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The harmonic signal generated by power equipment on naval vessels is a typical narrowband interference, which
seriously affects the stealth performance of naval vessels. The float raft active vibration isolation system is char-
acterized by strong adaptability and good controllability, which can effectively isolate low-frequency interference.
For the active vibration isolation system, the control strategy is one of the core, and the precise mathematical
model is difficult to be established. The fuzzy control does not rely on the precise mathematical model of the
controlled system, which cannot only provide an intelligent path for the active control of the complex floating raft
system, but also effectively suppresses the narrowband interference caused by naval vessels’ power equipment.
Therefore, depending on the existing float raft active vibration isolation platform, this paper outlines a design for
a two-input/single-output optimized fuzzy control system based on vibration acceleration, variation of vibration
acceleration and control voltage. In an optimized fuzzy control system, an algorithm of quantum behavior par-
ticle swarm optimization algorithm (QPSO) is proposed to optimize quantization factor and scale factor because
quantization factor and scale factor are set subjectively with strong subjectivity and blindness, and the stability of
the control system is roughly verified. Therefore, simulations and experiments are carried out to test and verify
the performance of control system designs outlined in this paper. Through comparative analysis, it shows that
the floating raft active vibration isolation system with a fuzzy control system based on the QPSO algorithm has a

favorable effect on low-frequency narrowband interference.

1. INTRODUCTION

To improve the stealth performance of naval vessels, it
is significant to reduce naval vessels’ mechanical vibration.
However, the mechanical vibration of naval vessels is mainly
caused by the mechanical narrowband noise generated by me-
chanical power equipment such as diesel engines and auxil-
iaries. Vibration isolation technology which can effectively in-
hibit the energy transfer of mechanical vibration is one of the
important research interests in vibration control.!?> Vibration
isolation can be divided into passive vibration isolation and
active vibration isolation. Passive vibration isolation is limited
by fixed parameters, and is disadvantageous to low frequency
vibration isolation. Nevertheless, active vibration isolation
has the advantages of the dynamic adjustment of parameters,
strong adaptability and controllability, and can effectively iso-
late low-frequency interference. In particular, as one of the
significant means to eliminate mechanical narrowband distur-
bance, the floating raft active vibration isolation can isolate
the hull vibration transmitted by power equipment through the
pedestal.>® Research on floating raft active vibration isolation
mainly focuses on control strategy.””!! Therefore, relying on
the floating raft active vibration isolation system based on an

electromagnetic vibration isolator developed by our team,'>!3

this paper strategizes the designs and studies of the control sys-
tem utilizing the floating raft active vibration isolation system.

Control strategy is the core of the active vibration isolation
system. At present, most control strategies are based on feed-
back linearization,'* which is highly dependent on a system
mathematical model. Therefore, it is of practical significance
to find a control strategy which does not depend on an accurate
mathematical model. Zadeh first proposed the concept of fuzzy
control in 1965 and Mamdani first applied fuzzy control to the
control system of a steam engine in 1974.!%1® Fuzzy control
is an intelligent feedback control method that does not rely on
the precise mathematical model of the controlled system, and
can provide an intelligent path for the active control of com-
plex floating raft active vibration isolation system.!” In the
fuzzy controller, quantization factor, scale factor, fuzzy con-
trol rule and membership function which are the core of fuzzy
control and greatly affect the dynamic characteristics the con-
trol system, have a certain blindness and subjectivity because
these parameters are set subjectively.'®!® So, many scholars’
research shows that an intelligent algorithm is used to optimize
the fuzzy controller.

With the development of the computer, there are now many
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optimization algorithms: genetic algorithm, particle swarm
optimization (PSO) algorithm, neural network algorithm, ant
colony algorithm etc.” The PSO algorithm is a swarm opti-
mization algorithm put forward by Kennedy and Eberhart in
1995 to simulate birds’ predation behavior.?’. Compared with
the intelligent algorithms such as heredity, neural network and
ant colony, the PSO algorithm has the advantages of simple
structure, fewer parameters and easy realization, thus having
been widely used and studied in the fields of function opti-
mization and data mining. Subsequent research and extensive
experiments show that the PSO algorithm is prone to prema-
ture convergence and falls into a local optimal solution in the
iterative process. With the development of particle swarm op-
timization, a particle swarm optimization algorithm based on
quantum theory (QPSO) is proposed. The QPSO algorithm has
proven to be a globally optimal intelligent algorithm.?!??

