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1- Introduction

The rising demand for tall, flexible structures necessitates
advanced vibration control strategies to mitigate their
dynamic response to seismic loads. Among active control
mechanisms, the Active Tendon (AT) system has proven
to be a reliable solution. Model Predictive Control (MPC)
is an effective strategy for guiding this system, calculating
control forces by forecasting future structural states.
However, the performance of MPC is often compromised
by modeling uncertainties and measurement noise.

To address these challenges, this study proposes the
integration of MPC with the Kalman Filter (KF) and the
Steady-State Kalman Filter (SSKF). In this hybrid
framework, the KF delivers more precise state
estimations, which the MPC controller then uses to
compute the control forces. While the combined MPC-KF
approach typically entails high computational complexity,
employing the SSKF with its constant gain significantly
reduces the computational load, enabling faster real-time
implementation. This research comprehensively evaluates
and compares the performance of three control algorithms:
CMPC, MPC-KF, and MPC-SSKF for an 11-story shear
frame equipped with ATs under seismic excitation. The
comparison is based on key metrics, including efficiency
and time and memory complexity.

2- Methodology

The structural system investigated in this study consists of
an 11-story shear building equipped with active tendon
dampers installed at every story. The ATs are designed to
actively counteract structural vibrations induced by
dynamic excitations such as seismic ground motions,
thereby enhancing the overall stability and serviceability
of the structure. All numerical simulations are carried out
in the MATLAB. Three control algorithms i.e. Classical
Model Predictive Control (CMPC), Model Predictive
Control integrated with the Kalman Filter (MPC-KF), and
Model Predictive Control integrated with the Steady-State

Kalman Filter (MPC-SSKF) are implemented and
compared. The weighting matrices (Q and R), prediction
horizon (Np), and control horizon (Nc) are tuned through
an iterative trial-and-error procedure to achieve optimal
trade-offs between control accuracy, robustness, and
computational efficiency.

The governing equation of motion for the structure
subjected to ground acceleration is expressed as eq(1):

MEQ) + Cx(6) + Kx(t) = Byu(t) + Eyw(t) )

where M, C, and K denote the mass, damping, and
stiffness matrices, respectively.

The model-based control architecture and the
schematic configuration of the CMPC framework are
illustrated in Fig 1. The cost function of the CMPC is
defined as eq (2), while the optimal control signal, subject
to predefined constraints, is determined by eq (3).

J=QRs—Y)TQ(Rs —Y) + Au"RAu (2)
AU = (@TQ® + R)*@TQ(Rs — FZ(ky)) (3)

The Kalman Filter has been extensively recognized as
a fundamental estimation and prediction tool for dynamic
systems. In this study, the predictive capabilities of the KF
are integrated into the CMPC algorithm to enhance state
estimation accuracy and improve control robustness
against measurement noise and modeling uncertainties. In
the KF framework, the a priori (predicted) state vector is
computed according to eq (4), and the filter gain is updated
recursively using eq (5):

X = R + K (e — HeX)
= aposterioristateestimate

(4)

Ky = Py H{ (H Py Hf, + R,)™ (5)
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Fig. 1 (a) Schematic representation of the CMPC
framework; (b) block diagram of the model-based control
system.

From an implementation perspective, computational
efficiency and memory economy are critical. The Steady-
State Kalman Filter (SSKF) addresses these challenges by
employing a constant gain matrix, computed offline.
Although this approach may introduce a slight degradation
in estimation precision, it significantly reduces
computational complexity, facilitating real-time control
applications. The applicability of the SSKF assumes a
linear time-invariant (LTI) system and stationary process
and measurement noises, characterized by constant
covariance matrices. The predicted and updated state
vectors are then obtained using eq (6) and (7),
respectively.

R =& + Koo (v — HER)

= aposterioristateestimate (6)
Ko = (PoHT + M)(HP,HT + HM, + MTHT
+R)?! (7)

3- Results and Discussion

This study evaluates the effectiveness of the proposed
control schemes in mitigating seismic vibrations of shear
buildings under the Kocaeli and Loma Prieta earthquakes.
Weighting matrices (Q, R) and control/prediction horizons
(Nc, Np) were tuned via trial-and-error and kept constant
across all simulations for consistency. Results include top-
story displacement and control force time histories, along
with comparative tables of structural responses and
computational complexity (execution time and memory)
for MPC-KF and MPC-SSKF.

