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1. Introduction

The optimization of actuators mainly includes
several aspects, optimization of placement, number 
and configuration direction of actuators are most 
important. It has many important applications, such 
as vibration control, shape control, aeroelastic 
control etal. [1–3]. 

A typical actuator and sensor [4] location 
problem for structural vibration control can be 
described as a combinatorial optimization problem. 
The problem is based on the available information 
on the structure itself, on disturbances acting on the 
structure, and on the required structural 
performance. The preliminary information on the 
structural properties is typically obtained from a 
structural finite-element model. The disturbance 
information includes the disturbance location and 
disturbance spectral content. The structure 
performance is commonly evaluated through the 
displacements or accelerations of selected 
structural locations.  

It is very difficult to duplicate the dynamics of a 
real structure during experiments and testing. This 
difficulty occurs  not only because of a limited 
knowledge of disturbances or physical restrictions 
but also because the test actuators often cannot be 
placed at the actual locations of the disturbances 
and the sensors cannot be placed at locations 
where the performance is evaluated. Thus, to 
conduct the test close to the conditions of a 
structure in a real environment, we use the 
available placements of actuators and sensors and 
formulate the selection principals and selection 
mechanisms.  

The controller design problem of a structure can 
be defined in a similar way. Usually, sensors are 
placed at the allowable sensor placements, which 
are usually outside the locations where the 
performance is evaluated. Actuators are located at 
the allowable placements, and they are not 
necessarily collocated with the placements where 
the disturbances are applied. 

For simple experiment articles, an experienced 
experiment engineer can determine the appropriate 
actuator or sensor placements in a good way. 
However, when it is the first time testing large-scale 
and complex flexible structures, choosing the 
locations of the actuators and sensors is neither an 
obvious nor a simple task. In practice, heuristic 
means are combined with simplified analysis and 

engineering judgment to determine the placements 
of the actuators and sensors. In most cases, the 
placements vary during the experiments to obtain 
high quality data to identify the information of target 
modes. 
In this paper, actuator/sensor optimization 
principals and actuator/sensor optimization 
methods are reviewed and discussed. 
2. Body of abstract

This paper gives an overview of research on 
actuator/sensor placement, number and 
configuration direction optimization. First, the 
importance of the technology is introduced, and 
then, actuator/sensor optimization principals and 
actuator/sensor optimization methods are 
discussed. Finally, future research studies on 
technologies for intelligent optimization of the 
locations, numbers and orientations of actuators 
are recommended. 

3. ACTUATOR/SENSOR OPTIMIZATION
PRINCIPALS

Recently, several types of configuration 
principals for actuators/sensors have been 
proposed: those based on the configuration 
principal of the system energy, based on the 
configuration principal of the system vibration 
response, based on the configuration principal of 
system failure and reliability, based on the 
configuration principal of control/observation 
spillover, based on the configuration principal of 
system controllability/observability, and based on 
the configuration principal of other performance 
principals. 

A. The Configuration Principal of System
Controllability/Observability 

From the above, it can be seen that the 
placement of sensors/actuators is the key factor of 
system controllability/observability. Although the 
number, size and configuration direction of the 
sensors/actuators can have a negative/positive 
effect on the controllability/observability of the 
system, related research has rarely been reported. 
On the other hand, the realization of multi-objective 
optimization [17] involves selecting one of the 
feasible solutions depending on the 
controllability/observability of the system; obviously, 
this is a complex problem, and further research 
needs to be done. 
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B. The Configuration Principal of the
System Energy 

From the above, it can be seen that the location 
of sensor/actuator plays a very important role in the 
vibration control system. In the same manner, 
although the number, size and configuration 
direction of the sensor/actuator can have a 
negative/positive effect on the energy dissipation 
[23] of the vibration system, related research has
rarely been reported. On the other hand, the
realization of multi-objective optimization requires
us to select one of the feasible solutions depending
on the maximization of the dissipation energy of the
system. Obviously, this is an interesting and
complex problem.