Therefore the fuzzy control system based on the QPSO al-
gorithm design will be discussed in this paper, and the per-
formance of the control system will be analyzed and studied
in detail. The paper is organized as follows: Section 2 will
briefly introduce the existing floating raft active vibration iso-
lation platform and establish the mathematical model by the
least squares system identification method for simulation anal-
ysis; design and establishment of the control system based on
the optimized fuzzy controller are presented in Section 3; Sim-
ulation and stability are presented in Section 4, where the quan-
tum behaved particle swarm optimization algorithm (QPSO) is
applied to optimize the quantization factor, scale factor and
membership function of the fuzzy controller, and the stability
of the control system is roughly verified; Section 5 describes
the experiment that was conducted to verify whether the pro-
posed control system can effectively restrain the multi-source
excitation narrowband disturbance; Lastly, Section 6 summa-
rizes the findings and provides conclusions of this study.

2. FLOATING RAFT ACTIVE VIBRATION
ISOLATION PLATFORM AND
MATHEMATICAL MODEL

The control system designed and studied in this paper is
mainly based on the existing floating raft active vibration iso-
lation platform of our team.'?!* The existing system is shown
in Fig. 1, the left part is a mechanical device and the right part
is an electric control device.

The mechanical device includes two adjustable speed ex-
citing motors (1-#) that are used to simulate vibration signals
of power equipment, two motor support plates (2-#), a float-
ing raft (3), four rubber isolators (3-#) (k and c are stiffness
and damping), four acceleration sensors (4-#), four electro-
magnetic vibration isolators (5-#), a base (6), etc. The purpose
of vibration isolation is to reduce the transmission of vibration.
Therefore, the measured values of the acceleration sensors (4-
#) can be used not only as feedback error signals, but also as
the evaluation index of vibration isolation effect. The smaller
the measured values of the sensors are, the better the vibration
isolation effect of the system will be, and vice versa. The elec-
tric control device mainly includes the conditioning amplifier,
low-pass filter, Dspace1103 system, PC, and power amplifier.
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Figure 1. The floating raft active vibration isolation system.
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Figure 2. Identification of floating raft active vibration isolation system.

Although the control system designed and studied in this pa-
per does not need a mathematical model in the actual control
process, it still depends on the mathematical model in the sim-
ulation process. For complex systems, system identification is
the main method. Without an in-depth analysis of the system’s
internal mechanism, system identification is based on the in-
put/output data to identify the identification model of the sys-
tem. Specifically, the least squares method has the advantages
of the simple principle, fast convergence speed, easy realiza-
tion etc.?* Therefore, system identification based on the least
squares method is adopted to obtain the mathematical model
of the floating raft active vibration isolation platform. Because
the power equipment of the ship is not replaced frequently, the
off-line identification method is generally used. This paper
also adopts the offline method. The acceleration signal (4#)
is taken as the output signal and the signal of the vibration iso-
lator (5#) as the input signal in the system identification pro-
cess. Because the narrowband disturbances of the power sys-
tem mainly range from 15 Hz to 60 Hz, the frequency range
of the identification system is 15 Hz—80 Hz. The process is
shown in Fig. 2.
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In this paper, different identification models adopt different
coherence coefficients and identification orders to eliminate
power network interference and achieve a higher fitting degree
of identification. Vibration isolators 5-1, 5-3, 5-4 analog dis-
turbance signal channels, and vibration isolator 5-2 are used
as the control channel. Whether it is disturbance signal chan-
nels or the control channel, the output signal uses the signal of
sensor 4-2. On the basis of an input and an output signal, the
identification mathematical model from 5-1, 5-2, 5-3, 5-4 to
4-2 can be obtained. The transfer function of the identification
mathematical model is shown in Eq. (1)- (4):

nule.

