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Abstract-This work is devoted to the remote feedback control of a linear process with "Internet in the loop". In such a networked control situation, variable and unpredictable delays arise, which may decrease the global performance and, in the extreme, destabilize the system. Our aim is to obtain the best performance (here, the exponential stability rate) despite the variation of the network QoS (quality of service). The considered application is based on a Master-Slave structure. The Slave is a light mobile robot, that receives control data and sends its sampled output (position) via a UDP protocol (indeed, packet re-emission of an old output sample is not needed). A Master computer realizes the remote control, the design of which is based on a remote observer achieving a state prediction of the Slave despite the variable delays and possible packet losses. Using time-stamped packets, the Master also detects the network QoS by estimating the variable time delays. It then uses this information so to adapt its observer/controller gains and guarantee the best possible decay rate. The design of this gain scheduling strategy relies on Lyapunov-Krasovskii functionals with an LMI optimization. Experimental results are provided.

Index Terms-Remote control, Switching signal, Exponential stability, Linear time-delay system, LMIs, Internet, UDP, Robot.

I. INTRODUCTION

Networked Control System (NCS) is a type of closedloop control system with real-time communication networks imported into the control and feedback channels. The signals exchanged among the system's components are in the form of information packets through a network. Network induced delays vary depending on the network hardware, on the different protocols, on the traffic load. . . In some cases, such as in token ring local area network, the time-delay is bounded; for other networks like Internet, the time-delay is unbounded and varying.

On the basis of Internet and Ethernet fast development, remote control has been widely used in industrial, communicational, medical systems, to cite a few. However, alongside the advantage of low costs, the Internet inevitably brings problems to the closed-loop controlled system, such as delay variation, data-packets loss [START_REF] Yu | An LMI approach to network control systems with data packet dropout and transmission delays[END_REF] and disorder, which can cause poor performance, instability or danger (see for instance chapiter 1 of [START_REF] Richard | Systèmes commandés en réseau. Hermes-Lavoisier, IC2[END_REF], [START_REF] Georges | Confronting the performances of a switched ethernet network with industrial constraints by using the network calculus[END_REF] and the references herein).

How to diminish the effect of time delay in the remote system is critical in the system design. The main solution can split into two (combinable) strategies [START_REF] Richard | Systèmes commandés en réseau. Hermes-Lavoisier, IC2[END_REF], [START_REF] Chiasson | Applications of time delay systems[END_REF]: 1) increase the network performances (QoS) [START_REF] Toguyeni | Quality of service of internet service provider networks: state of the art and new trends[END_REF] or 2) design an adapted control that can compensate the network influence.
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The work is partially supported by the CSC (China Scholarship Council). [START_REF] Niculescu | Delay effects on stability: a robust control approach[END_REF], [START_REF] Richard | Time delay systems: an overview of some recent advances and open problems[END_REF]. But some of these results are based on simplifying assumptions (for instance, the delays are constant) or lead to technical solutions that decrease the performances. In fact, to consider the time delay as constant [START_REF] Huang | Neural-network predictive control for nonlinear dynamic systems with time delays[END_REF], [START_REF] Fattouh | H ∞ -based impedance control of teleoperation systems with time delay[END_REF], [START_REF] Niemeyer | Towards force-reflecting teleoperation over the internet[END_REF] is actually unrealistic due to the dynamic character of the network. A delay maximizing strategy [START_REF] Lelevé | Telerobotics over IP networks: Towards a low-level real-time architecture[END_REF], [START_REF] Estrada-Garcia | Master-slave synchronization for two inverted pendulums with communication time-delay[END_REF], [START_REF] Ploplys | Closed-loop control over wireless networks[END_REF] ("virtual delay", "buffer", or "waiting" strategy) can be carried out so as to make the delay become constant and known. This requires the knowledge of the maximum delay values h m . However, it is obvious that maximizing the delay up to its largest value decreases the speed performance of the remote system. Several results are limited to time-delay whose value is less than the sensor and controller sampling periods [START_REF] Chen | Networked control system with network time-delay compensation[END_REF], [START_REF] Nilsson | Stochastic analysis and control of real-time control systems with random time delay[END_REF]. In the Internet case, this constraint leads to increase the sampling periods up to the maximal network delay, which may be constraining for high dynamic applications.

