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Abstract —In this paper, the problem of active vibration
control of multi-degree-of-freedom structures isisidered.
ANFIS Controller and PID Controller are designed to
suppress structural vibrations against earthquakesler
the non-linear soil-structure interaction. The adtege of
the ANFIS Controller and PID Controller approach tise
ability to handle the non-linear behavior of thestgm.
Non-linear behavior of the soil is modeled in thaamics
of the structural system with non-linear hysterastoring
forces. The ANFIS Controller and PID Controller are
designed for getting the maximum response reductioier
different types of earthquake excitations. A stradt
system was simulated against the ground motionhef t
destructive Gadha earthquake (Mw = 6.9) in Jabalpur
India on 21 May 1997. At the end of the study theet
history of the storey displacements and accelenatiand
the frequency responses of both the uncontrolled the
ANFIS Controller and PID Controller based contralle
structures are presented. These results show that t
proposed ANFIS Controller and PID Controller haveeat
potential in active structural control. In anothsituation
two MR dampers were used as multiple control devécel

a scaled five-story building model was selected aas
example structure. A clipped-optimal control algbm was
compared with the proposed ANFIS Controller and PID
Controller. After numerical simulation, it has beeerified
that the ANFIS Controller and PID Controller cangsent
better control performance compared to the clippgtimal
control algorithm in reducing both displacement and
acceleration responses. Also in this paper, corigaat
(MR Damper), PID controllers and ANFIS+PID
controllers, respectively denoted by PID contrglesnd
ANFIS+PID controllers, are designed to suppress
vibrations of a three - story building against dartiake.
The structural system is simulated against the gdou
accelerations of the Gadha-Jabalpur earthquakeniid on
May 21th, 1997; the Northridge earthquake in USA on
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January 17th, 1994 and the Kobe earthquake in Japan
January 16th, 1995. The control effects of PID oalfgrs
and ANFIS+PID controllers are compared via the time
history of the story displacements of the structure
Keywords—Seismic vibration control, ANFIS Controller,
PID Controller, non-linear structure, earthquake induced
vibration.

l. INTRODUCTION

Natural hazards such as earthquakes and high \pivsks a
serious threat to multi-degree-of freedom structuRecent
earthquakes, such as the 1996 Gadha (Jabalpuid, the
1994 Northridge, USA_ the 1995 Kobe, Japan and 89
Kocaeli, Turkey earthquakes resulted in extensive
destructive damage to structures. A variable swhutio
safeguard the civil structures against these nlatazards is
the use of structural control systems. Over the pas
decades, a number of structural control stratduyes been
developed and practical applications have beenzezhl
Schlacher et al. (1997) used a class of hybrid robnt
systems for earthquake-excited high raised buiklimdhich
consists of a base isolation and an additionav@actamper,
and the mechanical model of building is a shearl wal
structure with non-linear hysteretic restoring fsc Al-
Dawod et al. (2001, 2004) applied fuzzy logic cohtr
(FLC) for active vibration control of tall buildisgin two
papers. Yagiz (2001) applied sliding mode contiad &
multi-degree-of-freedom structural system. Gucl®0@)
designed a fuzzy logic based controller and PD rotiat

for an active control device considering a five meg of
freedom structure against the ground motion of the
destructive earthquake. Yang et al. (2006) appdigteural
network designed for system identification and &ilom
suppression in a building structure with an actmess
damper. In this study, ANFIS Controller and PID @olter
are proposed and designed to suppress structiorations
against earthquake. This earthquake motion is rddai

Page | 138



International Journal of Advanced Engineering Research and Science (lIJAERS)

https://dx.doi.orqg/10.22161/ijaers/3.11.24

[Vol-3, Issue-11, Nov- 2016]
ISSN: 2349-6495(P) | 2456-1908(0)

using the seismic data of the destructive
Gadha(Jabalpur),India earthquake WM= 6.9), which
resulted in disaster in the vicinity of Jabalpur.

There are a couple of reasons to use ANFIS Coatralhd
PID Controller in reducing earthquake excited dtral
response. It is well known that civil structures aomplex
and large structural system. They generally has#iduted
parameters and are of complex geometries making the
difficult to model and analyze. They are subjeatetl only
to static loading but also to a variety of comptimamic
loading, including winds, and earthquakes. The derity

in these structures generally arises from unceitainin
structural models, parameters and geometries.
uncertainties are not random in nature. Normallpyrecise
mathematical model is difficult to be obtained for
describing an entire large structural system. Cotioeal
structural analysis models are built based on many
simplifications and assumptions on structural syst®
reach the goal of precision. All these provide riivation

to use soft computing technique in design of eardhkeg
resistant structures.

