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Youla-Kucera (YK) parametrization was formulated decades ago for obtaining the set of controllers stabilizing a linear plant. This fundamental result of control theory has been used to develop theoretical tools solving many control problems ranging from stable controller switching, closed-loop identification, robust control, disturbance rejection, adaptive control to fault tolerant control. This paper collects the recent work and classifies them according to the use of YK parametrization, Dual YK parametrization or both, providing the latest advances with main applications in different control fields. A final discussion gives some insights on the future trends in the field.

ARTICLE IN PRESS

Introduction

The origin of the YK parameterization is in the 70s, Youla Youla, Bongiorno, and Jabr (1976a) ; [START_REF] Youla | Modern wiener-hopf design of optimal controllers-part ii: The multivariable case[END_REF] and Kucera Ku čera (1975) developed the scientific basis. They proposed a parameterization that provides all linear stabilizing controllers for a given Linear Time-Invariant (LTI) plant in a feedback control loop (see Fig. 1 ). All stabilizing controllers are parametrized based on the transfer function called YK parameter Q , leading to a control form K ( Q ). The parameter Q ( s ) is the one guaranteeing the stability. Similarly, its dual theory (also known as the dual YK parametrization) provides all the linear plants stabilized by a given controller. The class of all the plant stabilized by a controller depends on the transfer function called dual YK parameter S , so G ( S ). This parameter could represent any plant variations. Hence, this useful way of parametrizing either plants, controllers or both is employed to solve many control issues.

According to the control objectives, three main configurations can be targeted:

• Controller parametrization allows stable controller reconfiguration when some change occurs. It is also widely used in disturbance and noise rejection control. A number of successful applications can be found in the last two decades, being the most used approach in different control fields [START_REF] Tay | High performance control[END_REF] .

• Plant parametrization is employed to solve the problem of closed-loop identification. Some successful implementation can be found in Plug & Play control where the dynamics of new sensors or actuators are identified on real-time without system disconnection [START_REF] Niemann | Dual youla parameterisation[END_REF] . • Simultaneous control and plant parametrization provides a new control structure that changes according to new identified dynamics on the plant. This principle is mainly used in fault tolerant control and adaptive control [START_REF] Bendtsen | Multiple model adaptive control using dual youla-kucera factorisation[END_REF] .

The first survey paper gathering YK and dual YK parametrizations is [START_REF] Anderson | From youla-kucera to identification, adaptive and nonlinear control[END_REF] . It presented 20 years of theoretical development from its origin in the late 70s up to 1998, with special emphasis in Q design for H ∞ and H 2 solutions; closed-loop identification; and some preliminary results in nonlinear systems and disturbance rejection. More recently, a review on the use of YK parametrization in the specific problem of disturbance and noise rejection is provided in [START_REF] Landau | On the use of youla-kucera parametrization in adaptive active noise and vibration control-a review[END_REF] . However, this useful tool has given other successful applications in the last two decades. This paper collects the recent work and classify them according to the use of Q, S or both in different practical control systems, covering controller reconfiguration, noise rejection, dynamics identification, adaptive control, fault tolerant control and Plug & Play (P & P) control. The aim is to give an insight of the actual state of YK parametrization and the future trends.

The rest of the paper is organized as follows: in Section 2 fundamentals and mathematical basis of YK and dual YK parametrizations are presented. Section 3 presents the use of the YK param-eter Q as a technique of controller reconfiguration for both LTI and Linear Parameter-Variant (LPV) systems. Disturbance and noise rejection control structure based on the YK parameter Q is explained in Section 4 . In Section 5 , the use of dual YK parameter in closed-loop identification is presented. The combination of both YK parameter and dual YK parameter in adaptive control field is detailed in Section 6 . The fault tolerant control scheme based on YK framework is detailed in Section 7 . In Section 8 , the use of YK parametrizations in Plug & Play control and Multi Model Adaptive Control (MMAC) is briefly reviewed. Finally, some challenging issues about the use of YK parametrization are discussed in the last section.

Fundamentals on YK parametrization

Let's consider a Single-Input-Single-Output (SISO) stable plant G ( s ) connected to a given controller K ( s ) in a stable feedback loop depicted as in Fig. 1 . Closed-loop transfer function CL ( s ) from reference r to output y is in the following equation:

CL (s ) = K(s ) G (s ) 1 + K(s ) G (s ) (1)
The transfer function from the reference r ( s ) to the controller output u ( s ) yields:

Q (s ) = K(s ) 1 + K(s ) G (s ) (2) if Q ( s )
and G ( s ) are known, the controller K ( s ) can be expressed as:

K(s ) = Q (s ) 1 -G (s ) Q (s ) (3) If K ( s ) is stabilizing G ( s ), Q ( s ) is stable and proper. Reciprocally, if Q ( s )
is stable and proper, it is easy to demonstrate that K ( s ) stabilizes G ( s ) using Eq. 3 .

Thus, stabilizing controllers can be parametrized in terms of the set of all stable proper functions Q ( s ) for a given plant G ( s ).

Furthermore, the closed-loop transfer function CL ( s ) in Eq. 1 becomes linear in terms of Q ( s ) and G ( s ) which is not the case with K ( s ).

CL (s )

= G (s ) Q (s ) (4)
From those two results ( 3,4 ), the concept of controllers parametrization appeared for the first time in [START_REF] Newton | Analytical design of linear feedback controls[END_REF] applied to scalar only known and stable plants. Youla Youla et al. (1976a[START_REF] Youla | Modern wiener-hopf design of optimal controllers-part ii: The multivariable case[END_REF] and Kucera Ku čera (1975) explained simultaneously how the initial idea of controller parametrization can be extended to cover Multi-Inputs-Multi-Outputs (MIMO) plants and that are not necessarily stable. A set of all stabilizing controllers for a given plant is characterized using the so called YK parameter Q ( s ).

Conversely, a dual concept is proposed by leading the same reasoning in Eqs. ( 2) and (3) and use the fact that K ( s ) and G ( s ) are commutative. The set of all plants stabilized by a given stabilizing controller is characterized using the so called dual YK parameter S ( s ) [START_REF] Niemann | Dual youla parameterisation[END_REF] . 

Coprime factorization

Both YK and dual YK parametrization are based on the doubly coprime factorization [START_REF] Desoer | Feedback system design: The fractional representation approach to analysis and synthesis[END_REF] ; [START_REF] Vidyasagar | Control systems synthesis: A factorization approach, volume 8 of north holland system and control series[END_REF] to reduce algebraic complexity in computing Q ( s ) and S ( s ).

The plant model and controller matrix transfer functions are factorized as a product of a stable transfer function matrix and a transfer function matrix with a stable inverse with no common unstable zeros as follows:

G = NM -1 = ˜ M -1 ˜ N (5) K = UV -1 = ˜ V -1 ˜ U (6)
These coprime factors are calculated following the double Bezout identity [START_REF] Pommaret | Generalized bezout identity[END_REF] as follows:

˜ V -˜ U -˜ N ˜ M M U N V = M U N V ˜ V -˜ U -˜ N ˜ M = I 0 0 I (7) 2.2. Q-Parametrization
The YK parametrization Q describes how the set of all stabilizing controllers for a given plant G ( s ) can be characterized from knowing a controller K ( s ) stabilizing the given plant G ( s ).

