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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfillment of the requirement for the degree of Doctor of Philosophy

DEVELOPMENT OF A ROBUST INTELLIGENT CONTROLLER FOR A
SEMI-ACTIVE CAR SUSPENSION SYSTEM

By

HESHAM AHMED ABDUL MUTLEBA ABAS

August 2022

Chair : Azizan B. As'arry, PhD
Faculty : Engineering

In pursuite of comfortable driving in unpaved and off-roads, intelligent methods
are used to improve the suspension systems in the vehicles. Semi-active
suspension systems outperformed passive and active suspension systems
because it contains an intelligent actuator that can give the appropriate force to
dissipate unwanted vibration using intelligent and real-time controllers. This
research examines Magneto-rheological (MR) fluid damper with a Fuzzy-PID
controller, one of the most extensively intelligent semi-active suspension
system's actuators researched. However, the Fuzzy logic algorithm used in the
Fuzzy-PID controller cannot be wholly considered as a real-time controller; since
it is fuzzy rules are designed offline and according to a previous knowledge base,
which may not cope with the instant, unexpected vibrations that may occur.
Commonly, the Fuzzy rules are optimized using offline optimization methods
such as Differential Evolutionary (DE), Particle Swarms Optimization (PSO), or
Artificial Neural Network (ANN) algorithms. In this research, Differential Evolution
(DE) algorithm is modified to enhance the Fuzzy logic output gains to increase
the performance of PID portion of the Fuzzy-PID controller. To ensure stability
and robustness of the developed system, an active force controller (AFC) was
added and tested to validate the final AFC-Fuzzy-DE-PID controller. The
developed AFC-Fuzzy-DE-PID model was tested in two manners, first by
simulation using MATLAB Simulink with sinusoidal and random disturbances.
Then the model was tested experimentally in a quarter car test rig using different
disturbances by means of a pneumatic actuator as an excitation. The test rig was
developed at the control lab, Faculty Of Engineering in UPM. Results of the
simulation tests for the developed controller showed that it has improved the
vehicle's ride comfort by 23% - 62% better than the Fuzzy-DE-PID controller
and both the Fuzzy-PID and the passive system, respectively, in sinusoidal
disturbance condition. While in the random disturbance, the AFC-Fuzzy-DE-PID
improved the vehicle's ride comfort by 48%, 83%, and 27% better than the
Fuzzy-DE-PID, Fuzzy-PID, and the passive system, respectively. In the
experimental tests on sinusoidal disturbance, the AFC-Fuzzy-DE-PID improved



the ride comfort by range of 0.4% - 2% better than the Fuzzy-DE-PID, range of
6%-14% better than the Fuzzy-PID, and range of 30%-51% better than the
passive system. While on the random disturbance of the experimental test, the
ride comfort improved 1%, 3%, and 4% better than the Fuzzy-DE-PID, Fuzzy-
PID, and the passive system, respectively. By using this developed controller in
any other real-time application, it will improve the performance to the highest
levels without the need for a previous knowledge base for designing a real-time
Fuzzy-PID controller.
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Kaedah pintar adalah salah satu cara untuk menambahbaik sistem suspensi di
dalam kenderaan tambahan lagi untuk mencapai pemanduan yang selesa di
jalan yang tidak rata dan tidak berturap. Sistem suspensi separa aktif mengatasi
sistem sedia ada iaitu pasif dan aktif kerana ia mengandungi penggerak pintar
yang mampu untuk memberikan daya yang sesuai untuk mengurangkan getaran
yang tidak diingini menggunakan masa-nyata papan pintar. Penyelidikan ini
mengkaji peredam bendalir Magneto-rheologi (MR) dengan sistem pintar Fuzzy-
PID. la merupakan salah satu penggerak sistem suspensi pintar yang telah dikaji
secara intensif dan impaknya. Walaubagaimanapun, algoritma logik Fuzzy yang
digunakan di dalam pengawal pintar Fuuzy-PID tidak boleh dikategorikan
sebagai pengawal masa-nyata sepenuhnya. Ini kerana ia telah direka secara di
luar talian dan hanya mengikut pengkalan data yang sedia ada yang mungkin
tidak dapat dilihat jika kajian dijalankan untuk getaran serta-merta atau lain-lain
faktor yang menyumbang kepadanya. Lazimnya, peraturan Fuuzy dioptimumkan
menggunakan kaedah secara luar talian seperti algoritma Evolusi Pembezaan
(Differential Evolutionary), Particle Swarms Optimization (PSO), Artificial Neural
Network (ANN). Di dalam kajian ini, algoritma Differential Evolution (DE)
diubahsuai untuk menganjakkan pengeluaran logik Fuzzy untuk meningkatkan
prestasi di peringkat pengawal Fuzzy-PID. Demi memastikan kestabilan dan
keteguhan sistem yang dicadangkan, Pengawal Daya Aktif (AFC) telah
ditambahkan ke dalam sistem dan diuji untuk mengesahkan peringkat akhir
model AFC-Fuzzy-DE-PID. Model AFC-Fuzzy-DE-PID yang telah dicadangkan
telah menjalani ujikaji melalui dua cara iaitu pertamanya melalui simulasi
menggunakan perisian MATLAB Simulink dengan menggunakan sinusoidal dan
rawak. Seterusnya, model tersebut telah menjalani eksperimen menggunakan
rig ujikaji suku kereta yang dilengkapi oleh penggerak pneumatik sebagai
penguja. Rig ujikaji ini telah dibina di Makmal Kawalan, Fakulti Kejuruteraan di
UPM. Keputusan simulasi dan ujikaji kawalan untuk pengawal yang
dicadangkan menunjukkan bahawa ia telah menambahbaik keselesaan
perjalanan kenderaan sebanyak 23% dan 63% lebih baik berbanding pengawal



Fuzzy-DE-PID, dan juga kedua-dua Fuzzy-PID dan sistem pasif di dalam situasi
gangguan sinusoidal. Sementara itu bagi gangguan rawak, AFC-Fuzzy-DE-PID
telah meningkatkan keselesaan perjalanan kenderaan sebanyak 48%, 83% dan
27% lebih baik berbanding Fuzzy-DE-PID, Fuzzy-PID dan sistem pasif. Di dalam
ujian eksperimen ke atas gangguan sinusoidal, AFC-Fuzzy-DE-PID telah
meningkatkan keselesaan tunggangan dengan julat 0.4% ke 2% lebih baik
berbanding Fuzzy-DE-PID, julat 6% ke 14% lebih baik berbanding Fuzzy-PID,
dan julat 30% ke 51% lebih baik berbanding sistem pasif. Sementara gangguan
rawak keatas ujian eksperimen, keselesaan pacuan masing-masing bertambah
baik sebanyak 1%, 3% dan 4% berbanding Fuzzy-DE-PID, Fuzzy-PID dan
sistem pasif. Dengan menggunakan pengawal yang telah dicadangkan di dalam
aplikasi masa-nyata yang lain, ia mampu meningkatkan prestasi ke tahap
tertinggi tanpa memerlukan pangkalan data yang sebelumnya untuk
merekabentuk pengawal Fuzzy-PID masa-nyata.
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CHAPTER 1

INTRODUCTION

1.1 Background and motivation

A vehicle's suspension system also plays a role in supporting the weight of the
vehicle and improving ride comfort and smoothness in unstable road conditions
(Jamil, Zafar, & Gilani 2018; Tandel et al. 2014) . Suspension systems serve to
isolate the car body from road bumps by reducing the forces transferred between
the car body and the road (Soliman & Kaldas 2021; Jiregna & Sirata 2020). Since
the 1980s, extensive research has been proposed to upgrade suspension
systems from passive to active and finally to semi-active his suspension
systems..

In passive suspension systems, only robust mechanical components cannot be
adjusted for different rough road conditions. Active suspension systems have
actuators, such as hydraulic actuators, that make them more flexible in rough
road conditions.

