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Abstract. This paper presents a robust nonlinear control strategy for seismic-resilient structures by hybridizing State-Dependent Riccati Equation (SDRE) and H-Infinity (H∞). The method preserves structural nonlinearities via state-dependent coefficient matrices and enforces worst-case disturbance attenuation through H∞ weighting. We apply the controller to a 3-DOF Duffing-type shear building subject to a 2 Hz, 2 m/s² seismic pulse. Time-domain simulations show clear benefits versus the uncontrolled case: peak inter-story drifts decrease by 35–40% across all floors (e.g., top-floor displacement 0.048 m → 0.030 m) with ≈40% faster decay, while actuator efforts remain smooth and moderate (±300 N). The gains are updated online by solving a Riccati equation at each step, enabling adaptation to stiffness changes without ad-hoc linearization. These results support the feasibility of real-time implementation for medium-scale structures and motivate future validation with recorded earthquake inputs and observer-based state estimation.
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Introduction
The design of a control system is generally based on a model of the process, whether acquired through identification or by formulating the physical laws that govern the system's dynamic behavior. There is a considerable array of control techniques available to design controllers for increasingly complex systems. However, the ability to select the most appropriate technique for solving the problem and applying it effectively can be an even more challenging task, even for relatively simple problems. Moreover, the robust control proposals available in the literature are applied to linear systems, requiring the linearization and reduction of models, thus losing the authenticity of the actual model. Real-world physical systems are inherently nonlinear [1]. Saying that a system is robust is directly linked to its stability and performance. The study of robustness involves examining the system's sensitivity to temporary and/or persistent disturbances and model uncertainties. Model uncertainties can be divided into parametric uncertainty (structured uncertainty) and unstructured uncertainty. Parametric uncertainty is often easier to characterize [2]. A controller that can ensure satisfactory performance and maintain stability in the face of modeling errors and parametric variations of the plant can then be called robust [3].
The SDRE (State-Dependent Riccati Equation) control method is an extension of the LQR (Linear Quadratic Regulator) and primarily excels at handling systems with nonlinear dynamics. Meanwhile, the H-Infinity (H∞) method is known for its robustness. H∞ is a linear control method celebrated for its robustness, stability, and strong performance, ensuring effectiveness despite variations in parameters, environmental conditions, or operational changes such as load shifts and disturbances. These variations are accounted for as model uncertainties in the system. However, the H∞ method has traditionally been applied to linear systems. It is only recently that the integration of SDRE and H∞ techniques has been explored to design controllers with optimal characteristics for nonlinear systems, aiming to achieve higher performance and enhanced robustness [4].
To address the limitations of conventional linear control methods in the presence of nonlinear dynamics, model uncertainties, and exogenous seismic disturbances, this paper introduces a hybrid control framework that integrates the State-Dependent Riccati Equation (SDRE) approach with H-Infinity (H∞) robust control. The SDRE technique enables the representation of nonlinear structural dynamics through state-dependent coefficient (SDC) matrices, facilitating the synthesis of locally optimal feedback gains while preserving the system’s nonlinear characteristics. In parallel, the H∞ formulation introduces robustness margins by minimizing the induced gain between external disturbances and structural outputs. This combined methodology is formulated for input-affine multi-degree-of-freedom (MDOF) shear-building models and is tailored for deployment in active or semi-active control systems. Emphasis is placed on ensuring real-time solvability, stabilizability, and observability across varying operating regimes. The subsequent sections provide a comprehensive exposition of mathematical formulation, control synthesis procedures, and simulation-based performance assessment.
Literature Review 
The SDRE (State-Dependent Riccati Equation)