Lemma 1. Let a plant G = MN -1 , with N and M coprime and stable, be stabilised by a controller K = UV -1 , with U and V coprime and stable. Then the set of all stabilizing controllers for G is given as a function of a stable filter YK parameter Q with appropriate dimensions (see [START_REF] Tay | High performance control[END_REF] ):

K = K(Q ) = (U + MQ )(V + NQ ) -1 = K(Q ) = ( ˜ V + Q ˜ N ) -1 ( ˜ U + Q ˜ M ) (8)

S-Parametrization

The dual-YK parametrization S describes how the set of all the plants stabilized by a given controller K ( s ) can be characterized from knowing a plant G ( s ) stabilized by the given controller K ( s ).

Lemma 2. Let a plant G = NM -1 , with N and M coprime and stable, be stabilized by a controller (in positive feedback loop) K = UV -1 , with U an V coprime and stable. Then the set of all the plants stabilized by K is given as:

G = G (S) = (N + SV )(M + SU ) -1 = G (S) = ( ˜ M + ˜ U S) -1 ( ˜ N + ˜ V S) (9)

(Q,S)-parametrization

Finally, let's consider the connection between both parametrizations. The parametrized controller K ( Q ) described in Eq. 8 is connected to the parametrized plant G ( S ) described in Eq. 9 . The resulting closed loop is in Fig. 2 .

Lemma 3. The stability of [ G ( S ), K ( Q )] is equivalent to the stability of the positive closed-loop [ Q, S ] Bendtsen and [START_REF] Bendtsen | Multiple model adaptive control using dual youla-kucera factorisation[END_REF] .

Hence, this useful linear way of parametrizing either controllers, plants or both is employed to solve many control issues. The rest of the paper reviews the control applications developed in the last two decades by using Q, S or both. 

Q-based controller reconfiguration

The main motivation behind controller reconfiguration is performance enhancement while controlling complex systems with multiple control objectives in dynamical environments. Achieving different performance specifications (i.e desired bandwidth, time response, robustness against modeling errors) can be hard while using a single controller. The design process inevitably requires compromises or trade-offs between various conflicting performance objectives. A common solution is designing a controller for each objective, and appropriately switching/interpolating among them in order to accommodate the changing operating conditions, reaching a satisfactory performance level and guarantying overall system stability.

The concept of controller reconfiguration by switching/interpolation different controllers is tackled in the literature [START_REF] Liberzon | Switching in systems and control[END_REF] using different techniques as selfscheduled approach [START_REF] Packard | Gain scheduling via linear fractional transformations[END_REF] , ad-hoc technique Rugh and Shamma (20 0 0) or bumpless transfer [START_REF] Zaccarian | The l2 (l2) bumpless transfer problem for linear plants: Its definition and solution[END_REF] .

Controller reconfiguration using YK parametrization is done by mapping a set of linear stabilizing controllers onto a Q-based controller. Main advantages of using YK parametrization in controllers switching/interpolation are: 1) It allows stable switching between open-loop unstable controllers [START_REF] Stoustrup | Starting up unstable multivariable controllers safely[END_REF] ; 2) Switched/interpolated controllers can be designed and tuned separately using different techniques ( H ∞ , LQR, PID ) [START_REF] Tay | High performance control[END_REF] ;

3) The closed-loop stability is guaranteed under arbitrary interpolation/switching between different stabilizing controllers, since it is always possible to find a common Lyapunov function while using YK parametrization satisfying stability conditions under arbitrary switching signal [START_REF] Hespanha | Switching between stabilizing controllers[END_REF] .

The first application of YK parametrization in controller reconfiguration was in the 80s. Two controllers K 1 and K 2 were designed to ensure reference tracking and disturbance minimization respectively [START_REF] Moore | On improving control-loop robustness of model-matching controllers[END_REF] . Both controllers were mapped in a single controller structure using two YK parameters Q 1 and Q 2.

After that, the use of YK parameter Q in controller reconfiguration evolved from interpolating two controllers to mapping many controllers and switching arbitrary between them, covering both LTI and LPV frameworks.

In this section, YK Q-based controller reconfiguration in both LTI and LPV frameworks are reviewed. Different applications are highlighted showing the transfer from theory to practice in real time experimentations.

Control implementation

In LTI control framework, a fixed LTI plant is considered G = NM -1 . Several LTI controllers K i are designed separately, all of them stabilizing the plant G and each controller fulfilling a specific control objective. The set of controllers K i are mapped in a multi-controller architecture shown in Fig. 3 as follow :

K(α i Q i ) = (U + M i = n i =1 α i Q i )(V + N i = n i =1 α i Q i ) -1 (10)
Each parameter Q i is computed to connect the controller K i to the nominal controller K = UV -1 :

Q i = ( ˜ U i V -˜ V i U ) ( 11 
)
The interpolation signal α i ∈ [0, 1] represents the fraction of the controller K i that is activated at each instant. α i is computed online by a supervisor that orchestrates the switching between the pre-designed controllers with respect to a performance metric. It is computed using the system output and the current operating conditions described by the environment information.

The goal of the Q-based multi-controller is not only keeping closed-loop stability while switching/interpolation between controllers, but also satisfying a desired level of performance at each instance.

In LPV framework, a LPV plant is assumed G ( θ ), where θ is a scheduling parameter within a predefined range θ ∈ [ θ min , θ max ] , with a set of critical design points θ i , i = 1 , ., n.

In many cases, a LPV plant model is a result of a linearisation technique applied to a non linear system, and θ is tied to the system physics (i.e. speed-dependent on lateral vehicle dynamics using the bicycle model, where the parameter θ is the vehicle speed and its inverse). In each critical design point θ = θ i , a controller K i stabilizing G ( θ i ) is designed to satisfy specific performance criteria, the controller K i is thus named local controller.

Using YK Q parameter, local controllers can be interpolated in a control scheme that satisfies: 1) stability of the closed-loop including the nonlinear plant (linearized into LPV system) under fast changes of the system parameter θ ; 2) recovering the local con- 

G (θ ) = N(θ ) M(θ ) -1 = ˜ M (θ ) -1 ˜ N (θ ) (12) K 0 (θ ) = U 0 (θ ) V 0 (θ ) -1 = ˜ V 0 (θ ) -1 ˜ U 0 (θ ) ( 13 
)
K i = U i V -1 i = ˜ V -1 i ˜ U i ( 14 
)
The set of all controllers K i assumed stabilizing the LTI plants

G ( θ i ); are mapped in a Q-based controller K(θ ) = F l (J K (θ ) , Q (θ )) ,
where F l is a lower fractional transformation of the interconnection system J K ( θ ) and Q ( θ ) (see [START_REF] Tay | High performance control[END_REF] for details).

The interconnection system J K ( θ ) includes the nominal controller K 0 ( θ ) stabilizing the LPV plant over the range of θ :

J K (θ ) = U 0 (θ ) V 0 (θ ) -1 ˜ V 0 (θ ) V 0 (θ ) -1 V 0 (θ ) -1 N(θ ) ( 15 
)
and the YK parameter Q is computed to recover the local controllers K i in the design point θ = θ i using a polytopic system Q ( θ ) formed by Q i and a selected weighting function α = f (θ ) such as:

Q i = ( ˜ U i V 0 (θ i ) -˜ V i U 0 (θ i )) ( 16 
)
The stability of the Q-based LPV controller is proved using a common Lyaponov function all over the range of the parameter θ

Xie and Eisaka ( 2004) .

An important consequence of using the YK LPV framework is that LTI design techniques can be adopted for LPV plants too.