Semi-active suspension systems are currently the biggest concern over active
suspension systems. This is due to the use of lightweight, energy-saving and
intelligent actuators that can be tuned and controlled by modern control
algorithms such as fuzzy and PID algorithms. Magnetorheological fluids (MR
dampers) widely used in many engineering applications. However, it is
hysteresis behavior that has led researchers to widely propose various control
strategies to overcome nonlinearities(Genc, 2022; Lopez-Lopez et al., 2022;
Tandel et al., 2014). The MR Damper fluid is composed of microscopic magnetic
particles dispersed in a liquid capable of changing their rheological properties if
exposed to a magnetic field (Genc, 2022) . The dispersed particles magnetized
and changed the fluid liquid state into a viscoelastic solid-state (Lopez-Lopez et
al., 2022), and once the magnetic field was removed, the fluid returned to its
liquid state. Remarkably, by changing the current of the damper, the strength of
the magnetic field applied to the MR damper fluid can be adjusted to produce
the required damping effect (P. S. Liu & Chen, 2014). Because of these smart
properties of the MR damper fluid, it is effectively studied in many suspension
system researches (Soliman & Kaldas, 2021; (Jiregna & Sirata, 2020).

The motivation to do this research was to develop a new DE algorithm scheme
to build a robust vehicle semi-active suspension system that can overcome the
limitation of systems occupied by Fuzzy-PID controllers.



1.2 Problem statement

A fuzzy PID controller is one of the most effective controllers used to control MR
dampers for suspension isolation (Rashid et al., 2007). This controller uses a
fuzzy logic algorithm to tune the PID controller parameters (Kazemian 2007;
Somwanshi et al. 2019; Borase et al. 2021). However, the strategy of the fuzzy
logic algorithm consists of input parameters derived from the fuzzy inference
system 'FIS'. Optimal starting value (Y. Zhao & Wang, 2019). FIS includes
membership rules and membership functions that require prior expertise to
design an effective FIS strategy (Talpur et al. 2022; Khairuddin et al. 2021).

The motivation for this study that fuzzy PID controllers are regarded as one of
the real-time (or online) optimization techniques (Borase et al. 2021;
Hosseinpour and Martynenko 2020; Liu et al. 2021). However, it has the
disadvantage that it is a rule base that is usually created in offline mode. Apart
from knowledge base requirements, there is no systematic framework or set of
rules for building inference systems, making it difficult to react to real-time
uncertainties by making instant changes (Angelov, 2004), and this make it not
smart enough to cope with instant unexpected disturbances (Somefun et al.,
2021) as seen in Figure 1.1. Therefore, adding real-time or online optimization
to the fuzzy PID controller will improve the output of fuzzy logic and the automatic
adjustment of his PID in response to various uncertain road profile disturbances.
DE optimization algorithm used here in this research because of it is simplicity
and it is fast results in compare to other optimization methods. However, another
issue with using the DE in the Fuzzy-PID controller, which it has the problem of
iteration requirements which make it difficult to optimize the Fuzzy-PID instantly.
Also the classic DE mutation strategies rely on randomness which lead to time
consuming so DE must be modified to have less iteration times to cope with the
fast decision requirements of the online applications.

r PID I Plant L -
+ Controller
i ¥
d/dt de, |dK |dK,
I Fuzzy Controller

Figure 1.1: In the Fuzzy-PID controller the Fuzzy used to tune the PID
parameters automatically (Wahid & Hassan, 2012).



1.3

Research objectives

The main objective of this project is to develop the Fuzzy-PID controller using
modified DE with AFC to increase the robustness of the suspension system by
fulfilling these points:

1.4

To modify the mutation scheme of the classic Differential Evolution (DE)
algorithm in order to increase the optimization process for the online
application of this study.

To develop a robust intelligent controller for an MR damper model
through a simulation study using a Fuzzy-PID controller optimized by DE
optimization method (Fuzzy-DE-PID) injected by AFC.

To evaluate the performance of the robust intelligent controller on the
semi-active suspension system via an experimental test.

To verify that the suspension system statistically is in comfort level by
using the developed controller according to ISO 2631-1:1997 standards.

Scope and limitation of the research

The research mainly focuses on controlling semi-active quarter car
suspension system to provide an efficient and robust control system
using online DE and AFC.

The study is limited to a quarter car suspension system with 200 kg
representing a lightweight vehicle.

The controller of the study is AFC-Fuzzy-DE-PID and aims to improve
its performance of classical Fuzzy-PID to solve its knowledge base
limitation.

The study aims to reduce the unwanted vertical body vibration generated
by sinusoidal and random road profiles.

The actuator used in this study is the Magnetorheological Fluid Damper
(MR Damper).

The simulation study uses MATLAB/Simulink software.

An experimental is fully designed and developed based on a
mechatronic approach.

A software-based system (LabVIEW, data acquisition system, Electronic
chips) will be applied to the test rig in-the-loop system to control the MR
Damper.

The road disturbance (shaker of the system) is a two-way pneumatic air
cylinder controlled by a 12 V electronic solenoid valve.



1.5 Research outline

This thesis consists of five chapters. Chapter 1 is the introduction chapter. This
chapter presents the research background, statement of the problem, objectives
and scopes of the study, research contributions, methodology of research, and
the overall outline of this thesis.

Chapter 2 presents the literature review on related subjects concerning this
thesis. In this chapter, the classification of vehicle suspension systems, the
selection of damper types, and a review of published articles related to semi-
active suspension control strategies are described.

Chapter 3 presents the developed systems methodology, modeling, testing, and
validation. First, it introduces the modification methodology to the DE algorithm,
then the simulation of the developed controller after adding the modified DE.
Then, the experimental test rig of the quarter car is presented in order to validate
the simulation results. This chapter also presented the development of a force
tracking control system by using AFC controller.

Chapter 4 presents the simulation analysis of the developed control. the
simulation model evaluation of the developed controller is carried out using a
quarter with a passive system.

Finally, Chapter 5 is the concluding chapter. This chapter summarizes the work
done in the entyre study. The recommendations for future research works are
also outlined.



REFERENCES

Abdelmaksoud, S. I., Mailah, M., & Abdallah, A. M. (2020). Robust Intelligent
Self-Tuning Active Force Control of a Quadrotor With Improved Body
Jerk Performance. IEEE Access, 8, 150037-150050.
https://doi.org/10.1109/ACCESS.2020.3015101

Agostinacchio, M., Ciampa, D., & Olita, S. (2014). The vibrations induced by
surface irregularities in road pavements — a Matlab® approach.
European  Transport  Research  Review, 6(3), 267-275.
https://doi.org/10.1007/s12544-013-0127-8

Ahamed, R., Choi, S.-B., & Ferdaus, M. M. (2018). A state of art on magneto-
rheological materials and their potential applications. Journal of
Intelligent Material Systems and Structures, 29(10), 2051-2095.
https://doi.org/10.1177/1045389X18754350

Ahn, K. K., Dinh, T., & Islam, M. (2009). Modeling of a magneto-rheological (MR)
fluid damper using a self tuning fuzzy mechanism. Journal of Mechanical
Science and Technology, 23, 1485-1499.
https://doi.org/10.1007/s12206-009-0359-7

Al-Ashmori, M., & Wang, X. (2020). A Systematic Literature Review of Various
Control Techniques for Active Seat Suspension Systems. Applied
Sciences, 10(3), 1148. https://doi.org/10.3390/app10031148

Alzughaibi, A., Xue, Y., & Grosvenor, R. (2019). A new insight into modelling
passive suspension real test rig system with consideration of nonlinear
friction forces. Proceedings of the Institution of Mechanical Engineers,
Part D: Journal of Automobile Engineering, 233(8), 2257-2266.
https://doi.org/10.1177/0954407018764942

Angelov, P. (2004). An approach for fuzzy rule-base adaptation using on-line
clustering. International Journal of Approximate Reasoning, 35, 275—
289. https://doi.org/10.1016/j.ijar.2003.08.006

As’arry, A., Naseer, F. M., Rahman, T. A. Z., Rezali, K., & Zain, M. Z. M. (2017).
Semi-active suspension control for formula SAE car using magneto-
rheological fluid. 2017 IEEE Symposium on Computer Applications &
Industrial Electronics (ISCAIE).
https://doi.org/10.1109/ISCAIE.2017.8074957

Ashfak, A., Saheed, A., Rasheed, A., & Jaleel, J. (2011). Design, Fabrication
and Evaluation of MR Damper. 1.

