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Abstract—Shake table is one of the apparatus that aids in researches to generate techniques, structural developments, and strategies 
to prevent, prepare, and minimize an earthquake’s devastating effects. One important factor that should be considered in a shake 
table is the system dynamics due to control-structural interactions, which could either be linear or non-linear. To accurately model 
both has always been the challenge but becomes more plausible with the availability of faster hardware and computers and the 
continuous decrease in latency. Model Predictive Controller (MPC) is a type of controller extensively used in the industry that can be 
used on linear and non-linear systems. This study presents the design and simulation of an MPC for a uniaxial shake table intending 
to analyze the system’s behavior and accuracy. MATLAB Simulink was utilized to handle the simulation analysis of the controller. 
Different MPC parameters such as sample time, prediction horizon, control horizon, and closed-loop performance were manipulated 
and adjusted to observe their effects on the output of the system. A signal that mimics the actual earthquake data was inputted into 
the controller, and the system's behavior and outputs were measured and presented through graphical representations. To determine 
the accuracy of the system’s output, its relationship with the reference signal was compared. From the simulation produced, the 
system demonstrated high accuracy levels and could be adjusted depending on the set performance aggressiveness of the system. 
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I. INTRODUCTION 

An earthquake, defined by the Philippine Institute of 
Volcanology and Seismology (PHIVOLCS), is a “weak to 
violent shaking of the ground produced by the sudden 
movement of rock materials below the earth’s surface” [1]. 
Almost 90% of the world’s earthquake occurred at a 
“horseshoe-shaped” region or border, located at the Pacific 
Ocean, called the Ring of Fire, or the Circum-Pacific Belt [2]. 
Earthquakes, however, are randomly occurring events and are 
independent of one another [3]. The Philippines is one of the 
countries that lie along this border. Every day, PHIVOLCS 
can record earthquakes, but most are at low intensities [4], so 
they are unlikely to be felt by people [5]. But occasionally, 
earthquakes of high intensities could occur. Recently, the 
country has been stunned by news reports, which alerts 

everyone for a 7.2 magnitude earthquake that could happen 
anytime—a devastating event that could destroy almost half 
of the country’s buildings and could kill around 40,000 
people [6]. 

Earthquakes with high intensities and/or magnitudes, in 
general, are devastating. Because of this, different private and 
government institutions worldwide are conducting research to 
generate techniques, structural developments, and strategies 
to prevent, prepare, and minimize, for such effects. One 
apparatus that aids in this kind of researches are shake tables. 

Shake tables, literally, are a table or platform that is 
constructed to simulate an earthquake and study its effects on 
objects, structures, and people. An earthquake's performance 
could be verified by simulating the shaking of the ground [7]. 
One of the first applications for shake tables is for the 
improvement of building structures. Because of this, 
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professionals and experts in this field were able to generate 
new standards, techniques, and tests, which ensures a 
building’s integrity [8]. With an excellent building structure, 
it should be able to withstand earthquakes at absolute 
magnitudes. The next factors to consider then are the objects, 
machines, and people inside the building. 

A good example of this is hospitals. Hospitals are full of 
equipment from oxygen tanks, storage cabinets, hospital beds, 
cutting tools, refrigerators, and many more, which are used to 
treat their patients. This equipment, however, are not all 
stationary or fixed around the hospital—prone to movement 
(sliding, falling, rolling, etc.). In an earthquake event, they 
could be considered potential threats that could endanger the 
lives of the patients. The importance of providing emphasis 
to the proper fixation and placement of such equipment 
around the hospital is highlighted during this scenario. This 
would require a study that analyzes the behavior of such 
equipment during an earthquake through an earthquake 
simulator capable of simulating earthquakes of different 
intensities, such as a shake table. 

One important factor that should be considered in a shake 
table is the system dynamics due to control-structural 
interactions. A system’s behavior could be linear or non-
linear. Conventional controls commonly control linear 
systems. During an earthquake, the shaking of the ground and 
certain objects or people exhibits a nonlinear behavior. It 
would be hard for conventional controls to model a system as 
it becomes highly nonlinear [9].  

Different controls such as PID controller, sliding mode 
control, minimal control synthesis, fuzzy-logic, and hybrids 
have been used to develop shake tables. Each controller 
provides its own share of advantages for a shake table’s 
control system but suffers from disadvantages such as 
performance, complexity, and other undesired complications 
that either is unique or common to each controller.  

Performance, accuracy, and adaptability are important 
factors that need to be considered when using or developing a 
control system. This research wanted to look for a controller 
that demonstrates potential along with these factors while still 
containing good features found on other controllers, which 
led to the usage of Model Predictive Control (MPC). 

MPC has already been around and used in the industry for 
about 30 years now but is commonly used in linear systems 
due to its demanding computational process. This, however, 
with the availability of faster hardware and computers, and 
the continuous decrease in latency, even computationally 
demanding control systems capable of accurately modeling 
both linear and non-linear systems, such as MPC, becomes 
highly practical. Because of this, the study aims to design and 
simulate, through MATLAB Simulink, a model predictive 
controller (MPC) for a seismic uniaxial shake table.  

