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ASTRACT

Based on the full active suspension and road input model, this paper introduces the fuzzy control theory
and genetic algorithm design theory, adopts the fuzzy control method to control the actuator's actuation
force, creates the fuzzy control system of the automobile active suspension system, and optimizes the fuzzy
control rules by using the improved genetic algorithm to ultimately realize the vibration damping eftect
enhancement in the process of" driving the automobile vehicle. Simulation experiments and sample vehicle
road experiments are used to verify the performance and utility of the fuzzy controller based on the
improved genetic algorithm proposed in this paper. In the simulation experiments carried out with the help
of Matlab/Simulink software, the control active suspension body controlled by the fuzzy controller based
on the improved genetic algorithm reduces the root mean square value of angular acceleration of
pendulum vibration, pitching rotation and lateral tilting rotation by 58.93%, 52.31% and 57.74%,
respectively, compared with that of the conventional controller, the root mean square value of the dynamic
deflection of the suspension is reduced, and the vehicle driving performance shows good stability and
stability. The vehicle traveling shows good smoothness and stability. In the prototype road test, the root
mean square value of the corresponding acceleration of the fuzzy-controlled active suspension optimized
based on the improved genetic algorithm in this paper is reduced by 42.67%, 39.45% and 37.23%,
respectively, compared with that of the passive suspension. Overall, the optimized design of fuzzy
controller based on genetic algorithm proposed in this paper greatly improves the vibration damping effect
of the active suspension system.

Keywords: fuzzy control, active suspension model, road input model, genetic algorithm, active suspension
system

1. Introduction

Vehicle suspension system is one of the important components of the vehicle, which plays a vital role in
improving the stability, comfort and maneuverability of the vehicle. The vibration damping technology of

3 Corresponding author.

E-mail address: 2h2580913108@163.com (G. Zhu).
Received 13 August 2024; Revised 12 October 2024; Accepted 11 December 2024; Published Online 15 April 2025.
DOI: 10.61091/jcmec127a-143
© 2025 The Author(s). Published by Combinatorial Press. This is an open access article under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.61091/jcmcc125-28
https://www.combinatorialpress.com/jcmcc
mailto:zh2580913108@163.com
https://creativecommons.org/licenses/by/4.0/

2528 ZHU AND WANG

the suspension system is the key to ensure the reduction of vibration when the vehicle is traveling and to
improve the working effect and service life of the suspension system [ 1-37]. With the development of
electronic technology, electronically controlled damping technology is being widely used in automotive
suspension systems. By using devices such as electronic controllers and sensors, the electronically
controlled damping technology monitors and adjusts the damping strength of the suspension system in
real time to meet the demands of different road conditions. This technology can be adjusted in real time
according to the vehicle's motion status and the driver's expectation of the suspension system, thus
improving ride comfort and maneuverability [4-77.

Active suspension system refers to the adjustment of the damping force of the suspension system
through electronic controllers and actuators. This system can adjust the performance of the suspension
system in real time according to the driver's wishes and driving conditions. On highways, the system can
increase the damping force to improve the stability of the vehicle, and on rough mountain roads, the system
can reduce the damping force to improve the vehicle's passability [8-117. Adaptive suspension system is a
suspension system that can be automatically adjusted according to the current driving conditions and the
driver's needs. The system monitors the vehicle's motion status in real time through sensors and adjusts
the damping strength and stiffness of the damper as needed [[12-157. This system can automatically adjust
the suspension system's operating state according to parameters such as driving speed, steering angle, and
road surface conditions, thus providing better suspension eftect and ride comfort [16-177.

Literature [187 presents new concepts and knowledge of dual integrated control methods. The
establishment, simulation and evaluation of the new control method for active suspension systems are
explored. It was experimentally concluded that the comfort and stability of the vehicle were improved after
using the active suspension system controlled by the dual integrated controller compared to the traditional
passive suspension system. Literature [ 197 takes a linear quadratic Gaussian active suspension controller
to examine the efficiency and utilization of the active suspension of the vehicle. The penalty function was
designed based on genetic algorithm to optimize multiple objectives of active suspension performance and
efficiency. The eftectiveness of the multi-objective integration is verified through comparative analysis,
which achieves a balance between smoothness and stability and improves the utilization of the active
suspension. Literature [207] lies in the systematic introduction of the current research status in the field of
active suspension control in terms of smoothness and road-holding performance evaluation. Not only the
literature related to the design of active suspension systems for vehicles is reviewed, but also the control
issues and practical considerations are discussed. Literature [217] proposes an integrated control system
and a coordinated control of semi-active suspension and active braking using a fuzzy controller and an
adaptive sliding mode controller. By building a nonlinear whole vehicle model and incorporating a Pacejka
tire model. The simulation results indicated that the proposed system can effectively improve the
comprehensive performance of the vehicle such as stability. Literature 227 aims to control the vibration
of FCM under various road disturbances using FOSMC and SMC by establishing a mathematical model
of a seven-degree-of-freedom FCM. The values of body BA and pitch acceleration PA were validated using
MATLAB software. The simulation results reveal that FOSMC is better than SMC and passive PSS in
adapting to bumps and random road disturbances.Literature [237] proposes a model-free fractional-order
sliding-mode control method based on ESO aiming to increase ride comfort. And a realistic framework is
provided by considering models such as nonlinearities. The effectiveness of this controller is verified by
comparing it with a classical PID iso-modeler. Literature [247] provides a systematic analysis of the
evolution and integration of MR dampers in semi-active suspension systems. Semi-active systems and
magnetorheological techniques are introduced and classical, modern and intelligent control methods and
their related studies are analyzed. The advantages of magnetorheological semi-active control and the
challenges and research directions of magnetorheological damper technology are pointed out. Literature
[257] proposes a multi-objective optimization control method for active suspension systems. PSO is used
to generate the Pareto solution set of the optimal parameters of the active suspension system. Simulation
experiments specify that the optimized active suspension system reduces the vertical component of the
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unbalanced electromagnetic excitation and attenuates the sensitivity of the vehicle system to
electromagnetic excitation.

