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ABSTRACT: This paper proposes a new hybrid controller based on combining adaptive neuro-fuzzy
inference system method and proportional-integral—derivative controller, for vibration mitigation of
structural system. The proposed controller although has the proportional-integral-derivative controller
features, create a fuzzy inference system that has fewer bugs and errors than neural networks in
calculations. The whale optimization algorithm is used for optimum tuning of the proposed method
and also for identification of parameters related to the experimental structure. Considering four well-
known earthquake real data the performance of the proposed controller is evaluated. Then the results
are compared with two other controllers namely, fuzzy logic control and adaptive neuro-fuzzy inference
system, which are designed for a four-degree of freedom building. The simulation results show that the
proposed controller performs better than other strategies which are developed. The results obtained from
the simulation show the better performance of the suggested method than the other control methods in
reducing the displacement and acceleration of all floors. The results show that the maximum acceleration
related to the building’s floors while using proposed method has improvement of 36.3% for the EI
Centro, 35.4% for the Northridge, 27.7% for the Athens and 22.5% for the Mexico City earthquakes
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1- Introduction

Earthquake and also Natural hazards such as strong storms
always cause serious damages to the structure. The scientists
have the concern about this issue and always research on how
to decrease these the structural responses of the structure due
to a seismic situation. The last four hazard Earthquakes, such
as El Centro, Mexico City, Athens, and Northridge brought
undeniable, irrecoverable and destructive harms to the multi-
degree of freedom structures. There have been many different
ways and also many kinds of control mechanism for vibration
control of structures. Bozorgvar and Zahrai [1] inspired a
method based on an adaptive fuzzy model for decreasing the
structural responses of the structure in a seismic situation.
The proposed method by Etedali et al. [2] was identification
the parameters and control a kind of dampers which are
installed on a two-story building to mitigate the vibration
of a structure due to an earthquake seismic data. To reduce
the displacement and acceleration of structures, the authors
proposed and addressed an control for analyzing the closed-
loop stability of a building which is excited by earthquake
ground motions. Zamani et al. [3] presented a fractional
order Proportional-Integral-Derivative (PID) controller for
active control of a smart structure with an active tuned mass
damper attached in the last floor. However, the last research
and articles in this field which used Adaptive Neuro-Fuzzy
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Inference System (ANFIS) and classical PID did not consider
the uncertainties and variation in building parameters such
as, stiffness, mass and damping coefficient, in this study the
authors had inspired to design a new generation of hybrid
controller which deal with uncertainties in the parameters
related to the structure. To assess the value of the structural
responses of the building equipped with an Active Tuned Mass
Damper (ATMD) on each floor has caused authors to design
and developed an ANFIS control method combining with a
classical PID controller. The Whale Optimization Algorithm
(WOA) [4] is used for optimum tuning of the PID section of
the proposed method. In order to evaluate the performance
of the suggested control algorithm, an experimental four-
story structure with a shaking table have been developed
and constructed in the research laboratory and also WOA is
used for parameter identification of constructed structure and
the numerical study carried out on a four degree of freedom
building which is equipped with ATMD subjected to various
earthquake ground motions. The simulation results show
the strong ability of the proposed method in decreasing the
amplitude of structural responses of the examined structure.

2- Methodology
The Selecting the dynamic equation of motion of an n-story
shear frame structure, subject to ground acceleration can be
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expressed as follows:

M x(£)+ Cx(1)+ Kx(1) =-M y x,(1) (M

Where is a displacement vector, is a mass matrix, is a
damping coefficient, is a stiffness coefficient matrix and *+()
«is a vector of earthquake force. The model of a structural
system is shown in Fig. 1. This paper proposed a new kind
of hybrid controllers in the field of structural control for
vibration control of a four-degree-of-freedom building. The
proposed method namely hybrid ANFIS-PID. Furthermore,
an experimental structure with a shaking table (see Fig.
1) is constructed in the laboratory and many kinds of the
controller have been developed as active control strategies on
the experimental structure to reduce the displacement of each
floor. The whale optimization algorithm is used for optimum
tuning of PID part of suggested method and also it is used for
identification of structural parameters such as mass, stiffness,
and damping. Some of features of proposed method are listed
as below:

1) The application of PID controller makes the proposed
method a robust control against input disturbances.

2) Establish a fuzzy inference system which has less difficulty
in case of using linguistic knowledge.