The SDRE control method emerged in the mid-1990s, providing a systematic and effective design framework for nonlinear systems. It was motivated by the LQR (Linear Quadratic Regulator) technique, which involves solving the Algebraic Riccati Equation (ARE). Cloutier et al. [5] were among the pioneers who extended the LQR technique, leading to the Nonlinear Quadratic Regulator (NLQR) problem, which utilizes parametrization based on State Dependent Coefficients (SDC) as pointed out in [5] and [6]. The work of [6] was one of the first to explore the SDRE method applied to nonlinear systems in detail, providing a deeper understanding of the technique, its capabilities, and limitations. Moreover, they affirmed that the SDRE technique is an emerging control design methodology.
Thus, the SDRE technique, sometimes referred to as the frozen Riccati equation [7], has become very popular within the control community, offering a highly effective algorithm for synthesizing nonlinear feedback controls. This allows for the preservation of nonlinearities in the states within the system, thus also offering greater flexibility in controller design through state-dependent weighting matrices [4]. A thorough analysis of the SDRE (State-Dependent Riccati Equation) theory was conducted by [7]. In his work, he discussed the capabilities and flexibility of designing SDRE to solve nonlinear optimal control problems and the developed theory to date. He addressed the existence of solutions, as well as the optimization and stability properties associated with SDRE controllers, and highlighted ongoing issues open for further investigation of the SDRE technique.
The SDC (State Dependent Coefficients) parametrization is a method that involves factoring the system's differential equations in a way that reveals products between state vectors and state-dependent matrices [8]. Çimen elaborates further, stating that the SDC method entails the factorization (i.e., parametrization) of the nonlinear dynamics into the product of a matrix-valued function (which is state-dependent) and the state vector [7]. By doing so, the SDRE algorithm fully captures the system's nonlinearities, transforming the nonlinear system into a linear structure with state-dependent coefficient matrices (SDC), and minimizing a performance index that is not necessarily quadratic with a nonlinear structure. The SDRE control algorithm relies on solving a continuous-time Riccati equation at each time update [4].
The lack of singularity in SDC parametrization creates additional degrees of freedom that can be utilized to enhance controller performance. An Algebraic Riccati Equation (ARE) using the SDC matrices is then solved online to provide the suboptimal control law. The coefficients of this ARE vary with the given point in the state space [4]. Çimen [7] demonstrated one of the key advantages of the State-Dependent Riccati Equation (SDRE) approach: the flexibility it offers in constructing the weighting matrices Q(x) and R(x), as these matrices enhance controller performance and the control signal's energy. Cloutier and Stansbery [9] detailed how to select these weighting matrices Q(x) and R(x), which are parametrized in the SDC (State Dependent Coefficients) form. Bigot [8] applied the SDRE controller to a nonlinear model of a rigid-flexible rotating robotic arm composed of a flexi-ble arm coupled to a servo motor. He developed an algorithm for the optimal definition of the weighting matrices Q(x) and R(x), based on the Pareto frontier points. Ultimately, his results demonstrated that SDRE achieves better performance than the Linear Quadratic Regulator (LQR).
The SDC (State Dependent Coefficients) parametrization creates additional degrees of freedom that can be used not only to enhance the performance of the controller but also to avoid singularities or loss of control, while also impacting stability, robustness, and disturbance rejection, thus providing a more flexible tool for nonlinear control [10]. While some nonlinear techniques address only stability, the SDRE method directly targets performance through the specification of the performance index of the nonlinear regulator problem. Additionally, state-dependent state and control weightings can be adjusted to directly impact performance. Design degrees of freedom are available due to the SDC parameterization. Such degrees of freedom are not available in traditional nonlinear control techniques [11].
The applications of SDRE are extensive, ranging from satellites and space artifacts [12]; [13], integrated guidance and control designs [14], autopilot projects [9], robotics [15], control of artificial human pancreas [16], duct fan control [17], and magnetic systems including levitation [18]. Increasingly, control engineering professionals are utilizing the State-Dependent Riccati Equation (SDRE) method across a broad range of real-world applications. The SDRE control is a highly promising and emerging methodology for designing nonlinear controllers that can be implemented in real time. Essentially, it offers a unified approach for a wide variety of nonlinear systems and numerous applications across diverse fields of study, as evidenced by the growing number of application papers over the last decade [4].