In this study, the active suspension model is firstly constructed using differential equations and state
space equations, and the road surface input model is established based on the filtered white noise and
segmented function analytical equation, which generates road surfaces such as Class C road surface, pothole
and trapezoidal road surface respectively. On this basis, fuzzy control rules are formulated, input and
output variables are determined and fuzzified, and a fuzzy control system for fully active suspension of a
car is built on Matlab/Simulink as well. Through crossover and mutation operations of all individuals of
the parent generation to produce new individuals of crossover and new individuals of mutation, and
unconditional inheritance of the good individuals to the next generation according to the size of the fitness
to produce the offspring population, the performance of the genetic algorithm to improve the performance
of the search for excellence, and to complete the improvement of the genetic algorithm. On the basis of the
improved genetic algorithm, the fuzzy rules are optimized to control the damping coefficient of the
adjustable damper of the suspension, and the optimization of the fuzzy control rules is carried out to
complete the improvement of the fuzzy control system of the full-active suspension of the automobile, and
to improve the damping eftect of the automobile when it is running. In the test of vibration damping eftect,
first in Matlab/Simulink to establish the suspension and controller model, carry out simulation
experiments of the vehicle active suspension system, to explore the effectiveness and stability of the
controller, as well as the smoothness and stability of the vehicle driving. Secondly, the chassis of a national
brand car chassis to build experimental prototype, vehicle active suspension system prototype road test,
compare the road test results with the simulation results are consistent.

2. Vehicle fully active suspension with road input modeling

For the vehicle fully active suspension system, in this chapter, the active suspension model is constructed
in Matlab/Simulink with differential equations and state space equations, respectively, and the filtered
white noise C-level pavement, pothole and trapezoidal pavement are generated based on the filtered white
noise theory and the segmented function analytic equation, respectively. Necessary preparations are made
tor the fuzzy control optimization study of the subsequent vehicle fully active suspension system.

2.1.  Actrve Suspension Modeling

According to the relevant theories of automotive dynamics, the motion state of the vehicle during driving
is analyzed, and the four-degree-of-freedom suspension model of the semi-vehicle is established by
considering the functions and roles of the suspension system in transmitting forces and moments in the
vertical direction of the vehicle.

When the body pitch angle is small, due to @ = sinp~tang, so the relationship between the vertical
displacement of the front and rear suspensions at the body support position and the vertical displacement
at the center of mass of the body satisfies equation (1):

{zzf =z+agp

2, =2-bp M)

According to Newton's second law, the dynamics equations for the modeled four-degree-of-freedom
active suspension of a semi are:
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Where Z is the vertical displacement at the center of mass of the body; M is the spring loaded mass
(body mass); | is the pitch inertia of the body around the center of mass; @ is the pitch angle of the
body; Zot, Zy is the front and rear road surface unevenness; Zy¢, Z;, is the vertical displacement of
front and rear wheels; Z,;, Z, 1is the vertical displacement of the front and rear suspensions in the
position of the body support; K¢, K, is the front and rear wheel equivalent stiffness; K¢, K,, is the
stiffness of front and rear suspension springs; C;, C. is the front and rear suspension damper damping

coefficient; M¢, M, is the unsprung mass of the front and rear axles; a, b is the distance between the
centerline of the front and rear axles and the center of mass of the body; U; (t), u,(t) is the active control

torce of the front and rear suspensions.

When the active control force is zero, i.e., U (t)=U;(t)=0 the above equations are transformed into
passive suspension equations.

According to the established semi-vehicle model and the results of dynamics analysis, the passive and
active suspension simulation models are built in Matlab/ Simulink. .

Taking x =[z’ Z 9 9 L Ly L, 4| as the system state variable, u= [ufg) ur(t)] as
the system control input, Wz[zOf ZOr:I as the system external input, and y :[Z go] as the tuned
output, the above dynamic equations of the active suspension semi-truck are transformed into the state

equations, which are derived:
X(t) = Ax(t) + Bu(t) + B,w(t) ()
y(t) = Cu(t) + Du(t) (4)

where A, B, B,, C, D are the coefficient matrices of the equation of state, specifically:
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When the BU(t) term in Eq. (3) is zero, it is transformed into the equation of state of the passive
suspension system.

