmission line with delay preserving passivity! This is simply done by scatterizing the corresponding ports as explained in Sec.3.4 and using one scattering as the delayed information coming from the line and sending the other one. Details about this topic can be found in [15].
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In the present paper a way to model a geometrical spring has been presented. The geometrical and parametrical properties of this spring can be changed using power ports and therefore allowing various applications where passivity is essential like tele-manipulation and interacting tasks. Three controlling ports have been introduced. The ﬁrst can be used to change the rest length of the springs and this is relevant for grasping applications as it is shown in [15]. The second can be used to modify the position of the center of stiﬀness and its principal stiﬀness axis. The last one can be used to change parametric values of the spring like the value of the stiﬀness in certain directions. It has been shown that the dual wrench of the twist which is used to modify the center of stiﬀness of the spring is always zero and this implies that the geometry of the center of stiﬀness can be changed without exchanging energy. Nevertheless this will have consequences on the energy exchange between the spring and the parts connected to it. In future work we will further decompose the control of the principal axis or rotation, translation and coupling and we will test this technique for experimental tele-manipulation applications.



[9] G. Niemeyer and J.-J. E. Slotine. Stable adaptive teleoperation. IEEE Journal of Oceanic Engineering, 16(1):152–162, Jan. 1991. [10] P. J. Olver. Applications of Lie Groups to Diﬀerential Equations, volume 107 of Graduate texts in mathematics. Springer Verlag, New-York, ii edition, 1993. ISBN 0-387-94007-3. [11] R.Roberts. Minimal realisation of spatial stiﬀness matrix with simple springs connected in parallel. IEEE Trans. on Robotics and Automation, 15:953–958, 1999. [12] S. Stramigioli. From diﬀerentiable manifolds to interactive robot control. PhD thesis, Delft University of Technology, Delft, The Netherlands, December 4 1998. ISBN 90-9011974-4, http://lcewww.et.tudelft.nl/~stramigi. [13] S. Stramigioli. Intrinsically passive control and the ipc-supervisor architecture. MIROS Journal, Special Issue on “Force Control of Advanced Robotic Systems, 2, 2000.



References



[14] S. Stramigioli. Non intrinsicity of references in rigid body motions. Submitted to Journal of Applied Mechanics, Feb. 2000.



[1] R. J. Anderson and M. W. Spong. Bilateral control of teleoperaators with time delay. IEEE Transactions on Automatic Control, 34(5):494– 501, May 1989.



[15] S. Stramigioli. Modeling and IPC Control of Interactive Mechanical Systems: a coordinate free approach. LNCIS. Springer, London, Dec. 2001.



[2] E. D. Fasse. Some applications of screw theory to lumped-parameter modeling of viscoelastically coupled rigid bodies. In Ball Symposium, Cambridge, July 2000.



[16] S. Stramigioli, C. Melchiorri, and S. Andreotti. Passive grasping and manipulation. Submitted to the IEEE Transactions of Robotics and Automation, 1999.



[3] E. D. Fasse and J. F. Broenink. A spatial impedance controller for robotic manipula6



























[image: Integrating human / robot interaction into robot control architectures for ...]
Integrating human / robot interaction into robot control architectures for ...












[image: Robot and control system]
Robot and control system












[image: Spatial Concept Acquisition for a Mobile Robot that ...]
Spatial Concept Acquisition for a Mobile Robot that ...












[image: Integrating human / robot interaction into robot control ...]
Integrating human / robot interaction into robot control ...












[image: Continuously variable transmission control method and apparatus]
Continuously variable transmission control method and apparatus












[image: Stabilization Control for Humanoid Robot to Walk on ...]
Stabilization Control for Humanoid Robot to Walk on ...












[image: A Bayesian hierarchical model with spatial variable ...]
A Bayesian hierarchical model with spatial variable ...












[image: Dynamic programming for robot control in real-time ... - CiteSeerX]
Dynamic programming for robot control in real-time ... - CiteSeerX












[image: Dynamic programming for robot control in real-time ... - CiteSeerX]
Dynamic programming for robot control in real-time ... - CiteSeerX












[image: Dynamic programming for robot control in real-time ...]
Dynamic programming for robot control in real-time ...












[image: A spatial variant approach for vergence control in ...]
A spatial variant approach for vergence control in ...












[image: Hybrid Stabilizing Control for the Spatial Double ...]
Hybrid Stabilizing Control for the Spatial Double ...












[image: robot modeling and control pdf]
robot modeling and control pdf












[image: A Mobile Robot that Understands Pedestrian Spatial ...]
A Mobile Robot that Understands Pedestrian Spatial ...












[image: Modelling and control of a variable speed wind turbine ... - CiteSeerX]
Modelling and control of a variable speed wind turbine ... - CiteSeerX












[image: Stochastic optimal control with variable impedance ...]
Stochastic optimal control with variable impedance ...












[image: Robot Task Control Utilizing Human-in-the-loop ...]
Robot Task Control Utilizing Human-in-the-loop ...












[image: pdf-175\romansy-16-robot-design-dynamics-and-control-cism ...]
pdf-175\romansy-16-robot-design-dynamics-and-control-cism ...