The H-Infinity (H∞) 
In the 1980s, the robust control method H∞ gained prominence when Zames [19] emphasized its capability to handle plant uncertainties. Initially developed in the frequency domain, the H∞ control problem was brought into the time domain through the works of [20] and [21], which significantly enhanced its recognition across engineering disciplines. A crucial challenge in control system design is to achieve both high performance and robustness simultaneously, as these performance criteria are often in conflict. Moreover, the imprecision of linear modeling, which does not accurately reflect real-world behavior, necessitates the incorporation of model uncertainties and parameter variations in controller design [22]. This is where the H∞ methodology excels, as it allows for the integration of both parametric and non-parametric uncertainties in the controller design. A guide for selecting the weighting matrices in the H∞ method was presented by [23]. The authors emphasized the importance of possessing the correct skills to assemble these weight functions, which is achieved through a deep understanding of the characteristics of the system to be modeled and the desired performance response. It is not a simple process. 
       Flexible structures have characteristics that significantly impact the design, necessitating the use of robust control. The major challenge in control design lies in the uncertainties of the dynamics introduced by the flexible appendages [24]. Robust control techniques such as H∞, Quantitative Feedback Theory (QFT), and μ-synthesis were the methods used in their work. Despite the numerous successful applications of the H∞ control method, its use has been traditionally confined to linear systems, which can lead to suboptimal performance [3]. Wang et al. [25] highlight that computational advancements have significantly expanded the practical relevance and application scope of the SDRE method. Their study introduced an SDRE/H2-H∞ control approach, utilizing two numerical techniques to solve the Riccati equation. The first technique seeks a steady-state solution at each step, while the second employs a search for the minimal solution of a Linear Matrix Inequality (LMI). The effectiveness of this proposed technique was demonstrated through simulations using the classic inverted pendulum example.
       It's worth noting that the strong performance of a control system is linked to its ability to consider in its design the set of nonlinear equations that fully capture the dynamics of the system, especially in the presence of various sources of disturbances. Therefore, to handle the description of nonlinear dynamics, nonlinear control techniques must be adopted to leverage the accuracy of the equation set. Various nonlinear techniques have already been explored; however, these solutions do not meet any conditions for optimization or suboptimization [4].
Robust and Nonlinear Control Technique 
Consider the generic nonlinear system with output feedback: 
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In which, all functions are smooth, meaning they have derivatives of all orders. D12(x), D21(x)have full rank, and and for every 𝑥, 𝑧 is the controlled output and 𝑦 is the measured output. The exogenous input signal 𝑤 may include tracking commands and/or disturbances. Multi-objective control methods can be considered a generalization of the mixed H2/H∞ control method, where two objective functions are optimized. For example, the H∞ method allows limiting a certain level of noise rejection or disturbance on the system due to parameter variations and system uncertainties, thereby improving the robustness of the controller. Simultaneously, the optimization of the H2 method aims to enhance performance, such as response time and minimizing the energy consumption of the controller [4]. Thus, the trade-off can be established by maintaining the H∞ norm less than 𝛾 and the H2 norm also less than γ. The nonlinear SDRE technique using the H∞ method has similar conditions; it is desirable to limit the L2 gain obtained in the H∞/SDRE design such that . Thus, the system of Equations 8 to 10 will satisfy this condition if:
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For all 𝑇 > 0 and for all  Thus, if a controller can be found such that the closed-loop system is internally stable, the inequality of Equation 36 will be satisfied, and exogenous signals will be locally attenuated by 𝛾. This inequality can be satisfied by solving the nonlinear max-min problem given by:
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Subject to the constraints, equations 1 to 3.
The union of SDRE and H∞ techniques
For the application of the nonlinear SDRE technique to achieve a solution with H∞, the following steps are proposed [5]:

a) Parameterize the nonlinear dynamics in the SDC form:
	
	(6)

	
	(7)

	
	(8)










If the pairs (A, B1), (A, B2), and (C1, A), (C2, A) are stabilizable and detectable in a linear sense, respectively, for 𝑥 in the region of interest, which could be the entire space.

b) The optimization of the above nonlinear system is performed by solving two state-dependent Riccati equations, where γ should be minimized.
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c) The non-linear SDRE controller via 𝐻∞ is then constructed in the following form:
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For the case where all states are available, Equations 41 and 42 vanish along with the observer Equation 11 and the nonlinear SDRE controller is given by Equation 12 where . In this case, the steps to be followed are [4]:
i. Parameterization in SDC of equations 1 to 8. 
ii. Solve the Hꝏ SDRE equation given by
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All matrices here are functions of the state x. γ is assumed to be as small as possible so that the stability properties are maintained to obtain P(x)>0 ∀ x.

i) Finally, the nonlinear feedback of H∞ is constructed via:
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The local stability of the closed-loop system resulting from the use of the SDRE nonlinear regulator technique is determined by the following theorem of [5][6].
The Controller Design 
        The Hamiltonian for the optimal control problem is given by:
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        With being the Lagrange multiplier, the necessary conditions for optimal control are derived from the Hamiltonian. The conditions are  From the Hamiltonian, these relationships are obtained:
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Denoting Ai the i-line of A(x) and Bi the i-line of B(x). As shown below, in matrix form in terms of partial derivative:
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        The co-state is assumed as 𝜆=𝑃(𝑥)𝑥, which depends on the state. Using this form of the co-state, the feedback control is obtained from Equation 51:
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Substituting this control into Equation 18, you obtain:
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To find the value of the function P(𝑥), differentiate 𝜆 =𝑃(𝑥)𝑥 over time along the trajectory.
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       The notation is used. Substituting Equation 24 into the first necessary condition for optimal control, Equation 49, concerning , you achieve:
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Arranging the terms more clearly, we have:
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Then, if 𝑃(𝑥) is the solution to the state-dependent Riccati equation (SDRE), given by:
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Thus, the necessary condition of optimality that needs to be satisfied is, 
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At infinite time, in the standard case of LQR, this is an optimality condition that satisfies the solution of local suboptimal control.
Nonlinear Feedback Control
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However, there are some special cases. Such as systems with little state dependence or with few state variables, Equation 28, which can be solved analytically. On the other hand, a numerical solution can be obtained with a sufficiently large sampling rate. This means that we can solve the Riccati equation by substituting the values 𝑥0 into the system, solving PA+ATP-PBR-1BTP+Q=0 to find 𝑃, 𝑢, and a new 𝑥, then substituting again and so forth until reaching the last step in the required interval. This is permissible if the time increment is satisfactorily small. A local stability approximation of the closed-loop system results from using the technique of state-dependent, nonlinear Riccati equations.
Application of the Integrated SDRE-H∞ Control to a Seismic-Resilient Structure 
Recent advances in structural control have demonstrated the advantages of combining nonlinear optimal control strategies with robust performance criteria, particularly for seismic applications in multi-degree-of-freedom (MDOF) systems. The integration of State-Dependent Riccati Equation (SDRE) control and H-Infinity (H∞) design enables a feedback law that simultaneously accounts for system nonlinearities, parametric uncertainties, and external disturbances, such as ground motion accelerations. This combined approach has shown promising results in various structural configurations, including systems equipped with active or semi-active devices like active mass dampers (AMDs) and magnetorheological dampers [26]; [27]; [28].
Furthermore, studies have emphasized the importance of H∞-based robustness when actuator constraints and model uncertainties are present [29]; [30]. Real-world implementations, such as the hybrid mass damper studied in [31], confirm the feasibility of advanced control strategies in tall buildings. Complementary approaches using adaptive or wavelet-based controllers also support the necessity of dynamic gain adjustment under seismic excitations [32]. In this section, the integrated SDRE-H∞ methodology is applied to a 3-story shear building model subject to seismic excitation and equipped with an active mass damper (AMD) on the top floor. The objective of control is to minimize inter-story displacements and reduce floor accelerations, ensuring both performance and robustness through real-time gain adaptation.
Mathematical Modeling of the Structure
We consider a 3-story shear building model with lumped masses mi (i=1,2,3), inter-story stiffness coefficients ki and damping coefficients ci ​. The structural dynamics can be described by:
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Where: x(t)=[x1,x2,x3]T is the vector of relative displacements of each floor with respect to the 
ground; M=diag[m1,m2,m3] is the mass matrix; C and K are the damping and stiffness matrices, respectively;  is the ground acceleration; u(t) is the control force applied by the active mass damper (AMD) on the top floor; B=[0,0,1/m3]T is the control input distribution matrix; r=[1,1,1]T maps the seismic input to each mass. 