2.2.  Pavement Input Model

2.2.1.  Filtering white noise randomized pavements. Suspension system is mainly related to the vehicle
droop dynamics, especially the process of vibration transfer from wheels to body during traveling caused
by road surface unevenness. Therefore, the road surface vertical excitation model is also a topic of concern
for scholars in the study of suspension performance. Commonly used mechanical vibration vertical
pavement excitation generation methods include integration-based, filter-based, rational function-based
and power function-based white noise excitation simulation methods for pavement unevenness. Although
different pavement generation methods can be obtained at a certain level closer to a certain real road
vibration excitation curve in the time domain, but the actual driving road conditions are quite complex, it
is not possible to fully described by the model, even so, experts still according to the common road
conditions of different roughness, different degrees of softness and hardness and different materials of the
road surface simulation.
The fitting formula for the power spectral density of the road surface is shown in equation (6):

n
G, () =G, (1, )(n—oj (6)
Where, N is the spatial frequency, n=0.011~ 2.83m7*; N, is the reference spatial frequency,
n,=0.1m™"; W is the frequency index, usually w=2; G, (no) is the pavement unevenness coefficient,
which refers to the value of the pavement spectral density at n, =0.1m™,
In the spatial frequency domain, the spatial spectral density of velocity and acceleration are Eq. (7) and
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Eq. (8), respectively:

G, (n) = (27n)*G,(n) (7)
G,(n) = (27n)*G,(n) (8)

This leads to equation (9):
G, (n) =(27n, ) G, (ny) (9)

According to the above standard documents given by the different road unevenness of A—H a total
of 8 pavement levels, later will be based on the content of the study of the specific road conditions need to
select the appropriate unevenness to complete the stochastic pavement model building.

Considering that vehicle speed and time aftect the vibration amplitude and frequency of the suspension,
it is necessary to complete the transformation of the frequency spectral density from space to time.
According to the formula (10) for the time frequency, equation (11) can be derived:

f=v-n (10)
1
Gq(f):VGq(n) (11)
where V is the vehicle speed and f is the time frequency.

In the time-frequency domain, the spatial spectral densities of displacement, velocity and acceleration
are Eq. (12), Eq. (13) and Eq. (14), respectively:

Gq(f):Gq(nO)nj% (12)
G,(f)=(27n,)" G, (n)v (13)
G, () =(4zn,f) G, (n)v (14)

When the vehicle speed is certain, the power spectral density 27zn,, /Gq (no)v can be obtained by the
integrator directly on the randomly generated white noise operation, as in Eq. (15), i.e,, it is the random
road integration white noise generation method:

q(t) = 2721, /G, (N )V [wt)dt (15)

Considering that the power spectral density does not vary much in the low frequency range, the lower
cutoft frequency is introduced to obtain a filtered white noise randomized pavement generation method
that is closer to the real pavement, as in Equation (16) [267:

q(t) =27 f,q(t) +27n,, /Gq (ny )vw(t) (16)

where f, is the lower cutoff trequencys; q(t) is the roadway excitation; and W(t) is the white noise.

2.2.2.  Pothole Pavement. Pothole pavement is a kind of pavement excitation that causes transient and
intense vertical vibration, which is commonly used by scholars to simulate the aging and broken asphalt
pavement, cement pavement, and other roads paved with hard materials in urban roads, and also used by
scholars to simulate potholes, ditches, manhole covers, sewer grates, and other geometrically concave
shapes of pavements. Unlike the flexible impact of sandy road surfaces, this kind of road surface, once it
appears, often causes a sharp and intense hard impact to the car, and sometimes even directly causes the
chassis of the vehicle with too low a minimum ground clearance to hit the ground, resulting in serious
consequences. Therefore, the timely response and accurate control of active suspension is an eftective
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measure to reduce the occurrence of this accident. The expression of the function of pothole road surface

is Eq. (17):
&(Cos(wj—l}g <t<t, +5
Zy(t)=1 2 L, v

0,else

(17)

Where h, is the depth of the pothole, t; is the starting moment when the wheel enters the pothole,
L, is the length of the pothole section, and V is the vehicle speed.

2.2.3.  Trapezoidal pavement. In this paper, the trapezoidal road surface is used to simulate the vertical
excitation transmitted from the road surface to the vehicle when the vehicle passes through the speed bump,
and the specific analytical equation of the function is shown in Eq. (18):

mw(t L-L,
Vv

L-L
L-L, _ L+l
z,(t)= ot v e v (18)

va( LL+L L
Vv

—t).t <t<t+

I/\

<t<t+

0,else

Where h is the height of the speed bump, 1, is the starting moment of the wheel passing through
the speed bump, L and L, are the dimensions of the long and short edges of the speed bump
respectively, and V is the vehicle speed.

3. Fuzzy control optimization of active suspension system based on genetic
algorithm

Automobile suspension system is a general term for the force transmitting connecting device between the
wheels and the body, which is used to mitigate the impact of external disturbances on the body, and to
ensure the smoothness of automobile driving and maneuvering stability. Active suspension system is better
than passive suspension in terms of control quality, and it can adjust and generate the required suspension
control force between the wheels and the car body according to the road surface, in order to suppress the
vibration of the car body and make the suspension in the optimal damping state. Fuzzy control is a kind of
intelligent control method that imitates human thinking and reasoning, and is suitable for the control of
semi-active suspension system. The core of fuzzy control is how to determine the fuzzy control rules. The
selection process of control rules is a complex optimization process. Genetic algorithm has strong global
optimization ability, which is suitable for solving the optimization problem of fuzzy control rules. In this
chapter, genetic algorithm will be introduced to optimize the design of fuzzy controller to improve the
control effect of fuzzy controller, so as to improve the driving experience of the car.