[image: Visual PID Control of a redundant Parallel Robot]
Visual PID Control of a redundant Parallel Robot















Variable Spatial Springs for Robot Control Applications






Oct 29, 2001 - Inf. Tech. and Systems ... information can be coded using scattering techniques and sent ... ity of references [14], we can associate to each mov-. 






 Download PDF 



















 403KB Sizes
 5 Downloads
 207 Views








 Report























Recommend Documents







[image: alt]





Integrating human / robot interaction into robot control architectures for ... 

architectures for defense applications. Delphine Dufourda and ..... focusses upon platform development, teleoperation and mission modules. Part of this program ...














[image: alt]





Robot and control system 

Dec 8, 1981 - illustrative of problems faced by the prior art in provid ... such conventions for the purpose of illustration, and despite the fact that the motor ...














[image: alt]





Spatial Concept Acquisition for a Mobile Robot that ... 

Language acquisition. â€“ The robot does not have .... Bayesian learning of a language model from continuous speech. .... *1ï¼šhttp://julius.sourceforge.jp/index.php.














[image: alt]





Integrating human / robot interaction into robot control ... 

10, Place Georges Clemenceau, BP 19, 92211 Saint-Cloud Cedex, France. bDGA / Centre .... and scalable man / machine collaboration appears as a necessity. 2.2. ..... between the robot onboard computer and the operator control unit. 4.3.














[image: alt]





Continuously variable transmission control method and apparatus 

Mar 20, 2000 - use With an automotive vehicle. The transmission is operable ..... feel an excessive degree of vehicle acceleration in spite of the fact that the ...














[image: alt]





Stabilization Control for Humanoid Robot to Walk on ... 

To control robot's posture, torque and tilted angular velocity are modeled as the parameters of a network system. Fig. 3(a) and Fig. 3(b) show the inverted pendulum model of robot and its corresponding one-port network system, respectively. The robot














[image: alt]





A Bayesian hierarchical model with spatial variable ... 

towns which rely on a properly dimensioned sewage system to collect water run-off. Fig. ... As weather predictions are considered reliable up to 1 week ahead, we ..... (Available from http://www.abi.org.uk/Display/File/Child/552/Financial-Risks-.














[image: alt]





Dynamic programming for robot control in real-time ... - CiteSeerX 

performance reasons such as shown in the figure 1. This approach follows .... (application domain). ... is a rate (an object is recognized with a rate a 65 per cent.














[image: alt]





Dynamic programming for robot control in real-time ... - CiteSeerX 

is a conception, a design and a development to adapte the robot to ... market jobs. It is crucial for all company to update and ... the software, and it is true for all robots in the community .... goals. This observation allows us to know if the sys














[image: alt]





Dynamic programming for robot control in real-time ... 

real-time: towards a morphology programming ... conception, features for the dynamic programming and ... Lot of applications exist in the computer science.














[image: alt]





A spatial variant approach for vergence control in ... 

E-mail addresses: [email protected] (X. Zhang), [email protected] (L.P. Tay). ... studied and utilized for the design of disparity estimation mechan- ...... [33] V.J. Traver, F. Pla, Log-polar mapping template design: from task-level require-.














[image: alt]





Hybrid Stabilizing Control for the Spatial Double ... 

e-mail: [email protected], [email protected]. Vincent Hayward .... Using (2), it is then possible to show that the matrix d dt. M(q) âˆ’. 2C(q, Ë™q) is ...














[image: alt]





robot modeling and control pdf 

Page 1 of 1. File: Robot modeling and control pdf. Download now. Click here if your download doesn't start automatically. Page 1 of 1. robot modeling and ...














[image: alt]





A Mobile Robot that Understands Pedestrian Spatial ... 

pedestrian ego-graph (PEG) to efficiently query pedestrian-like ... On the other hand, ego-graph ..... laser range finder, it cannot distinguish the interactive area.














[image: alt]





Modelling and control of a variable speed wind turbine ... - CiteSeerX 

Tel. +301 772 3967. Email: [email protected]. Email: [email protected] ..... [4] B. C. KUO, Automatic Control Systems, 7th Edition,. Prentice Hall ...














[image: alt]





Stochastic optimal control with variable impedance ... 

of using feedback to correct online the motor plan (see the discussion in ... where x âˆˆ Rn is the state of the system and u âˆˆ U âŠ‚. R m is the control (U is ..... [5] A. Polit and E. Bizzi, â€œCharacteristics of motor programs underlying arm mov














[image: alt]





Robot Task Control Utilizing Human-in-the-loop ... 

To date, a number of novel technologies have been proposed supporting the idea of ubiquitous computing: radio frequency identification, wireless sensor network, mobile de- vices .... Downlink Packet Access) module to handle 3G-based.














[image: alt]





pdf-175\romansy-16-robot-design-dynamics-and-control-cism ... 

... the apps below to open or edit this item. pdf-175\romansy-16-robot-design-dynamics-and-control ... nal-centre-for-mechanical-sciences-from-springer.pdf.














[image: alt]





Visual PID Control of a redundant Parallel Robot 

Abstract â€“â€“In this paper, we study an image-based PID control of a redundant planar parallel robot using a fixed camera configuration. The control objective is to ...


























×
Report Variable Spatial Springs for Robot Control Applications





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