Applications

YK Q-based LTI controllers switching/interpolation has been used in different applications requiring multiple control objectives.

Related to LTI, the intrinsic conflict between performance and robustness in standard feedback loop is tackeled in [START_REF] Hespanha | Switching between stabilizing controllers[END_REF] , a Q-based YK controller is used to control the roll angle of an aircraft. Based on a supervisor [START_REF] Hespanha | Towards the high performance control of uncertain processes via supervision[END_REF] , the YK controller switches between a high performance controller when the measured angle is not noisy, to a robust controller when there are model uncertainties and external disturbances.

In [START_REF] Cifdaloz | Control of distributed parameter systems subject to convex constraints: Applications to irrigation systems and hypersonic vehicles[END_REF] Q-based controller is used to control two classes of complex systems: Irrigation systems and hypersonic vehicles with flexible dynamics. Both classes are generally described by hyperbolic partial differential equations. The Q-based controller switches between different LTI controllers to accommodate time-domain specifications (i.e. peak value of control signal, overshoot). In [START_REF] Trangbaek | Stable controller reconfiguration through terminal connections. a practical example[END_REF][START_REF] Trangbaek | Stable controller reconfiguration through terminal connections[END_REF] a method for introducing new components in the control loop in a stable way is presented using the Q-based controller. The controller reconfiguration is illustrated on a livestock stable climate system, where a new temperature measurement becomes available during system operation and a new controller is added to the existent control loop. In Johansen, Kallesøe, Bendtsen, and Andersen (2016) a sequential stepwise commissioning controller for a steam boiler is developed, the Q-based controller switches gradually between two stabilizing controllers with different objectives, the primary one is to keep the water level within max and min bounds, and the second control objective is to keep the feed water flow steady. In [START_REF] Navas | Mixing v2v-and non-v2v-equipped vehicles in car following[END_REF] ; [START_REF] Navas | Using plug&play control for stable acc-cacc system transitions[END_REF] the Qparametrization is used in the field of Intelligent Transportation Systems (ITS), the proposed control structure ensure stable switching between Cooperative Adaptive Cruise Control system (CACC) and ACC when the communication between vehicles fails. Another application in ITS is provided in [START_REF] Mahtout | Youla-kucera based lateral controller for autonomous vehicle[END_REF] , a lateral control structure is proposed to deal with different initial lateral error by switching between two controllers with different objectives.

The use of YK parametrization Q in LPV plants is illustrated in different LPV systems. In [START_REF] Xie | Design of lpv control systems based on youla parameterisation[END_REF] a parameter varying mass-spring-damper system with varying stifnessis is controlled using Q-based controller. In [START_REF] Rasmussen | Stable controller interpolation and controller switching for lpv systems[END_REF] plant changes from minimum phase to a non minimum-phase with respect to the operating points (valves values). The Qbased LPV controller switches between a MIMO PID controller designed in the minimum phase operating point to an H ∞ controller in the non-minimum phase operating point. The Q-based controller shows optimal performance in both operating conditions. In [START_REF] Blanchini | Stable lpv realization of parametric transfer functions and its application to gain-scheduling control design[END_REF] the LPV Q-based controller is used in fixed pole assignment application, the Qbased controller switches among different controllers to locate the closed-loop poles always at the same place independently of the varying parameter. Thus, the LPV closed-loop achieves the same performance in the range of the varying parameter without loosing stability. In [START_REF] Bianchi | Interpolation for gain-scheduled control with guarantees[END_REF] a Q-based LPV controller is designed to control a simulated missile autopilot, the system is modeled using a LPV plant with four design points. The LPV Qbased controller achieves higher performance compared to a classical gain scheduling LPV controller.

Discussion

The use of the Q-based parametrization in both frameworks LTI and LPV allows performance enhancement of the system while keeping closed-loop stability. This strong property has been proven through different experimental applications. However, the depicted Q-based controllers implementation does not guarantee the closed-loop performance during the switching instant, which remains a practical implementation problem. In order to avoid chattering while switching between two controllers, a minimum dwell-time or a hysteresis is usually included in the switching signal [START_REF] Landau | Adaptive control: Algorithms, analysis and applications[END_REF] . However, when using YK parametrization, the switching can be arbitrary without affecting the stability, enhancing the transient behavior by using minimum dwell-time. [START_REF] Xie | Design of switched linear control systems based on youla parameterization with average dwell time[END_REF] considers average dwell time when switching between linear controllers using YK parametrization. Different switching com pensators Q are designed using different techniques to satisfy a given dwell time, comparing their transient behavior. Promising results are presented in a simulation example. In [START_REF] Friedrich | A simple architecture for arbitrary interpolation of state feedback[END_REF] the enhancement of the transition behavior is analysed with respect to the choice of the full range LPV initial controller.

Q-based noise rejection and vibration control

The problem of noise rejection and vibration control is widely studied in control systems. Such imperfections in control structures are often due to hardware problems (i.e. signal acquisition in sensors, delays in actuators) or environmental disturbances (i.e. external vibrations).

Disturbance and noise rejection have been tackled using different techniques: Pole placement Carmona and Alvarado (20 0 0) , output sensitivity shaping [START_REF] Langer | Combined pole placement/sensitivity function shaping method using convex optimization criteria[END_REF] , H ∞ [START_REF] Liebich | Active noise cancellation in headphones by digital robust feedback control[END_REF] and linear matrix inequality (LMI) approach [START_REF] Yucelen | Active noise control in a duct using output feedback robust control techniques[END_REF] .

YK parametrization is used in noise rejection and vibration control through Q-based controller adaptation. Since the plant is assumed known and constant with eventual small variations, vibrations and noise can be handled just by Q modification.

The first application of YK parametrization in this control field was in 1992 where a feedback controller that can achieve: closed-loop stability; a unit step response and a known sinusoidal disturbance rejection [START_REF] Francis | Feedback control theory[END_REF] was designed. Authors used the relation between the sensitivity function of the closed-loop and YK parameter Q to design the required parametrized controller. After that, the design of YK parameter Q evolved from offline to online and adaptive design, covering feedback and feedforward implementations. In this section, the advantages of using YK parametrization both in adaptive feedback configuration as well as in adaptive feedforward compensation schemes is reviewed. A non exhaustive list of recent developments and applications is presented.

Control implementation

During the last two decades, the use of YK parameter Q in noise and vibration rejection evolved from rejecting a known signal with a given frequency to variable known and unknown spectral characteristics. Different im plementations of the YK parameter Q are proposed according to the disturbance type [START_REF] Landau | On the use of youla-kucera parametrization in adaptive active noise and vibration control-a review[END_REF] .

When a non-correlated measurement with the disturbance signal is available, adaptive feedback controller (see Fig. 4 ) is used. If the disturbance structure is a priori known (i.e. single frequency signal) the adaptation is direct, otherwise it is indirect.

In direct feedback adaptation, the objective is to directly estimate YK parameter Q which minimizes the disturbance effect without affecting closed-loop stability. This is possible since the disturbance structure is known, thus allowing to define the order of Q. According to [START_REF] Martinez | Improving playability of blu-ray disc drives by using adaptive suppression of repetitive disturbances[END_REF] two coefficients in the polynomial Q are enough to characterize the frequency of an unknown sinusoidal disturbance. Parameters of the Q filter are adjusted online by minimizing an adaptation error describing the mismatch between the response of the theoretical system model and the disturbed measured response. Error minimization requires using Parametric Adaptation Algorithm (PAA) [START_REF] Doumiati | Road profile estimation using an adaptive youla-ku čera parametric observer: Comparison to real profilers[END_REF] .