3) Neuro-fuzzy systems have the ability to learn in case of
memorizing the fuzzy benefits.

3- Results and Discussion

In order to test the efficiency of the hybrid algorithm, this
paper chooses three earthquake data such as Northridge,
Mexico City, Athens, and El Centro earthquake data set.
For comparison, the same structure is used for numerical
simulation. WOA [8] is used for parameter identification
of the experimental structure and also it is used to find the
optimal values of the PID coefficients in the hybrid method
to produce an allowable maximum peak control force. The
output of the numerical simulation for the uncontrolled,
fuzzy control, ANFIS method and finally hybrid ANFIS-
PID control are shown in figure 2 for the first floor floors
due to 30 sec of motion. The uncontrolled structure is the
structure without passive or active control devices. In order
to evaluate the performance of the proposed controller during
different earthquake excitations, the relative displacements
of the first floor and last floor of the structure are listed in
Table 1 hwith 15% uncertainties in building parameters such
as mass, stiffness, and damping during El Centro earthquake.
Considering all earthquakes, the results also show that the
proposed controller performs better than ANFIS and fuzzy
control in reducing the structural responses of the structure.

4- Conclusions

To increase the performance of the PID controller and ANFIS
method in the field of structural control, a new generation
of hybrid controllers namely ANFIS-PID was design and
developed in this research. The proposed hybrid ANFIS-
PID controller while containing the heuristic knowledge of
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fuzzy logic and the ability of neural networks in establishing
a complex accommodation between input and output, is easy
to use for active vibration attenuation of buildings against
earthquake. To show the effectiveness of active control of
structures a four-story structure has been constructed in the
research laboratory. The whale optimization algorithm is
used for optimum tuning of PID coefficients and also for
identification of the structural parameters of the experimental
structure such as mass, stiffness and damping coefficient. The
numerical analysis was established and designed on a four-
story building. Four different earthquake real-data of ground
motions were selected and entered the simulation. The results
showed the strong ability of the suggested ANFIS-PID
controller among other designed methodologies in the field
of structural control especially in reducing the amplitude of
displacement and acceleration of all floors of the seismic-
excited benchmark building.
Table 1. The amount of displacement of the first floor

and fourth floor of the structure due to the El Centro
1940 earthquake based on different indices.

ANFIS Fuzzy  proposed

Uncontrolled controller controller Method

Mean Square Error

Ist floor 0.0060 0.0003 0.0007 0.0002

4th floor 0.0708 0.0036 0.0075 0.0018
Mean Absolute Error

Ist floor 0.0663 0.0151 0.0221 0.0115

4th floor 0.2277 0.0496 0.0736 0.0365

Digital Proccesor

motor

Fig. 1. A view of the constructed structure in the research lab
for identification of structural parameters.
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Fig. 14. The time history of the fourth floor displacement due to EL Centro 1940 earthquake which controlled by
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Fig. 15. The time history of the first floor acceleration due to EL Centro 1940 earthquake which controlled by proposed
method compared with uncontrolled. A) the acceleration time history due to 30 seconds of motions. B) magnified time
history related to same acceleration due to 7 seconds between 8 to 15
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Fig. 16. The time history of the fourth floor acceleration due to EL Centro 1940 earthquake which controlled by
proposed method compared with uncontrolled. A) the acceleration time history due to 30 seconds of motions. B)
magnified time history related to same acceleration due to 7 seconds between 8 to 15
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Table 2. The amount of displacement of the first floor and fourth floor of the structure due to El Centro 1940

earthquake based on different indices [19, 21, 22]
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Table 3. The amount of displacement of the first floor and fourth floor of the structure due to Northridge 1994
earthquake based on different indices [19, 21, 22]
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Table 4. The amount of displacement of the first floor and fourth floor of the structure due to Athens 1999 earthquake

based on different indices
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Table 5. The amount of displacement of the first floor and fourth floor of the structure due to Mexico City 1999
earthquake based on different indices
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Table 6. The amount of acceleration of the first floor and fourth floor of the structure due to El Centro 1940 earthquake

based on different indices
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Table 7. The amount of acceleration of the first floor and fourth floor of the structure due to Northridge 1994
earthquake based on different indices
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Table 8. The amount of acceleration of the first floor and fourth floor of the structure due to Athens 1999 earthquake

based on different indices.
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Table 9. The amount of acceleration of the first floor and fourth floor of the structure due to Mexico City 1999
earthquake based on different indices.
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Table 10. Maximum inter-story acceleration of the studied structure due to all far-field and near-field earthquake

excitations.
St 220 Sl | soleria gy | il eanS S | (3 gliel e | ouisS J S e
oleiiny by, @l b (oras