ST12 = ———
denl2’

ey

where numl2 = [0, 0.0031, -0.0375, 0.1983, -0.6112,
1.234, -1.7230, 1.7033, -1.1935, 0.5805, -0.1862, 0.0352,
-0.0030] and denl2 = [1, -10.5212, 51.6898, -156.7901,

327.0369, -494.2043, 554.8729, -466.4581, 291.4586, -
132.0405, 41.1814, -7.9420, 0.7166];
num22
T22 = 2
s den22’ 2)

where num?22 = [0, 0.0003, -0.0177, 0.1391, -0.5274,
1.2173, -1.8752, 2.0067, -1.5072, 0.7831, -0.2689, 0.0549,
-0.0051] and den22 = [1, -10.2866, 49.4444, -146.9165,
300.7271, -447.0375, 495.1921, -412.1290, 255.9222, -
115.7002, 36.1625, -7.0183, 0.6398];

numa32 )

T32 = WMo2
ST3 den32’

3

where num32 = [0, -0.0008, 0.0121, -0.0775, 0.2945, -
0.7512, 1.3678, -1.8357, 1.8417, -1.3818, 0.7649, -0.3028,
0.0808, -0.0129, 0.0009] and den32 =[1, -12.2697, 71.1525,
-258.3856, 656.2571, -1232.9490, 1766.8043, -1961.6160,
1695.6412, -1135.6794, 580.2155, -219.3049, 57.9852, -
9.6032, 0.7519];

numd?2 ]

ST42 =
dend2’

“)

where num42 = [0, 0.0044, -0.0577, 0.3461, -1.2733,
3.2099, -5.8626, 7.9872, -8.2238, 6.4015, -3.7216, 1.5708, -
0.4558, 0.0815, -0.0068] and den42 = [1, -12.1513, 69.6614,
-249.6705, 624.9128, -1155.4521, 1627.5675, -1774.4318,
1504.8577, -988.1583, 494.6933, -183.1525, 47.4263, -
7.6923, 0.5900].

The identification model curve and the experimental model
curve are shown in Figs. 3 to 6.

From Figs. 2 to 6, it is found that the identification model
curve and the experimental model curve have a high fitting de-
gree in the frequency domain, especially in the working fre-
quency. The fitting degrees are 95.91%, 94.80%, 94.61% and
97.05% respectively.

L
=]

L
o
T

ra
o

Magnitude (dB)
P
=

o
=)

L . L .
20 30 40 50 60 70 80

— — Experimental

100 F Identification

=200

=300

Phase (degrees)

400 L . L .
20 30 40 50 60 70 80

Frequency (Hz)

Figure 3. The ST12 experimental model and the identification model.
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Figure 4. The ST22 experimental model and the identification model.
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Figure 5. The ST32 experimental model and the identification model.
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Figure 6. The ST42 experimental model and the identification model.

3. THE OPTIMIZED FUZZY CONTROL

SYSTEM AND THE PARAMETER
OPTIMIZATION ALGORITHM BASED
ON QPSO

3.1. Design of the Optimized Fuzzy Control
System

Because of the influence of nonlinearity, coupling, and hys-
teresis on the controlled object or the actual system, it is diffi-
cult to establish a mathematical model that will accurately de-
scribe the dynamic characteristics of the system, thus leading
to a huge difference between the actual system and the math-
ematical model. The fuzzy control, subordinate to intelligent
control, is a nonlinear control in essence.?* The fuzzy control
is not restricted by an accurate mathematical model of the sys-
tem, and is distinguished and characterized by good adaptabil-
ity and robustness. It can provide an effective control strategy
for a complex floating raft vibration isolation system.

