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Abstract:

Earthquakes are known as one of the most important dangerous factors in the field of structural engineering. To
maintain public safety and reduce damage caused by earthquakes, structural engineers must design structures that can
withstand severe earthquakes using advanced technologies. One of the efficient tools in the field of testing the
resistance of structures against earthquakes is the use of an earthquake simulator table. In this paper, the stabilization
and control of the earthquake simulator has been investigated using the sliding mode controller and adaptive Uncented
Kalman filter. To adapt the Kalman filter without trace, the Tendrin Shib algorithm has been used. In the proposed
method, the states of the seismic table are estimated using accelerometer, encoder and camera, and then using the states
estimated by the adaptive Uncented Kalman filter, the sliding mode controller is used to stabilize and control the closed
loop system of the simulator table. The sliding mode controller tracks the reference input, removing external
disturbance and noise. The image processing approach has been used in online measurement of the displacement by the
camera. The performance of the proposed structure has been investigated under the simulation and earthquake table of
Arak University Research Center.
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1. Motivation of the work

The earthquake simulator table, which is known as the
earthquake table, is one of the most widely used
equipments in structural engineering. This table is used to
test the resistance of the structure against the earthquake
and to detect the sensitivity of the structure with different
heights to the frequency of ground movement [1]. Using
the seismic table, before the construction of the real
structure, the necessary tests are performed on the
designed model and the response of the structure is
checked in smaller dimensions. One of the things that is
considered in the construction of seismic tables is the
degree of adaptation of the displacement, speed and
acceleration simulated with the displacement, speed and
acceleration of the real earthquake. Today, the vibration
table is widely used in different sizes and applications all
over the world. The main goal of a control system is to
restore the input acceleration to the table. This input
acceleration may have been recorded during a real
earthquake, artificially derived from seismological
studies, or be a type of wave such as a sine wave and a
random wave. Due to the non-linear, unstable and
invisible structure of the seismic table, it is not possible
to directly feedback the acceleration and design of the
controller.

2. Contributions

In the proposed method to overcome the uncertainty of
the covariance matrices of system noise Q and
measurement noise R, a recursive adaptive method based
on the steepest slope is used. In this method, at the same
time as the estimation of the state, the covariances of R
and Q are modified in the form of recursive relations
from the comparison between the theoretical covariance
and the actual covariance related to the sequence of
invention with a certain logic. Using the modes estimated
by adaptive Kalman filter, the sliding mode controller is
used to stabilize and control the closed-loop system of
the simulator table. The main innovation of this paper
includes the following: (1) designing and implementing a
sliding mode controller on an earthquake simulator table
taking into account the existing disturbances and
uncertainties; (2) using a camera and image processing
method to measure displacement, as an innovation to
compensate for the shortcomings of encoder and
accelerometer sensors; (3) designing an adaptive Kalman
filter and using the steepest slope algorithm to adapt
noise covariances.

3. Procedures

In this article, the stabilization and control method of the
earthquake simulator has been investigated using the
sliding mode controller and adaptive Kalman filter. The
characteristic of the sliding mode controller is to be
resistant to unmodeled dynamics. It also keeps the system
stable against uncertainties and disturbing input. The
current controller is designed to control the speed of the

oy

earthquake. In the proposed method, after extracting the
dynamic equations of the earthquake simulator table, the
design of the adaptive Kalman filter to estimate the states
of the table is discussed. For this purpose, accelerometer
sensor, camera and linear encoder have been used.
Accelerometers are used to measure table surface
acceleration and table input acceleration, and encoders
are also used to measure table position and changes in its
position. The encoder sensor used in the seismic table,
despite its high accuracy, has a mechanical structure.
Therefore, it has problems such as depreciation over time
and high cost. In addition, since the encoder sensor is a
contact sensor, in some tests to check the behavior of the
structure due to the applied force, it leads to the
destruction of the structure and as a result, the use of
these sensors will be expensive. For this reason, in the
proposed method, the camera and image processing
technique are also used to measure displacement.

4. Findings

To evaluate the proposed method, its performance is
examined in simulation environment and laboratory
testing. In the simulation environment, the adaptive
Kalman filter's performance is assessed for estimating
table parameters and noise removal in both open-loop
and closed-loop configurations. The practical evaluation
of the proposed control structure is then conducted by
analyzing the results of implementation on a shaking
table, comparing the performance of the sliding mode
controller with the adaptive Kalman filter in the control
loop and without it, in tracking simulated earthquake
characteristics.

5. Conclusion

This article explores a method for seismic stabilization
and control using a sliding mode controller and an
adaptive Kalman filter. The fastest descent algorithm is
used to adapt the Kalman filter. In the proposed method,
earthquake shaking states are estimated using
accelerometers, encoders, and cameras, and then the
estimated states are used by the adaptive Kalman filter
and sliding mode controller to stabilize and control the
simulated shake table system. Additionally, an online
displacement measurement system based on image
processing is presented.

For earthquake shake table control, two experiments are
designed. In the first experiment, the sliding mode
controller uses the adaptive Kalman filter, while in the
second experiment, the sliding mode controller does not
use the adaptive Kalman filter. The results indicate that
the use of the sliding mode controller significantly
reduces the earthquake simulation error. This reduction is
more noticeable when the sliding mode controller is used
with the adaptive Kalman filter, as it effectively reduces
tracking errors for different seismic profiles. The
experimental results confirm the superiority of the
proposed control method compared to other approaches.
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