JESIERS
YAV <[ F7) <[ VFY <[+ OYA <AYYA Jgl 4l
YrI¥ <[YYY <[+ FFA SRR <[« ANY pyd anb
YO/IA <[+ ¥FY <[+ AYY <[+ OA] ANAA Py aib
ARIAN <[+ FYY o[+ AS- <[+ XY AR PN polez ailb
Y&y Sguy (yeSleo

AR
AVid A RR VAYY . <IFFAQ ARAR4 Jgl 4l
Y'Y/ DARAR < [F7AY </Yavy <IYADO pyd anb
ARY4 <IYEYY AR AR <|ANOYY \/vave Py aib
YAIYA <IYYYY VIFOAA ATRRAR VIYAYA polez adlb
i Syt eSilos

511344
YVIY SIYYNY <IYOYY <IPEYY <|OFAF Jgl 4l
YAIY IARVA AV NZ4 SARIAN <IYEFY pyd aib
ARYAY DARART <JAYY ) </Ya¥yY <INF-Y Py aib
YZIA AR YN INYa DARTA <IFYNY polez ailb
YVIY et (3eSlo
EWRSRLLT

\¥di4 DEATE <[+YAQ <[-X\Y o[- YYY Jsl sl
Y RN <[+\Y0 <[ \YAY <IYVY pyd aib
YV/A «[<\YAY <[+V40 of+ XY <[+ YYA Py ainb
¥ /A [NV¥ foY ) [+ VAD “[-YYY ol aib
YY/O Sgus duo )0 3 Sleo
Y-t IS dgugp oy ke

Yy




YVS B YYAY Slxio TR Lo A olad @ 0,93 ¢S yual SlSo owodigen & il

[5] B. Samali, M. Al-Dawod, Performance of a five-storey
benchmark model using an active tuned mass damper
and a fuzzy controller, Engineering Structures, 25(13)
(2003) 1597-1610.

[6] B. Samali, M. Al-Dawod, K.C. Kwok, F. Naghdy,
Active control of cross wind response of 76-story
tall building using a fuzzy controller, Journal of
engineering mechanics, 130(4) (2004) 492-498.

[7] S. Pourzeynali, H. Lavasani, A. Modarayi, Active
control of high rise building structures using fuzzy
logic and genetic algorithms, Engineering Structures,
29(3) (2007) 346-357.

[8] L. Huo, G. Song, H. Li, K. Grigoriadis, Robust control
design of active structural vibration suppression using
an active mass damper, Smart materials and structures,
17(1) (2007) 015021.

[9] N. Fisco, H. Adeli, Smart structures: part II—hybrid
control systems and control strategies, Scientia
Iranica, 18(3) (2011) 285-295.

[10] R. Guclu, H. Yazici, Vibration control of a structure
with ATMD against earthquake using fuzzy logic
controllers, Journal of Sound and Vibration, 318(1-2)
(2008) 36-49.

[11] Y. Shen, A. Homaifar, D. Chen, Vibration
control of flexible structures using fuzzy logic and
genetic algorithms, in: Proceedings of the 2000
American Control Conference. ACC (IEEE Cat. No.
00CH36334), IEEE, 2000, pp. 448-452.

[12] W. Jung, W. Jeong, S. Hong, S.-B. Choi, Vibration
control of a flexible beam structure using squeeze-
mode ER mount, Journal of sound and vibration,
273(1-2) (2004) 185-199.

[13] R.-F. Fung, Y.-T. Liu, C.-C. Wang, Dynamic model
of an electromagnetic actuator for vibration control of
a cantilever beam with a tip mass, Journal of Sound
and Vibration, 288(4-5) (2005) 957-980.