II. MATERIAL AND METHOD 

A. Model Predictive Control 

MPC is a “feedback control algorithm that uses a model to 
make predictions about future outputs of a process” [10]. As 
shown in Figure 1, inside an MPC are the plant model and 
optimizer. The optimizer is the one that provides optimal 
control strategies, which makes the predictive plant outputs 
closer to the desired objective or reference. 

 
Fig. 1 A block model representation of MPC [11] 

 

The prediction horizon p is the length of time or the 
number of times steps the controller could see into the future. 
The time steps are denoted by the k, k+1, k+2, etc. The green 
line in the graph (see Fig. 2) is the reference—the desired 
objective. As the MPC investigates the future for p time steps, 
it uses the model to simulate the future outputs or path of the 
system. 

 

 
Fig. 2 Prediction horizon [11] 

 
For the optimizer to ensure that the predicted path comes 

closer to the reference or desired objective, through its 
control strategies, it minimizes the error e between the 
predicted path of the system and the reference (see Fig. 3). 
 

 
Fig. 3 The error between the reference and predicted path [11] 

 
To summarize, at every time step, the MPC calculates the 

optimal solutions or paths or control strategy that would 
make the system’s output come closer to the desired 
objective or reference, given a certain prediction horizon. 
However, going to the next time step, the prediction horizon 
also shifts, and the controller recalculates the optimal control 
strategy based on the future behavior of the system and 
reference that it could see and simulate. A more detailed 
explanation and examples of the concept of MPC can be 
viewed from MathWorks [12]. 

Since the 1980s, MPC has been used in the controls 
industry [10]. At first, due to its computationally demanding 
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optimization process, it was more commonly used for linear 
systems [13]. However, with the computing power of 
microprocessors significantly increasing, its use has spread to 
other fields [10] and it is becoming feasible to run even in 
nonlinear systems [13]. 

Its major advantages lie on its multi-input multi-output 
(MIMO) control ability, constraints handling, and the 
capability to preview the future. MPC is a multivariable 
controller which can guide the outputs while considering the 
interactions of all the system’s variables. Even though this 
feature has not been utilized yet in the simulation, upon the 
integration of the controls to the actual hardware, additional 
variables and constraints could arise, making good use of 
such features. 

Talking about constraints, with MPC, any limitations on 
the values of the inputs and the outputs could easily be 
applied. With earthquakes being a nonlinear and inconsistent 
system, the capability of MPC to investigate the future and 
adjust its control strategy based on what it saw, improves its 
overall performance of the controller. 

B. MPC Design 

To properly design the MPC, it is important to identify the 
parameters, e.g., controller sample time, prediction and 
control horizons, weights, and constraints, that could affect 
the complexity of the controller’s algorithm and its 
performance. These parameters are present when using MPC. 

 

 
Fig. 4 A graphical representation of MPC [14] 

 
The sample time is the rate at which the controller 

executes the control algorithm. A small sample time means 
the control system can react faster to changes, but its 
computational load will be very heavy. On the other hand, 
too big of a sample time makes the controller less reactive to 
changes and disturbances. It was recommended that the 
sample time should be around 1/10 to 1/20 of the open-loop 
system response rise time [15]. 

For the prediction horizon, it is recommended that it could 
cover 20 to 30 samples of the open-loop transient system 
response [15]. Too short of a prediction horizon makes the 
system to react late on changes while too long would 
generate a lot of wasted computations. 

Meanwhile, the control horizon is the number of time steps 
where the controller could execute control actions. If the 
control horizon is too small, the computations would also be 
fewer, but it might also mean a suboptimal maneuver. On the 
contrary, too big of a control horizon value increases its 

computational complexity. The recommendation has it 
around 10% to 20% of the prediction horizon, with a 
minimum of 2-3 steps [15]. 

For the constraints, it is recommended that the outputs be 
set as soft, and the input and outputs, at the same time, should 
not be both sets as hard constraints [15]. It should be noted 
that the weights are relative to whatever is more important 
among the inputs and the outputs based on what is needed in 
the study or operation. 

C. MPC Simulation 

The simulation of the MPC was done through MATLAB 
Simulink. It is a simulation and model-based design 
environment offered by MATLAB to implement system 
models or designs without the need for coding them one by 
one. For this study, the generated simulation MPC block 
model is shown in the figure above (see Fig. 5). 
 

 
Fig. 5 Simulink MPC simulation block diagram 

 
The model is composed of four parts, the signal builder, 

which generates the reference signals, the MPC controller, 
the plant transfer function, and the scope, which provided the 
graphical representations for the simulation. 

In the actual data (see Fig. 6), the ground’s acceleration 
(cm/s2), in three different axes, namely east-to-west (EW), 
north-to-south (NS), and up-to-down (UD), were recorded at 
intervals of 0.01s. Since the study is limited only to a uniaxial 
shake table, only one of either the EW or NS data column 
could be used. 