ANFIS Controller and PID Controller have the aliltb
handle this problem. It also takes into accouneuanty in
loading and structural behavior. To evaluate tHieiehcy

of the proposed control method, a 5-storey realistiear
building is used. The ANFIS Controller and PID Golier

is designed for the first mode characteristics bé t
mentioned structure for getting the maximum respons
reduction under different types of earthquake aticihs.

To illustrate the effectiveness of the proposed FNF
Controller and PID Controller, data based simulateas
implemented for a structural system in MATLAB/Sirimi
environments. It is shown that the controller pd®& robust
performance when large parameter variations incstral
system are presented. A numerical model of theofrst
example building structure with two MR dampers is
implemented in SIMULINK and MATLAB. Using this
numerical model, time history analyses of 12 sesamith a
time step of 0.004 sec are performed in order vestigate
the control performance of MR dampers controlledthosy
NAGA-II optimized ANFIS Controller and PID ContreH.
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Some

The NSGA-Il based optimization is performed withe th
population size of 100 individuals. An upper linoih the
number of generations is specified to be 1000. We t
number of generations increases, the control peegaoce of
the elite (i.e. non-dominated) individuals is imyped. After
optimization run, Pareto-optimal front (a set ofrdRa-
optimal solutions) is obtained. Optimization resusthow
that two objective function values of every solatiin
Pareto-optimal front are less than 1. It means that
NSGA-II optimized ANFIS Controller and PID Contretl
can provide better control performance in redudiugh
displacement and acceleration responses comparéue to
clipped-optimal controller.

In this paper, conventional (MR Damper), PID colirs
and ANFIS+PID controllers, respectively denoted Rip
controllers and ANFIS+PID controllers, are desigrted
suppress vibrations of a three - story building irga
earthquake. The structural system is simulatednagahe
ground accelerations of the Gadha-Jabalpur earkieqira
India on May 21th, 1997; the Northridge earthquake
USA on January 17th, 1994 and the Kobe earthquake i
Japan on January 16th, 1995. The control effect®Ibf
controllers and ANFIS+PID controllers are comparea
the time history of the story displacements ofgtracture.

Il. SCALED BUILDING MODEL
In order to develop an ANFIS Controller and PID
Controller for effective control of multiple MR damers, a
5-story example building structure shown in Fig.isl
employed. This example structure is developed based
scaled 3-story shear building model used in thevipus
research. As shown in this figure, two MR dampers a
rigidly connected to the first floor and the secdtwbr of
the structure, respectively. A numerical modelh&f 5-story
example building structure with two MR dampers is
implemented in SIMULINK and MATLAB. Using this
numerical model, time history analyses of 12 sesamith a
time step of 0.004 sec are performed in order Yestigate
the control performance of MR dampers controlledthoy
NAGA-II optimized ANFIS Controller and PID Contrel.
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Fig.1: 5-story example building model

The first five natural frequencies of the exampimicture
model are 3.62, 10.57, 16.94, 22.07 and 25.41 Hz,
respectively. In this study, the modified Bouc-Waiodel
[18] is used to describe how the damping forcesiated to

the velocity and applied command voltage. The meiclah
model for the MR damper based on the Bouc-Wen
hysteresis model is shown in Fig. 1. The detailed
description and the parameter values of the MR damp
model are presented in Dyl al's work [18]. This MR
damper model has a maximum generated force of about
1500 N depending on the relative velocity across MR
damper with a saturation voltage of 2.25 V. In ntios
analysis, the model of the example structure igestibd to

the NS component of the 1940 El Centro earthquake.
Because the system under consideration is a soabele!,

the earthquake has been reproduced at five times th
recoded rate.

[l. THE PID CONTROLLER
PID control has been widely used in industry. Ineyal the
closed loop diagram of the feedback system is shimwn
Figure 2. Herex:(t) is the desired value for the output of
the systemx,(t) is the output and(t) is error.

2(t) = x,5(t) — 25(1). (1)

Xafi)

Xr2{t}
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Fig.2: Closed loop block diagram with PID contralle

The control input u(t) is obtained as follows:

wit) = Kp | et} + I—l ] (D) () +za d;{;}
0

I

)
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Where,KP, %:i and ¥4 are the proportionality constant,
integral time and derivative time, respectivelye$a values
are given in the Appendix.