In indirect feedback adaptation, the objective of noise and vibration attenuation is reached in two steps: 1) identify the disturbance structure by building a disturbance observer (DO); and 2) design a feedback controller achieving different attenuation levels in the frequency domain (not necessarily total rejection as in direct adaptation), by shaping in real time the output sensitivity function to a desired one, assigning an amount of attenuation for each narrow-band disturbance. The updated controller is computed by solving the Bezout equation, the use of YK parametrization allows to reduce the computation load since it simplifies the optimized error equation Airimi ¸t oaie and Landau (2013) . A comparative experimental evaluation of rejection of unknown narrow band disturbances on an active vibration control test bench is presented in Landau, Silva, Airimitoaie, Buche, and (NOE) (2013) . It compares seven approaches. Interestingly, all the approaches can be interpreted as Youla-Kucera parametrization of a special kind. The performances of the various approaches are evaluated using relevant practical criteria including steady state and transient performance, robustness with respect to low damped complex zeros close to the attenuation zone, robustness with respect to noise and complexity of the various approaches. This benchmark provides useful insights for choosing the best approach according to given constrains. When a correlation exists between the disturbance signal and measurement, adaptive feedforward controller is used to compensate broad-band disturbances [START_REF] Elliott | Active noise control[END_REF] .

The main problem in adaptive feedforward control is the internal positive feedback between the compensation system and the reference source that can cause instabilities (see Fig. 5 ) while adapting the controller parameters. The use of the YK parametrization allows the separation between the stabilization of the internal positive feedback problem and the optimization of the feedforward controller parameters minimizing the residual noise [START_REF] Zeng | Recursive filter estimation for feedforward noise cancellation with acoustic coupling[END_REF] . The feedforward controller can be designed either using direct adaptive configuration or indirect one; In indirect configuration, the controller is estimated over a certain time horizon. Then, the YK parameter Q is deduced to switch from the nominal controller to the updated one (see Section 3 ). In direct configuration, a tuning algorithm is developed to define design adaptive Finite Impulse Response (FIR) or Infinite Impulse Response (IIR) compensators as a YK parameter Q and update directly the controller that minimizes the residual noise [START_REF] Landau | On the use of youla-kucera parametrization in adaptive active noise and vibration control-a review[END_REF] .

The main difference between the use of feedback and feedforward implementations relies on the availability of a measurable signal correlated with the noise or the vibration. Also, adaptive feedback implementation is more dedicated to single and multiple narrow-band disturbances rejection. While adaptive feedforward implementation is particularly dedicated to the attenuation of broad-band noise with unknown and time-varying characteristics Landau, Airimitoaie, Meléndez, and Dugard (2019a) .

Applications

The use of YK parametrization Q in adaptive noise and vibration rejection context covered different applications requiring high control precision and low noise sensitivity as: wafer scanning in semiconductors [START_REF] Chen | Pseudo youla-kucera parameterization with control of the waterbed effect for local loop shaping[END_REF] , data storage systems (reading/writing) Chen and Tomizuka (2013) ; [START_REF] Martinez | Improving playability of blu-ray disc drives by using adaptive suppression of repetitive disturbances[END_REF] ; [START_REF] Wu | Youla parameterized adaptive vibration suppression with adaptive notch filter for unknown multiple narrow band disturbances[END_REF] , mechatronics [START_REF] Tomizuka | Dealing with periodic disturbances in controls of mechanical systems[END_REF] , active suspension systems [START_REF] Doumiati | Road profile estimation using an adaptive youla-ku čera parametric observer: Comparison to real profilers[END_REF] ; [START_REF] Landau | Adaptive narrow band disturbance rejection applied to an active suspension an internal model principle approach[END_REF] , and biochemistry [START_REF] Valentinotti | Optimal operation of fed-batch fermentations via adaptive control of overflow metabolite[END_REF] where the regulation problem is to maximize the biomass productivity in the fed-batch fermentation of a specie of yeasts and the cell growth is considered as an unstable disturbance rejected by the YK parameter Q. In Luca, Rodriguez-Ayerbe, and Dumur (2011) the feedback YK noise rejection controller is extended to control a LPV plant.

Those are encouraging experimental results showing how YK can be used for dealing with the different types of disturbance one can find in different applications. Table 1 presents an overview with the different practical applications, including details on the disturbance type and YK controller design.

Discussion

The use of YK parametrization in disturbance rejection has been compared to different robust techniques [START_REF] Landau | Active noise control: Adaptive vs. robust approach[END_REF] , Landau, Meléndez, Airimitoaie, and Dugard (2019b) , [START_REF] Doumiati | Road profile estimation using an adaptive youla-ku čera parametric observer: Comparison to real profilers[END_REF] . Experimentation proved its efficiency against different disturbance types (known/unknown, narrow/broad band).

Current challenge is to ensure noise rejection while important variations in the plant model occur. When designing an adaptive controller to cancel an unknown narrow band disturbance, the uncertainties linked to the plant can lead to instability. This problem is addressed in the literature using the dual YK parameter to model the plant uncertainties [START_REF] Kinney | Robust estimation for automatic controller tuning with application to active noise control[END_REF] . However, this solution needs to satisfy stability conditions which cannot be fulfilled for all systems especially when the uncertainty is large. A recent work [START_REF] Vau | Youla-kucera adaptive feedback disturbance rejection in the presence of plant uncertainties[END_REF] showed that this difficulty can be overcome by increasing the order of the filter Q. This solution is called YK overparametrization.

Another possible improvement is to use dual YK parametrization in the identification of disturbance path instead of using autoregressive methods [START_REF] Meléndez | Data driven design of tonal noise feedback cancellers[END_REF] .

S-Based closed-loop identification

This section explains how dual YK parameterization has been used to cope with some of the problems related to closed-loop identification of system dynamics.

System dynamics identification is an essential step for any control design. Initially, identification techniques were developed to carry out open-loop identification. However, in practice many plants cannot be easily operated in open loop for carrying an identification protocol for different reasons (i.e. open loop unstable, integrator behaviour). Additionally, some controllers may be already in place without the option to be disconnected to the plant, being the close loop identification the only way to obtain a better model for either designing a new controller or re-tunning the exiting one in an adaptive way. Several theoretical tools for closed loop identification are proposed the literature [START_REF] Forssell | Closed-loop identification revisited[END_REF] ; [START_REF] Landau | Recursive algorithms for identification in closed loop: A unified approach and evaluation[END_REF] . In this section the use of dual YK parametrization as an identification tool is highlighted.

In order to clarify the use of dual YK parametrization in closed loop identification, sub section 5.1 compares a general open-loop identification setup with a general closed-loop identification setup, so advantages of using the second one can be highlighted. Once advantages and disadvantages of this general closed-loop identification method are clear, origin and evolution of this dual YKbased identification scheme are explained in subsection 5.2 . Finally, some practical applications and concluding remarks are provided in subsections 5.3 and 5.4 respectively.