A variety of stability and control techniques have been developed for general time delay systems

Note that, in the Internet case, the network delays cannot be modeled nor predicted. Because of this lack of knowledge, predictor-based control laws [START_REF] Witrant | Remote stabilization via communication networks with a distributed control law[END_REF] cannot be applied. Moreover, the (variable) transmission delays are asymmetric, which means that the delay h 1 (t) from Master to Slave (shortly, M-to-S), and the return one (S-to-M) h 2 (t) normally satisfy h 1 (t) = h 2 (t). In [START_REF] Yu | An LMI approach to network control systems with data packet dropout and transmission delays[END_REF] and [START_REF] Seuret | Networked control using gps synchronization[END_REF], no such assumptions were needed. The former one used Lyapunov-Razumikhin approach and did not consider the performances but stability.

As in [START_REF] Seuret | Networked control using gps synchronization[END_REF], [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF], our aim is to ensure suitable stabilization and speed performances, i.e. exponential stabilization, despite the dynamic variations of the network. The first improvement is made by considering the QoS which is estimated by measuring the communication delays and adapting the controller gains (like in [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF]). Trough the Lyapunov-Krasovskii approach which is generally less conservative than the L-R one, we derive some stabilization conditions. Unlike [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF], the controller design consists in the resolution of a unique LMI problem (Linear Matrix Inequality) which are easily solved using interior-pointlike algorithm [START_REF] Boyd | Linear matrix inequalities in sytem and control theory[END_REF]. These properties allows making the design independent on the search algorithm.

The remainder of the paper is organized as follows: The features of the feedback control system are described in Section II. In Section III, problem formulation and preliminaries on the stability of switched systems and time-delay systems are presented, followed by the experimental results from an application on a remote controlled robot.

II. FEATURES OF THE REMOTE SYSTEM

A. Description of the remote system

The remote system is based on Master-Slave structure. As in many M-S systems, the Slave is a low energy consumption system with a limited computation power, so the work of the Slave PC is simplified and the control and observation complexity is concentrated on the Master. This structure makes our theory and application easily to be adapted to sensor and actuator network control systems where the sensors usually do not have powerful capability of calculation. The main features of the system refer to Fig. 1 

. In the system, the robot Miabot

B. The four delay sources

In such a situation, the variable delays come from: 1) the communication through the Internet; 2) the data-sampling; 3) time delay of the Bluetooth and 4) the possible packet losses. In the sequel, h 1 (t) and h 2 (t) denote the communication delays and τ 1 (t) and τ 2 (t) include the sampling delays and possible packet losses. The total Master-to-Slave delay δ con (t) results from the addition of h 1 (t) and τ 1 (t). The same phenomenon stands for the Slave-to-Master delay which is denoted δ obs (t). In order to simplify the observer design, a buffer is added in the M-S communication. This ensures that the observer "knows" when the control will be applied. Whereas, on the side of the Master, the measurement information is directly applied to the observer.

C. Effects of time-delay on the performance

The time-delay of the Internet varies a lot especially between the rush hour and idle time periods. In order to guarantee the exponential stabilization, we have to choose the maximum admissible time-delay, whereas most of the time, the timedelay is much smaller. In other words, the performance is decreased. That is to say, increasing the maximum time-delay means decreasing the performance of the system.

In order to enhance the performance and make the system adaptable to the varying time-delay of the Internet, we propose a switching controller design. In our system, two subsystems are considered, which switch according to the value of time-delay.

The definition of the extrema of two modes of time-delay is given as

[σ 1 min , σ 1 max ] and [σ 2 min , σ 2 max ]
, where σ 1 max = σ 2 min . Of course, for greater delay values, the performance cannot be guaranteed anymore and an alternative solution has to be considered. In our system, we give a command for the robot to stop until the communication comes back to a sufficient quality.