Aste, N., Manfren, M., & Marenzi, G. (2017). Building Automation and Control
Systems and performance optimization: A framework for analysis.
Renewable and Sustainable Energy Reviews, 75, 313-330.
https://doi.org/10.1016/j.rser.2016.10.072

94



Azam, M. H., Hasan, M. H., Hassan, S., & Abdulkadir, S. J. (2020). Fuzzy Type-
1 Triangular Membership Function Approximation Using Fuzzy C-
Means. 2020 International Conference on Computational Intelligence
(ICCl), 115-120. https://doi.org/10.1109/ICCI151257.2020.9247773

Azizi, A (2020). Emerging Trends in Mechatronics.
https://doi.org/10.5772/intechopen.81944

Back, T., & Schwefel, H.-P. (1993). An Overview of Evolutionary Algorithms for
Parameter Optimization. Evolutionary Computation, 1(1), 1-23.
https://doi.org/10.1162/evc0.1993.1.1.1

Behrooz, F., Mariun, N., Marhaban, M. H., Radzi, M. A. M., & Ramli, A. R. (2018).
Review of Control Techniques for HVAC Systems-Nonlinearity
Approaches Based on Fuzzy Cognitive Maps. Energies, 11(3), 495.
http://dx.doi.org/10.3390/en11030495

Bergey, P., & Ragsdale, C. (2005). Modified differential evolution: A greedy
random strategy for genetic recombination. Omega, 33, 255-265.
https://doi.org/10.1016/j.omega.2004.04.009

Bersini, H., Dorigo, M., Langerman, S., Seront, G., & Gambardella, L. (1996).
Results of the first international contest on evolutionary optimisation (1st
ICEQ). Proceedings of IEEE International Conference on Evolutionary
Computation, 611-615. https://doi.org/10.1109/ICEC.1996.542670

Bilal, Pant, M., Zaheer, H., Garcia-Hernandez, L., & Abraham, A. (2020).
Differential Evolution: A review of more than two decades of research.
Engineering Applications of Artificial Intelligence, 90, 103479.
https://doi.org/10.1016/j.engappai.2020.103479

Birs, I., Nascu, I., lonescu, C., & Muresan, C. (2020). Event-based fractional
order control. Journal of Advanced Research, 25, 191-203.
https://doi.org/10.1016/j.jare.2020.06.024

Borase, R. P., Maghade, D. K., Sondkar, S. Y., & Pawar, S. N. (2020). A review
of PID control, tuning methods and applications. International Journal of
Dynamics and Control. https://doi.org/10.1007/s40435-020-00665-4

Borase, R. P., Maghade, D. K., Sondkar, S. Y., & Pawar, S. N. (2021a). A review
of PID control, tuning methods and applications. International Journal of
Dynamics and Control, 9(2), 818-827. https://doi.org/10.1007/s40435-
020-00665-4

Borase, R. P., Maghade, D. K., Sondkar, S. Y., & Pawar, S. N. (2021b). A review
of PID control, tuning methods and applications. International Journal of
Dynamics and Control, 9(2), 818—-827. https://doi.org/10.1007/s40435-
020-00665-4

95



Bouarroudj, N., Boukhetala, D., Abdelhamid, D., Rais, Y., & Benlahbib, B. (2017).
FLC based Gaussian membership functions tuned by PSO and GA for
MPPT of photovoltaic system: A comparative study. 317-322.
https://doi.org/10.1109/IC0SC.2017.7958640

Bursi, O. S., Basone, F., & Wenzel, M. (2021). Stochastic analysis of locally
resonant linear and hysteretic metamaterials for seismic isolation of
process equipment. Journal of Sound and Vibration, 510, 116263.
https://doi.org/10.1016/j.jsv.2021.116263

Caliskan, K., Kaldas, M. M. S., Henze, R., & Kugtkay, F. (2016). Performance
Analysis of the Rule-Optimized Fuzzy-Logic Controller for Semi-Active
Suspension. SAE International Journal of Materials and Manufacturing,
9(3), 707-717.

Cao, J., Li, P., Liu, H., & Brown, D. (2008). An interval type-2 fuzzy logic controller
for quarter-vehicle active suspensions. Proceedings of The Institution of
Mechanical Engineers Part D-Journal of Automobile Engineering -
PROC INST MECH ENG D-J AUTO, 222.
https://doi.org/10.1243/09544070JAUTO767

Chacko, S., Bhende, C., Jain, S., & Nema, R. (2016). Rotor Resistance
Estimation of Vector Controlled Induction Motor Drive using GA/PSO t
uned Fuzzy Controller. International Journal on Electrical Engineering
and Informatics, 8, 220-238. https://doi.org/10.15676/ijeei.2016.8.1.15

Chao, C.-T., Sutarna, N., Chiou, J.-S., & Wang, C.-J. (2019). An Optimal Fuzzy
PID Controller Design Based on Conventional PID Control and
Nonlinear Factors. Applied Sciences, 9(6), 1224.
https://doi.org/10.3390/app9061224

Choi, S.-B., Li, W., Yu, M., Du, H., Fu, J., & Do, P. X. (2016). State of the art of
control schemes for smart systems featuring magneto-rheological
materials. Smart Materials and Structures, 25(4), 043001.
https://doi.org/10.1088/0964-1726/25/4/043001

Civicioglu, P., & Besdok, E. (2021). Bezier Search Differential Evolution
Algorithm for numerical function optimization. Expert Systems with
Applications, 165, 113875. https://doi.org/10.1016/j.eswa.2020.113875

Cruze, D., Latha, H., sam jebadurai, V., L, S., Tensing, D., & Christy, S. (2018).
A Review on the Magnetorheological Fluid, Damper and Its Applications
for Seismic Mitigation. Civil Engineering Journal, 4, 3058.
https://doi.org/10.28991/cej-03091220

Cuate, O., Uribe, L., Lara, A., & Schiitze, O. (2020). Dataset on a Benchmark for

Equality Constrained Multi-objective Optimization. Data in Brief, 29,
105130. https://doi.org/10.1016/j.dib.2020.105130

96



D’Amato, F. J., & Viassolo, D. E. (2000). Fuzzy control for active suspensions.
Mechatronics,  10(8), 897-920. https://doi.org/10.1016/S0957-
4158(99)00079-3

Darus, R., & Sam, Y. Md. (2009). Modeling and control active suspension system
for a full car model. 2009 5th International Colloquium on Signal
Processing Its Applications, 13-18.
https://doi.org/10.1109/CSPA.2009.5069178

Das, S., Abraham, A., Chakraborty, U. K., & Konar, A. (2009). Differential
Evolution Using a Neighborhood-Based Mutation Operator. |IEEE
Transactions on Evolutionary Computation, 13(3), 526-553.
https://doi.org/10.1109/TEVC.2008.2009457

Das, S., & Suganthan, P. N. (2011a). Differential Evolution: A Survey of the
State-of-the-Art. IEEE Transactions on Evolutionary Computation, 15(1),
4-31. https://doi.org/10.1109/TEVC.2010.2059031

Das, S., & Suganthan, P. N. (2011b). Differential Evolution: A Survey of the
State-of-the-Art. IEEE Transactions on Evolutionary Computation, 15(1),
4-31. https://doi.org/10.1109/TEVC.2010.2059031

De Domenico, D., Ricciardi, G., & Takewaki, I. (2019). Design strategies of
viscous dampers for seismic protection of building structures: A review.
Soil Dynamics and Earthquake Engineering, 118, 144-165.
https://doi.org/10.1016/j.soildyn.2018.12.024

Deng, L., Li, C., Lan, Y., Sun, G., & Shang, C. (2022). Differential evolution with
dynamic combination based mutation operator and two-level parameter
adaptation strategy. Expert Systems with Applications, 192, 116298.
https://doi.org/10.1016/j.eswa.2021.116298