C. The Configuration Principal of the
Vibration Response 

From the above, it can be seen that the locations 
of sensors/actuators have an important influence 
on the vibration and shape control system. In the 
same way, although the number, size and 
configuration direction of the sensors/actuators can 
have a negative/positive effect on the vibration 
response of the vibration control system, related 
research has rarely been reported. On the other 
hand, the realization of multi-objective optimization 
requires us to select one of the feasible solutions 
depending on the vibration response of system; 
obviously, this is also an interesting and complex 
problem. 

D. The Configuration Principal of System
Failure and Reliability 

From the above, it can be seen that the 
distributed parameters [28] of sensor/actuator have 
an important influence on the vibration and shape 
control system. There is no doubt that the number, 
size and configuration direction of 
sensors/actuators can have a negative/positive 
effect on the system failure and reliability of the 
vibration control system, but related research has 
rarely been reported. On the other hand, the 
realization of multi-objective optimization requires 
us to select one of the feasible solutions depending 
on the failure and reliability of the system; obviously, 
this is also an interesting and complex problem. 

E. The Configuration Principal of 
Control/Observation Spillover 

From the above, it can be seen that the 
placement of sensors/actuators has an important 
influence on the vibration and shape control system. 
There is no doubt that the number, size and 
configuration direction of the sensor/actuator can 
have a negative/positive effect on the 
control/observation spillover of the vibration control 
system, but related research has rarely been 
reported. On the other hand, the realization of 
multi-objective optimization requires us to select 
one of the feasible solutions depending on the 
control/observation spillover of the system; 
obviously, this is also an interesting and complex 
problem. 

F. The Configuration Principal of Other

Performance Principals 
From the above, it can be seen that the 

placement, size and number of sensors/actuators 
have an important influence on the performance of 
the vibration and shape control system. There is no 
doubt that the configuration direction of the 
sensors/actuators can have a negative/positive 
effect on the performance of the vibration control 
system, but related research has rarely been 
reported. On the other hand, the realization of 
multi-objective optimization requires us to select 
one of the feasible solutions depending on the 
performance of the system; obviously, this is also 
an interesting and complex problem. 

4. ACTUATOR/SENSOR OPTIMIZATION
METHOD

Recently, several types of configuration 
principals for actuators/sensors have been 
proposed: the random class method, sequence 
method, inference algorithm, nonlinear 
programming optimization method, and intelligent 
algorithms. 

A. Nonlinear Programming Optimization
Method 

From the above, it can be seen that the nonlinear 
programming optimization method can address 
some complex combinatorial optimization problem. 
In addition, this type of optimization method can be 
used to obtain high-accuracy results. However, the 
process of optimization costs too much time, and it 
does not have high efficiency in the control system. 
As a result, the nonlinear programming 
optimization method could not be used in a 
real-time control system, which may be one of the 
important reasons why related research in a 
real-time control system has rarely been reported. 
On the other hand, it is urgent to improve the 
computational efficiency of the nonlinear 
programming optimization method; this approach 
could help realize a multi-objective optimization of 
actuators/sensors. 

B. Sequence Method
From the above, it can be seen that the

sequence method can address some complex 
optimization problems. In addition, this type of 
optimization method is easy to realize because it is 
usually used in a linear system. However, the 
process of optimization also costs a large amount 
of time, and it does not have high efficiency in a 
control system. As a result, the nonlinear 
programming optimization method could not be 
used in a real-time control system, which could be 
one of the important reasons why related research 
in a real-time control system has rarely been 
reported. On the other hand, it is urgent to improve 
the computational efficiency of the nonlinear 
programming optimization method; this approach 
could help realize the multi-objective optimization 
of actuators/sensors. 

C. Inference Algorithm
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From the above, it can be seen that the nonlinear 
programming optimization method can address 
some complex combinatorial optimization problems. 
In addition, this type of optimization method can be 
used to obtain high-accuracy results. However, the 
process of optimization costs too much time, and it 
does not have high efficiency in the control system. 
As a result, the nonlinear programming 
optimization method could not be used in a 
real-time control system, which could be one of the 
important reasons why related research has rarely 
been reported. On the other hand, it is urgent to 
improve the computational efficiency of the 
sequence method, and this approach could help 
realize the multi-objective optimization of 
actuators/sensors. 