III. EXPONENTIAL STABILIZATION OF THE SWITCHED SYSTEM

A. Problem formulation and preliminaries

Consider the Slave as a linear system. It is described by the following form:

ẋ(t) = Ax(t) + Bu(t -δ con (t)), y(t) = Cx(t), ( 1 
)
where i = 1, 2, δ con (t) = δ + η con (t), |η con (t)| ≤ µ and δcon (t) ≤ 1.
This allows for using of a polytopic formulation of the variable delays [START_REF] Seuret | Networked control using gps synchronization[END_REF]. In order to guarantee the closed-loop performance whatever the delay variation, the exponential stability with the rate α can be achieved. In other words, there must be a real κ ≥ 1 so that the solution x(t;t 0 , φ ) starting at any time t 0 from any initial function φ satisfies: x(t;t 0 , φ ) ≤ κ φ c e -α(t-t 0 ) . In this paper, it is achieved using the following state feedback and observer: Because the observer "knows" exactly when the control will be applied, one has the separation principle, one can divide the analysis of the global stabilization into two smaller problems: the observer design and the controller design.

u(t) = -K i x + ky c , (2) 
   ẋ(t) = A x(t) + Bu(t -δ con (t)) -L i (y(t -δ obs (t)) -ŷ(t -δ obs (t))), ŷ(t) = C x(t),

B. Stability conditions for time-delay system

Consider the time-delay system

ẋ(t) = Ax(t) + A d x(t -δ (t)), (4) 
where δ (t) is a fast varying bounded time-delay. In order to guarantee some performances (α exponential stability), one applies the transformation x α (t) = e αt x(t), α > 0 to the system and gets the following equation:

ẋα (t) = (A + αI)x α (t) + e αδ (t) A d x α (t -δ (t)), (5) 
To prove the exponential stability of the system with a decay rate α in the time-delay zone δ (t) ∈ [σ min , σ max ], We use the following L-K functional with descriptor representation [START_REF] Fridman | A new lyapunov technique for robust control of systems with uncertain non-small delays[END_REF]:

V (x α (t)) = xT α (t)EP xα (t) + 0 -δ t t+θ ẋT α (s)R ẋα (s)dsdθ + t t-δ x α T (s)Sx α (s)ds+ µ -µ t t+θ -δ ẋT α (s)R a ẋα (s)dsdθ , (6) 
where E = diag{I, 0 (2×2) } and µ = (σ min + σ max )/2, δ = (σ maxσ min )/2. Theorem 1: [START_REF] Seuret | Networked control using gps synchronization[END_REF] Suppose that, for a given scalar α, there exists some matrices with the appropriate size 0 < P 1 , P 2 , P 3 ,S, Y 1 , Y 2 , Z 1 , Z 2 , Z 3 , R, R a , such that the following LMI conditions are satisfied for i = 1, 2:

  Ψ β i P T 2 A d -Y 1 β i P T 3 A d -Y 2 µβ i P T 2 A d P T 3 A d * -S 0 * * -µR a ,   < 0, (7) 
R Y 1 Y 2 * Z 1 Z 2 * * Z 3 ≥ 0, (8) 
P = P 1 0 P 2 P 3 , (9) 
[Ψ]

11 = P T 2 (A + αI) + (A + αI) T P 2 + S + δ Z 1 +Y 1 +Y T 1 , [Ψ] 12 = P 1 -P T 2 + P T 3 (A + αI) T + δ Z 2 +Y 2 , [Ψ] 22 = -(P 3 + P T 3 ) + δ Z 3 + 2µR a + δ R. ( 10 
)
where β i are defined by:

β 1 = e α(δ -µ) , β 2 = e α(δ +µ) , (11) 
Then, the system is exponential stable with a decay rate α.

In the following, the conditions ensuring the decreasing of the Lyapunov functional (6) considering the delay δ (t) ∈ [σ min , σ max ] are noted:

LMI stab (P 1 , P 2 , P 3 , S,Y 1 ,Y 2 , Z 1 , Z 2 , Z 3 , R, R a , Ad, δ , µ, α).

C. Observer design

We define the error vector between the estimated state x(t) and the present system state x(t) as e(t) = x(t)x(t). From (1) and (3), this error is ruled by:

ė(t) = Ae(t) + LCe(t -δ (t)). (12) 
Applying the previous theorem, choosing P 3 = εP 2 and applying the bijective transformation W = P T 2 L, then we get the following result.

