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1. Introduction

The idea of using active control for monitoring structural
oscillation was first introduced in 1972. Active control
methods try to reduce the amplitudes of oscillations by having
more influence on the dynamic characteristics of structure
when an external dynamic force occurs. In the structural active
control method, it is necessary for the control system to pick
up the status of displacements in the defined time steps. This
issue is important because the genetic algorithm by
monitoring these displacements is able to calculate the optimal
active control forces for each time step of the structure control
process. For this purpose, piezoelectric sensors are connected
in all floors of the structure. In this research, the genetic
algorithm was used to prepare suitable control forces.

The early development of genetic algorithm was done by John
Holland et al. at the University of Michigan in 1962.
Moreover, the implications of genetic algorithm were
developed by Goldberg in 1989. Safizadeh et al. conducted a
research to find the suitable location of the sensor in active and
passive systems, using developed optimization method and
genetic algorithm at the same time. In 2016, Zhai et al.
conducted a research to optimize the characteristics of
piezoelectric actuators connected to the structure, using
genetic algorithm. Moreover, in 2018, a research was
conducted in the state space to find the appropriate location of
sensors and dynamic actuators in the structure, so that the
energy required by the control system is minimized. In 2020,
Banaei and Alamatian proposed a new application of genetic
algorithms in active control procedure. The genetic algorithm
is founded based on trial and error and, accordingly, the effect
of time delay was considered during the control process. Also,
this method was performed using the new constrained
objective function and the direct numerical search method was
designed for evaluating and reducing time delay in control
process, which make it possible to use in real control systems.
In this research, by introducing a new process, the weighting
factors of the constrained objective function are modified in

each time step. To do this, first, the displacements of the
structure in each time step are obtained by solving the dynamic
equilibrium equation. Then, by evaluating the displacements
and using the numerical search subprogram, the weighting
factors of the constrained objective function are calculated in
such a way that the function is minimized in that step. After
that, the control forces obtained from the minimization of the
constrained objective function are determined. In the end, by
solving some numerical examples, the efficiency of the
proposed method is compared with the efficiency of other
methods. The results of linear modeling show that the use of
the proposed active control method using the genetic
algorithm with variable weighting factors is able to reduce the
displacements of the structure against the earthquake load to a
suitable extent. The displacement reduction using this method
is about 79% compared to the uncontrolled mode and about
36% in the linear mode compared to the genetic algorithm
method with constant weighting factors. Moreover, the results
of nonlinear structure show an average improvement of 45%.
Keywords: Active Control, Genetic Algorithm, Numerical
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2. Basics of the proposed control algorithm

The goal of the genetic algorithm is to find control forces in
such a way that the displacement of the structure is minimized.
As a result, the objective function is formed to indicate the
displacement of all dynamic degrees of freedom of the
structure. As the numerical value of this function is reduced,
the forces selected by the search algorithm are evaluated more
appropriately. In this research, the constrained objective
function is introduced as follows:
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The value of the weighting factors of the objective function is
determined by the following equation system and by simplex
optimization method in each step:

C=> |wec @
K=1

> Iw =1 @)

K=1

0<w, <1 @)

After determining the optimal weighting factors, the algorithm
searches for control forces by keeping them constant in each
time step.

3. Results

To illustrate the effectiveness of the proposed method for
controlling the oscillations of the structure, several numerical
examples were solved. The results are presented as follows.

Table 1. The maximum displacement and force of Actuators in
a seven-story structure under the effect of the Northridge
earthquake load pattern

Dynamic maximum maximum
degree | displacement | displacement | Actuator
of on no on GA force
freedom | control state | control state | (kg.Force)
(cm) (cm)
1 4.05 1.61 16.64
2 7.78 2.71 14.31
3 11.48 3.64 19.74
4 15.08 4.22 16.87
5 18.71 4.56 18.41
6 21.38 5.84 19.74
7 23.46 6.03 21.09

Table 2. The maximum displacement and force of actuators in a
twelve-story structure under the effect of the Kobe earthquake
load pattern

Dynamic maximum maximum
degree | displacement | displacement | Actuator
of on no on GA force
freedom | control state | control state | (Kg.Force)
(cm) (cm)
1 1.13 0.58 9.11
2 2.21 0.62 9.03
5 5.03 0.72 6.84
6 6.27 0.84 8.17
10 8.96 0.84 6.14
11 12.23 0.82 6.12
12 12.81 0.84 6.03

Table 3. Comparison of the maximum displacements of three-
story structure under the effect of the Northridge earthquake
load pattern in the linear and nonlinear model

Dynamic | maximum maximum maximum
degree | displacement | displacement | displacement
of on no on linear GA | on nonlinear
freedom | control state | control state | GA control
(em) (cm) state (cm)
1 1.24 1.84 0.79
2 3.64 3.66 2.16
3 4.45 4,92 2.52

4. Discussion
The effectiveness of the proposed method in the active control
of the structure was shown. In this regard, the appropriate
criteria for defining the constrained objective function were
presented. Simplex optimization method was used to find the
optimal weighting factors. By using the direct numerical
search method, the displacement of the structure was
determined using the dynamic equation of the structure and
evaluating the data with the criterion of the constrained
objective function. The control forces reduced the
displacement of the structure. The innovations of this research
are as follows:

1) Presenting a new proposed objective function with four
weighting coefficients;

2) Presenting the proposed method using simplex optimization
method to determine the most appropriate weighting
factors in the constrained objective function instead of
using trial-and-error-based methods;

3) Considering the weighting factors of the objective function
as variables instead of assuming them to be constant during
the active control process, which increased the efficiency
of the new method.
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Studying the Effect of Weighting Factors of the Objective Function on the Performance of the
Genetic Algorithm in Active Control of Structures

Ali Banaei Javad Alamatian Reza zia Tohidi

Abstract In recent years, the use of smart numerical search techniques in active control of structure has been
considered by researchers. Genetic algorithm is one of these methods that is based on natural evolution patterns.
Here, the genetic algorithm is used to minimize the constrained objective function of the structure and determine the
appropriate control forces. By connecting the sensor to the degrees of freedom of the structure, nodal displacement is
monitored at each time step and genetic algorithm determines the proper control forces by using constrained
objective function and solving dynamic equation of the structure. Choosing appropriate constrained objective
function according to the structure conditions has a great impact on the efficiency of the proposed method. This
function is obtained by combining the structural constraints and the assumed weighting factors for each constraint.
Then, the weighting factors are calculated from the optimization methods. Such a process, leads to achieve a new
active control method based on using genetic algorithm. The efficiency and accuracy of the proposed algorithm are
investigate by controlling the oscillations of several structures. The results show that the proposed method is able to
reduce structural oscillations effectively. The results of the linear modeling show that the use of the proposed active
control method is able to reduce the displacements of the structure against the earthquake properly. By using this
method, the displacement reduction is about 79% compared to the uncontrolled mode and 36% in the linear mode
compared to the genetic algorithm method with constant weighting factors. In addition, the results in nonlinear
modeling of the structure show an average improvement of 45%.

Key Words Active Control, Genetic Algorithm, Numerical Analysis, Weighting Factors.
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