Fig. 1 presents the time histories of control force and
top-story displacement of the studied structure under the
Kocaeli earthquake. As illustrated, all 3 control strategies
significantly reduce the peak top-story displacement
compared to the uncontrolled case. Notably, the MPC-KF
and MPC-SSKF achieve more than 50% reduction in the

maximum displacement response, indicating a remarkable
improvement in predictive capability compared to the
CMPC. Moreover, the close agreement between the MPC-
KF and MPC-SSKF responses demonstrates that the
steady-state simplification has negligible influence on
control accuracy.
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Fig. 1 The time histories of (a) control force and (b) top-
story displacement of the studied structure under the
Kocaeli earthquake

To further assess the influence of the Kalman-based
estimators on enhancing MPC prediction, a detailed
guantitative comparison among the three control
algorithms was performed. The maximum values of top-
story displacement, velocity, acceleration, and control
force for both earthquake excitations are summarized in
Table 1 for uncontrolled and controlled cases. Simulation
results indicate that the CMPC algorithm achieved a
reduction of 38% in peak displacement under the Loma
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Prieta record and 64% in acceleration under the Kocaeli
record. In contrast, the MPC-KF and MPC-SSKF
algorithms  demonstrated  substantial ~ performance
enhancement, achieving reductions of 68% and 68%, and
73% and 72%, respectively. These results confirm the
positive contribution of Kalman filtering to the prediction
stage of the MPC framework. Furthermore, this
improvement was accompanied by a notable decrease in
control effort, with the MPC-KF and MPC-SSKF
requiring approximately 48% and 38% less control force
under the Kocaeli and Loma Prieta earthquakes,
respectively. Given the similar dynamic performance of
the MPC-KF and MPC-SSKF algorithms, their
computational efficiency was further compared in terms
of execution time and memory consumption, as reported
in Table 2. The comparison reveals the superior
performance of the SSKF in terms of computational speed
relative to the standard KF. Although the initial
computational requirements of both filters are nearly
identical, the SSKF demonstrates higher memory
efficiency in practice, owing to the elimination of iterative
updates of covariance matrices and gain factors.

Table 1. Maximum top-story responses and control
forces of the studied structure.

Method Parameter Kocaeli Lo_ma
Prieta
Displacement (m) | 0.0927 0.1234
Uncontrolled Acceleration 58114 11.7795
(m/s?)
Displacement (m) | 0.0691 0.0753
Acceleration
CMPC (m/s?) 2.2543 5.0940
Control Force
(kN) 450 500
Displacement (m) | 0.0294 0.0389
Acceleration
MPC-KE (m/s?) 1.5492 3.4124
Control Force
(kN) 230 310
Displacement (m) | 0.0300 0.0391
Acceleration
MPC-SSKE (m/s?) 1.5795 3.4292
Control Force
(kN) 230 310

Table 2. Computational time and memory complexity
for KF and SSKF.

: Time Memory
Algorithm Complexity Complexity
on®+m? 2 2
KF omn 4 mn?) 0(m* + m? + mn)
SSKF 0(n? +mn) O(n? +m” + mn)

Overall, the results demonstrate that integrating
Kalman-based estimation into the MPC framework
substantially enhances both control accuracy and
computational efficiency. In particular, MPC-SSKF
achieves performance comparable to MPC-KF while
significantly reducing computational demand.

4- Conclusion

This study examined the enhancement of predictive

performance and reduction of control effort in the CMPC

algorithm through the integration of Linear KF and SSKF.

The framework was applied to a shear building equipped

with active tendon dampers under two earthquake records.

The key findings are:

o MPC-SSKEF significantly improves prediction accuracy
while substantially reducing computational complexity.

e The required control force is reduced by up to 57%
compared with conventional MPC.

o MPC-SSKF achieves comparable performance to MPC-
KF while using approximately 105 fewer prediction
steps, demonstrating computational efficiency.

o With its lower computational demand and consistent
control performance, MPC-SSKF provides an efficient
solution for real-time seismic vibration control.

Overall, the results highlight the superior practical
applicability of MPC-SSKF over CMPC, underscoring its
potential for deployment in active control systems for
high-rise structures.
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Control of Structural Vibrations Using Improved Model Predictive Control with Kalman Filter

Morteza Ghorbani-ouri Amin Gholizad Mona Shoaei-parchin

Abstract Model Predictive Control (MPC) refers to a family of controllers that utilize a predicted model of the system
response in calculating control forces. The presence of uncertainties in equations and data acquisition networks is
inevitable in practical problems and can impair the system’s performance in predicting future behavior and computing
control forces accurately. To overcome this issue, a steady-state Kalman filter can be used to predict the response of
dynamic systems. However, its effectiveness in reducing computational complexity and decreasing the prediction horizon,
which is expected to improve control performance, has not yet been thoroughly investigated. In the present study, aiming
to reduce the prediction steps of the MPC, the dynamic vibrations of an eleven-story shear structure equipped with active
tendon dampers were controlled using a MPC algorithm combined with a steady-state linear Kalman filter. The results
indicate that the improved Model Predictive Controller with the steady-state Kalman filter, with fewer computational
steps (105 fewer computational steps), reduce the structural displacement response under the Kocaeli earthquake and
reduces control force magnitudes by up to 57% compared with the conventional Model Predictive Control algorithm.

Key words Active Tendon, Model Predictive Control, Prediction Horizon, Steady-State Kalman Filter, Vibration Control.
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