D. Multi-objective Optimization Algorithm 
From all of the above, we can find that 

multi-objective optimization of actuators/sensors 
has been research in the field of structure vibration 
and shape control systems. However, a 
comprehensive comparison between different 
artificial intelligent optimization methods for 
actuator placement, number, and orientation has 
not been done. In addition, the above algorithms’ 
optimization time is usually too long, and they are 
not suitable for application of real-time vibration 
and shape control systems. 

E. Intelligent Algorithms 
From the above, it can be seen that the intelligent 

algorithms can address some multi-objective and 
complex combinatorial optimization problems. In 
addition, this type of optimization method can be 
used to obtain more high-accuracy results. 
However, the performances in the process of 
optimization in terms of elapsed time are different 
among the different types of intelligent algorithms. 
Some of the algorithms have high efficiency with 
regard to the control system. As a result, intelligent 
algorithms must be chosen before they are used in 
real-time control systems. This aspect could be one 
of the important reasons why related research has 
rarely been published. As a result, intelligent 
algorithms have priority for use in engineering 
practice.  

5. RECOMMENDED FUTURE RESEARCH 

Most previous research has only focused on the 
actuator placement problem in structure vibration 
control; however, the acting force’s effect direction 
has usually been ignored. Obviously, if a 
piezoelectric actuator can have a better effect in a 
certain direction, then a better effective result would 
be obtained, and a control method could be 
changed into vector control. As a result, some 
scholars [62–66] are interested in solving the 
actuator/sensor placement, number and 
configuration direction optimization problem using 
intelligent algorithms. In the future, the control of a 
flexible multi-body system composed of plate-like 
structures has application to the control of space 

systems and aircraft, to name a few. Flexible 
multi-body systems composed of plate-like 
structures are typically lightweight and highly 
flexible. These systems have distributed-parameter 
dynamics, their natural damping is very small, they 
have many densely packed low-frequency modes; 
and their model parameters are uncertain. 
Moreover, performance requirements, such as the 
pointing accuracy, shape control, and bandwidth, 
are very stringent and make the problem of 
structural vibration more acute. Examples of 
flexible multibody systems composed of plate-like 
structures include a variety of space structures 
ranging from large solar panels to very complex 
space stations. Future research will be concerned 
with the intelligent high precision shape and 
vibration control of flexible multi-body systems 
composed of plate-like structures. The dynamics of 
flexible multi-body systems composed of plate-like 
structures is uncertain due to factors such as high 
nonlinearity, consideration of higher modal 
frequencies, high dimensionality, multiple inputs 
and outputs, and operational constraints, as well as 
unexpected failures of sensors and/or actuators. 
The research will address the modeling of these 
flexible multi-body systems composed of plate-like 
structures and the associated vibration and shape 
control systems with a new type of intelligent 
controller design technique. Most importantly, the 
development of aircraft and enormous flexible 
multi-body systems has become a research focus 
in the field of flexible multi-body dynamics and 
control, such as the space mirror and space solar 
power station. The technologies for intelligent 
optimization of the locations, numbers and 
orientations of actuators will speed up the 
development of manmade vehicles, reduce the 
cost and risk of operations, and enhance support 
for future space activities greatly. There is no doubt 
that they will play a key role in future research on 
spacecraft and further exploitation of outer space. 
Acknowledgment 

6. ACKNOWLEDGMENT 

This project is supported by National Natural 
Science Foundation of China (Grant No. 
51605308) “Co-evolution of fractional order 
coupled structure vibration-attitude dynamic and 
control of spacecraft”; The Liaoning Province 
doctor Science Research Fund Project “Research 
on cooperative control technology of multi-agent 
system of flexible spacecraft” ”(Grant No. 
JYT19057); The Liaoning Province doctor Science 
Research Fund Project “Co-evolution of fractional 
order coupled structure vibration-attitude dynamic 
and control of China Space Station”(Grant No. 
201601178) ; The Liaoning Province "13th Five 
Year Plan" Higher Education Research Fund 
Project “Teaching quality monitoring system and 
safeguard mechanism research on Aerospace 
engineering majors” (Grant No. GHZD160012); 

363



5th International Conference on Materials and Reliability 

Jeju, Korea, Nov. 27-29, 2019 

 

 