3.1.  Vehicle active suspension fuzzy control

3.1.1.  Design of the fuzzy controller. The fuzzy controller has a central position in the fuzzy control
system [277]:

1) Determine the input and output variables. Currently, two-dimensional fuzzy controllers are widely used.
This kind of controller takes the error and the change of error as input variables and the change ot control
quantity as output variables. In the automobile suspension system model, the vertical acceleration value of
the body and the pitch angle acceleration value are important indexes for evaluating the smoothness of
automobile driving.
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2) Fuzzy control rules. Fuzzy control rules are similar to the control strategy of manual control and are
expressed as a set of fuzzy conditional statements. The common fuzzy conditional statements and their
corresponding fuzzy relationships are as follows.

(1)“If A then B” (IF ATHEN B)

R=AxB+AxE (E is the unit vector).

(2)“If A then B otherwise C” (IF ATHEN Belse C):

R=(AxB)+(AxC) (19)
(3)“If A and B then C” (IF Aand B THEN C);
R =(AxC)-(BxC) (20)
(4)“If A or B and C or D then E” (IF Aor Band C or D THEN E):
R=[(A+B)xE]-[(C+D)xE] (21)
(5)“It A then B andif A then C” (IF A THEN B and IF A THEN C):
R=(AxB)-(AxC) (22)

In general, the combination of the words “large, medium, small” and “negative, zero, positive” describes
the hierarchy of things, i.e. {negative large, negative medium, negative small, zero, positive small, positive
medium, positive large}.

{NL, NM, NS, ZE, PS, PI\/I,PL} (23)

The rules of fuzzy control reflect the relationship between the controller inputs and outputs to each
other. If there are 7 fuzzy subsets for each of the 2 inputs of the 2D fuzzy controller, 49 fuzzy rules can be
obtained according to expert experience:

If e=¢ and c=c;, Thenu=u; (24)

where 1<i<7, 1< <7

8) Fuzzification and clarification of input and output variables. The input quantities of the controller are
all exact quantities, which must be processed by fuzzy quantization to become fuzzy quantities, and then
realize fuzzy control, and the conversion process is called fuzzification.

Let the basic domainof €, C and U be [—Xe, Xe][—XC, xc}[—yu, Y, ], respectively. For fuzzification, the
commonly used triangular affiliation function is selected for both input and output, and the input and
output variables are divided into seven variable values, i.e., {negative large (NL), negative medium
(NI\/I ), negative small (NS), Zero (ZE), positive small (PS), positive medium (PI\/I), and positive
large (PL) }, and the fuzzy subset domains of the error €, the rate of change of the error C, and the
control quantity U are taken to be {E}={C}={U}={-3,-2,-1,0,1,2,3} [25].

The fuzzification process requires the conversion of input variables from the fundamental domain to the
corresponding fuzzy subset domain, which is generally achieved by the quantization factor, and the
quantization factor K, for error and the quantization factor K_ for the rate of change of error are
determined by the following two formulas, respectively:

K, =3/%, (25)
K, =3/%, (26)

The output quantities of the fuzzy controller cannot be used directly for the control object, but must be
converted into a fundamental thesis acceptable to the control object, i.e., the conversion is realized by means
of a scaling factor K, which is calculated by the formula:

K,=Y,/3 (27)
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The quantities obtained after fuzzy reasoning are fuzzy quantities that cannot be used directly for

practical control and must be transformed into clear quantities. This is the task to be accomplished by the
clarity calculation.
4) Quantization factor and scale factor. The quantization and scaling factors are determined based on the
transformations of the fundamental and fuzzy subset domains. Quantization factors K, and K_ have a
quantization effect on the input variables, reflecting different degrees of weighting on the error and the
rate of change of the error, and they also influence and constrain each other. When K_ is larger, the
system overshoots more and the transition process becomes longer; when K is larger, the overshoot
decreases and the system's response becomes slower. Proportionality factor only plays a proportional role
in the output variable, which directly affects the gain of the control system, generally the larger the K,
the faster the system response, but the K, is too large to easily cause system instability. When designing
the controller, the quantization factor of the input variable of the fuzzy controller and the proportionality
tactor of the output control quantity are selected reasonably.

3.1.2.  Fuzzy control system for fully active suspension in automobiles. In this section, the Fuzzy
Toolbox in Matlabl/Simulink is utilized to create a fuzzy control system for an automotive fully active
suspension system:

1) Selection of input and output variables and their fuzzification. The degree of body roll is related to the
vehicle speed, cornering, road conditions and tires, etc. The vehicle speed and cornering angle have the
most obvious influence on it, and the larger the speed is, the smaller the critical angle of the turn is, which
is reflected as the rotation around the longitudinal direction of the vehicle body (X-axial direction) in the
vehicle body movement, so the anti-swaying fuzzy controller chooses the cornering speed & and the
cornering acceleration @” of the vehicle body around the longitudinal direction as the input variables,
and the two inputs can be obtained from the ADAMS software's output of ADAMS software. The output
variable is the force generated by the actuator U . In the process of turning, the compression and
elongation of the front and rear suspensions are basically similar, so the outputs are selected as the force
generated by the left actuator U, and the force generated by the right actuator U, .