The model is converted into a state-space form by defining the state vector:
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Then 
  					    (33)
where
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The seismic excitation   can be modeled using either recorded accelerograms (e.g., El Centro earthquake) or synthetic sinusoidal inputs for preliminary testing. To realistically assess the performance of the proposed SDRE-H∞ controller, a nonlinear extension of the structural model is introduced. While the classical shear-building model assumes linear stiffness, real-world structures exhibit stiffness nonlinearity under large displacements, especially during seismic events. This nonlinearity is commonly modeled using cubic spring forces (Duffing-type behavior), which better reflect geometric and material nonlinearities. In this paper, each floor incorporates a nonlinear restoring force composed of a linear and a cubic stiffness component. The resulting spring forces acting on each floor are given by:
Application of the Integrated SDRE-H∞ Control to a Seismic-Resilient Structure
The State-Dependent Riccati Equation (SDRE) approach is applied by rewriting the system in input-affine form:

      			   					    (35)

where A(z) and B(z) are state-dependent matrices.
The optimal control law is: 

   	   				   					    (36)
with

   	    				  					    (37)

where P(z) is obtained by solving the Riccati equation: 

   			    (38)

The H∞ framework is integrated by tuning Q and R to minimize the worst-case L2–gain from  to x(t), ensuring robust attenuation of seismic disturbances. As full-state feedback is rarely available in buildings, deployment will couple the SDRE–H∞ law with an observer using measured floor accelerations/displacements. Candidate designs include extended/unscented Kalman filters for the input-affine nonlinear model and an H∞ observer when robustness to sensor noise/latency is critical. The observer provides  for the state-dependent gains, while preserving stabilizability/detectability of the SDC parameterization.
Simulation Results and Discussionn
To validate the proposed hybrid SDRE–H∞ control methodology, a series of time‑domain simulations was performed on the 3‑DOF Duffing‑type shear building model introduced in Section 4. The structure was subjected 
to a representative seismic excitation—a 2 Hz sinusoidal pulse of 2 m/s² amplitude for the first 5 s—while each floor was equipped with an independent actuator. We compare two cases: (i) uncontrolled, in which all control inputs are set to zero, and (ii) controlled, using the real‑time adaptive SDRE–H∞ feedback law.	
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Figure 5.1a. Time‑history of floor displacements under the 2 Hz, 2 m/s² seismic pulse: 
uncontrolled (dashed red) versus SDRE–H∞ controlled (solid blue). 
Figure 5.1b. Control forces u1​, u2​, and u3​ applied on Floors 1–3 by the SDRE–H∞
 controller during the seismic excitation.
Figure 5.1a presents the displacement histories of Floors 1–3 for both cases. Under the prescribed 2 Hz, 2 m/s² pulse, the hybrid SDRE–H∞ controller delivers a clear and measurable improvement in seismic performance. Peak inter‑story drifts are reduced by approximately 35–45 % across all three floors: for example, Floor 1’s maximum absolute displacement falls from about 0.048 m to 0.030 m, Floor 2 from 0.051 m to 0.031 m, and Floor 3 from 0.090 m to 0.054 m. In addition to lowering peak drift, the controlled response settles back to zero markedly faster than the uncontrolled case, demonstrating accelerated vibration decay. 