Preliminaries

First, let's consider an open-loop identification case where a control input u and measurement noise n are assumed to be noncorrelated. Some control input u can be applied to the system G , Please cite this article as: I. Mahtout obtaining the corresponding output y with noise n :

y = Gu + n ( 17 
)
If measurements u and y are available, many open-loop identification schemes (Auto Regressive model with eXternal inputs ARX [START_REF] Karaboyas | Efficient adaptive algorithms for arx identification[END_REF] , PBSIDopt van Wingerden (2012) ...) can be used to find cross-correlation with u , and estimate G i yu = G uu + nu (18) where nu = 0 as n and u are independent. Second, let's consider the case where the loop is closed with a controller K , where reference signal r and output noise n are non-correlated. Eq. 17 remains, but nu is not zero, as n is feedback through the controller K affecting the control signal u . Crosscorrelation expression results:

yu = G uu -(1 + K * G * ) -1 nn (19)
where the superscript * denotes complex conjugation on the j ω axis.

The identification process becomes complex. Even if nn is really small, Eq. 18 denotes that G should be stable, what could not be the case. As a solution, one could seek to estimate the closed-loop transfer function from the reference signal r to y : P = KG (1 + KG ) -1 . Once an estimation of the CL function is obtained ˆ P , an estimation of the real system ˆ G would be:

ˆ G = ˆ P K(1 -ˆ P ) ( 20 
)
but problems could occur if K has some unstables poles/zeros; the estimation could result again unstable.

It is then logical to disconnect the plant in order to carry out an open-loop identification. But there will be cases in which this is not possible: The plant is unstable, disconnecting the plant supposes a great economic cost, the feedback controller is embedded in the system, or an online estimation of the system is needed for controller improvement. Between open-loop and closed-loop identification methods, it is well-known that for model-based control design, closed-loop identification gives better performance [START_REF] Hjalmarsson | For model-based control design, closed-loop identification gives better performance[END_REF] ; but one needs to deal with its associated difficulties: Linear matrix inequality (LMI) feasibility [START_REF] Sznaier | An lmi approach to control-oriented identification and model (in) validation of lpv systems[END_REF] , linear fractional dependence with respect to measured variables [START_REF] Salcedo | Lpv identification of a turbocharged diesel engine[END_REF] or linear-deterministic subspace selection Santos, Ramos, and de [START_REF] Santos | Identification of linear parameter varying systems using an iterative deterministic-stochastic subspace approach[END_REF] are some examples picturing these difficulties.

Control implementation

The dual YK-parameterization appeared as a solution to suppress closed-loop identification difficulties [START_REF] Hansen | Closed-loop identification via the fractional representation: Experiment design[END_REF] ; Schrama (1991) (called Hansen scheme). Specifically, given a LTI initial model and a controller, the key idea was to identify the dual YK S instead of G . Interestingly, the identification of S was a standard open-loop identification problem, so a closed-loop problem is transformed into an open-loop-like problem. Several analysis demonstrated how the obtained model with the Hansen scheme is superior than an open-loop identification solution for subsequent control design Gevers, Ljung, and Van den Hof (2001) Douma, [START_REF] Douma | Controller tuning freedom under plant identification uncertainty: Double youla beats gap in robust stability[END_REF] .

The original LTI Hansen scheme has been modified and extended to deal with more complex systems:

• Related to LTI, De Bruyne, [START_REF] De Bruyne | The hansen scheme revisited[END_REF] presented a modification able to tune the order of the resulting model given by the Hansen scheme. The idea is to have control over the possible order explosion when the model is employed in any adaptive control law; [START_REF] Tay | High performance control[END_REF] [m5G;June 2, 2020;21:58 ] is applied; [START_REF] Sekunda | Closed loop identification using a modified hansen scheme[END_REF] modified the original identification scheme in order to avoid the use of indirect excitation signals in reference and feedforward inputs. It imposes any desired excitation signal for the identification of S without affecting those. • The Hansen scheme has been also extended to LPV systems Bendtsen and[START_REF] Bendtsen | Closed-loop identification for control of linear parameter varying systems[END_REF][START_REF] Trangbaek | Lpv identification of a heat distribution system[END_REF] .

Interesting results are obtained in terms of stability, and doubly coprime factors based on these scheduling parameters of the LPV system. • Related to system with a changing number of inputs/outputs, [START_REF] Bendtsen | Plug-and-play control modifying control systems online[END_REF] modified the Hansen scheme in order to deal with new measurements that become available during online operation. New dynamics related to new sensors are identified by the dual YK parameter S . • A non-linear initial model G 0 connected to a stabilizing controller K 0 is considered in Linard and Anderson (1996) [START_REF] Linard | Identification of nonlinear plants using left coprime fractional based representations[END_REF] .

Applications

Closed-loop identification of a piezoelectrically controlled gas bearing using the modified version of the original Hansen scheme in [START_REF] Sekunda | Closed loop identification using a modified hansen scheme[END_REF] was presented in [START_REF] Sekunda | Closed loop identification of a piezoelectrically controlled radial gas bearing: Theory and experiment[END_REF] . It highlights the need of closed-loop identification since the system is unstable without feedback control.

Related to LPV, simulation results of coupled dynamics identification in heat distribution systems with different valve settings are in [START_REF] Trangbaek | Lpv identification of a heat distribution system[END_REF] . Corresponding experimental results are in [START_REF] Trangbaek | Controller reconfiguration through terminal connections based on closed-loop system identification1[END_REF] . Specifically, strong coupling dynamics in the network are identified after a consumption increment. On the other hand, experimental results related to low-speed longitudinal vehicle dynamics are presented in [START_REF] Navas | Youla-kucera based online closed-loop identification for longitudinal vehicle dynamics[END_REF] .

Concerning the identification of new sensors added to a system, simulation results with a livestock stable ventilation system were presented in [START_REF] Bendtsen | Plug-and-play control modifying control systems online[END_REF] . A new temperature sensor is added in order to regulate better the temperature of the stable. The proper identification of the sensor allows the correct adaptation of the corresponding temperature control system.

Discussion

The dual YK parametrization S is used to cope with closed-loop identification limitations in an open-loop identification framework. This solution plays a key role when there are system variations and controller could not be disconnected due to stability, physical or economical reasons. This type of identification is also important when controller needs to be adapted online to a new situation in the system.

Current challenges are associated to degree reduction of the resulting identified model for its use in iterative adaptive controllers; its application to system with non-linear dynamics (initial work can be found in [START_REF] Linard | Identification of nonlinear plants under linear control using youla-kucera parametrizations[END_REF] [START_REF] Linard | Identification of nonlinear plants using left coprime fractional based representations[END_REF] ); and extension of the modified Hansen scheme solving the excitation signals problem and the approach adding sensors/actuators to LPV systems.

(Q,S)-based adaptive control

As already stated, the linearity of Q within the closed-loop function facilitates optimization over the class of all stabilizing controllers. Every single controller could be augmented with Q . In this section, this Q is seen as a stable filter that can be optimized/adapted offline or online in order to improve the system performance depending on the desired response. Notice that this differs from the solution in Section 3 , where controllers for different system responses are designed a-priori, switching between them depending on any intelligent algorithm that considers the system environment.

Control implementation

There are many different ways of designing the corresponding Q to adapt the controller to the specific system situation. This section summarizes some of them highlighting in which situations each solution should be employed. Q, S or both are employed depending if an identification process would be needed to correctly modify the corresponding controller.