The design of the fuzzy control system mainly includes se-
lecting the input and output of the control system, designing
control p establishing the method of fuzzification and defuzzi-
fication, determining the domain of variables, selecting the pa-
rameters of the fuzzy control system, etc. Quantization fac-
tor, scale factor, fuzzy control rule and membership function
are at the core of the fuzzy control, and greatly affect the dy-
namic characteristics of the control system.'®!* Generally, the
control rules are confirmed by experts’ experience with con-
siderable authority while the quantization factor, scale factor
and the membership function are set subjectively with strong
subjectivity and a blind eye to the selection process. Thus, the
quantization factor, the scale factor and the membership func-
tion cannot achieve a favorable effect in the actual control, and
the optimization of them is one of the most important concerns
in the fuzzy control system.

The fuzzy control system based on an intelligent algorithm
is a control strategy combined with an artificial intelligence al-
gorithm and the fuzzy control. Through the aid of an artificial
intelligent algorithm, the quantization factor, the scale factor
and the membership function can be optimized.®?> The fuzzy
control system optimized by the intelligent algorithm not only
has strong robustness and high reliability, but also has the char-
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Figure 7. Intelligent optimization of the fuzzy control system structure.

acteristics of an autonomous memory, is self-learning and is
self-adaptive. Moreover, it can automatically identify parame-
ters of the controlled process and adapt to the changes of these
parameters. Therefore, the intelligent fuzzy control system of
a floating raft active vibration isolation system based on an ac-
celeration signal is established in this paper. The design block
diagram is shown in Fig. 7.

3.2. Quantum Behavior Particle Swarm
Optimization Algorithm

The fuzzy control system is based on an artificial intelli-
gence algorithm to automatically adjust the parameters. Com-
pared with other intelligent algorithms, the PSO algorithms
have the advantages of a simple structure, fewer parameters
and easy realization. The algorithm is prone to premature con-
vergence and falls into a local optimal solution in an iterative
process. Therefore, QPSO algorithm which has been proven to
be a globally optimal intelligent algorithm, is adopted to opti-
mize the parameters of the fuzzy control in this paper.?!

The QPSO algorithm is used to describe the state of each
particle by using the wave function. The probability density
function of a particle at a point in space is first solved by us-
ing the Schrodinger equation, and then obtaining the position
equation of the particle by the random simulation of the Monte
Carlo principle. In the QPSO algorithm, the location updating
and evolution equation of particles are as follows:

P = ¢ x Pbest(i) + (1 — ) x Gbest(i); (5)

M .
1 ) Pbest(il)
mbest = i ; Pbest(i) = (M’
Pbest(il) Pbest(iD)\ ©)
M P M )

1
position(t+1) = P+a X |mbest — pos(i)| x In () . (D
i

In the above formulas, M is the number of particles, D is
particle dimension, Pbest(?) is the optimal position of a par-
ticle at the 4 generation, Gbest (i) is the global optimal posi-
tion of the population at the 7 generation, mbest is the average
optimal position of the population, position(t) is the relative
position coordinate (information) of particles, ¢ and p are the
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random numbers of homogeneous distribution between [0,1].
« is a contraction factor. When, o > 0.5 ‘£’ takes ‘—’, and
vice versa, it takes ‘+’.

Due to the fact that quantum theory shows a strong uncer-
tainty in motion, the particles do not have a definite trajec-
tory in quantum space. Because of these characteristics, the
QPSO algorithm has a stronger stability and a global conver-
gence than the PSO algorithm. The contraction factor « is the
core parameter of the QPSO algorithm, and its value is the key
to deciding whether the algorithm converges. Numerous stud-
ies conducted by scholars such as Sun have proven that when
a < 1.7,2 the QPSO algorithm converges; when the value
varies from 1 to 0.5, the algorithm has the best convergence
effect.

QPSO algorithm flow is as follows:

¢ Initialize particles.

» Evaluate all particles, put each particle in the best place
of Pbest(i), and put the global optimum position in the
population in Gbest (7).

* Compare each particle’s current value with its fitness
value of Pbest(i), and update Pbest(i) by replacing cur-
rent location and target value if the current target value is
better.