 

 
Fig. 6 Actual earthquake data in Surigao (PHIVOLCS data) 
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As of the current data set, however, it shows less varied 
data, which could still be used to show a more varied 
reference. The signal builder was used to generate a simple 
noise signal in a 2s period. In this case, a sample Gaussian 
noise was generated, as shown in Figure 7.  
 

  
Fig. 7 Signal builder 

 
Any earthquake data could be used for the system, but to 

highlight how effective the model is, a more random or 
nonlinear reference was applied. This is to demonstrate and 
used the concept of dynamics to at least mimic somehow the 
earthquake events. 

As showcase in Figure 8 for the MPC designer block, both 
the parameters and the characteristics of the MPC were set. 
In this case, the sample time was set to 0.01s, the prediction 
horizon at 10, the control horizon at 2, and the performance 
of the MPC was balanced between robust and aggressive. 
Meanwhile, the state estimation was set to the middle. 
 

  
Fig. 8 MPC Designer 

 
For the MATLAB simulation, the transfer function used in 

the experiment is 1/(s+1). Upon integration with the actual 
shake table, however, the transfer function of the shake table 
itself should be derived first and used. Through the 
MATLAB scope, as depicted in Figure 9, a graphical 
comparison between the reference signal and the output path 
of the system can be observed. In its current settings, the 
proposed system with the application of MPC was able to 
track the given reference signal, which is the actual 
earthquake data. 

 

  
Fig. 9. Graphical comparison of the reference and the system’s output. 

III.  RESULTS AND DISCUSSION 

A. Model Analysis 

Different MPC parameters such as sample time, prediction 
horizon, control horizon, and closed-loop performance were 
manipulated and adjusted to observe their effects to the 
output of the system. This process could be similar or 
analogous to the tuning process conducted for a conventional 
PID control. 

Based on the results, manipulating the prediction horizon 
and the control horizon did not show any significant changes 
to the system’s output. This could be because the system used 
is not that complex. However, once the system gets more 
complicated, the two parameters will generate a significant 
impact on the system. On the other hand, manipulating the 
sample time and the MPC’s close-loop performance gave 
significant changes to the system’s output. 

As observed in Figure 10, with the constant prediction 
horizon set at 10, the control horizon at 2, and the MPC 
performance is balanced between robust and aggressive, the 
sample time was varied into 0.001s, 0.01s, and 0.1s. It is very 
important to consider that the signal produced or generated 
by the signal builder is at an interval of 0.01s to mimic the 
actual earthquake data. 
 

    
Fig. 10. Sample time (in s) at 0.001 (left), 0.01 (middle) and 0.1 (right) 
 
Among the three different variations used for the sample 

time, setting the time at 0.001s, provided an output closest to 
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the reference while the sample time at 0.1s, provided the 
farthest. For the 0.001s sample time, such setup requires a 
very fast computing power from the hardware. For the 0.1s 
sample time on the other hand, the controller had a more 
considerable sample time than the 0.01s signal interval of the 
reference. This caused a delay in the response of the system 
as it tries to close its path to the reference. 

Another parameter that gave a significant change in the 
output path of the system is the closed-loop performance of 
the MPC. Maintaining the initial values of the other 
parameters, the MPC performance can be varied from robust, 
semi-robust, balanced, semi-aggressive, and aggressive. 
Figure 11 illustrates the generated system outputs as the 
MPC’s close-loop performance was manipulated from robust 
to aggressive. 
 

   

   

  
Fig. 11 Robust (upper left), semi-robust (upper right), balanced (middle left), 
semi-aggressive (middle right), and aggressive (bottommost)  
 

As the system becomes more robust, the output of the 
system becomes less reactive, thus, having a path farther than 

the reference. On the contrary, as the system becomes more 
aggressive, the system becomes super reactive to a point 
where the output becomes nearly similar to the reference. 
This suggests that having an aggressive system would 
minimize the error between the reference and the system, the 
most. However, as the performance of the controller becomes 
more aggressive, it would require faster computational power 
from the hardware. Thus, the maximum controller 
performance is limited by the hardware being used.  

 

 
 

 
Fig. 12 Input and Output response. Robust (left) and Aggressive (Right) 
 
Furthermore, the performance is also limited by the input 

and output response, which could go to very high values, 
unattainable by the current system, when an aggressive 
performance is set. 

IV.  CONCLUSION 

In conclusion, the design and simulation of a model 
predictive controller for a uniaxial shake table was 
demonstrated successfully. The controller can show high 
levels of accuracy, depending on the set performance 
aggressiveness, when trying to follow the reference signal. 
This is favorable because it signifies that the system error 
between the actual intensity of the earthquake and the 
generated intensity based on the output of the system is small 
or minimized.  

To further the study, the researchers have the following 
recommendations: 

• The simulation results or MPC simulation be compared 
to other controllers by applying all to varying systems 
and compare the results, while maintaining similar 
hardware, software, and environment, for each 
controller, when testing on a similar system. 

1089



 

• The MPC be applied to a shake table and test its 
overall applicability and performance. 

• The MPC is subject to different scenarios or systems, 
considering different variations of its manipulated 
variables to identify its limitations and optimal 
performance. 
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