[14] R. GUCLU, Fuzzy logic control of vibrations of
analytical multi-degree-of-freedom structural systems,
Turkish Journal of Engineering and Environmental

Sciences, 27(3) (2003) 157-168.

yyyy

S 25 Azt -4
slosss JyS 5 38 Ghin p e oo S
JrS g5050 50 Gloo S 05 crae sl 5 S
ol ans 90 (o (b o b Gl e ol b3)
emac A b g (638 Bhie JpuS s YL aws wilassly
Se o daojle b)) mhaw falS 0 0ot slacaddes LS 50
awd 9 ol b cniaily 5ali c0g 095 Ll bl ollo
B 556 JysS unle 00,5 o5l J S bl 05upp o go Silg5 oo
Sleitle a4 Jlesl sboggi g wlilicel ads 4y o295 LB sg0>
Ol e bl ol s aae YU et 8 sl Saan b
mas 4l g (e J S (e, b6l earsS J juS Gaali llie
S olpad 4y ndal eac- g L) glagis les b
ey o b gl clpe &5 i JISh pelis ouiiS' S
Glog b j0 a5 w8 slpaiy sl oud Ay (gjlwagys
hlo 29290 anlllas 8590 slaally (ooled b agzlge jo 9 alise
bl iz sl g slwacs 5l oasliamsd bl 4 axgi b
Jles! bl golpaiinn oS 5 00isS JiiS cglae slo,Lss
olib Sl 5 plraly pald ceb wallhs 9,50 A3 ks

255 s ey (el o3 il s

&zl

[1] J. Yao, Concept of structural control, Journal of the
Structural Division, 98(st 7) (1972).

[2] J.N. Yang, A.K. Agrawal, Semi-active hybrid control
systems for nonlinear buildings against near-field
earthquakes, Engineering structures, 24(3) (2002)
271-280.

[3] T. Datta, Control of dynamic response of structures,
Emerging Trends in Vibration and Noise Engineering,
1 (1996) 101.

[4] N. Fisco, H. Adeli, Smart structures: part [—active
and semi-active control, Scientia Iranica, 18(3) (2011)

275-284.



YYVE B YYAY Glxio YA Jlo A oylad D 093 pusS pual SlSlo diges & it

Control System for Building Structures using PD/PID
Control, IFAC Proceedings Volumes, 47(3) (2014)
4760-4765.

[26] S. Etedali, S. Tavakoli, M.R. Sohrabi, Design of a
decoupled PID controller via MOCS for seismic
control of smart structures, Earthquakes and
Structures, 10(5) (2016) 1067-1087.

[27] M. Bozorgvar, S.M. Zahrai, Semi-active seismic
control of buildings using MR damper and adaptive
neural-fuzzy intelligent controller optimized with
genetic algorithm, Journal of Vibration and Control,
25(2) (2019) 273-285.

[28] M. Braz-César, R. Barros, Optimization of a fuzzy
logic controller for MR dampers using an adaptive
neuro-fuzzy procedure, International Journal of
Structural Stability and Dynamics, 17(05) (2017)
1740007.

[29] Z.Q. Gu, S.O. Oyadiji, Application of MR damper in
structural control using ANFIS method, Computers &
Structures, 86(3-5) (2008) 427-436.

[30] K.C. Schurter, PN. Roschke, Neuro-fuzzy control
of structures using magnetorheological dampers,
in:  Proceedings of the 2001 American Control
Conference. (Cat. No.01CH37148), IEEE, 2001, pp.
1097-1102.

[31] K.C. Schurter, PN. Roschke, Neuro-fuzzy control
of structures using acceleration feedback, Smart
Materials and Structures, 10(4) (2001) 770-779.

[32] H. Pang, F. Liu, Z. Xu, Variable universe fuzzy
control for vehicle semi-active suspension system
with MR damper combining fuzzy neural network and
particle swarm optimization, Neurocomputing, 306
(2018) 130-140.

[33] S.P. HADI, THE DESIGN OF THE HYBRID PID-
ANFIS CONTROLLER FOR SPEED CONTROL OF
BRUSHLESS DC MOTOR, Journal of Theoretical &
Applied Information Technology, 71(3) (2015).

[34] D. Singh, Passenger body vibration control in active
quarter car model using ANFIS based super twisting

sliding mode controller, Simulation Modelling

[15] R. Guclu, Sliding mode and PID control of a
structural system against earthquake, Mathematical
and Computer Modelling, 44(1-2) (2006) 210-217.

[16] R. Guclu, H. Yazici, Fuzzy logic control of a non-
linear structural system against earthquake induced
vibration, Journal of Vibration and Control, 13(11)
(2007) 1535-1551.

[17] R. Guclu, H. Yazici, Seismic-vibration mitigation of
a nonlinear structural system with an ATMD through
a fuzzy PID controller, Nonlinear Dynamics, 58(3)
(2009) 553.