* Compare all current Pbest(i) values with the Gbest()
values and update Gbest (i) if it is better.

e Update particles.

* Judge whether the iteration termination condition is satis-
fied.

3.3. Parameters Optimization Based on
QPSO Algorithm

In the process of designing the fuzzy control system, the
quantization factor Ke, the scale factor Kec and the member-
ship function are the key parameters determining the perfor-
mance of the control system. Therefore, the QPSO algorithm
is applied to optimize these parameters dynamically so that the
floating raft active vibration isolation system can achieve the
best vibration isolation effect.

There are many membership functions, such as Gauss type
and triangle type. The triangle membership function is adopted
in this paper. The scope of its three variables is [-3 3], in which
5 fuzzy partitions (Z1 (Zone 1), Z2 (Zone 2), Z3 (Zone 3), Z4
(Zone 4), NB (Zone 5)) are divided and symmetrically opti-
mized. The membership function of each fuzzy subset is de-
termined by two parameters, as is shown in Fig. 8.

In this paper, a dual input and single output mode was
adopted. The vibration acceleration £ and its variation £EC
are taken as the input, and Control voltage U as the output.
Therefore, Fal, Fa2, ECal, ECa2, Ual and Ua2 are the
six optimized parameters in the membership function; Ke_FE
and Ke_EC are the two optimized parameters in the quantiza-
tion factor and Kec_U is the optimized parameter in the scale
factor.

The fitness function of the system is based on the square
error integral criterion (ISE): ISE = [ |e(t)[?dt.

The QPSO algorithm and the fuzzy control system are
connected by particle coordinate information and fitness

Z1 ! : : A

3 -az2 -a1 0 ai az 3

Figure 8. Membership function.
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Satisfy
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Figure 9. The flowchart of the fuzzy control system optimized by the QPSO
algorithm.

value. The coordinate information of the particle stores the
parameters to be optimized in the fuzzy control system. The
fitness value is the vibration isolation index of vibration
isolation system. The coordinate format of the particle is
[Ke_E,Ke_eC,KecU, Eal, Ea2, ECal, Eca2,Ual,Ua2].
The process of how the QPSO algorithm optimizes the
parameters in the fuzzy control system is presented in Fig. 9.

4. SIMULATION RESEARCH

4.1. Simulation Parameters

This paper mainly studies the vibration isolation effect of
the fuzzy control system in a floating raft active vibration iso-
lation platform on narrowband interference signal. Therefore,
the simulation analysis is carried out by single source nar-
rowband excitation and multi-source narrowband excitation re-
spectively.

The single sweep frequency (15 Hz-50 Hz), double sweep
frequency (15 Hz-30 Hz, 25 Hz—40 Hz) and multi sweep fre-
quency (20 Hz-35 Hz, 30 Hz—45 Hz, 40 Hz-55 Hz) simulate
single source, dual source and multi-source narrow-band sig-
nals respectively. Those sweep signals simulate the narrow-
band disturbance generated by system identification models
ST12, ST32 and ST42 in the floating raft system. The ST22 is
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Table 1. Control rule table.
EC 0.8 Measured and simulated model output
U |71 |72 |73 |74 | 75 Best Fits
Z1 [ 7575|274 | 74| 73 | (f30: 71.65
72 |75 |74 | 74 | Z3 | Z3 0.4
E|Z3 |74 |74 |73 |72 72 -
74 | 73 | 73 | 72 | 72 | ZI1 )
75 | 73 | 72 | 72 | Z1 | ZI1 0 '
-0.2
the mathematical model of a floating raft active vibration iso-
lation platform. The quantization factor, the scale factor and Ok
the membership function of fuzzy control system are obtained 0.6
by the optimization of QPSO algorithm, while the control rules %
(as seen in Tabl 1) are provided by experts in the field.'® "0

Finally, the control system of the floating raft active
vibration isolation platform is simulated by the MTA-
LAB/SIMULINK toolbox. The simulation diagram is shown
in Fig. 10.