\VA ANFIS ALGORITHM
ANFIS was introduced in1993. ANFIS is able to estra
set of fuzzy “if-then” rules and define the memibgos
functions in order to establish the associationwben
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inputs and outputs. Its structure $hown in Figure .
Basically, ANFIS suggests a method that, througg
training procedure, can estimate the membershiptifum

Input MF Rule
Imput 5 -

parameters that servlet fuzzy inferenc system (FIS) to
consequently specify the desired wt for a certain given
input.

Output MF

Fig.3: ANFIS structure.

ANFIS creates a fuzzy inference system in ordeelate &
certain input to the appropriateitput. FIS interprets inpu
into a set of fuzzy membership values and simildahg
output membership functions to outputs. During
learning process, all parameters which define
membership functions will change. In order to ojienthe
model, these parameters aealuated. lsually a gradient
vector is used and an optimization routine couldapplied
in order to tune the parameters, so as to lead thelnod
better generalization performanda.this work, 20 seismi
parameters are used as input data to describeatnag
causedby one seismic event, and a total of 200 sei
events are used to train the system. A seismic features
have been normalized to belong in the intervall]0,The
200 seismic eventsre distributed equally to all fol
damage categories in @dto create a uniform data
First, inputs are related to mennbleip functions (MFs)
(Figure 4 shows the initial MF foone of the seismi
parameters), to rules to outputs MFs, by using ¥u2-
Means (FCM)echnique [32, 33], which is analyzed lain
this section. Next, the input/output data, wl is a uniform
set of 100 accelerograms, is used for training rtioelel.

The membership functioparameters are tuned through the
training process.

After the training, a model validation procedure
performed. During this procedure, unknown input data
set is presented to the trained fuzzy model forukation.
Thus, it can bevaluated the efficiency of the model. Wt
a checking data set is presented to ANFIS fuzzy model
selects the appropta parameters associated with
minimum checking datenodel error. One crucial point wi
model validation, is selecting a suitable data Séis se
must be representative of the data that the madeying to
simulate, and at the same ti distinguishable from the
training data. If a large amount of samples iseméid, thel
all possiblecases are contained and thus, the training ¢
more representative. In our case, a number of 200
seismic excitations are considered as the dat FCM is a
wildly used data clustering technique. Each datentpis
assigned to a clustewith a membership grade that
specified by a membership grade. It provides a otktha
shows how to group data points that populate s
multidimensional space into aecific number of different
clusters.
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Fig.4: Initial membership function on input 1.
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The purpose of data clustering is to discover sirities
between input patterns from a large data set, deroto
design an effective classification system. At fitke FCM
algorithm selects randomly the cluster centerss Thitial
choice for these centers is not always the appat®ri
Furthermore, the variation of the cluster centemd$ to
different membership grades for each one of thetets.
Through the iteration process of the FCM algorithire
cluster centers are gradually moved towards ta {hreiper
location. This is achieved by minimizing the weigght
distance between any data point and the clustetrecen
Finally, FCM function defines the cluster centersl ahe
membership grades

or every data point.

A flow of hybrid active control system

In this paper, intelligent fuzzy control system aeélective
fuzzy control system are combined. Intelligent fuzantrol

consists of three systems which are already prapo49
prediction of earthquake input (2) structural idertation
(3)fuzzy maximizing decision [Bellman,R.E. and
Zadeh,L.A., 1970]. On the other hand, conditionez§ set
rules are employed in fuzzy control system.

Figure 5 shows a flow chart of hybrid control systased
in this research. This hybrid active control systeas the
following special and intelligent features,: 1) &tfjve and
constraint conditions of active control are desalibwith
membership functions of fuzzy theory, 2) Predictioh
earthquake input and the structural identificatiane
performed in real time, 3) An optimal control vdnla is
determined by means of fuzzy maximizing decisiarg 4)
Fuzzy control system is employed as the reflectiuazy
control system against unexpected large disturbance

l[ baracteristics of
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Fig.5: A flow chart of hybrid active control system