Desai, R. M., Jamadar, M. E. H., Kumar, H., Joladarashi, S., & Raja Sekaran, S.
C. (2019). Design and experimental characterization of a twin-tube MR
damper for a passenger van. Journal of the Brazilian Society of
Mechanical Sciences and Engineering, 41(8), 332.
https://doi.org/10.1007/s40430-019-1833-5

Du, H., Yim Sze, K., & Lam, J. (2005). Semi-active H~ control of vehicle
suspension with magneto-rheological dampers. Journal of Sound and
Vibration, 283(3), 981-996. https://doi.org/10.1016/j.jsv.2004.05.030

Dubey, V., Goud, H., & Sharma, P. C. (2022). Role of PID Control Techniques
in Process Control System: A Review. In P. Nanda, V. K. Verma, S.
Srivastava, R. K. Gupta, & A. P. Mazumdar (Eds.), Data Engineering for
Smart Systems (pp. 659-670). Springer. https://doi.org/10.1007/978-
981-16-2641-8_62

Elsaady, W., Oyadiji, S. O., & Nasser, A. (2020). Evaluation of nonlinear dynamic
phenomena in the hysteretic behaviour of magnetorheological dampers.

97



Applications in Engineering Science, 3, 100019.
https://doi.org/10.1016/j.apples.2020.100019

Eltaeib, T., & Mahmood, A. (2018). Differential Evolution: A Survey and Analysis.
Applied Sciences, 8(10), 1945. https://doi.org/10.3390/app8101945

Eshaghi, M., Sedaghati, R., & Rakheja, S. (2016). Dynamic characteristics and
control of magnetorheological/electrorheological sandwich structures: A
state-of-the-art review. Journal of Intelligent Material Systems and
Structures, 27(15), 2003-2037.
https://doi.org/10.1177/1045389X1562004 1

Ezugwu, A. E., Shukla, A. K., Nath, R., Akinyelu, A. A., Agushaka, J. O.,
Chiroma, H., & Muhuri, P. K. (2021). Metaheuristics: A comprehensive
overview and classification along with bibliometric analysis. Atrtificial
Intelligence Review, 54(6), 4237—4316. https://doi.org/10.1007/s10462-
020-09952-0

Fan, H.-Y., & Lampinen, J. (2003). A Trigonometric Mutation Operation to
Differential Evolution,. Journal of Global Optimization, 27(1), 105-129.
https://doi.org/10.1023/A:1024653025686

Fan, Q., & Yan, X. (2015). Self-adaptive differential evolution algorithm with
discrete mutation control parameters. Expert Systems with Applications,
42(3), 1551-1572. https://doi.org/10.1016/j.eswa.2014.09.046

Fialho, I., & Balas, G. (2000). Design of Nonlinear Controllers for Active Vehicle
Suspensions Using Parameter-Varying Control Synthesis. Vehicle
System Dynamics, 33, 351-370. https://doi.org/10.1076/0042-
3114(200005)33:5;1-Q;FT351

Florea, A., Cofaru, |, Roman, L., & Cofaru, N. (2017). Applying the Multi-
objective Optimization Techniques in the Design of Suspension
Systems. 14, 351-367.

Fu, B., Giossi, R. L., Persson, R., Stichel, S., Bruni, S., & Goodall, R. (2020).
Active suspension in railway vehicles: A literature survey. Railway
Engineering Science, 28(1), 3-35. https://doi.org/10.1007/s40534-020-
00207-w

Gad, S., Metered, H., Bassiuny, A. M., & Ghany, A. M. (2014). Vibration Control
of Semi-Active MR Seat Suspension for Commercial Vehicles using
Genetic PID Controller. 23. https://doi.org/10.1007/978-3-319-09918-
7_64

Gandhi, P., Adarsh, S., & Ramachandran, K. |. (2017). Performance Analysis of
Half Car Suspension Model with 4 DOF using PID, LQR, FUZZY and
ANFIS Controllers. Procedia Computer Science, 115, 2-13.
https://doi.org/10.1016/j.procs.2017.09.070

98



Genc, S. (2022). Experimental Studies on Magnetorheological Fluids. In A.-G.
Olabi (Ed.), Encyclopedia of Smart Materials (pp. 248-259). Elsevier.
https://doi.org/10.1016/B978-0-12-803581-8.12095-8

George, T., & Ganesan, V. (2022). Optimal tuning of PID controller in time delay
system: A review on various optimization techniques. Chemical Product
and Process Modeling, 17(1), 1-28. https://doi.org/10.1515/cppm-2020-
2001

Glover, J. S. (1995). The hardware implementation of an artificial neural network
using stochastic pulse rate encoding principles [Doctoral, Durham
University]. http://etheses.dur.ac.uk/5423/

Goga, V., & Klugik, M. (2012). Optimization of Vehicle Suspension Parameters
with use of Evolutionary Computation. Procedia Engineering, 48, 174—
179. https://doi.org/10.1016/j.proeng.2012.09.502

Gokul, K., Pooja, R., Gowtham, K., & Jeyakumar, G. (2017). A self-switching
base vector selection mechanism for differential mutation of differential
evolution algorithm. 2017 International Conference on Communication
and Signal Processing (Iccsp), 1545-1549.
https://doi.org/10.1109/ICCSP.2017.8286647

Gong, M., & Chen, H. (2020). Variable damping control strategy of a semi-active
suspension based on the actuator motion state. Journal of Low
Frequency Noise, Vibration and Active Control, 39(3), 787-802.
https://doi.org/10.1177/1461348418825416

Guo, L. (2020). Feedback and uncertainty: Some basic problems and results.
Annual Reviews in Control, 49, 27-36.
https://doi.org/10.1016/j.arcontrol.2020.04.001

Hamza, A., & Ben Yahia, N. (2022). Artificial neural networks controller of active
suspension for ambulance based on ISO standards. Proceedings of the
Institution of Mechanical Engineers, Part D: Journal of Automobile
Engineering, 09544070221075456.
https://doi.org/10.1177/09544070221075456

Heidarian, A., & Wang, X. (2019). Review on Seat Suspension System
Technology Development. Applied Sciences, 9(14), 2834.
https://doi.org/10.3390/app9142834

Hosseinpour, S., & Martynenko, A. (2020). Application of fuzzy logic in drying: A
review. Drying Technology, 0(0), 1-30.
https://doi.org/10.1080/07373937.2020.1846192

Huang, Y., Na, J., Wu, X., & Gao, G. (2020). Chapter 8—Robust adaptive

parameter estimation and control for vehicle active suspension systems.
In H. R. Karimi (Ed.), Vibration Control and Actuation of Large-Scale

99



Systems (pp. 225-252). Academic Press. https://doi.org/10.1016/B978-
0-12-821194-6.00008-1

Hung, C.-C., & Fernandez Rodriguez, B. (1993). Minimizing rules of fuzzy logic
system by using a systematic approach. 38-44 vol.1.
https://doi.org/10.1109/FUZZY .1993.327466

Ismail, A. F., Ibrahim, M. F., & Othman, K. H. O. @. (2021). A Technological
Review of Magnetorheological Dampers. International Journal of
Advanced Research in Engineering Innovation, 3(4), 8—15.

Jamil, M., Zafar, S., & Gilani, S. O. (2018). Designing PID Controller Based Semi-
active Suspension System Using MATLAB Simulink. In R. Mehmood, B.
Bhaduri, I. Katib, & I. Chlamtac (Eds.), Smart Societies, Infrastructure,
Technologies and Applications (Vol. 224, pp. 282-295). Springer
International Publishing. https://doi.org/10.1007/978-3-319-94180-6_27

Jiang, L. (2011). Proceedings of the 2011 International Conference on
Informatics, Cybernetics, and Computer Engineering (ICCE2011)
November 19-20, 2011, Melbourne, Australia: Volume 2: Information
Systems and Computer Engineering. Springer Science & Business
Media.