The Liaoning Province Department of Education 
Fund Project “Study of fractional order coupled 
structure vibration-attitude dynamic and control of 
spacecraft” (Grant No. L2015414); The Liaoning 
Province Department of Education Fund Project 
“Research and practice on specialty of aerospace 
engineering based on recognition for engineering 
education”(Grant No.030201619);“Exploration and 
Practice of ‘Theory+ Interesting+ Research’ 
Innovative Teaching Mode”(Grant No.YJS2014-11); 
“Reform and  Practice of  ‘Theory+ Interesting+ 
Research’ Innovative Teaching Mode”(Grant 
No.JG2017011); “Research on Intelligent 
Integrated Control of Coupling between Space 
Solar Power Station Structure Vibration and 
Attitude Control (Grant No.13YB22)”. 

References 

[1] J. Yang, S. Qu, J. Lin, Z. Liu, X. Cui, C. Wang, et al., 

Research Progress of the Structure Vibration-Attitude 

Coordinated Con- trol of Spacecraft, Int’l J. Aeronaut. 

Sp. Sci. 16 (2015) 112–121. 

[2] J. Yang, Z. Liu, X. Cui, Experimental Study of 

Adaptive Sliding Mode Control for Vibration of a 

Flexible Rectangular Plate, Int’l J. Aeronaut. Sp. Sci. 

16 (2015) 28–40. 

[3] Jingyu Yang，Guoping Chen, Experimental Study of 

Adaptive Fuzzy Sliding Mode Control for Flexible 

Rectangular Plate Vibrations, J. Aerosp. Eng. 28 

(2015) 1–12. 

[4] R. Talebitooti, K. Daneshjoo, S.A.M. Jafari, Optimal 

control of laminated plate integrated with 

piezoelectric sensor and actuator considering TSDT 

and meshfree method, Eur. J. Mech. A/Solids. 55 

(2016) 199–211. 

doi:10.1016/j.euromechsol.2015.09.004. 

[5] W. Liu, Z.K. Hou, M.A. Demetriou, A computational 

scheme for the optimal sensor/actuator placement of 

flexible structures using spatial H-2 measures, Mech. 

Syst. Signal Process. 20 (2006) 881–895. 

doi:10.1016/j.ymssp.2005.08.030. 

[6] P.G. Maghami, S.M. Joshit, Sensor-Actuator 

Placement for Flexible Structures with Actuator 

Dynamics, J. Guid. Control. Dyn. 16 (1993) 301–307. 

[7] R.E.L. Jr, On the Number and Placement of 

Actuators for Independent Modal Space Control, 7 

(1984) 215–221. 

[8] P.C. Hughes, R.E. Skelton, Stability, controllability 

and observability of linear matrix-second-order 

systems, J. Appl. Mech. 47 (1980) 415–420. 

[9] S. Carolina, Controllability and Observability of 

General Linear Lumped-Parameter Systems, (1985) 

669–672. 

[10] K.B. Lim, Method for Optimal Actuator and Sensor 

Placement for Large Flexible Structures, 

J.GUIDANCE. 15 (1992) 49–57. 

[11] K. Gawronski, W. and Lim, Balanced actuator and 

sensor placement for flexible structures, Int. J. 

Control. 65 (1996) 131–145. 

[12] P.M. GUANGQUIAN, X. and Bainum, Actuator 

placement using degree of controllability for 

discrete-time systems, J. Dyn. Syst. Meas. Control. 

114 (1992) 508–516. 

[13] W. Lafayette, Optimal Placement of Actuators in 

Actively Controlled Structures Using Genetic 

Algorithms, AIAA J. 29 (2012) 942–943. 

[14] T. Aldraihem, O.J. and Wetherhold, R.C. and Singh, 

Optimal Size and Location of Piezoelectric 

Actuator/Sensors: Practical Considerations, J. Guid. 

Control. Dyn. 23 (2000) 509–515. 

[15] D. Halim, S.O.R. Moheimani, An optimization 

approach to optimal placement of collocated 

piezoelectric actuators and sensors on a thin plate, 

Mechatronics. 13 (2003) 27–47. 

[16] T. Nestorović, M. Trajkov, Optimal actuator and 

sensor placement based on balanced reduced models, 

Mech. Syst. Signal Process. 36 (2013) 271–289. 

doi:10.1016/j.ymssp.2012.12.008. 