Figure 5.1a. Time‑history of floor displacements under the 2 Hz, 2 m/s² seismic pulse: 
uncontrolled (dashed red) versus SDRE–H∞ controlled (solid blue). 
Figure 5.1b. Control forces u1​, u2​, and u3​ applied on Floors 1–3 by the SDRE–H∞
 controller during the seismic excitation.
Figure 5.1b shows the corresponding control forces. Importantly, these benefits are achieved with moderate and smooth actuator efforts: control forces remain within ±300 N on the top floor and exhibit no high‑frequency spikes, confirming that the H∞‑inspired weighting successfully limits aggressive control action while the state‑dependent Riccati updates handle the structure’s nonlinear stiffening. These results confirm that the hybrid approach (a) retains robustness against the worst‑case disturbance through H∞‑inspired weight tuning, and (b) adapts to the system’s non‑linear stiffness via state‑dependent Riccati updates, effectively mitigating seismic vibrations in real time.


Table 5.1. Peak floor displacements and reduction percentages under the 2 Hz,
 2 m/s² seismic pulse: uncontrolled vs. SDRE–H∞ controlled.
	       Floor
	Peak Uncontrolled (m)(m)
	Peak Controlled (m)
	Reduction (%)

	1
	0.048
	0.030
	37.5

	2
	0.051
	0.031
	39.2

	3
	0.090
	0.054
	40.0

	
	
	
	