Jiao, L. (2013). Vehicle model for tyre-ground contact force evaluation [KTH
Royal Institute of Technology]. /paper/Vehicle-model-for-tyre-ground-
contact-force-Jiao/b4c3cf6abae863eac056ac74ab62e406eef624a8

Jinggiao Zhang, & Sanderson, A. C. (2009). JADE: Adaptive Differential
Evolution With Optional External Archive. IEEE Transactions on
Evolutionary Computation, 13(5), 945-958.
https://doi.org/10.1109/TEVC.2009.2014613

Jiregna, I. T., & Sirata, G. (2020). A review of the vehicle suspension system.
Journal of Mechanical and Energy Engineering, 4(2), 109-114.
https://doi.org/10.30464/jmee.2020.4.2.109

Kaelo, P., & Ali, M. M. (2007). Differential evolution algorithms using hybrid
mutation. Computational Optimization and Applications, 37(2), 231-246.
https://doi.org/10.1007/s10589-007-9014-3

Kalaivani, R., Lakshmi, P., & Sudhagar, K. (2014). Hybrid (DEBBO) Fuzzy Logic
Controller for quarter car model: DEBBOFLC for Quarter Car model.
2014 UKACC International Conference on Control, CONTROL 2014 -
Proceedings, 301-306.
https://doi.org/10.1109/CONTROL.2014.6915157

Kanchwala, H. (2017). Studies in simplified dynamic modeling and

characterization of vehicle suspensions.
https://doi.org/10.13140/RG.2.2.24159.00168

100



Kar, A. K. (2016). Bio inspired computing — A review of algorithms and scope of
applications. Expert Systems with Applications, 59, 20-32.
https://doi.org/10.1016/j.eswa.2016.04.018

Karahan, O. (2021). Design of optimal fractional order fuzzy PID controller based
on cuckoo search algorithm for core power control in molten salt
reactors.  Progress in  Nuclear Energy, 139, 103868.
https://doi.org/10.1016/j.pnucene.2021.103868

Katarne, R., & Sharma, S. (2020). Active hybrid suspension system: A review.
IOP Conference Series: Materials Science and Engineering, 810,
012021. https://doi.org/10.1088/1757-899X/810/1/012021

Kazemian, Prof. H. (2007). Intelligent Fuzzy PID Controller (Vol. 24, pp. 241—
260). https://doi.org/10.1007/978-1-4020-6668-9_7

Kazima, S., Josee, M., & Hui, X. (2018). Fuzzy Logic Controller for Semi Active
Suspension Based on Magneto-Rheological Damper. International
Journal of Automotive Engineering and Technologies, Volume 7.
https://doi.org/10.18245/ijaet.438045

Kesarkar, A., & Narayanasamy, S. (2015). Tuning of optimal fractional-order PID
controller using an artificial bee colony algorithm. Systems Science &
Control Engineering: An Open Access Journal, 3, 99-105.

Khairuddin, S. H., Hasan, M. H., Hashmani, M. A., & Azam, M. H. (2021).
Generating Clustering-Based Interval Fuzzy Type-2 Triangular and
Trapezoidal Membership Functions: A Structured Literature Review.
Symmetry, 13(2), 239. https://doi.org/10.3390/sym 13020239

Kim, Y. (2009). Nonlinear identification and control of building structures
equipped with magnetorheological dampers.

Kulikowski, K., & Szpica, D. (2013). Determination of directional stiffnesses of
vehicles’ tyres under a static load operation. Eksploatacja i
Niezawodnosc - Maintenance and Reliability, 16, 66—72.

Kumar, J. S., Paul, P. S., Raghunathan, G., & Alex, D. G. (2019). A review of
challenges and solutions in the preparation and use of
magnetorheological fluids. International Journal of Mechanical and
Materials Engineering, 14(1), 13. https://doi.org/10.1186/s40712-019-
0109-2

Leon, M., & Xiong, N. (2014a). Investigation of Mutation Strategies in Differential
Evolution for Solving Global Optimization Problems. In L. Rutkowski, M.
Korytkowski, R. Scherer, R. Tadeusiewicz, L. A. Zadeh, & J. M. Zurada
(Eds.), Artificial Intelligence and Soft Computing (Vol. 8467, pp. 372—
383). Springer International Publishing. https://doi.org/10.1007/978-3-
319-07173-2_32

101



Leon, M., & Xiong, N. (2014b). Investigation of Mutation Strategies in Differential
Evolution for Solving Global Optimization Problems. In L. Rutkowski, M.
Korytkowski, R. Scherer, R. Tadeusiewicz, L. A. Zadeh, & J. M. Zurada
(Eds.), Artificial Intelligence and Soft Computing (Vol. 8467, pp. 372—
383). Springer International Publishing. https://doi.org/10.1007/978-3-
319-07173-2_32

Li, C., & Zhao, Q. (2010). Fuzzy Control of Vehicle Semi-active Suspension with
MR Damper. 2010 WASE International Conference on Information
Engineering, 3, 426—429. https://doi.org/10.1109/ICIE.2010.279

Li, P., & Du, X. (2006). A GA Optimization for FLC with Its Rule Base and Scaling
Factors Adjustment. In D.-S. Huang, K. Li, & G. W. Irwin (Eds.),
Computational Intelligence (pp. 1-10). Springer.
https://doi.org/10.1007/978-3-540-37275-2_1

Liang, J., Qu, B., & Suganthan, P. (2013). Problem definitions and evaluation
criteria for the CEC 2014 special session and competition on single
objective real-parameter numerical optimization.

Lilla, A. D., Khan, M. A., & Barendse, P. (2013). Comparison of Differential
Evolution and Genetic Algorithm in the design of permanent magnet
Generators. 2013 IEEE International Conference on Industrial
Technology (ICIT), 266-271.
https://doi.org/10.1109/ICIT.2013.6505683

Liu, H., Li, X., Han, L., Wang, W., & Xiang, C. (2021). Research on real-time
control strategy of multi-power flow of dual-mode power-split hybrid
electric vehicle. Proceedings of the Institution of Mechanical Engineers,
Part D: Journal of Automobile Engineering, 09544070211065266.
https://doi.org/10.1177/09544070211065266

Liu, J., & Lampinen, J. (2005). A Fuzzy Adaptive Differential Evolution Algorithm.
Soft Computing, 9(6), 448-462. https://doi.org/10.1007/s00500-004-
0363-x

Liu, P. S., & Chen, G. F. (2014). Chapter Three—Application of Porous Metals.
In P. S. Liu & G. F. Chen (Eds.), Porous Materials (pp. 113—188).
Butterworth-Heinemann. https://doi.org/10.1016/B978-0-12-407788-
1.00003-4

Liu, Y.-H., Wang, S.-C., & Peng, B.-R. (2016). Determining Optimal Membership
Functions of a FLC-based MPPT Algorithm Using the Particle Swarm
Optimization Method. 2016 5th l1Al International Congress on Advanced
Applied Informatics (IIAI-AAI), 635-640. https://doi.org/10.1109/11Al-
AAIL.2016.123

Lopez-Lopez, M. T., Duran, J. D. G., & Zubarev, A. Y. (2022). Rheological
Analysis of Magnetorheological Fluids. In A.-G. Olabi (Ed.),

102



Encyclopedia of Smart Materials (pp. 237-247). Elsevier.
https://doi.org/10.1016/B978-0-12-803581-8.11712-6

Lv, H., Sun, Q., & Zhang, W. J. (2021). A Comparative Study of Four Parametric
Hysteresis Models for Magnetorheological Dampers. Actuators, 10(10),
257. https://doi.org/10.3390/act10100257

Lv, X., Ji, Y., Zhao, H., Zhang, J., Zhang, G., & Zhang, L. (2020). Research
Review of a Vehicle Energy-Regenerative Suspension System.
Energies, 13(2), 441. https://doi.org/10.3390/en13020441

M. Bhatnagar, R. (2016). An Overview of Modelling and Design of
Electro/Magneto-rheological (ER/MR) Fluid Based Devices. Current
Smart Materials, 1(1), 3—-34.