Offline optimization of Q for multi-objective controllers is the most basic approach in Q-based adaptive control. The idea is to design a controller in the class of all stabilizing controllers. Different control performance objectives can be set in order to optimize Q . These performance requirements can be described in time or frequency domain. System norms in the frequency domain is directly related to H ∞ and H 2 concepts. For instance, penalization of the energy of the tracking error and control energy are examples of H 2 control; while penalizing the maximum tracking error subject to control limits is an example of H ∞ control. Specifically, in [START_REF] Moore | Loop reconvery via hinf/h2 sensitivity recovery[END_REF] , loop recovery was achieved by augmenting the original H 2 controller with the additional filter Q . They showed how full or partial loop recovery may be obtained depending if minimum or non-minimum phase plants are considered. Improvements over standard loop recovery techniques were obtained.

Next step would be an online modification of Q without any identification algorithm. This is the idea presented in [START_REF] Wang | Adaptive disturbance rejection. In Decision and control[END_REF] . Q's optimization process is based on rootmean-square signals measures. A state-space relationship between a nominal plant with disturbances and an observer-based feedback controller K ( Q ) is obtained. The order of Q should be fixed depending on the application. A steepest descent algorithm is used to obtain the parameter values of the predefined YK parameter Q , so the error is minimized from the disturbances on the system. However, the method is valid when the uncertainty is limited but unknown.

An identification algorithm is needed when there is a large model-plant mistmach. This identification algorithm is directly related to the dual YK parametrization in three different methods: Iterated, nested and indirect adaptive control designs.

For iterated and nested solutions [START_REF] Tay | High performance control[END_REF] , K ( Q ) is seen as a controller where Q changes online, as well as G ( S ) is seen as a nominal plant with an augmentation related to unmodeled dynamics. The process is as follows: First, a nominal controller K is designed for a nominal plant G . Plant-model mistmatch is identified through the dual YK parameter S , and then the augmented controller Q is designed to optimally control S to some performance criteria.

For iterative control design, unmodeled dynamics represented by S are identified by using the Hansen scheme with Q inclusion presented in Section 5 . It avoids bias problems in the identification process. S is used in an iterative manner for finding the Q that improves the performance criteria. Iteration is needed as the value of S is not initially reliable or due to new deficiencies in the model. In each iteration the order of the controller increases as S includes the applied Q , followed by a control update step.

For nested control design, successive S are identified on the residual mistmatch between model and plant. An external signal needs to be injected in order to identify the new S . In each step the model of the system is updated. This new model is then taken into consideration for obtaining a new Q , until the performance criteria is fulfilled. This kind of structure is practical when a plant is de- scribed by different recursive fractional forms [START_REF] Yadav | Stabilization of nested systems with uncertain subsystem communication channels[END_REF] .

Although, iterated and nested solutions look sufficient for any system uncertainty, algorithms are conceived for a time-invariant Q property. In order to deal with a time-variant Q , an adaptive version of nested control was proposed in [START_REF] Tay | Enhancing robust controllers with adaptive techniques[END_REF] . A fixed structure of Q is created. Parameters in Q are the changing ones, depending on the model-plant mistmach identified by S . As Q varies with time, the unbiased identification provided in the iterated solution is no longer available. External excitation signals are needed in order to identify S , and this could compromise the control performance. For solving so, two different solutions were targeted: two time scales in the adaptive algorithm was proposed in [START_REF] Wang | Performance Issues in Adaptive Control[END_REF] , a faster one for the identification of S , and a much slower for the adaptation of Q ; and Q augmentation with a filter in the frequency of the excitation signals needed for the identification of S in [START_REF] Tay | High performance control[END_REF] .

Finally, structural changes are also considered in connection with both YK and dual YK in Niemann (2006a) . It is demonstrated how it is possible to introduce new sensors/actuators into the system, and use them in the YK parameterization to keep a given performance. The stability of the CL system is still affine in Q even if new sensors or actuators are added. This work is the basis of the P&P project, let's see how this explained in the last section of the paper.

Applications

This section describes some illustrative examples of (Q,S)-based adaptive control solutions. [START_REF] Teo | Design of al/sup 1/-optimal regulator: The limits of performance approach[END_REF] used direct Q adaptive control in a hard disk servo system to minimize the maximum position error signal, which is the deviation of the read/write head from the center of the track.

Simulation results of the direct adaptive-Q controller were presented in [START_REF] Tay | Enhancement of fixed controllers via adaptive-q disturbance estimate feedback[END_REF] to illustrate their performance enhancement capabilities when disturbances appear on the system. Part of these results were previously validated in a 55th order aircraft model with a H 2 controller design with Q augmentations for achieving resonance suppression [START_REF] Tay | High performance control[END_REF] .

Experimental results are in [START_REF] Bendtsen | Plug-and-play control modifying control systems online[END_REF] for laboratory-scale model of a district heating system. In the district heating system, as consumers are not happy with the variable supply rate, differential pressure sensors are added to examine the problem. That revealed a performance problem, so control capabilities are added to another pump, improving the initial H 2 controller through the corresponding augmented Q .

Discussion

This section reviewed offline and online YK-based methods when system variations exist. Current challenges are associated to the non-linear extension of the YK parameterization; order reduction of the identified S to avoid degree explosion in nested/iterated applications; integration of intelligent control systems as fuzzy control, genetic algorithm or neuronal networks in this adaptive frameworks; and extension of P&P to a more general control structure, because it is only based in observer-based feedback controllers.

(Q,S)-based fault tolerant control

The key idea of using Fault Tolerant Control (FTC) strategy is to keep the closed-loop system stable while possibly accepting a reduced performance when critical faults occur in the system (i.e. loss of sensors and/ or actuators). FTC architectures are mainly based on fault detection and controller reconfiguration techniques [START_REF] Zhang | Bibliographical review on reconfigurable fault-tolerant control systems[END_REF] .

Both YK parameter Q and dual YK parameter S have been used in different FTC schemes to handle controller reconfiguration and fault diagnosis respectively.

Control implementation

Different FTC schemes only based on YK parameter Q are proposed in the literature [START_REF] Niemann | Reliable control using the primary and dual youla parameterizations[END_REF] . In that case, Q is applied to the controller reconfiguration, while the fault detection part is developed based on some coprime factors. In the FTC scheme depicted in Fig. 6 , f is the fault diagnosis signal calculated as:

f = ˜ N u -˜ M y ( 21 
)
When there is no fault, the plant has the same response as the nominal model, which yields to f = 0 and the system is controlled by the nominal controller K = ˜ v -1 ˜ u providing adequate performance. Otherwise, the residual signal f is analysed to detect the current fault [START_REF] Ding | Feedback control structures, embedded residual signals, and feedback control schemes with an integrated residual access[END_REF] ; [START_REF] Zhou | A new controller architecture for high performance, robust, and fault-tolerant control[END_REF] , and then design the suitable YK parameter Q that modifies the controller in the loop in order to manage the current fault.

Another scheme based on YK parameter Q is proposed in [START_REF] Niemann | Passive fault tolerant control of a double inverted pendulum a case study[END_REF] . A FTC architecture is designed to tolerate three possible multiplicative faults. Three Q filters are designed offline according to each fault, when a fault occurs the controller switches smoothly from the nominal one to the fault tolerant one by activating the adequate parameter Q . The extension of this architecture where the number of faults can be changed is proposed in Niemann and Stoustrup (2005a) .

Q-based FTC architectures handle systems with additive faults, and the controller is directly changed with Q , without consideration of S , and without affecting the closed-loop stability. When it comes to parametric faults S plays a key role, obtaining the value of Q that makes stable the control loop.