V. SIMULATION
Numerical Studies
A numerical model of the 5-story example building
structure with two MR dampers is implemented in
SIMULINK and MATLAB. Using this numerical model,
time history analyses of 12 seconds with a time sie
0.004 sec are performed in order to investigatectiverol
performance of MR dampers controlled by the NAGA-II
optimized ANFIS Controller and PID Controller. The
NSGA-Il based optimization is performed with the
population size of 100 individuals. An upper linoih the
number of generations is specified to be 1000. Kes t

www.ijaers.com

number of generations increases, the control pedaoce of
the elite (i.e. non-dominated) individuals is imped. After
optimization run, Pareto-optimal front (a set ofrdRa-
optimal solutions) is obtained. Optimization resusthow
that two objective function values of every solatiin
Pareto-optimal front are less than 1. It means that
NSGA-II optimized ANFIS Controller and PID Contretl
can provide better control performance in redudiugh
displacement and acceleration responses comparéue to
clipped-optimal controller.

Consequently, one controller, that can appropsiatehtrol
both displacement and acceleration responses, Bes b
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selected among the Pareto optimal ANFIS Contradled
PID Controller. The values of two objectives of geected
ANFIS are both 0.8 and it means that the selectsétI&
Controller and PID Controller can reduce both teakp5th
floor displacement and acceleration responses &b, 20

compared to the clipped optimal controller. The kpea
responses of the ANFIS Controller and PID Controlle
clipped-optimal controller, and uncontrolled case the
five floors of the seismic-excited example buildistgucture
are compared in Table 1.

Table.1: Comparison of peak story responses. Story

Displacement (cm) Drift (cm) Acceleration (cn#de
Story Uncont| PID ANFIS | Uncont| PID ANFIS | Uncont| PID ANFIS

rolled +PID rolled +PID rolled +PID
1. 0.324 | 0.096 | 0.113| 0.324 0.096 0.113 497.869.8 | 283.6
2. 0.563 0.187 0.169 0.217 0.096 0.094 670.870.7 336.9
3. 0.723 | 0.255| 0.233| 0.203 0.098 0.045 484.887.9 | 245.7
4. 0.857 | 0.327 | 0.265| 0.197 0.076 0.012 543.313.2 | 268.2
5. 0.950 | 0.045| 0.242| 0.123 0.054 0.043 84(Q.368.3 | 296.3

ANFIS Controller and PID Controller are 20% smatlesin
those of the clipped optimal controller. The peak
displacement of the 5th floor of the uncontrolleake is
0.930 cm. On the other hand, the peak displacenfettite
5th floor of the ANFIS Controller and PID Contrallés
0.218 cm, which is only 30 % of the uncontrolledealhe
peak acceleration of the 5th floor of the ANFIS €olter
and PID Controller is reduced by 65 % comparedh® t
uncontrolled case. The story drifts of the ANFISh@oller
and PID Controller are also about 20% smaller thase of
the clipped-optimal controller.

Earthquake Excitation and the response of the struare

In this study, Matlab Simulink with ANFIS and PID
Toolbox is used. The aim of the ANFIS control systr
the structural system uses the errors in the sestorgy

motion 1€ = %2 — X2} and the derivatives of it as the
input variable while the control voltage) (are their outputs.
Reference values are considered to be zero inéigur
Table.2: Rule base for the ANFIS Controller and PID
Controller.
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Fig.6: Closed loop model of the structure with ANFI
Controller and PID Controller.

A model of the two similar rule bases developed by
heuristics with error in body bounce motion, pittiotion
and velocity as input variables is given in Tablevkere P,
N, Z, B, M, S represent Positive, Negative, Zerag,B
Medium and Small, respectively. A trial and errppebach
with triangular membership functions has been uted
achieve a good controller performance. The memigrsh
functions for both scaled inputs, gle) and output ) of the
controller have been defined on the common intejva|
1]. Scaling factors$e,Sd, Sk are used to sat, de andu
(Figure 6) (Mudi and Pal, 1999). The first ruleTiable 2 is
given below:
If eis XNB and de/dts V N THEN uis

UNB.
All the rules are written using the Mamdani methtod
apply to fuzzification. In this study, the centraitethod is
used in defuzzification. A structural system haserb
simulated against the earthquake ground motionhef t
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destructive Gadha earthquake wWM=6.€). Earthquake
ground motion is used as an input to a buildingdtire.
Accelerations were recorded at th@adhi (Jabalpur)

Observatory and Earthquake Research Institute @
motion station at thBT Rurki, India.