MacWilliams, F. J., & Sloane, N. (1977). Pseudo-random sequences and arrays.
Proceedings of the IEEE, 64, 1715-1729.
https://doi.org/10.1109/PROC.1976.10411

Mallick, S. K., & Khan, M. A. (2011). STUDY OF THE DESIGN AND TUNING
METHODS OF PID CONTROLLER BASED ON FUZzZY LOGIC AND
GENETIC ALGORITHM [Bachelor]. National Institute of Technology.

Marinca, V., Ene, R., & Bereteu, L. (2015). Application of optimal homotopy
asymptotic method to nonlinear Bingham fluid dampers. Open Physics,
15. https://doi.org/10.1515/phys-2017-0072

Mehta, S., & Basak, P. (2021). A comprehensive review on control techniques
for stability improvement in microgrids. International Transactions on
Electrical Energy Systems, 31(4), e12822. https://doi.org/10.1002/2050-
7038.12822

Melo, C., Borges, J., & Steffen Jr, V. (2015). DYNAMIC BEHAVIOR ANALYSIS
ON HANDLING AND COMFORT OF A PASSENGER CAR.
https://doi.org/10.20906/CPS/COB-2015-1987

Metered, H., Elsawaf, A., Vampola, T., & Sika, Z. (2015). Vibration Control of
MR-Damped Vehicle Suspension System Using PID Controller Tuned
by Particle Swarm Optimization. SAE International Journal of Passenger
Cars - Mechanical Systems, 8. https://doi.org/10.4271/2015-01-0622

Mitra, A., & Banerjee, N. (2015). A LabVIEW-Based Data Acquisition System in
a Quarter Car Test Rig to Optimize Vehicle Suspension System. 343,
593-601. https://doi.org/10.1007/978-81-322-2268-2_60

Mitra, P., Dey, C., & Mudi, R. K. (2021). Fuzzy rule-based set point weighting for

fuzzy PID controller. SN  Applied Sciences, 3(6), 651.
https://doi.org/10.1007/s42452-021-04626-0

103



Mohamed, A. W., & Almazyad, A. S. (2017). Differential Evolution with Novel
Mutation and Adaptive Crossover Strategies for Solving Large Scale
Global Optimization Problems. Applied Computational Intelligence and
Soft Computing, 2017, 1-18. https://doi.org/10.1155/2017/7974218

Mohamed, A. W., Hadi, A. A., & Jambi, K. M. (2019). Novel mutation strategy for
enhancing SHADE and LSHADE algorithms for global numerical
optimization. Swarm and Evolutionary Computation, 50, 100455.
https://doi.org/10.1016/j.swevo.2018.10.006

Mohamed, A. W., & Mohamed, A. K. (2019). Adaptive guided differential
evolution algorithm with novel mutation for numerical optimization.
International Journal of Machine Learning and Cybernetics, 10(2), 253—
277. https://doi.org/10.1007/s13042-017-0711-7

Mucka, P. (2018). Simulated Road Profiles According to ISO 8608 in Vibration
Analysis. Journal of Testing and Evaluation, 46, 20160265.
https://doi.org/10.1520/JTE20160265

Murray-Smith, D. (2019). The Use of Experimental Data in Simulation Model
Validation (pp. 357-382). https://doi.org/10.1007/978-3-319-70766-
2 15

Nagarkar, M. P., Bhalerao, Y. J., Vikhe Patil, G. J., & Zaware Patil, R. N. (2018).
GA-based multi-objective optimization of active nonlinear quarter car
suspension system—PID and fuzzy logic control. International Journal
of Mechanical and Materials Engineering,  13(1), 10.
https://doi.org/10.1186/s40712-018-0096-8

Nguyen, T., Lechner, B., & Wong, Y. (2019). Bus Ride Index — a refined
approach to evaluating road surface irregularities. Road Materials and
Pavement Design. https://doi.org/10.1080/14680629.2019.1625806

Nie, S., Zhuang, Y., Chen, F., Wang, Y., & Liu, S. (2018). A method to eliminate
unsprung adverse effect of in-wheel motor-driven vehicles. Journal of
Low Frequency Noise, Vibration and Active Control, 37,
146134841876709. https://doi.org/10.1177/1461348418767096

Niu, J., Wang, L., Shen, Y., & Zhang, W. (2022). Vibration control of primary and
subharmonic simultaneous resonance of nonlinear system with
fractional-order Bingham model. International Journal of Non-Linear
Mechanics, 141, 103947.
https://doi.org/10.1016/j.ijnonlinmec.2022.103947

Niu, X. J. (2014). The Optimization for PID Controller Parameters Based on
Genetic Algorithm. Applied Mechanics and Materials, 513-517, 4102—
4105. https://doi.org/10.4028/www.scientific.net/ AMM.513-517.4102

Omar, M., El-kassaby, M. M., & Abdelghaffar, W. (2017). A universal suspension
test rig for electrohydraulic active and passive automotive suspension

104



system. Alexandria  Engineering Journal, 56(4), 359-370.
https://doi.org/10.1016/j.aej.2017.01.024

Onat, C., Kucukdemiral, I., Sivrioglu, S., & Yuksek, I. (2007). LPV Model Based
Gain-scheduling Controller for a Full Vehicle Active Suspension System.
Journal of Vibration and Control - J VIB CONTROL, 13, 1629-1666.
https://doi.org/10.1177/1077546307078784

P S, S., & Lakshmi, P. (2019). Design and Implementation of Fuzzy-PID
Controller for an Active Quarter Car Driver Model to minimize Driver
Body Acceleration. 1-6.
https://doi.org/10.1109/SYSCON.2019.8836940

Pant, M., Thangaraj, R., & Singh, V. P. (2009). A New Differential Evolution
Algorithm for Solving Global Optimization Problems. 2009 International
Conference on  Advanced Computer  Control, 388-392.
https://doi.org/10.1109/ICACC.2009.102

Patriawan, D. A., Irawan, H., Noerpamoengkas, A., Setyono, B., & Ismail, A. Y.
(2021). Definition, criteria and approaches in designing suspension
system with active controls. IOP Conference Series: Materials Science
and Engineering, 1010(1), 012006. https://doi.org/10.1088/1757-
899X/1010/1/012006

Pedro, J., Dangor, M., Dahunsi, O., & Ali, M. (2013). Differential Evolution-Based
PID Control of Nonlinear Full-Car Electrohydraulic Suspensions.
Mathematical Problems in Engineering, 2013.
https://doi.org/10.1155/2013/261582

Pei, P., & Peng, Y. (2022). Constitutive modeling of magnetorheological fluids:
A review. Journal of Magnetism and Magnetic Materials, 550, 169076.
https://doi.org/10.1016/j.jmmm.2022.169076

Prabu, K., Jancirani, J., John, D., & Arun, B. (2013). Vibrational control of air
suspension system using PID controller. Journal of Vibroengineering,
15(1), 132-138.

Purandare, S., Zambare, H., & Razban, A. (2019). Analysis of magnetic flux in
magneto-rheological damper. Journal of Physics Communications, 3(7),
075012. https://doi.org/10.1088/2399-6528/ab33d7

Purohit, A. (2018). A Review of Semi Active Control Algorithms for
Magnetorhelogical (MR) Dampers (SSRN Scholarly Paper ID 3676871).
Social Science Research Network.
https://papers.ssrn.com/abstract=367687 1

Qin, A. K., Huang, V. L., & Suganthan, P. N. (2009). Differential Evolution
Algorithm With Strategy Adaptation for Global Numerical Optimization.
IEEE Transactions on Evolutionary Computation, 13(2), 398-417.
https://doi.org/10.1109/TEVC.2008.927706

105



Rafael, S. D., & Manuel, J. (2008). Development of an On-line Ride Comfort
Evaluation Tool. Farkost och flyg.
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4827

Rahman, T. A. Z,, & Darus, I. Z. M. (2011). Active vibration control of a flexible
plate via Active Force Control strategy. 2011 4th International
Conference on Mechatronics (ICOM), 1-6.
https://doi.org/10.1109/ICOM.2011.5937194

Raj, R. A., Kumar, S. S., & Trikande, M. W. (2017). Experimental evaluation of
fuzzy controller for magnetorheological damper semi-active suspension
system. 2017 IEEE International Conference on Signal Processing,
Informatics, Communication and Energy Systems (SPICES), 1-6.
https://doi.org/10.1109/SPICES.2017.8091309

Rajeswari, K., & Lakshmi, P. (2010). Simulation of Suspension System with
Intelligent Active Force Control. 2010 International Conference on
Advances in Recent Technologies in Communication and Computing,
271-277. https://doi.org/10.1109/ARTCom.2010.21

Ramalingam, M., Patel, R., Thirumurugan, M. A., Jebaseelan, D. D., & Jebaraj,
C. (2019). Control policies used for semi-active damper for automotive
seating system: A review. International Journal of Dynamics and
Control, 7(3), 1135-1148. https://doi.org/10.1007/s40435-018-0460-9

Rashid, M., Hussain, M., Abd Rahim, N., & S, M. (2007). Development of a semi-
active car suspension control system using magneto-rheological damper
model. International Journal of Mechanical and Materials Engineering,
2, 93-108.