[18] C. Collette, S. Chesne, Robust hybrid mass damper,
Journal of Sound and Vibration, 375 (2016) 19-27.
[19] A.-A. Zamani, S. Tavakoli, S. Etedali, Fractional
order PID control design for semi-active control
of smart base-isolated structures: a multi-objective
cuckoo search approach, ISA transactions, 67 (2017)

222-232.

[20]N.Aguirre, F. Ikhouane, J. Rodellar, Proportional-plus-
integral semiactive control using magnetorheological
dampers, Journal of Sound and Vibration, 330(10)
(2011) 2185-2200.

[21] S. Etedali, M.R. Sohrabi, S. Tavakoli, Optimal PD/
PID control of smart base isolated buildings equipped
with piezoelectric friction dampers, Earthquake
Engineering and Engineering Vibration, 12(1) (2013)
39-54.

[22]S. Etedali, M.R. Sohrabi, S. Tavakoli, An independent
robust modal PID control approach for seismic control
of buildings, Journal homepage: http://www. ojceu. ir/
main, 279 (2013) 291.

[23] R. Subasri, A. Natarajan, S. Sundaram, W. Jianliang,
Neural aided discrete PID active controller for non-
linear hysteretic base-isolation building, in: 2013 9th
Asian Control Conference (ASCC), IEEE, 2013, pp.
1-8.

[24] S.M. Nigdeli, Effect of feedback on PID controlled
active structures under earthquake excitations,
Earthquakes and Structures, 6(2) (2014) 217-235.

[25] W. Yu, S. Thenozhi, X. Li, Stable Active Vibration

AARES


http://www

YVS B YYAY Slxio TR Lo A olad @ 0,93 ¢S yual SlSo owodigen & il

of ANFIS Controller and PID Controller for Seismic
Vibration Control of Structural System, International
Journal of Advanced Engineering Research and
Science, 3(11) (2016).

[41] J.-S. Jang, ANFIS: adaptive-network-based fuzzy
inference system, IEEE transactions on systems, man,
and cybernetics, 23(3) (1993) 665-685.

[42]1 M. A. Shoorehdeli, M. Teshnehlab, A.K. Sedigh, M.A.
Khanesar, Identification using ANFIS with intelligent
hybrid stable learning algorithm approaches and
stability analysis of training methods, Applied Soft
Computing, 9(2) (2009) 833-850.

[43] J.-S.R. Jang, C.-T. Sun, E. Mizutani, Neuro-fuzzy
and soft computing-a computational approach to
learning and machine intelligence [Book Review],
IEEE Transactions on automatic control, 42(10)
(1997) 1482-1484.

[44] S. Mirjalili, A. Lewis, The whale optimization
algorithm, Advances in engineering software, 95
(2016) 51-67.

[45] M.L. James, G.M. Smith, J. Wolford, P. Whaley,
Vibration of mechanical and structural systems: with

microcomputer applications, Harper Collins, 1994.

e

Practice and Theory, 89 (2018) 100-118.

[35] U.A. Shaikh, M.K. AlGhamdi, H.A. AlZaher, Novel
product ANFIS-PID hybrid controller for buck
converters, The Journal of Engineering, 2018(8)
(2018) 730-734.

[36] A. Kharola, A PID BASED ANFIS & FUZZY
CONTROL OF INVERTED PENDULUM ON
INCLINED PLANE (IPIP), International Journal on
Smart Sensing & Intelligent Systems, 9(2) (2016).

[37] M.I. AL-Saedi, H. Wu, H. Handroos, ANFIS and
fuzzy tuning of PID controller for trajectory tracking of
a flexible hydraulically driven parallel robot machine,
Journal of automation and control engineering, 1(3)
(2013) 70-77.

[38] D. Singh, Modeling and control of passenger body
vibrations in active quarter car system: a hybrid ANFIS
PID approach, International Journal of Dynamics and
Control, 6(4) (2018) 1649-1662.

[39] R. Hussain, R. Massoud, M. Al-Mawaldi,
ANFIS-PID control FES-supported sit-to-stand in
paraplegics:(Simulation study), Journal of Biomedical
Science and Engineering, 7(04) (2014) 208.

[40] R. Tomar, M. Qureshi, S. Shrivastava, Development






	_GoBack
	Blank Page FA.pdf