Table.3 Peak response and peak response redu using different control systerimsGadha Earthquake

Floor Peak response of displacement Percentagresponse
reduction (%
Uncotrolled ANFIS+PID Control
1 0.013 0.006 48.0
2 0.026 0.012 50.0
3 0.040 0.018 52.0
4 0.052 0.023 54.3
5 0.065 0.025 57.5
It is seen from the Table3 thaNFIS Controller and PIL [ 1 N
Controller reduces the uncontrolled peak displacen | . ks, Cx | ~z
response of the top floor about 49% &Td5% for first and [ ] -
fifth storey respectively for the Gadhearthquake. This p | iz fez. ez | e
feature ofANFIS Controller and PID Controll is revealed ——1 P 1 -
in the time history responsed the top flor compared to - i
S S o

uncontrolled response when suliggtto Gadh earthquake.
Dynamic Model of the Structural Systen

In this paper, the simple structure moelised to study th
control effect of ANFIS+PI0On comparison wittPID. The
structure, which has three degrees of freedom ralk

horizonal direction, is shown in Fig. In this paper,
conventional (MR Damper), PID controllers and
ANFIS+PID controllers, respectively denoted byPID

controllers and ANFIS+PID controllersare designed 1
suppress vibrations of a threestory building agains
earthquake. The structural system is simulatednagahe
ground accelerations of the Gadrabalpu earthquake in
India on May 21th, 1997the Northridg earthquake in
USA on January 17th, 1994 and the Kobe earthqual
Japan on January6th, 1995. The control effects PID

controllers and ANFIS+PID controllergre compared vi
the time history ofhe story displacements of the struct

www.ijaers.com

Fig.7: The structural syste
The equations of motion of the system subjectedht&
ground acceleration "x0 (s
Fig. 8), with control force vector {F}, can be written:
Mi{x} + [Cix} + [Kix} = {F} - [M{r}x0
1)
where, {x} = [x. % x|, {F} = [-f0O] ,{rt=[111] .f
is the control force,
the matrices [M], [C] and [K], respectively repratiag the
structural mas, damping ar
stiffness ones, are given as foll¢

mp 0 0 ky + ko —ka 0
M=(0 ma O|,[K]=| —ks hko+kas —ks
0 0 ma 0 —1!-73 ]\:;3
[C]=0.1 x[M] + 0.003 x [K]
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Fig. 8: The ground acceleration “x0, rh/s

VL. RESULTS AND DISCUSSION
The results include: time history of the storeyptisements
of the structure for both controlled and uncon#&dltases in
order to compare control effect of PID and ANFISBPI
Here m is structural mass and k is stiffness ones,

Results for the structure excited by the Gadha
earthquake

In this subsection, the following data will be usedl = m2
=m3 =m0 = 4 x1fkg); k1 = k2 = k3 = k0 = 2 x f0
(N/m).

0.05

Uncontrolled
PID
ANFIS+PID

-0.05
0

0.05

The first storey displacements, m

-0.05
0

Fig. 9: Time responses of the first storey dispfaerts - Gadha earthquake
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Figs 9 and 10 show the time responses of the dingt top storey displacements, respectively. Theirmax storey drifts are
shown in Fig. 11. Comparison of the effectivendahe two controllers is presented in Table 4.
Table.4: Comparison of the effectiveness of theetlwontrollers - Gadha earthquake

Maximum
uncontrolled

Building Storey

Controlled to uncontrolled
displacement ratio

displacement, m PID ANFIS+PID
1 0.047 0.3 0.2
2 0.084 0.55 0.5
3 0.107 0.60 0.53

Results for the structure excited by the Northridgeearthquake

In this subsection, the structural data will bergded as follow: m1 = m2 = m3 = m0+ 10%mO; k1 = kk3—= kO - 10%k0.Figs
12 and 13 show the time response of the top sttispfacement and the maximum storey drifts, respalgt Comparison of the
effectiveness of the three controllers is preseimdable 5.
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Fig. 11: The maximum storey drifts - Gadha eartHqua

Table.5: Comparison of the effectiveness of theetlmontrollers - Northridge earthquake

Building Storey Maximum Controlled to uncontrolled
uncontrolled displacement ratio

displacement, m PID ANFIS+PID
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1 0.070 0.223 0.156
2 0.135 0.456 0.45
3 0.157 0.567 0.534

Results for the structure excited by the Kobe earthuake
In this subsection, another structural parametéirbei used as follow: m1 = m2 = m3 = m0 — 10%m0,=%«k2 = k3 = kO +