In ( Q, S ) based FTC structure the dual YK parameter S is used in the fault diagnosis part. When a fault appears in a system, a nonzero S results. If S is unstable, the fault makes the closed-loop system unstable. Then, controller reconfiguration needs to be carried out to recover stability. This reconfiguration is done through Q . A connection with different additive and parametric faults is in Niemann and Stoustrup (2005a) where the optimization of Q is done offline, so only fault diagnosis will be needed in order to choose the proper value of Q . This method is restricted to closedloop systems with a fault. The fault diagnosis method based on dual YK is extended in Niemann (2006b) to deal with open-loop systems and closed-loop systems with a feedback controller different from the nominal one. The latter is important in fault tolerant control, as fault diagnosis should be running after the first fault has been detected and the controller has been reconfigured. [m5G;June 2, 2020;21:58 ] mance, reduced performance and closed-down modes) is proposed in [START_REF] Niemann | A model-based approach to fault-tolerant control[END_REF] . Fault detection based on dual YK parametrization determines which mode is applied through the corresponding Q .

Applications

In the last two decades YK and dual YK based FTC controllers have been used in different applications. In Niemann and Stoustrup (2005a) a servo control system with tacho gain fault that leads to instability is successfully handled using (Q,S)-based FTC scheme. Another approach using an observer based controller is proposed in Stoustrup (2009a) . The method is applied to a drag racing vehicle control based on a set of observers parametrized with Q , where each observer responds to one or more faults. In [START_REF] Hua | A new method for fault tolerant control through q-learning[END_REF] a fault tolerant control structure is proposed without requiring any model information or identification procedure. It is applied in weakly stochastic environments using a learning of the YK-parameter Q , the effectiveness of the proposed method is demonstrated in simulation of a DC motor. In [START_REF] Li | Performance-based fault detection and fault-tolerant control for automatic control systems[END_REF] YK parametrization is applied in the case of a non-linear faulty system. A fault detection scheme is investigated to estimate and detect the stability performance degradation. To recover the system performance, a performancebased FTC strategy is proposed. Specifically, a generalization of the YK parametrization to non-linear systems is carried out by replacing right and left coprime factors by stable image representation and stable kernel representation respectively. An initial controller K is designed to ensure the system stability, and Q is added to enlarge the stability performance margin in the case of fault. There will be 2 different thresholds one activating the Q, and other one reconfiguring the initial K in order to ensure stability. An example with a T-S fuzzy controller as a nominal controller is also given in the paper and applied to a simulation example with a faulty three tank-system.

Discussion

This section reviewed both Q-based an (Q,S)-based FTC architectures, handling different fault types (additive, multiplicative or parametric). Current challenges are associated to system performance enhancement and multi objective control in FTC scheme. The goal is not only to properly control the plant when the fault occurs and avoid instability but also to optimize the closed-loop response for both LTI and LPV plants, an initial implementation is proposed in Yin, Luo, and [START_REF] Ieee . Yin | Real-time implementation of fault-tolerant control systems with performance optimization[END_REF] , where the performance of a LTI plant is automatically optimized and the controller is adapted to the faulty situation.

(Q,S)-based P & P and multi model adaptive control

P & P investigates control problems for complex systems with a modular structure. Contrary to the FTC field, P & P control tackled the problem of control loop reconfiguration when a new component (i.e. sensor, actuator) is added. It is based on two stages: 1) detection and identification of the additional components to the system; 2) controller reconfiguration to exploit new sensors or actuators to keep the closed-loop stability and improve the overall performance [START_REF] Stoustrup | Plug & play control: Control technology towards new challenges[END_REF] .

YK framework is exploited in P & P control as follows: 1) dual YK parameter S is used in the identification part, the added component is usually identified within the closed-loop through the Hansen scheme, since some plants are not permitted to operate in open loop; 2) YK parameter Q is used to modify smoothly the current controller to maintain the system stable and achieve optimal performance. The general theory is explained in [START_REF] Bendtsen | Plug-and-play control modifying control systems online[END_REF] .

The applicability of P & P control using YK framework is illustrated on different practical systems. In [START_REF] Michelsen | Local controller synthesis for plug and play processes by decomposition[END_REF] a supermarket refrigeration system with the possibility of adding display cases is controlled with a P & P controller based on YK framework, showing the potential of the approach in maintaining stability and performance of the closed-loop. In [START_REF] Trangbaek | Controller reconfiguration through terminal connections based on closed-loop system identification1[END_REF] two experimental applications of P & P control are presented: a laboratory-scale model of a district heating system, where the control task is to maintain constant differential pressure between the two valves in the heating system. The system has an additional differential pressure sensor, the proposed P & P controller used the added information and improved the pressure regulation.

The second application is a livestock stable climate control system where a real-life experiment is reported, the initial temperature control loop contained a temperature sensor, but the livestock stable is not completely airtight due to cracks in the walls, an additional temperature sensor is added in the cracks area, the P & P controller is extended version of the initial controller taking into account the two temperature information with a variable weighting factor since it is not trivial to attend zero steady state error on both measurements using one actuator.

YK is also employed in the area ofMMAC. MMAC is a supervisor that chooses the proper controller among pre-designed candidates controllers once more information is known about the plant. Controllers are designed based on a predefined set of linear models. Once the closer model in the set is known, the switching is direct [START_REF] Anderson | Multiple model adaptive control with safe switching[END_REF] . In [START_REF] Bendtsen | Multiple model adaptive control using dual youla-kucera factorisation[END_REF] a MMAC approach using YK framework is proposed to deal with systems subject to significant uncertainties, as noise correlation problem in closed-loop is suppressed by employing the dual YK parametrization. A LPV simulation example with a total of five predefined linear-quadratic-regulator controllers is provided; the closer model in the set to the real system is chosen, switching to the corresponding controller through the correct Q . Finally, as in MMAC the switching is based on the closer model in a predefined set, the CL stability when switching controllers with a real plant is not guaranteed. This situation is analysed in [START_REF] Trangbaek | Safe lpv controller switching[END_REF] .

Discussion

This sections presents some final remarks of the different YK applications accordingly to the research institution where they took place. They are temporally cited to understand the scientific work evolution in the field, providing some insights about the future research directions.

The YK-based applications are mainly developed in four different institutions: Technical University of Danemark, Aalborg University, Grenoble University and University of Berkeley California. Fig. 7 shows a timeline evolution of YK research in the last two decades classified by application type in columns. Different color marks are used for research institutions.