The factors affecting the body pitching are: vehicle acceleration, speed, road surface, suspension spring
and damper parameters, etc. Among them, the acceleration has the most obvious effect, and the larger the
acceleration, the more serious the pitching phenomenon is, which is reflected in the rotation of the vehicle
body around the transverse direction (Y -axial), so the anti-pitching fuzzy controller selects the angular
speed @' and angular acceleration @' of the vehicle body around the transverse direction as the input
variables, and the output variable is the force generated by the actuator U . In the process of turning, the
compression and elongation of the left side and right side suspensions are basically similar, so the outputs
are selected as the force generated by the left actuator U, and the force generated by the right actuator
U,.

Provide that the angle of rotation is positive when the body is tilted to the right, and negative when the
body is tilted to the left; the pitch angular velocity and angular acceleration are the same as those of the
angle in the positive direction. Provide that the angle of rotation is positive when the body is tilted forward
and negative when the body is tilted backward; the pitching angular velocity and angular acceleration are
the same as the angle positive direction. The tfuzzy domain of inputs 6', 6", ¢ and @" is [—3, 3], and
its fuzzy subset is {NL,NM,NS,ZE,PS,PM,PL}. The domain of outputs U, U , U and Uy is
[-3,3], and its fuzzy subset is {NL,NM,NS,ZE,PS,PM,PL}, and the commonly used Trimf (Triangle)
is chosen as the affiliation function of this fuzzy control system. Mandarin method is used for fuzzy
inference and center of gravity method is used for defuzzification.

2) Fuzzy control rules. Fuzzy control rules are the core of the fuzzy controller. The relationship between
the controller inputs and outputs determines the fuzzy control rules. In the fuzzy controller created in this
thesis, both inputs have 7 fuzzy subsets, which can constitute 49 fuzzy rules:

IF(E, =¢,) AND(E, =¢;), THEN (u=u; ) (28)
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Of which: 1<i<7, 1<j<7.

3.2.  Optimization design of fuzzy controller based on genetic algorithm

3.2.1.  Genetic Algorithm Process. In the optimization process, the genetic algorithm does not operate
on the design variables of the problem to be solved, but its encoding imposes selection, crossover and
mutation and other reproduction operators to carry out evolutionary calculations, evaluating the strengths
and weaknesses of the individuals in the population by the degree of fitness, and outputting the optimal
individual after the algorithm has converged, and the optimal individual is decoded to obtain the optimal
solution [297. A typical standard genetic algorithm solution process is as follows.
1) Initialization. Determine the population size N, coding method, selection probability P,, crossover
probability P,, mutation probability P, and termination judgment criterion, and randomly generate the
initial population X(t),t=0.
2) Individual evaluation. Calculate the fitness of all individuals in X (t) to evaluate the population.
3) Apply reproduction operator for population evolution. This process consists of three parts.

Selection operation: apply the selection operator to the parent population with probability P, to obtain
a selection intermediate.

Crossover operation: apply the crossover operator to the selected intermediate generation with
probability P, to produce crossover intermediates.

Mutation operation: apply the mutation operator to the crossover intermediate generation according to
probability P, to produce the offspring individuals.
4) Evaluation of offspring individuals. Calculate the fitness of all new individuals in the offspring population.
5) Termination judgment. If the termination judgment criterion is satisfied, output the optimal individual
in X (t+1), decode the optimal solution and terminate the computation, otherwise, set t <—t+1 and turn

to (3).

3.2.2. Improved genetic algorithms. In the standard genetic algorithm process described above, the
reproduction operator easily destroys the good individuals in the population and reduces the diversity and
superiority of the population due to the lack of protection of the good individuals. Therefore, selection
probability P,, crossover probability P, and mutation probability P, have a great impact on the
performance of the genetic algorithm. The larger the crossover probability P, is, the stronger the
algorithm's ability to find the best, the easier it is to find new superior individuals, and the smaller the P.
is, the easier it is to mature early. The larger the P, the easier it is to destroy the good individuals in the
population, and the smaller the mutation probability P, the lower the probability of generating a new
gene block. The range of values for crossover probability P, is generally 0.4-0.9, and the range of values
for mutation probability P, is generally 0.001-0.5.

With the adoption of the optimal preservation strategy, crossover and mutation operations have become
an important means to maintain the diversity of the population and prevent the algorithm from “maturing
prematurely”. The value of crossover probability P, and mutation probability P, nolonger destroys the
good individuals in the population, instead, they are applied to generate new individuals to enhance the
diversity of the population and accelerate the convergence speed of the algorithm. Therefore, the genetic
algorithm is improved in this thesis as follows.

When the algorithm evolves, in addition to retaining the algorithm's crossover and then mutation
operations, the crossover and mutation operators are added to act independently on the parent population,
and all individuals in the parent generation undergo crossover and mutation operations. Then, the new
individuals and the preserved individuals of the parent generation are selected according to the “parent-
child hybrid winner selection strategy”, and all the individuals of the parent generation undergo the
crossover and mutation operations to produce the crossover new individuals and mutated new individuals,
which compete with the best preserved individuals of the parent generation, and then unconditionally pass
on the good individuals to the next generation according to the size of fitness and produce the The oftspring
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population will be produced. In the whole genetic operation process, the good individuals are preserved,
thus avoiding the destruction of the good individuals by crossover and mutation probability. Since the
individuals generated by crossover and mutation operations are new individuals, it is conducive to
maintaining the diversity of the population and improving the performance of the genetic algorithm in
finding the best.