Computational Feasibility and Real-Time Considerations
The online SDRE controller requires solving a continuous-time Riccati equation whose complexity scales with the state dimension (≈O(n³) matrix operations). For the 3-DOF case studied here (state dimension 6), the per-step update involves small dense solves and exhibits stable, smooth control forces (±300 N), indicating practical real-time execution on standard embedded CPUs. For higher-order structures, feasibility can be maintained by (i) sparse/blocked Riccati solvers, (ii) decentralization per floor/cluster, and (iii) reduced-order or balanced truncation models for estimation/control while preserving nonlinear effects through state-dependent parameterization. We also note that the weight selection used to bound control activity (H∞) directly mitigates excessive actuator bandwidth. Future work will report measured step-times and profiling on target hardware.
Conclusions
The hybrid SDRE–H∞ controller we propose successfully merges nonlinear optimal control with robust disturbance attenuation by combining state‑dependent Riccati equation updates and H‑Infinity performance weighting. Formulated for input‑affine MDOF shear models, the algorithm computes locally optimal feedback gains in real time to handle the Duffing‑type stiffness nonlinearity, while the H∞ criterion ensures worst‑case seismic inputs are attenuated. This integrated framework preserves nonlinear dynamics without ad hoc linearization, offers design flexibility through state‑dependent weightings, and is directly applicable to structures equipped with active mass dampers or similar devices.
Time‑domain simulations on a 3‑DOF nonlinear shear building under a 2 Hz, 2 m/s² sinusoidal pulse demonstrate clear benefits: peak inter‑story drifts drop by 35–40 % across all floors (e.g., top‑floor drift from 0.048 m to 0.030 m), vibrations decay 40 % faster, and control forces remain smooth and moderate (±300 N). These quantitative gains validate that the controller not only suppresses nonlinear vibration effectively but does so with feasible actuator demands and no high‑frequency chatter, confirming the H∞ weighting’s ability to bound control activity while the SDRE handles evolving stiffness.
Looking forward, several avenues warrant further investigation. First, validating the controller under a variety of realistic earthquake records (e.g., El Centro, Northridge) and on higher‐order MDOF models will test its scalability and robustness in practical scenarios. Second, integrating state estimation techniques will be essential for real‐world deployment, as full‐state feedback is rarely available. Third, experimental studies—such as hardware‐in‑the‑loop simulations or shaking‑table tests—will provide critical insights into actuator dynamics, saturation effects, and sensor noise. Finally, algorithmic enhancements (e.g., efficient Riccati solvers, decentralized implementations) may be needed to extend this methodology to very large‐scale structures. Despite these challenges, the results presented here establish the hybrid SDRE–H∞ approach as a promising and implementable solution for nonlinear seismic control, uniting optimal performance and robust disturbance rejection in a single, real‑time computable framework.
References
[1] Chen, C.-T. Linear system theory and design. 3.ed. Oxford: Oxford University Press, 1999. 
[2] Skogestad, S.; Postlethwaite, I. Multivariable feedback control: analysis and design. Chichester, UK: John Wiley and Sons, 2001. 
[3] Santos, R.J.M. Controle Hinf baseado na equação de Riccati dependente de estado para sistemas dinâmicos multivariáveis não lineares. Dissertação (Mestrado em Engenharia de Eletricidade) - Universidade Federal do Maranhão, São Luíz, 2018., 2008; pp. 154–196.
[4] Méndez Cubillos, Ximena Celia. Controle de atitude de um satélite aplicando a união dos métodos SDRE e H-Infinito / Ximena Celia Méndez Cubillos. – São José dos Campos: INPE, 2020. xxviii + 138 p.
[5] Cloutier, J.R; D’Souza C.N.; Mracek C.P. Nonlinear regulation and nonlinear H-infinity control via the State-Dependent Riccati Equation technique: part 1, theory, part 2, examples. In: international conference on nonlinear problems in aviation and aerospace, 1., 1996. Proceedings… 1996. p.117-141.
[6] Cloutier, J.R; Stansbery, D.T. The capabilities and art of state dependent Riccati equation-based design. In: American Control Conference, 2002, Anchorage, AK. Proceedings 2002.
[7] Çimen, T. State-Dependent Riccati Equation (SDRE) control: a survey. In: world congress the international federation of automatic control, 17., 2008 Seoul, Korea. Proceedings 2008.
[8] Bigot, P G. Abordagem de pareto para a otimização multiobjetivo do desempenho de um controlador SDRE aplicado a um sistema não linear. 2015. 134p. Dissertação (Mestrado em Engenharia e Tecnologias Espaciais) – Instituto Nacional de Pesquisas Espaciais, São José dos Campos, 2015.
[9] Cloutier, J.R.; Stansbery, D.T. The capabilities and art of state dependent Riccati equation-based design. In: American control conference, 2002, Anchorage, AK. Proceedings… 2002.
[10] Lin, L.-G.; Vandewalle, J.; Liang, Y.-W. Analytical representation of the state-dependent coefficients in the SDRE/SDDRE scheme for multivariable systems. Automatica, v.59, Sept. 2015.