4.2. The Stability of the Control System

Stability is one of the important indices of the controller.
Since fuzzy control is based on logic judgment rules, there is
no transfer function (or state function). Therefore, it is ex-
tremely difficult to verify the stability of the fuzzy control sys-
tem by direct method. The stability of the fuzzy control system
is still a significant research field. So, in this paper an accu-
rate method was not verified regarding the stability of the con-
troller, but an approximate method was used to roughly verify
its stability.

The approximate mathematical model of the fuzzy control
system, obtained by system identification, was used to roughly
verify the stability of system. We collected the input/output

Time

Figure 12. The fitting curve.

data of the control system in the case of system parameters of
a single frequency signal. As shown in Fig. 11.

The input/output data were imported into the system identi-
fication toolbox (Matlab) for the time domain model identifi-
cation. By the trial and error method, the fitting degree of the
identified model reached 71.65% (the highest). In this case,
the number of poles is 14 and the number of zeros is 10. The
fitting curve is shown in Fig. 12. It cannot accurately replace
the control system model, but it approximately expressed the
change trend of the model.

The distribution of poles and zeros of the identified mathe-
matical model were obtained to analyze the stability of control
system. As shown in Fig. 13, all poles are in the unit circle,
so the identified system is stable, and then the stability of the
control system was generally verified.
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Figure 14. Comparison of QPSO and PSO iteration.

4.3. Control Simulation Results

The QPSO algorithm optimizes the quantization factor,
scale factor and membership function of the fuzzy control sys-
tem to get better vibration isolation effect. The initial popula-
tion of the QPSO algorithm was set as 20, the iteration num-
ber was 1000 generations, and the contraction factor o was
reduced from 1 to 0.5.2° In order to quantitatively analyze and
measure vibration isolation effect, the vibration isolation effect
in the time and frequency domain was analyzed. On the same
condition, the quality of solution between the QPSO algorithm
and PSO algorithm was also compared. Figure 14 was an it-
erative diagram of the fuzzy control system based on QPSO
algorithm and PSO algorithm under single source narrowband
interference. Figures 15 to 17 are simulation diagrams of the
vibration isolation effect of the fuzzy control system based on
the QPSO algorithm and the PSO algorithm under three differ-
ent interferences.

In Fig. 14, both the QPSO algorithm and the PSO algo-

disturbance.
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Figure 17. Simulation results of fuzzy control in three narrow band
disturbance.
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Figure 18. Multi-source excitation floating raft active isolation experiment.

rithm almost reach the local dynamic equilibrium in about the
20th generation. The QPSO algorithm gradually jumps out
of the local optimal solution under the random disorder of
quantum theory. It reduces dramatically in about the 500th
generation. In the 600th generation, the fitness function of
the particle reaches the state of dynamic equilibrium, and the
optimal particle coordinates are obtained after the operation
of the 1000th generation. The QPSO algorithm under each
vibration interference is operated by 1000 generations, and
the optimized quantization factor, scale factor and member-
ship function are presented below: Single sweep frequency
[17.7711, -0.0215, -0.8554, 2.0935, 1.4867, 2.1449, 0.5188,
2.0704, 1.4916], double sweep frequency [6.3413, -0.0088, -
2.1001, 2.1176, 1.1457, 2.0061, 1.5, 1.8473, 1.1523], multi
sweep frequency [-8.7068, 0.0124, 1.8521, 1.7937, 1.0806,
2.3888, 1.2017, 1.8590, 1.2377].

Figures 15 to 17 show the acceleration signal of the time
and frequency domain in front of and behind the fuzzy con-
trol of the vibration isolation system. In Fig. 15, the overall
acceleration response amplitude of the fuzzy control system
based on PSO algorithm is reduced by 25.68%, and that of
the fuzzy control system based on QPSO algorithm is reduced
by 61.21%. According to Fig. 16, the overall acceleration re-
sponse amplitude of the fuzzy control system based on the PSO
algorithm is reduced by 21.64%, and that of the fuzzy control
system based on the QPSO algorithm is reduced by 48.21%.
In Fig. 17, the overall acceleration response amplitude of the
fuzzy control system based on the PSO algorithm is reduced
by 35.83%, and that of the fuzzy control system based on the
QPSO algorithm is reduced by 58.60%.