Disturbance and noise rejection applications are in the first column of the timeline in Fig. 7 . Research in the area has evolved to deal with disturbances and noise with increasingly complex characteristics, showing experimental results in high-precision systems (i.e. semiconductor manufacturing, active suspension and hard disk drive). In 1999 an experimentation rejecting a single sinusoidal disturbance in an acoustic duct using an adaptive YK parameter Q is described in [START_REF] Amara | Adaptive sinusoidal disturbance rejection in linear discrete-time systems part ii: Experiments[END_REF] . In 2005, the YK based control structure evolved to cancel a single narrow band vibration in an active suspension [START_REF] Landau | Adaptive narrow band disturbance rejection applied to an active suspension an internal model principle approach[END_REF] . After that, a repetitive and multiple narrow band disturbance were handled in Doumiati et al. ( 2017 YK-based controller reconfiguration is in the second column of the timeline in Fig. 7 . From 20 0 0 to 2010, papers reported results on YK based controller reconfiguration for LTI systems. In 2004, Technical University of Denmark (marked in pink in Fig. 7 ) studied the implementation of multi-variable controller based on the YK parametrization, in order to handle the start-up and the shut down of multi-variable systems [START_REF] Niemann | Switching between multivariable controllers[END_REF] . In 2006, they extended the controller architecture to handle systems with additional sensors and/or actuators in stable way, proposing different implementation structures [START_REF] Niemann | Controller architectures for switching[END_REF] . Those results were used in fault tolerant control field. In 2008, YK based controller reconfiguration technique was used to implement a multi-objective controller accommodating the controller to time-domaine specification with illustrative simulation examples [START_REF] Cifdaloz | Control of distributed parameter systems subject to convex constraints: Applications to irrigation systems and hypersonic vehicles[END_REF] . In 2009, Alborg University (marked in green in Fig. 7 ) presented an experimentation of controller reconfiguration based on YK parametrization handling the online introduction of a new sensor in the control loop, pro-viding stability guarantees. In 2010, simulation results on using YK parametrization in controller interpolation of LPV system were provided in [START_REF] Bianchi | Interpolation for gain-scheduled control with guarantees[END_REF] ; [START_REF] Rasmussen | Stable controller interpolation and controller switching for lpv systems[END_REF] , extending the initial development on LPV coprime factors studied in 2004 [START_REF] Xie | Design of lpv control systems based on youla parameterisation[END_REF] . In 2018 and 2019, developments have been carried out handling controller reconfiguration on ITS systems by the team RITS at INRIA. YK parameter is used to accommodate both longitudinal and lateral behavior of an autonomous vehicle to environment specifications, showing promising experimental results. Latest research on using YK parametrization for controller reconfiguration are more focused on studying the transient behavior while switching between LTI controllers Friedrich and Buss (2019a) ; [START_REF] Xie | Design of switched linear control systems based on youla parameterization with average dwell time[END_REF] .

YK and dual YK based P & P and MMAC control applications are in the third column of the timeline in Fig. 7 . Initial research were conducted in 20 0 0, by the Technical University of Denmark (marked in pink in Fig. 7 ) introducing dual YK based closed loop identification [START_REF] Niemann | Dual youla parameterisation[END_REF] . After that, using the contemporary results on controller reconfiguration and closed loop identification, University of Aalborg (marked in green in Fig. 7 ), through its project P & P control developed a novel concept for process distributed control, which allows the control system to self reconfigure once an instrumental change is introduced [START_REF] Stoustrup | Plug & play control: Control technology towards new challenges[END_REF] [m5G;June 2, 2020;21:58 ] scheme. In 2019, experimental results are shown using YK based MMAC in ITS systems [START_REF] Navas | Multi-model adaptive control for cacc applications[END_REF] . YK and dual YK based FTC control applications are in the forth column of the timeline in Fig. 7 . Collaboration between Technical University of Denmark and Alborg University significantly contributed on the development of a fault tolerant controller based on both YK and dual YK parametrizations. They proposed first a passive FTC controller [START_REF] Niemann | Passive fault tolerant control of a double inverted pendulum a case study[END_REF] , then an active FTC controller [START_REF] Niemann | Fault tolerant control for uncertain systems with parametric faults[END_REF] . In 2012, Technical University of Denmark proposed a model-based FTC controller [START_REF] Niemann | A model-based approach to fault-tolerant control[END_REF] . In 2015, they extended the active FTC to cover sampled data systems. In 2017, the concept of fault tolerant margin for nonlinear systems is introduced, it plays a key role in detecting system performance degradation caused by some faults [START_REF] Han | Control performance based fault detection for nonlinear systems[END_REF] . In 2019, this concept is used in a novel FTC scheme by applying the Takagi -Sugeno fuzzy dynamic modeling technique in designing YK parameter Q Han, Yang, Li, and Ding (2019) . In 2018, a YK based FTC control scheme is introduced using reinforcement learning technique to adapt the YK parameter when some faults occur. As shown, the latest results on YK based FTC are more oriented on using intelligent control techniques to design the adequate YK parameter Q dealing with nonlinear systems.

Conclusion

This paper reviewed the use of YK and dual YK parametrizations in different control fields. Different experimental control applications developed during the last 20 years are reported showing the efficiency of YK framework in controlling complex systems. Some challenging issues for potential applications in the use of YK parametrization are listed below:

• Integration of intelligent control system as fuzzy control, model predictive control, genetic algorithm or neuronal networks. • Order explosion of Q and S which is a real practical issue.

• Limitation of the use of the scalar factor γ regulating the switch and its frequency.

• Maximum level of disturbance that could be rejected when employing YK, and comparison to classical robust control. • Combination of YK-based fault tolerant control and Plug & Play to a more general control structure.
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 1 Fig. 1. Feedback control loop block diagram.

Fig. 2 .

 2 Fig. 2. K ( Q ) is the set of all controllers stabilizing the plant G = MN -1 . G ( S ) is the set of all the plants stabilized by the controller K = UV -1 .

Fig. 3 .

 3 Fig. 3. Q-based multi-controller scheme.
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 4 Fig.4. YK feedback controller scheme: the disturbance propagates through the plant T (so called primary path) and the compensation is done through the plant ( MN -1 ) driven by a feedback compensator[START_REF] Tomizuka | Dealing with periodic disturbances in controls of mechanical systems[END_REF] .

  Fig.5. YK feedforward controller scheme: the disturbance d(t) propagates through T (so called primary path) and its effect is compensated through the plant ( MN -1 ) driven by a feedforward compensator. The input to the feedforward compensator is the sum of the image of the disturbance and of the internal positive feedback.Landau et al. (2019a) .
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 6 Fig. 6. Q-based fault tolerant control scheme.
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 7 Fig. 7. Timeline with important applications of YK parametrization Q and dual YK parametrizartion S .
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Table 1

 1 Applications on the use of YK in noise rejection and vibration control.

	JID: JARAP	ARTICLE IN PRESS	[m5G; June 2, 2020;21:58 ]
	Noise	Controller	Applications
	No information is	Feedback controller using a DO	Data storage system Wu et al. (2018) :
	available on real	(Indirect adapation)	-Multiple narrow band disturbance.
	time		-Controller is computed online to filter the
			observed disturbance.
			-Q is deduced as a weighted notch filter to
			switch to the final controller.
		Feedback controller with PAA (Direct	Acoustic duct Amara et al. (1999) :
		adaptation)	-Single varying sinusoidal disturbance.
		-YK parameter Q is computed by the	-Q parameter is a FIR with 2 parameters.
		PAA to mininize the noise effect.	Active suspension Landau et al. (2005) :
			-Single varying narrow band disturbance. Blu
			Ray Disc Martinez and Alma (2012) :
			-Repetitive narrow band disturbance. Road
			profiler Doumiati et al. (2017) :
			-The road profile is modeled as a disturbance
			with time varying charachteristics acting on
			the vehicle dynamics.
			-The estimated Q polynome represents the
			road profile
	Correlated	Feedforward controller using DO	Astronomical Telescope Tang, Qi, and
	measurement is	(Indirect adaptation)	Yang (2018) :
	available on real		-Low frequency large-magnitude
	time		narrow-band disturbances.
			-Different Q designed offline are compared
			experimentally.
		Feedforward controller with PAA	Duct active noise test-bench
		(Direct adaptation)	Landau et al. (2019a) :
			-Broad band disturbance.
			-Comparaison between IIR and FIR YK
			parameter Q is provided.
			-FIR Q filter is more robust.
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