10%KO0.
a2 - - - -
Uncontroled
= i E— N N R -I
- o
g -1 I
T““—: =M L : i i 71.7 Vk ", 3
=] [§] ] 10 15 =0 Z25 30 = bl <4
= g=
g
g2l L -
(=3 10 15
Time. ¢
Fig.12: Time responses of the top storey displacgésneNorthridge earthquake
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Fig. 13: The maximum storey drifts - Northridge thguake
Figs 14 and 15 show the time response of the mewdisplacement and the maximum storey driftspeetively. Comparison

of the effectiveness of the three controllers &spnted in Table 6.
Table.6: Comparison of the effectiveness of theetlwontrollers - Kobe earthquake

Building Storey Maximum Controlled to uncontrolled
uncontrolled displacement ratio
displacement, m PID ANFIS+PID
1 0.065 0.256 0.176
2 0.114 0.456 0.461
3 0.135 0.563 0.545
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As shown in above - mentioned figures and tablidsation
amplitudes of the storeys are decreased successfith
PID and ANFIS+PID for the structure with the ditet
structural data excited by three different earthegsa It
allows partially evaluating the stability and romess
capacities the proposed controller - ANFIS+PID. WMitie
case of the Gadha earthquake, the reduction ra@tatie of
the con- trolled to uncontrolled response) for nraxin
displacement of the top floor of the structure aveut 61%
and 59% for the PID and ANFIS+PID, respectivelyg(Fil
and Table 5). Therefore, it is seen that the ANPIB*is
more effective than the PID in view of reducing the
displacement response of the structure. The effautiss of
two controllers in reducing the response of thacitre due
to other two earthquakes (Northridge and Kobe) I§o a
shown for comparison in Figs. 13 and 15 and Tables.
Almost the same behavior as for the Gadha earttejoak
be observed for these earthquakes too.

A Simulink model of the system, which consistedttoé
selected building, was created and simulations were
performed using MATLAB. It is seen from the Table¢hat
ANFIS Controller and PID Controller reduces the
uncontrolled peak displacement response of thefltoy
about 49% and 57.5 % for first and fifth storeypesively
for the Gadha earthquake. This feature of ANFISt@dier
and PID Controller is revealed in the time histoggponses

www.ijaers.com

of the top floor compared to uncontrolled respongen
subjected to Gadha earthquake.

VII. CONCLUSIONS

The safety of the structures mainly depends on the

displacement response, while the comfort level loé t
occupants depends on the acceleration responsensioe
that both responses are within permissible limiBIFIS
controller and PID controller have been designed o
multi-degree-of-freedom system having the pararseatéia
real structure under the non-linear behavior ofswucture
interaction, and simulation results have been pitese The
main idea behind proposing ANFIS controller isstecess
and the ability of using these types of controllens
structural systems. Because the destructive effafct
earthquakes is a result of horizontal vibrationghis study
the degrees of freedom were assumed only in théxtithn.
The system is modeled including the dynamics ahear
motor which is used as the active isolator, andsthectural
system is then subjected to Gadha earthquake wbrat
effects, which are treated as disturbance. The lalion
results indicate that the implementation of ANFIE-P
controllers shows a good response as far as ahgothe
vibration due to earthquake effects. Essentialquarnce
requirements for the safety of the structures amohfort
level for the user are achieved. The displacemehthe
fifteenth storey are minimized successfully usinge t
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ANFIS+PID controller. The designed ANFIS+PID show
high performance. A designed ANFIS+PID controller
brought better active control performance than ® PI
controller. The improvement in resonance values ted
decrease in vibration amplitudes support this temod the
proposed fuzzy logic controller has great poteritiadctive
structural control.

This study investigates the control performance thudé
ANFIS Controller and PID Controller optimized by an
NAGA-II for control of a 5-story building subjectetb
earthquake. For comparison purpose, a clipped-gptim
control algorithm is considered as the baselineseBaon
numerical simulations, it can be seen that the NAGA
optimized ANFIS Controller and PID Controller can
effectively reduce both displacement and accelmmati
responses of the building structure by 20% comptoate
clipped optimal control algorithm. After single aptzation
run using NSGA-Il, an engineer can simply seledther
ANFIS Controller that satisfies the desired perfante
requirements from among a number of Pareto optimal
solutions. It would be important characteristics thie
NSGA-Il based optimization compared to other
optimization methods.
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