3.2.3.  Fuzzy Rule Optimization. There are 7 fuzzy subsets of input and output quantities of the fuzzy
controller, and there are 7 values of U in each rule, and 49 rules form 7% control rule schemes.
Traditional optimization methods are difficult to find the optimal fuzzy control rules. In this section, the
improved genetic algorithm is used to find the optimization.

Genetic algorithm coding uses real number coding to order the outputs in the fuzzy rule table as the
design variables of the optimization problem, i.e., the 49 fuzzy sets constitute the design variables. FFor the
convenience of representation, the subscript number symbol {1,2,3,4,5,6,7} of the tuzzy sets is chosen
to replace the fuzzy set {C1,C2,C3,C4,C5,C6,C7} respectively. Then the corresponding individual code
of the fuzzy rule is {7665667654445643222341111111443234465444567665667}.

The vertical acceleration of the vehicle body is the objective function of the optimization, and the inverse
of the root mean square value of the objective function is used as the fitness function of the individual of
the genetic algorithm.

F =1/RMS(a) (29)

4. Simulation experiment of vehicle active suspension system

After using Matlab/Simulink software to establish the suspension and controller model, the control results
of different controllers relative to the passive suspension are obtained through simulation experiments to
analyze the control effect of the active suspension in suppressing the acceleration of the body center of
mass pendulum motion, pitch angle acceleration and lateral inclination angle acceleration. In addition to
the smoothness of vehicle driving, this paper also considers the influence of difterent controllers on the
stability of the suspension and the grounding of the tires in the vehicle driving, i.e., to analyze the dynamic
travel of the suspension and the dynamic load of the tires. In addition, the vehicle driving environment and
driving conditions in the actual situation can not be determined, so there are external interference and
body parameter perturbation, so this paper also analyzes the stability of the controller.

4.1.  Controller effectiveness analysis

In this paper, the fuzzy controller and the optimized fuzzy controller based on improved genetic algorithm
are designed, in order to verify the dynamic quality optimization effect of these two controllers on the
conventional controller, this paper analyzes the actual controlled active suspension system, and obtains the
trend of the body motion tracking error between the actual system and the reference model under the
random C-level road surface input conditions, as shown in Fig. 1. Figures (a)~(c) show the vertical
displacement tracking error, pitch rotation angle tracking error and side tilt rotation angle tracking error,
respectively, while the Fuzzy control~3 in the figure are the fuzzy controller, the optimized fuzzy
controller based on the improved genetic algorithm, and the conventional controller, in that order. From
the figure, it can be seen that under the same road input conditions, the attitude tracking errors of the fuzzy
controller and the fuzzy control active suspension optimized based on the improved genetic algorithm are
smaller than the attitude tracking errors of the conventional sliding-mode control active suspension with
convergent law gain coefficients, and the fuzzy control active suspension optimized based on the improved
genetic algorithm has the smallest error in the tracking reference model. It can be shown that the fuzzy
control and the fuzzy control optimized based on the improved genetic algorithm are eftective in improving
the conventional control.
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Fig. 1. Tracking error

4.2.  Vehicle Running Smoothness Analysts

In this paper, the same road surface of class C is used to simulate and compare the acceleration of pendular
motion, pitch angle rotation acceleration, and lateral inclination rotation acceleration at the center of mass
of the body of passive suspension (S1), sliding-mode variable-structure-controlled active suspension (S2),
tuzzy-controlled active suspension (S3), and fuzzy-controlled active suspension based on the improved
genetic algorithm (S4), and the speed of the car is set to 10 m/s. In this paper, the root-mean-square value
of the simulation results of the vibration at the center of mass of the body of different forms of active
suspension and passive suspension are compared, as shown in Table 1. In this paper, different forms of
active suspension and passive suspension body vibration at the center of mass of the simulation results of
the root-mean-square value for comparison, as shown in Table 1. From the table, it can be seen that the
three forms of active suspension are better than the passive suspension in terms of vehicle smoothness, and
at the same time, fuzzy control and genetic algorithms are added on the basis of the sliding mode controller,
which improves the degree of intelligence of the sliding mode control strategy, and solves the problem of
sliding mode control dithering. Compared with the passive suspension, the fuzzy control active suspension
based on the improved genetic algorithm reduces the root mean square values of the angular acceleration
of vertical vibration at the center of mass, pitching rotation and lateral tilting rotation by 58.93%, 52.31%,
and 57.74%, respectively, which is greater than that of the modal structural control active suspension and
tuzzy control active suspension, and it plays a more significant role in the improvement of the smoothness
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of the vehicle driving.

Table 1. Performance indicator

Performance indicator S1 S2 Ss3 S4
R . . X 2.77 1.17 1.15 1.13
Vertical square root value of vertical motion acceleration(m-s-2) o
1 9 3
. ‘ _ 2.38 1.15 1.14 1.18
The average square root of the angular acceleration of the pitch(rad-s-2) g
6 6 3
The average square root of the angular acceleration of the lateral rotation 2.85 1.24 1.21 1.20
Angle(rad-s-2) 4 8 4 6

4.8.  Vehicle driving stability analysis

In this section, the left front wheel, right front wheel, left rear wheel, and right rear wheel of the virtual
vehicle applied in the simulation experiments are sequentially numbered as wheels 1~4, while the passive
suspension, the conventional controller, the fuzzy controller proposed in this paper, and the sub-suspension
of the fuzzy controller based on the improved genetic algorithm are sequentially numbered as suspensions
1~4.