In summary, the QPSO algorithm is more likely to jump out
of the local optimal solution than PSO algorithm. Under three
narrowband interference signals, the vibration isolation effect
of the fuzzy control system based on the QPSO algorithm has
increased more than two times than that based on the PSO al-
gorithm. The QPSO algorithm has better vibration isolation
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Figure 19. Experimental results of the fuzzy control in single narrowband
disturbance.

effect than the PSO algorithm at the multiple main peaks of in-
terference signals, especially at the low-frequency main peaks.

5. EXPERIMENTAL ANALYSIS

In order to verify whether the proposed control system can
effectively restrain the multi-source excitation narrowband dis-
turbance, a multi-source excitation floating raft active vibration
isolation platform was constructed, and control experiments on
the narrow band disturbance were carried out. The experiment
platform and control experiment are shown in Fig. 18.

In the experiment, the parameters setting of the control sys-
tem is coincident with that of the simulation, and the frequency
and type of interference signals are the same as those of the
simulation. The performance of the vibration isolation was an-
alyzed by the frequency domain method. Figs. 19 to 21 shows
the experimental results of the vibration isolation effect of the
fuzzy control system based on the QPSO algorithm and the
PSO algorithm under three different interferences.
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Figure 20. Experimental results of the fuzzy control in double narrowband
disturbance.
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Figure 21. Experimental results of the fuzzy control in three narrowband
disturbances.

Figures 19 to 21 show the frequency domain diagram of the
acceleration signal in front of and behind the fuzzy control of
the vibration isolation system. In the experimental analysis of
Fig. 19, the overall acceleration amplitude of the fuzzy control
system based on the PSO algorithm is reduced by 32.54%, and
that of the fuzzy control system based on the QPSO algorithm
is reduced by 63.54%. As seen in Fig. 20, the overall acceler-
ation amplitude of the fuzzy control system based on the PSO
algorithm is reduced by 21.08%, and that of fuzzy control sys-
tem based on the QPSO algorithm is reduced by 35.08%. As
is shown in Fig. 21, the overall acceleration amplitude of the
fuzzy control system based on the PSO algorithm is reduced by
35.08%, and that of fuzzy control system based on the QPSO
algorithm is reduced by 46.10%. In summary, although in the
lower part of the vibration types and frequency band, the fuzzy
control system optimized by the QPSO algorithm has no better
vibration isolation effect than the PSO algorithm as its over-
all vibration isolation effect is increased by nearly 1.5 times.
Therefore, the validity and performance of the proposed con-
trol strategy can be verified.

6. CONCLUSION

Due to the complexity of the floating raft active isolation
system, and the difficulty to establish an accurate mathematical
model, a fuzzy control strategy optimized by the QPSO algo-
rithm to control the floating raft active vibration isolation sys-
tem was proposed in this paper. First, a control system based
on an intelligent fuzzy control system was established. Then,
the QPSO algorithm was proposed to optimize the quantiza-
tion factor, scale factor and membership functions of the fuzzy
control system. The stability of the control system is roughly
proven by the approximate method. Finally, simulations and
experiments were conducted under narrowband interference
signals of different types and bandwidth. The vibration isola-
tion effect of the experiment was not as good as that of the sim-
ulation because simulation was conducted in an ideal state and
the experiment was influenced by many external interferences.
However, its effect on vibration isolation was still remarkable.
The results show that the fuzzy control system based on the
QPSO algorithm reduced the amplitude of vibration by 50% in
front and behind, and the vibration isolation effect of the fuzzy
control system based on QPSO algorithm in a floating raft ac-
tive vibration isolation system was better than that based on
the PSO algorithm. Therefore, the fuzzy control system based
on the QPSO algorithm can effectively solve problems caused
by difficult modeling and controlling of the floating raft active
vibration isolation system, and improve the performance and
application of the fuzzy control system.
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