Rosli, R., Mohamed, Z., & Priyandoko, G. (2021). Simulation of Active Force
Control Using MR Damper in Semi Active Seat Suspension System. IOP
Conference Series: Materials Science and Engineering, 1062(1),
012005. https://doi.org/10.1088/1757-899X/1062/1/012005

Rossi, A., Orsini, F., Scorza, A., Botta, F., Belfiore, N. P., & Sciuto, S. A. (2018).
A Review on Parametric Dynamic Models of Magnetorheological
Dampers and Their Characterization Methods. Actuators, 7(2), 16.
https://doi.org/10.3390/act7020016

Rutkowski, L., Korytkowski, M., Scherer, R., Tadeusiewicz, R., Zadeh, L. A, &
Zurada, J. M. (2014). Artificial Intelligence and Soft Computing: 13th
International Conference, ICAISC 2014, Zakopane, Poland, June 1-5,
2014, Proceedings, Part |. Springer.

Sattar, S., Li, S., & Chapman, M. (2018). Road Surface Monitoring Using

Smartphone Sensors: A Review. Sensors (Basel, Switzerland), 18(11),
3845. https://doi.org/10.3390/s18113845

106



Seifi, A., Hassannejad, R., & Hamed, M. (2016). Use of nonlinear asymmetrical
shock absorbers in multi-objective optimization of the suspension
system in a variety of road excitations. Proceedings of the Institution of
Mechanical Engineers, Part K: Journal of Multi-Body Dynamics, 231.
https://doi.org/10.1177/1464419316671481

Selvaraj, R., & Ramamoorthy, M. (2020). Recent developments in semi-active
control of magnetorheological materials-based sandwich structures: A
review. Journal of  Thermoplastic = Composite Materials,
0892705720930749. https://doi.org/10.1177/0892705720930749

Shah, P., & Agashe, S. (2016). Review of fractional PID controller. Mechatronics,
38, 29-41. https://doi.org/10.1016/j.mechatronics.2016.06.005

Sharma, Er. M. (2014, January 17). A Survey in fuzzy Logic: An Introduction.

Shelke, G. D., Mitra, A. C., & Varude, V. R. (2018). Validation of Simulation and
Analytical Model of Nonlinear Passive Vehicle Suspension System for
Quarter Car. Materials Today: Proceedings, 5(9, Part 3), 19294—19302.
https://doi.org/10.1016/j.matpr.2018.06.288

Sikora, M., & Gotdasz, J. (2021). Root cause analysis of rattle noise in twin-tube
vehicle dampers. Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile Engineering,
09544070211065282. https://doi.org/10.1177/09544070211065282

Singh, D. (2014). Fuzzy Logic Control of a Semi-Active Quarter Car System.

Sinha, A. K. (2008). SOME STUDIES ON TYPE-2 FUZZY PID CONTROLLERS.
https://doi.org/10.13140/RG.2.2.29839.18088

Sloss, A. N., & Gustafson, S. (2020). 2019 Evolutionary Algorithms Review. In
W. Banzhaf, E. Goodman, L. Sheneman, L. Trujillo, & B. Worzel (Eds.),
Genetic Programming Theory and Practice XVII (pp. 307—344). Springer
International Publishing. https://doi.org/10.1007/978-3-030-39958-0_16

Soliman, A., & Kaldas, M. (2021). Semi-active suspension systems from
research to mass-market — A review. Journal of Low Frequency Noise,
Vibration and Active Control, 40(2), 1005-1023.
https://doi.org/10.1177/1461348419876392

Somefun, O. A., Akingbade, K., & Dahunsi, F. (2021). The dilemma of PID
tuning. Annual Reviews in Control, 52, 65-74.
https://doi.org/10.1016/j.arcontrol.2021.05.002

Somwanshi, D., Bundele, M., Kumar, G., & Parashar, G. (2019). Comparison of
Fuzzy-PID and PID Controller for Speed Control of DC Motor using
LabVIEW. Procedia Computer Science, 152, 252-260.
https://doi.org/10.1016/j.procs.2019.05.019

107



Soong, M. F., Ramli, R., & Saifizul, A. (2017). Between simplicity and accuracy:
Effect of adding modeling details on quarter vehicle model accuracy.
PLOS ONE, 12(6), e0179485.
https://doi.org/10.1371/journal.pone.0179485

SP Sport J5 | Dunlop Tyres Malaysia. (n.d.). Retrieved September 14, 2021, from
https://www.dunloptyres.com.my/products/passenger-tyres/sp-sport-j5/

Spaggiari, A., & Dragoni, E. (2012). Effect of Pressure on the Flow Properties of
Magnetorheological Fluids. Fracture and Structural Integrity, 134,
Pages-75. https://doi.org/10.1115/1.4007257

Spencer, B. F., Dyke, S. J.,, Sain, M. K., & Carlson, J. D. (1997).
Phenomenological Model for Magnetorheological Dampers. Journal of
Engineering Mechanics, 123(3), 230-238.
https://doi.org/10.1061/(ASCE)0733-9399(1997)123:3(230)

Stanway, R., Sproston, J., & Stevens, N. G. (1985). Non-Linear Identification of
an Electro-Rheological Vibration Damper.
https://doi.org/10.1016/S1474-6670(17)60558-5

Storn, R., & Price, K. (1995). Differential Evolution: A Simple and Efficient
Adaptive Scheme for Global Optimization Over Continuous Spaces.
Journal of Global Optimization, 23.

Subha Celin, P., & Rajeswari, K. (2012). GA tuned Type-2 Fuzzy Logic Controller
for vehicle suspension system. 2012 International Conference on
Computing, Electronics and Electrical Technologies (ICCEET), 383—
388. https://doi.org/10.1109/ICCEET.2012.6203863

Suvarna, N., Raju, A., & Hegde, S. (2021). A review of magneto rheological fluid
in suspension and torsional devices. AIP Conference Proceedings,
2317(1), 050003. https://doi.org/10.1063/5.0036249

Talatahari, S., Kaveh, A., & Mohajer Rahbari, N. (2012). Parameter identification
of Bouc-Wen model for MR fluid dampers using adaptive charged
system search optimization. Journal of Mechanical Science and
Technology, 26. https://doi.org/10.1007/s12206-012-0625-y

Talib, H., & Mat Darus, I. (2014). Development of fuzzy logic controller by particle
swarm optimization algorithm for semi-active suspension system using
magneto-rheological damper. WSEAS Transactions on Systems and
Control, 9, 77-85.