Theorem 2: Suppose that, for a given scalars α, and ε, there exists some matrices 0 < P 1 , P 2 , S, Y 1 , Y 2 , Z 1 , Z 2 , Z 3 , R, R a and a matrix W with appropriate dimensions, such that the following LMI conditions are satisfied for i = 1, 2:

  Ψ β i WC -Y 1 εβ i WC -Y 2 µβ i WC εWC * -S 0 * * -µR a ,   < 0, (13) 
[Ψ]

11 = P T 2 (A + αI) + (A + αI) T P 2 + S + δ Z 1 +Y 1 +Y T 1 , [Ψ] 12 = P 1 -P T 2 + εP T 2 (A + αI) T + δ Z 2 +Y 2 , [Ψ] 22 = -ε(P 2 + P T 2 ) + δ Z 3 + 2µR a + δ R. ( 14 
)
and equations ( 8) and [START_REF] Lelevé | Telerobotics over IP networks: Towards a low-level real-time architecture[END_REF].

Then, the observer gain:

L = (P T 2 ) -1 W, ( 15 
)
make the estimation error exponentially converging to zero, with the decay rate α.

In the following, the conditions ensuring the exponential stability an observer considering the delay δ (t) ∈ [σ min , σ max ] are noted:

LMI obs (P 1 , P 2 , ε, S,Y 1 ,Y 2 , Z 1 , Z 2 , Z 3 , R, R a ,W, δ , µ, α).

D. Controller design

We first consider a controller u = K x(t), i = 1, 2, i.e. the ideal situation e(t) = 0, x(t) = x(t) and:

ẋ(t) = Ax(t) + BKx(t -δ (t)). ( 16 
)
Applying the previous theorem, choosing P 3 = εP 2 , applying the bijective transformation M = KP 2 and some matrix manipulations (congruence), then we get following result.

Theorem 3: Suppose that, for some positive scalars α and ε, there exists some matrices 0 < P 1 , P 2 , S, Y 1 , Y 2 , Z 1 , Z 2 , Z 3 , R, R a , and a matrix M, with appropriate dimensions such that the following LMI conditions are satisfied for i = 1, 2:

  Ψ β i BM -Y T 1 εβ i BM -Y T 2 µβ i BM εBM * -S 0 * * -µR a   < 0, (17) 
[Ψ] 11 = (A + αI)P 2 + P T 2 (A + αI)

T + S i + δ Z 1 +Y 1 +Y T 1 , [Ψ] 12 = P 1 -P 2 + εP T 2 (A + αI) T + δ Z 2 +Y 2 , [Ψ] 22 = -ε(P 2 + P T 2 ) + δ Z 3 + 2µR a + δ R. ( 18 
)
and equations ( 8) and ( 11), Then, the control gain:

K = MP -1 2 , (19) 
exponentially stabilizes the system (1) with the decay rate α.

In the following, the conditions ensuring the exponential stabilization of the system considering the delay δ (t) ∈ [σ min , σ max ] are noted:

LMI con (P 1 , P 2 , ε, S,Y 1 ,Y 2 , Z 1 , Z 2 , Z 3 , R, R a , M, δ , µ, α).

E. The switched control case

Now let consider the system (1), the switching controller (2) and the switching observer (3). The mode i is active when the time-delay belongs to [σ i min , σ i max ], i = 1, 2, where (σ 1 max = σ 2 min ). Our design strategy is divided into two parts. The first one ensures the uniform stability of the switching closed loop by finding a common Lyapunov-Krasovskii functional for all gains. The second part guarantees some performances α i for the mode i when the delay δ con (t) ∈ [σ i min , σ i max ]. The obtained performance indexes are expected to be better than considering only one mode.

The conditions ensuring the first part is given by: 1) LMI con (P c 1 , ..., R c a , M i , δ , µ, α = 0), ∀i ∈ {1, 2} 2) LMI obs (P o 1 , ..., R o a ,W i , δ , µ, α = 0), ∀i ∈ {1, 2} with µ and δ corresponding to the global bounds of the system (1) delay. The second part is guaranteed by: 3)

LMI con (P c 1i , P c 2 , ε c i , S c i , ..., R c ai , M i , δ i , µ i , α c i ), ∀i ∈ {1, 2} 4) LMI obs (P o 1i , P o 2 , ε o i , S o i , ..., R o ai ,W i , δ i , µ i , α o i ), ∀i ∈ {1, 2} with µ i = (σ i min + σ i max )/2, δ i = (σ i max -σ i min )/2.