[17] M. Iqbal, M. Naeem, A. Anpalagan, N.N. Qadri, M. 

Imran, Multi-objective Optimization in Sensor 

Networks: Optimization Classification, Applications 

and Solution Approaches, Comput. Networks. 99 

(2016) 134–161. doi:10.1016/j.comnet.2016.01.015. 

[18] L.A.C. Chen S T, Fan Y H, Efective actire dam ping 

design for suppression of vibration in flexible 

systems via dislocated sensor/actuator positioning, 

JSME Int. Journal. Ser. C, Dyn. Control. Robot. Des. 

Manuf. 37 (1994) 252–259. 

[19] G. Chen, R.J. Bruno, M. Salama, Optimal Placement 

of Active / Passive Members in Truss Structures 

Using Simulated Annealing, AIAA J. 29 (1991) 

1327–1334. 

[20] L. Baruh, H. & Meirovitch, On the placement of 

actuators, in: Collect. Tech. Pap. Struct. Struct. Dyn. 

Mater. Conf., 1981: pp. 611–620. 

[21] B. Lu, LY and Utku, S. and Wada, Location selection 

for vibration controllers in space crane as adaptive 

structures, in: AIAA/ASME/ASCE/AHS/ASC Struct. 

Struct. Dyn. Mater. Conf. 31 St, Long Beach, CA, 

1990: pp. 2375–2380. 

[22] G. Schulz, G. and Heimbold, Dislocated 

actuator/sensor positioning and feedback design for 

flexible structures, J. Guid. Control. Dyn. 6 (1983) 

361–367. 

[23] A. Kainz, W. Hortschitz, M. Stifter, J. Schalko, F. 

Keplinger, Optimization of passive air damping of 

MOEMS vibration sensors, Procedia Eng. 87 (2014) 

440–443. doi:10.1016/j.proeng.2014.11.326. 

[24] M.S.& S.S. Rao, Thermo piezoelectric Control 

Design and Actuator Placement, IAA J. 35 (1997) 

534–539. 

[25] K.S. Kang, Y.K. and Park, H.C. and Hwang, W. and 

Han, Optimum Placement of Piezoelectric Sensor 

Actuator for Vibration Control of Laminated Beams, 

AIAA J. 34 (1996) 1921–1926. 

[26] S. Matunaga, A.F. Models, Actuator Placement with 

Failure Consideration for Static Shape Control of 

Truss Structures, AIAA J. 33 (1994) 3–5. 

[27] H. Baruh, Actuator Failure Detection in the Control 

of Distributed Systems, 9 (1986) 181–189. 

[28] I. Kucuk, I. Sadek, Y. Yilmaz, Optimal control of a 

distributed parameter system with applications to 

beam vibrations using piezoelectric actuators, J. 

Franklin Inst. 351 (2014) 656–666. 

doi:10.1016/j.jfranklin.2012.10.008. 

[29] H. Choe, K. and Baruh, Actuator Placement in 

Structural Control, J. Guid. Control. Dyn. 15 (1992) 

40–48. 

[30] B.K. Jalihal, P. and Utku, S. and Wada, Actuator 

placement in prestressed adaptive trusses for 

vibration control, in: AIAA/ASME/ASCE/AHS/ASC 

34th Struct. Struct. Dyn. Mater. Conf., 1993: pp. 

3312–3318. 

364



5th International Conference on Materials and Reliability 

Jeju, Korea, Nov. 27-29, 2019 

 

 

[31] J.K. Ryou, K.Y. Park, S.J. Kim, Electrode pattern 

design of piezoelectric sensors and actuators using 

genetic algorims, AIAA J. 36 (1998) 227–233. 

[32] R.A. Burdisso, R.T. Haftkat, optimal location of 

actuators for correcting distortions in large truss 

structures, AIAA J. 27 (1989) 1406–1411. 

[33] J.P. Etal, Optimal location of redundants for 

prestreasing adaptive trusses with bucking 

consideration, in: Proc. AIAA SDM Conf., 1992: pp. 

412–417. 