1) Vehicle driving stability analysis under impulse road excitation. In this paper, impulse excitation is also
applied to the left front wheel numbered 1 to observe the suspension dynamic deflection and tire dynamic
deformation of the vehicle suspension system. Due to space limitation, this paper only gives the time-
domain response plots of the dynamic suspension deflection and tire dynamic deformation of the sub-
suspension of the active and passive suspension system numbered 1, as shown in Fig. 2. Figures (a) and (b)
show the time-domain plots of suspension 1 dynamic deflection and tire 1 dynamic deformation,
respectively, when wheel 1 is subjected to road impulse input. From the figures, it can be seen that the
suspension I-dynamic deflection and tire 1-dynamic deformation of the vehicles with active and passive
suspensions change more drastically when wheel 1 is subjected to road pulse input. Compared with the
passive suspension, the dynamic deflection of the suspension of the vehicle with the three control forms of
active suspension decays rapidly under the action of the active cylinder, which improves the stability of
vehicle driving. It can be shown that in the simulation state, for the road surface approximation impulse
excitation active suspension vehicle can improve the driving stability of the vehicle under the impulse road
surface condition.
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2) Vehicle driving stability analysis under random road excitation. In order to quantitatively analyze the
effect of active suspension controllers on improving the driving stability of the vehicle, the simulation
results of the dynamic deflection of the suspension and the dynamic deformation of the tires of the vehicles
with active suspension and passive suspension are statistically analyzed, and the statistical results are
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shown in Table 2. Taking suspension 1 as an example, the root mean square value of suspension dynamic
deflection of active suspension under the control of conventional controller, fuzzy controller, and fuzzy
controller based on improved genetic algorithm is reduced by 14.01%, 17.42%, and 19.89%, respectively,
compared to passive suspension vehicles, but the root mean square value of tire dynamic deformation of
active suspension is increased by 3.56%, 2.6%, and 2.59%, respectively, compared to passive suspension
vehicles, but the amount of increase is very small and has little effect on the driving smoothness and safety
of the whole vehicle. It can be seen that under the random road excitation simulation, the three forms of
active suspension controllers effectively improve the stability of vehicle driving.

Table 2. Suspension deflection and tyre deformation

Performance indicator - S1 S2 S8 S4
Suspension 0.0205 0.01766 0.01746 0.01706
1 4 2 4 6
Suspension 0.0206 0.01785 0.01747
. 0.01701
Suspension 2 3 2 8
deflection Suspension 0.0210 0.01788 0.01755 0.01709
3 2 6 4 8
Suspension 0.0206 0.01764 0.01749 0.01710
Mean square 4 6 8 2 2
value(m) 0.0114 0.01189 0.01178 0.01178
Tyre 1
9 9 9 8
0.0113 0.01183 0.01186 0.01172
Tyre 2
i . 8 9 2 9
Tyre deformation
0.0114 0.01177 0.01185 0.01170
Tyre 8
5 2 5 2
0.01185 0.01174 0.01168
Tyre 4 0.0114
2 9 5

4.4.  Controller Stability Analysis

In this section, the stability of active suspension controller is obtained by analyzing the influence of vehicle
speed and body mass change on the control effect of active suspension controller. Spring loaded mass
changes on the vehicle driving pitch rotation acceleration effect is small and this paper sets the sample
vehicle parameters in the left and right wheel to the center of mass distance is equal, so this paper only
analyzes the vehicle driving speed changes in the body pitch rotation, lateral tilt rotation acceleration root
mean square value of the change in speed changes in body pitch rotation acceleration root mean square
value of the change in specific as shown in Table 3. From the change of data in the table, it can be seen that
when the body mass increases, the root-mean-square value of the acceleration of pitching motion at the
center of mass of the body of the active and passive suspension decreases with the same trend. At the same
time, the root mean square value of the vertical motion acceleration at the center of mass of the body of the
three forms of active suspension under diftferent body masses is smaller than that of the passive suspension.
When the vehicle driving speed reaches the highest 40m/s in the test, the root mean square values of the
acceleration of the body pitching and tilting under the fuzzy sliding mode variable structure control based
on the improved genetic algorithm are only 1.59 and 2.13, which are 57.08% and 56.16% lower than that
of the passive suspension, and lower than that of the active suspension under the conventional and fuzzy
controllers, respectively. This indicates that the active suspension can play a controlling role under
different body masses, and among them, the vehicle active suspension under fuzzy sliding mode variable
structure control based on improved genetic algorithm has the best control eftect.