Solving the problems 1) and 3) simultaneously achieves the state feedback design. Thanks to the choice of a common matrix P c

2 for 1) and 3), the design problem becomes linear. This allows the use of standard LMI solver [START_REF] Boyd | Linear matrix inequalities in sytem and control theory[END_REF]. The same remark can be done for the observer part. It is only needed to solve 2) and 4). Thanks to the separation principle, the problems 1 & 3 and 2 & 4 can be solved independently.

The choice of these common matrices induces some conservatism but allows keeping the problem solving independent on the algorithm chosen. Only the scalars ε i have to be chosen.

The next subsection shows the interest of these properties.

F. Comparison with the previous approach

Considering the theorems in [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF], the main flaw is the necessity to find the controller gains (control and observation) and then check the uniform stability.

The observer gains are obtained by solving the following problem without any common P 2 matrix. 1) LMI obs (P 1i , P 2i , ε i , S i , ..., R ai ,W i , δ i , µ i , α i ), ∀i ∈ {1, 2} then the uniform stability is checked by finding a common L-K function for all modes and for all admissible delays:

2) LMI stab (P 1 , P 2 , ..., R, R a , A di = L i C, δ , µ, α = 0), ∀i ∈ {1, 2}, K i = P -T 2i L i . The same way is used for the state feedback design. The flaw of this approach is due to the sequential way to find the gains. Finding a solution for the problem 1) is easy but there is no guarantee to find a common L-K functional ensuring the uniform stability (i.e. problem 2 is not always feasible).

To illustrate this weakness, let consider the following model for the slave:

ẋ(t) = 0 1 0 -10 x(t) + 0 0.024 u(t -δ con (t)) y(t) = [ 1 0 ] x(t). ( 20 
)
The controller considers two zones of delays [σ i min , σ i max ] where σ 1 min = 0, σ 1 max = σ 2 min = 0.09 and σ 2 max = 0.5. Let consider the following performance indexes for the observation: α o 1 = 2.2 and α o 2 = 1. The sequential approach is feasible and gives some gains. Now if we consider an easier problem with α o 1 = 2.2 and α o 2 = 0 (if there is a solution for α o 2 = 1 then the same solution ensures α o 2 = 0), the first step of the sequential approach gives some gains but the uniform stability step fails.

This enlightens the fact that the feasibility of the problems depends on the tuning of the LMI solver.

The second flaw appears when we try to maximize the performances. For example: after trying to maximize the values of the decay rates step by step from α = 0 to α = α max , in the two zones, one obtains for the control α c 1 = 0.1 and α c 2 = 0.2, whereas there is a solution for: α c 1 = 3.6 and α c 2 = 1. This shows that the result depends on the search direction.

Considering the "one shot algorithm" presented in the previous subsection, we have removed this dependency on the values of α and the solution does not depend anymore on the direction of search. On the same example, it gives directly α c 1 = 3.1 and α c 2 = 1. The main weakness of the new approach is the conservatism brought (the α c 1 = 3.1 is less than the one found by [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF] ) by the choice of a common matrix P 2 in the Lyapunov-Krasowskii functionals.

IV. EXPERIMENTS

The experiments are done on two computers separated from about 40 kilometers away (Fig. 1). The Master program runs on the remote computer with an advanced computing capability, the Slave one on the local one which also communicates with the Miabot by Bluetooth.

A. The structure of the Master

In order to implement the model for the remote control system, a four-thread program is designed to fulfill the functions of Controller and Observer in Fig. 1, while the explication of all the parameters refers to [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF]. 

ConsThread SenderThread ReceiverThread ObserverThread File consign Slave Slave consTab c(t 3,p ) u(t m,k ),t m,k y(t s,k ′ ),t s,k ′ -d 1 y(t s,k ′ ),t s,k ′ -d 1 x(t 0,q ) x(t 0,q ) u(t m,k ),t m,k

C. Experimental study

According to the identification of the Miabot, when the speed is no more than 2m/sec, it can be treated as a linear system and the model is showed in equation [START_REF] Mills | Improved algorithms for synchronizing computer network clocks[END_REF]. The state value is composed of its position and speed, the control is the speed value sent by Master. The RTT (Round-trip-time) between the two PCs have been continuously tested by the protocol ICMP (Internet Control Message) during twenty-four continuous hours and the average value is 52.37ms with 4.1ms and 577.4ms for the minimum and maximum RTT respectively. From these tests, considering also the Bluetooth transmission delays and the sampling delays, we take the value 0.5sec as the maximum time-delay. If the time-delay is bigger than this value, the packet is treated as lost.