[34] T. Xu, K. and Warnitchai, P. and Igusa, Optimal 

Placement and Gains of Sensors and Actuators for 

Feedback Control, J. Guid. Control. Dyn. 17 (1994) 

929–934. 

[35] A. M, Optimal location and gains of feedback 

controllers at discrete locations, AIAA J. 36 (1998) 

2109–2116. 

[36] S. Devasia, T. Meressi, B. Paden, E. Bayoj, 

Piezoelectric actuator design for vibration 

suppression：Placement and sizing, J. Guid. Control 

Dyn. 16 (1993) 859–864. 

[37] D. Kammer, Sensor placement for on-orbit modal 

identification and correlation of large space structures, 

J. Guid. Control Dyn. 14 (1991) 251–259. 

[38] K.D. C, Effect of noise on sensor placement for 

on-orbit modal identification of large space structures, 

J. Dyn. Syst. Meas. Control. 114 (1993) 436–443. 

[39] S.H.& M.B. Fuchs, Quasistatic Optimal Actuator 

Placement with Minimum Worst Case Distortion 

Principal, AIAA J. 34 (1996) 1505–1511. 

[40] A.E. Sepulveda, I.M. Jin, P. Actuators, Optimal 

Placement of Active Elements in Control Augmented 

Structural Synthesis, 31 (1993) 1906～1914. 

[41] L.A. Sepulveda, A.E. and Schmit, Optimal placement 

of actuators and sensors in control augmented 

structural optimization, Int. J. Numer. Methods Eng. 

32 (2005) 1165–1187. 

[42] A. Molter, J.S.O. Fonseca, L. dos S. Fernandez, 

Simultaneous topology optimization of structure and 

piezoelectric actuators distribution, Appl. Math. 

Model. 000 (2016) 1–13. 

doi:10.1016/j.apm.2016.01.023. 

[43] S. Porn, H. Nasser, R.F. Coelho, S. Belouettar, A. 

Deraemaeker, Level set based structural optimization 

of distributed piezoelectric modal sensors for plate 

structures, Int. J. Solids Struct. 80 (2016) 348–358. 

doi:10.1016/j.ijsolstr.2015.09.001. 

[44] T.R.H.& H.J. K, Integrated control of thermally 

distorted large apace antennas, J. of ，
Guidance,Control,and Dyn. 19 (1992) 605–614. 

[45] M.L. Delorenzo, Sensor and Actuator Selection for 

Large Space Structure Control, J. Guid. Dyn. 13 

(1990) 249–257. 

[46] R.T. Haftka, H.M. Adelman, Selection of actuator 

locations for static shape control of large space 

structures by heuristic integer programming, Comput. 

Struct. 20 (1985) 575–582. 

[47] Y. Zhao, S. Zheng, H. Wang, L. Yang, Simultaneous 

optimization of photostrictive actuator locations, 

numbers and light intensities for structural shape 

control using hierarchical genetic algorithm, Adv. 

Eng. Softw. 88 (2015) 21–29. 

doi:10.1016/j.advengsoft.2015.05.004. 

[48] Y. Li, X. Wang, R. Huang, Z. Qiu, Actuator 

placement robust optimization for vibration control 

system with interval parameters, Aerosp. Sci. 

Technol. 45 (2015) 88–98. 

doi:10.1016/j.ast.2015.04.017. 

[49] J.-L. Duchaud, S. Hlioui, F. Louf, J. Ojeda, M. Gabsi, 

J. Marcinkowski, Modelisation and optimisation of a 

linear actuator for a two-stage valve tappet., 11 

(2012) 1–6. 

[50] H. Kim, C. Kim, H.K. Seong, J. Yoo, Structural 

Optimization of a Magnetic Actuator With 

Simultaneous Consideration of Thermal and 

Magnetic Performances, 51 (2015). 

[51] S. Lim, S. Jeong, S. Min, Multi-Component Layout 

Optimization Method for the Design of a Permanent 

Magnet Actuator, 52 (2016) 3–6. 

[52] H. An, K. Xian, H. Huang, Actuator placement 

optimization for adaptive trusses using a two-level 

multipoint approximation method, Struct. Multidiscip. 

Optim. (2015) 29–48. 

doi:10.1007/s00158-015-1306-0. 