Talpur, N., Abdulkadir, S. J., Alhussian, H., Hasan, ‘-Mohd Hilmi, Aziz, N., &
Bamhdi, A. (2022). A comprehensive review of deep neuro-fuzzy system
architectures and their optimization methods. Neural Computing and
Applications, 34(3), 1837-1875. https://doi.org/10.1007/s00521-021-
06807-9

108



Tandel, A., Deshpande, A. R., Deshmukh, S. P., & Jagtap, K. R. (2014).
Modeling, Analysis and PID Controller Implementation on Double
Wishbone Suspension Using SimMechanics and Simulink. Procedia
Engineering, 97, 1274-1281.
https://doi.org/10.1016/j.proeng.2014.12.406

Tang, X., Du, H., Sun, S., Ning, D., Xing, Z., & Li, W. (2017). Takagi—Sugeno
Fuzzy Control for Semi-Active Vehicle Suspension With a
Magnetorheological Damper and Experimental Validation. IEEE/ASME
Transactions on Mechatronics, 22(1), 291-300.
https://doi.org/10.1109/TMECH.2016.2619361

Taskin, Y., Hacioglu, Y., & Yagiz, N. (2016). Experimental evaluation of a fuzzy
logic controller on a quarter car test rig. Journal of the Brazilian Society
of Mechanical Sciences and Engineering, 39.
https://doi.org/10.1007/s40430-016-0637-0

Theunissen, J., Tota, A., Gruber, P., Dhaens, M., & Sorniotti, A. (2021). Preview-
based techniques for vehicle suspension control: A state-of-the-art
review. Annual Reviews in Control, 51, 206-235.
https://doi.org/10.1016/j.arcontrol.2021.03.010

Tian, Y., Cheng, R., Zhang, X., & Jin, Y. (2017). PlatEMO: A MATLAB Platform
for Evolutionary Multi-Objective Optimization [Educational Forum]. IEEE
Computational Intelligence Magazine, 12(4), 73-87.
https://doi.org/10.1109/MCI.2017.2742868

Touil, S., & Attous, D. B. (2017). Effect of different membership functions on
fuzzy power system stabilizer for synchronous machine connected to
infinite bus. International Journal of System Assurance Engineering and
Management, 8(1), 255—264. https://doi.org/10.1007/s13198-015-0344-
8

Tran, G. Q. B., Pham, T.-P., Sename, O., Costa, E., & Gaspar, P. (2021).
Integrated Comfort-Adaptive Cruise and Semi-Active Suspension
Control for an Autonomous Vehicle: An LPV Approach. Electronics,
10(7), 813. https://doi.org/10.3390/electronics 10070813

Vaishnav, S., Paul, J., & Deivanathan, R. (2021). Model development and
simulation of vehicle suspension system with magneto-rheological
damper. IOP Conference Series: Earth and Environmental Science,
850(1), 012035. https://doi.org/10.1088/1755-1315/850/1/012035

Vodovozov, V., Link to external site, this link will open in a new window, Raud,
Z., Link to external site, this link will open in a new window, Petlenkov,
E., & Link to external site, this link will open in a new window. (2021).
Review on Braking Energy Management in Electric Vehicles. Energies,
14(15), 4477. http://dx.doi.org/10.3390/en14154477

109



Wahid, N., & Hassan, N. (2012). Self-Tuning Fuzzy PID Controller Design for
Aircraft Pitch Control. Proceedings - 3rd International Conference on
Intelligent Systems Modelling and Simulation, ISMS 2012.
https://doi.org/10.1109/ISMS.2012.27

Wang, R., Sheng, F., Ding, R., Meng, X., & Sun, Z. (2021). Vehicle attitude
compensation control of magneto-rheological semi-active suspension
based on state observer. Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile Engineering, 235(14), 3299—
3313. https://doi.org/10.1177/09544070211020897

Wu, G., Mallipeddi, R., Suganthan, P. N., Wang, R., & Chen, H. (2016).
Differential evolution with multi-population based ensemble of mutation
strategies. Information Sciences, 329, 329-345.
https://doi.org/10.1016/j.ins.2015.09.009

Wu, Y.-S. (2016). Chapter 7—Immiscible Displacement of Non-Newtonian
Fluids. In Y.-S. Wu (Ed.), Multiphase Fluid Flow in Porous and Fractured
Reservoirs  (pp. 127-166). Gulf  Professional  Publishing.
https://doi.org/10.1016/B978-0-12-803848-2.00007-6

Xiang, W., Meng, X., An, M., Li, Y., & Gao, M. (2015). An Enhanced Differential
Evolution Algorithm Based on Multiple Mutation Strategies.
Computational Intelligence and Neuroscience, 2015, 1-15.
https://doi.org/10.1155/2015/285730

Yang, S., Chen, L., & Li, S. (2015). Dynamic Analysis of a Heavy Vehicle Using
Lumped Parameter Model. In S. Yang, L. Chen, & S. Li (Eds.), Dynamics
of Vehicle-Road Coupled System (pp. 23-68). Springer.
https://doi.org/10.1007/978-3-662-45957-7_2

Yang, X., Hajomer, A. A. E., & Hu, W. (2017). Physical-Layer Encryption Using
Digital Chaos for Secure OFDM Transmission. In Optical Fiber and
Wireless Communications. IntechOpen.
https://doi.org/10.5772/intechopen.68238

Yang, Z., Yong, C., Li, Z., & Kangsheng, Y. (2018). Simulation analysis and
optimization of ride quality of in-wheel motor electric vehicle. Advances
in Mechanical Engineering, 10(5), 1687814018776543.
https://doi.org/10.1177/1687814018776543

Yu, W.-J., Li, J.-J., Zhang, J., & Wan, M. (2014). Differential evolution using
mutation strategy with adaptive greediness degree control. Proceedings
of the 2014 Annual Conference on Genetic and Evolutionary
Computation, 73—-80. https://doi.org/10.1145/2576768.2598236

Zhang, H., Qq, T., Min, F., Rakheja, S., Su, C.-Y., & Wang, E. (2016). Coupling
Mechanism and Decoupled Suspension Control Model of a Half Car.
Mathematical Problems in Engineering, 2016, 1-13.
https://doi.org/10.1155/2016/1932107

Zhang, J., Yang, Y., Hu, M., Fu, C., & Zhai, J. (2020). Model Predictive Control
of Active Suspension for an Electric Vehicle Considering Influence of
Braking Intensity. Applied Sciences, 11, 52.
https://doi.org/10.3390/app11010052

110



Zhang, R., Zhao, L., Qiu, X., Zhang, H., & Wang, X. (2020). A comprehensive
comparison of the vehicle vibration energy harvesting abilities of the
regenerative shock absorbers predicted by the quarter, half and full
vehicle suspension system models. Applied Energy, 272, 115180.
https://doi.org/10.1016/j.apenergy.2020.115180

Zhang, Y., Chen, W., Chen, L., & Shangguan, W. (2008). Non-stationary
Random Vibration Analysis of Vehicle with Frac-tional Damping.

Zhao, B. Y., Zhao, Z. G., Li, Y., Wang, R. Z., & Taylor, R. A. (2019). An adaptive
PID control method to improve the power tracking performance of solar
photovoltaic air-conditioning systems. Renewable and Sustainable
Energy Reviews, 113, 109250.
https://doi.org/10.1016/j.rser.2019.109250

Zhao, F., Xue, F., Zhang, Y., Ma, W., Zhang, C., & Song, H. (2018). A hybrid
algorithm based on self-adaptive gravitational search algorithm and
differential evolution. Expert Systems with Applications, 113, 515-530.
https://doi.org/10.1016/j.eswa.2018.07.008

Zhao, Y., & Wang, X. (2019). A Review of Low-Frequency Active Vibration
Control of Seat Suspension Systems. Applied Sciences, 9(16), 3326.
https://doi.org/10.3390/app9163326

Zhong, X., & Cheng, P. (2020). An Improved Differential Evolution Algorithm
Based on Dual-Strategy. Mathematical Problems in Engineering, 2020,
1-14. https://doi.org/10.1155/2020/9767282

111



	e0592f4bcfb3f2ffeb7381c0804fb7751a171b8d14dd79439e500abaffd96d0b.pdf
	19a0199a7c8db9a70560323ff374e7b131b159b08964af2265fc9a32cf209cae.pdf
	e0592f4bcfb3f2ffeb7381c0804fb7751a171b8d14dd79439e500abaffd96d0b.pdf
	Blank Page