For sake of the simplification of the switching strategy, the same maximum time-delay values are chosen for the controller and the observer. Considering two zones of delay with δ 1 = 0.045sec & µ 1 = 0.045sec and δ 2 = 0.3sec & µ 2 = 0.2sec. It means that the gains switch when the delay crosses the value of 0.09sec. According to the approach in this paper, the maximum exponential convergence ensuring the global stability are: α c 1 = α o 1 = 3.1 and α c 2 = α o 2 = 1. The gains K i and L i (i = 1, 2) are:

L 1 L 2 = -3.02 -1.37 -0.27 -0.36 , K 1 K 2 = -1311 -129 -682 -68 , (21) 

D. Results of remote experiment

The result is shown in Fig. 4, in which the dash-dotted line represents the set values, this is the position that we want to achieve; the dashed-line and straight-line represent respectively the robot's estimated position the real position of the Miabot. The experimental results confirm the theory: 1) The exponential stability is obtained in both the time-delay zones and the uniform stability is guaranteed whatever the zone switches.

2) The experimental performances are showed to be better when considering two modes of time delay instead of one (The experimental results under the same network communication quality but no switching refer to Fig. 7, the value of α = 0.96).

A "one shot algorithm" is proposed to get rid of the search direction when optimizing the value of α. In this sense, this result improves previous one [START_REF] Jiang | A gain scheduling strategy for the control and estimation of a remote robot via internet[END_REF]. Another trend is to investigate a solution without the input buffer. Without buffer, the input delay will be smaller, ensuring more performances, and the slave will need less memory to run [START_REF] Seuret | Control of a remote system over network including delays and packet dropout[END_REF].
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 1 Fig. 1. Structure of the global system

( 3 )

 3 i = 1, 2 corresponding the two switching periods. y c being the desired set point and k a gain ensuring an unitary static gain for the closed loop.

Fig. 2 .

 2 Fig. 2. Structure of the Master These four threads are concurrently working as showed in Fig.2. (a) ConsThread is a periodic thread which gets the set points of the trajectory. (b) SenderThread is also a periodic thread which calculates the control data for sending out to the Slave. (c) ReceiverThread is a event-driven thread to receive controls from the Slave. (d) ObserverThread is the most important part of the program. It mainly serves as the Observer in the system model. Its main task is to estimate periodically the present position and speed of the remote motor. B. The structure of the Slave The Slave does not need power computation abilities, because it just needs to communicate with the Master and the Miabot. As we can see from Fig.3, this program is divided into two threads: ReceiveThread and SendThread. (a) ReceiveThread is an event-driven thread which is activated by the control data arrived from the Master. (b) SendThread is used to apply the control to the Miabot as well as to get its real position, and then send the data back to the Master. As we need to apply the control data with the time delay of h 1m after the time stamp, a first-sent first-out list list_Y is used to contain the control data temporarily, in which all the nodes are sorted in the order according to the its time stamp. That means the most recent control is inserted at the end of the list.

Fig. 5

 5 illustrate the corresponding switched control signals from Master to Slave. The straight-line curve is the real control while the dashed line and the dots are the controls calculated respectively for the two zones. We can see the switch points according to the values of time-delay. Fig.6 depicts the variable time-delays, which comprise the time-delay of sampling and communication of Bluetooth (we consider it as constant timedelay, here we take the value of 40ms).On Fig.4, one can notice three kinds of step responses. The first one corresponds to the case where the control switches a lot during the response. In that case, only the global stability is guaranteed. During the second step, only the second zone is active, i.e. only the gains K 2 and L 2 are active (α = 1). In this case, performances are guaranteed. In the last kind of response, only the first zone is active because the delays are small. In that case, the performances are still better (α = 3.1): the response time is smaller and the damping is greater.
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 45 Fig. 4. Results of remote experiment
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 6 Fig. 6. The corresponding variable time-delays
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 7 Fig. 7. The results of system without switching