[53] R. Datta, A. Jain, B. Bhattacharya, A piezoelectric 

model based multi-objective optimization of robot 

gripper design, Struct. Multidiscip. Optim. 53 (2016) 

453–470. doi:10.1007/s00158-015-1340-y. 

[54] M. Biglar, H.R. Mirdamadi, Configuration 

optimization of piezoelectric patches attached to 

functionally graded shear-deformable cylindrical 

shells considering spillover effects, J. Intell. Mater. 

Syst. Struct. 27 (2016) 295–313. 

doi:10.1177/1045389X14566528. 

[55] A. Ali, A.K. Dhingra, Multi-objective optimization of 

actively controlled structures with topological 

considerations, J. Vib. Control. 22 (2016) 1306–1319. 

doi:10.1177/1077546314536917. 

[56] J.J. Moghaddam, A. Bagheri, A novel stable 

deviation quantum-behaved particle swarm 

optimization to optimal piezoelectric actuator and 

sensor location for active vibration control, Proc. Inst. 

Mech. Eng. Part I J. Syst. Control Eng. 229 (2015) 

485–494. doi:10.1177/0959651815573897. 

[57] J. MENON, RG and BROWDER, AM and 

KURDILA, AJ and JUNKINS, CONCURRENT 

OPTIMIZATION OF PIEZOELECTRIC 

ACTUATOR LOCATIONS FOR DISTURBANCE 

ATTENUATION, AIAA/ASME/ASCE /AHS/ASC 

Struct. Struct. Dyn. Mater. Conf. 34 Th AIAA/ASME 

Adapt. Struct. Forum, La Jolla, CA. (1993) 

3269–3278. 

[58] J. Onoda, Y. Hanawa, Actuator placement 

optimization by genetic optimization and improved 

simulated annealing, AIAA J. 31 (2012). 

[59] R.K. Kapania, L. Sheng, Toward More Effective 

Genetic Algorithms for the Optimization of 

Piezoelectric Actuator Locations, 40 (2002) 

1246–1250. 

[60] K.D. Dhuri, P.Ã . Seshu, Multi-objective optimization 

of piezoelectric actuator placement and sizing using 

genetic algorim, J. Sound Vib. 323 (2009) 495–514. 

[61] Y.J. Cha, A.K. Agrawal, Y. Kim, A.M. Raich, 

Multi-objective genetic algorithms for cost-effective 

distributions of actuators and sensors in large 

structures, Expert Syst. Appl. 39 (2012) 7822–7833. 

doi:10.1016/j.eswa.2012.01.070. 

[62] Jingyu Yang，Guoping Chen, Optimal Orientations 

And Locations Of Actuators And Sensors For 

Structural Shape Control Using Intelligent 

Algorithms, in: 2013 Fifth Conf. Meas. Technol. 

Mechatronics Autom., 2013: pp. 760–769. 

[63] Jingyu Yang，Guoping Chen, Actuator Placement 

and Configuration Direction Optimisation in Plate 

Structure Vibration Control System, in: 2010 Int. 

Conf. Meas. Technol. Mechatronics Autom. 

365



5th International Conference on Materials and Reliability 

Jeju, Korea, Nov. 27-29, 2019 

 

 

(ICMTMA 2010), 2010: pp. 407–411. 

doi:10.1109/icmtma.2010.52. 

[64] Jingyu Yang，Guoping Chen, Optimal placement 

and configuration direction of actuators in plate 

structure vibration control system, in: 2010 2nd Int. 

Asia Conf. Informatics Control. Autom. Robot. (CAR 

2010), n.d. doi:10.1109/car.2010.5456890. 

[65] Jingyu Yang ， Guoping Chen, Orientations and 

locations optimization of actuators and sensors for 

structural shape control, Adv. Sci. Lett. 6 (2012) 

547–552. 

[66] Jingyu Yang ， Guoping Chen, Simultaneous 

Optimization of Orientations and Locations of 

Actuators and Sensors for Morphing Structural 

Shapes, in: 2012 Int. Conf. Uncertain. Reason. Knowl. 

Eng., 2012: pp. 183–188. 

 

 

 

 

 

 

 

 

 

 

 

366