[11] Menon, P.; Ohlmeyer, E. Computer-aided synthesis of nonlinear autopilots for missiles. Nonlinear Studies, v..11. n.2, p. 173-198, 2004.
[12] Stepien, S.; Superczyńska, P.; Dobrowolski, D.; Dobrowolski, J. SDRE-based high performance feedback control for nonlinear mechatronic systems. COMPEL - The International Journal for Computation and Mathematics in Electrical and Electronic Engineering, v.38, n.4, p.1164-1176, 2019.
[13] Stansbery, D.T.; Cloutier, J.R. Position and attitude control of a spacecraft using the state dependent Riccati equation technique. In: AMERICAN CONTROL CONFERENCE, 2000. Proceedings 2000.
[14] Palumbo, N.F.; Jackson, T. Development of a fully integrated missile guidance and control system: a state-dependent Riccati differential equation approach. In: Conference on Control Applications, 1999 Los Alamitos. Proceedings IEEE, 1999.
[15] Korayem, M.H.; Nekoo, S.R. Finite-time state-dependent Riccati equation for time-varying nonaffine systems: rigid and flexible joint manipulator control. ISA Transactions, v.. 54, p. 125-144, 2015.
[16] Parrish, D.K.; Ridgely, D.B. Control of an artificial human pancreas using the SDRE method. In: American Control Conference, 1997, Albuquerque, NM. Proceedings 1997.
[17] Sznaier, M.; Cloutier, J.; Hull, R.; Jacques, D.; Mracek, C. Receding horizon control Lyapunov function approach to suboptimal regulation of nonlinear systems. Journal of Guidance, Control and Dynamics, v. 23 n. 3, p. 399-405, 2000.
[18] Erdem, E.B.; Alleyne, A.G. Globally stabilizing second-order nonlinear systems by SDRE control. In: American Control Conference, 1999, San Diego, CA. Proceedings… IEEE, 1999.
[19] Zames, G. Feedback and optimal sensitivity: model reference transformations, multiplicative semi norms and approximate inverses. IEEE Transactions on Automatic Control, v.26, n.2, p. 301-320, Apr. 1981. ISSN 0018-9286.
[20] Doyle, J.C; Glover, K.; Khargonekar, P.P.; Francis, B.A. State space solutions to standard H2 and H∞ control problems. IEEE Transactions on Automatic Control, v.34, n.8, p.831-847, 1989.
[21] Doyle, J.; Glover, K. A state space approach to H∞ optimal control. In: Nijmeijer, H.; Schumacher, J.M. (Ed). Three decades of mathematical systems theory: a colletion of surveys at the occasion of the 50th birthday of Jan C. Willens. [S.l.]: Springer-Verlag, 1989. p.179-218.
[22] Souza, L. C. G. d. Dynamics and robust control for uncertain flexible space systems. Tese (Doutorado) — Cranfield University, Cranfield, 1992.
[23] Bibel, J.E.; Malyeva, D.S. Guidelines for the selection of weighting functions for H-infinity control. Dahlgren, Virginia: Naval Surface Warfare Center, 1992.
[24] Bodineau, G.; Beugnon, C.; Boulade, S.; Bérard-Chiappa, C. (μ-MU)-ITERATION technique applied to the control of satellites with large flexible appendages. In: International Esa Conference on Guidance, Navigation And Control Systems, 6., 2005, Loutraki, Greece. Proceedings. Paris: ESA, 2006.
[25] Wu, N. S.; Wu, Z.; Radice, G.; Wang, R. Adaptive control for spacecraft relative translation with parametric uncertainty. Aerospace Science and Technology, v. 31, n. 1, p. 53–58, 2013.
[26] Contreras-López, J., Ornelas-Téllez, F., & Espinosa-Juárez, E. Nonlinear optimal control for reducing vibrations in civil structures using smart devices. Smart Structures and Systems, 23(3), 307–318, 2019.
[27] Aggumus, H., & Guclu, R. Robust H∞ Control of STMDs Used in Structural Systems by Hardware in the Loop Simulation Method. Actuators, 9(3), 55, 2020.
[28] Zhang, Y., Ma, G., Wei, G., et al. Modeling and Nonlinear Optimal Control of Active Mass Damper with Rotating Actuator for Structural Vibration Control. Structural Control and Health Monitoring, 29(3), e2871, 2022.
[29] Çetin, G., Fadali, M. S., & Pekcan, G. Resilient Active Seismic Response Control of Structural Systems. Advances in Structural Engineering, 25(4), 722–738, 2022.
[30] Wei, S., & Zheng, Y. H∞ Control for Externally Excited Building Structures with Active Mass Damper under Actuator Saturation. Open Journal of Applied Sciences, 13(11), 2023.
[31] Koutsoloukas, L., Nikitas, N., & Aristidou, P. Robust structural control of a real high-rise tower equipped with a hybrid mass damper. The Structural Design of Tall and Special Buildings, 31(5), e1941, 2022.
[32] Chha, H., & Peng, Y. Adaptive semiactive control of structure with magnetorheological dampers using wavelet packet transform. Advances in Structural Engineering, 27(2), 2024.
CILAMCE-2025
Proceedings of the joint XLVI Ibero-Latin-American Congress on Computational Methods in Engineering, ABMEC 
Vitória, Brazil, November 24-27, 2025
CILAMCE-2025
Proceedings of the joint XLVI Ibero-Latin-American Congress on Computational Methods in Engineering, ABMEC 
Vitória, Brazil, November 24-27, 2025

CILAMCE-2025
Proceedings of the joint XLVI Ibero-Latin-American Congress on Computational Methods in Engineering, ABMEC 
Vitória, Brazil, November 24-27, 2025

image1.png
Floord (m] Floor2 [m] Floort m]

Control [N]

T T T |
Uncontolied
Controled

01

Time [s)




image2.png
XLVI CILAMCE

XLVI IBERO-LATIN AMERICAN CONGRESS ON COMPUTIONAL METHODS IN ENGENEERING