Table 3. Mean square value
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Speed(m/s
- S1 S2 S3 S4
)
1.8 0.8 0.8 0.7
10
3 4 1 6
2.3 1.0 1.0 0.9
15
8 8 5 9
2.5 1.1 1.1 1.0
20
9 8 5 9
Acceleration of the vertical rotation of the 5 2.9 1.8 1.8 1.2
2
body 1 5 0 6
3.2 1.4 1.4 1.3
30
0 7 2 7
3.4 1.5 1.5 1.5
35
2 6 3 [0}
Mean square 3.7 1.7 1.6 1.5
40
value 1 0 5 9
2.0 0.9 0.9 0.8
10
9 8 4 8
2.7 1.2 1.2 1.1
15
5 7 3 5
3.1 1.4 1.3 1.3
20
2 2 6 [0}
o . 3.7 1.7 1.6 1.5
Acceleration of body roll rotation 25
(0} 1 5 7
4.3 2.0 1.9 1.8
30
2 2 6 6
4.7 2.1 2.1 2.0
35
5 9 3 4
4.8 2.2 2.1 2.1
40
6 7 9 3

5. Vehicle active suspension system prototype road test

In this paper, the test prototype is built on the basis of a national brand sedan chassis, active suspension
prototype modified, built. This greatly improves the speed of the project, while retaining the performance
of the original passive suspension, easy to test and compare with the active suspension.

5.1.  Test conditions

This section describes the road test conditions associated with the active suspension prototype.

1) Road requirements. The test road is required to be smooth and straight and dry, and the longitudinal
gradient is required to be no more than 1%. Accumulated total length of the test road should not be less
than the number of test samples required for the shortest road length, and both ends of the road should be
reserved for 30 -50m of steady speed section.

2) Wind speed requirement. The wind speed is not more than 5m/s.

3) Technical condition of test vehicle. The test vehicle assembly, related parts and other ancillary devices
need to be equipped in accordance with the relevant provisions of the complete, and will be installed in the
prescribed position. The adjustment condition of the vehicle should be in accordance with the provisions
of the relevant design and technical conditions of the vehicle. Tire inflation pressure should be in
accordance with the relevant provisions, tire pressure error within = 3%.
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4) Vehicle load. The load of the test vehicle shall be the rated maximum loading mass of the vehicle. Vehicle
load should be evenly distributed and fixed firmly, the test process should try to control the shaking and
upsetting, the quality of the vehicle should not be changed due to moisture, dispersion and other reasons.
5) Driver's sitting position. The driver's hands should be held naturally on the steering wheel of the test
vehicle. When the test is in progress, try to keep the sitting position unchanged.

6) Test speed. Since the prototype vehicle is not equipped with a power system, the power of the prototype
vehicle is provided by the tractor. For safety reasons and the limitation of the test site, the speed of the
prototype vehicle was set at 10Km/h for the road test.

5.2.  Test methods

During the test, the vehicle is required to stabilize its speed in the steady speed section (10m before the
speed bump) in advance. Then pass through the test section at the required speed in a uniform and smooth
manner, and check the acceleration time course of the selected test area. The test was conducted at least
three times, and the test results were recorded and counted separately.

5.8.  Test results and analysis

Under the simulated random road input conditions, the time-domain and frequency-domain test curves of
the vertical acceleration, pitch angle acceleration and lateral inclination acceleration under the driver's seat
are shown in Fig. 3. Figures (a) and (b) show the time-domain and frequency-domain test curves of the
vertical acceleration, pitch angle acceleration and lateral inclination acceleration under the driver's seat,
respectively. Active suspension1 and 2 in the figure represent the active suspension fuzzy control proposed
in this paper and the active suspension fuzzy control optimized based on the improved genetic algorithm,
respectively, while Passive suspension is also known as passive suspension. From the time-domain test
curves, it can be seen that the amplitude of vertical acceleration, pitch angle acceleration and lateral
inclination acceleration under the driver's seat of the passive suspension vehicle is the largest, while the
amplitude of the above three accelerations of the active suspension vehicle is obviously smaller than that
of the passive suspension; from the frequency-domain graph, it can be seen that the vibration of the two
types of active suspension vehicles, namely, the active suspension1 and 2, is effectively attenuated in the
vibration frequency range of 8Hz, which is the range of vibration frequency that is sensitive to the human
body, and the vibration frequency range of the active suspension vehicles is less than that of the active
suspension. The vibration within the human sensitive 8Hz vibration frequency range is eftectively
attenuated.



2544 ZHU AND WANG

—— Passive suspension — Passive suspension
—— Active suspension| —— Active suspension|
- Active suspension2 Active suspension2

0 5 10 15 20 25 30 35 40 45

0.0 0.5 1.0 1.5 2.0 23 3.0 3:5 40 o o
~ 360 T T T T T T T g =} X 360 : " ; B . : : y
N 1 82&
: 255
o3
= ™ 1240 2 8B
2 5 = 5 -
== Sz
R = 5 >
> E 120 g aE
° - 5
8 =
[ 0
«
(\g 360 o B ,:.{\3
€ 3 E
§ ™~ 240 Z &< 2405
= s -
S O g .2
> 5 SE =
2 % g £ Z
=2 23 5
o] m 9 ©
g M8 g
s 0 5
—
I3}
173
o~ I59F 3 &
@
g 5 5
e~ 106 | AR
F1 Ut
o .= Al & A A vy [ \ | o 8 @2
o = | A —
3 R L LR R
Q \ ¥ b | Q v O Il
3 ‘ 25 AR |
- =% i |
3 0 4 Ze = O il ‘QI.
8 fgG A k k dfﬁ |
1 ] ] I 1 1 I 4 _dcc) i p\"“‘-r T T T T
0.0 0.5 1.0 1.5 20 235 3.0 35 4.0 0 5 10 15 20 25 30 35 40 45
Time (s) Frequency (Hz)
(a)The test curve of the time domain (b)The test curve of the frequency domain

Fig. 3. The test curve of the time domain and frequency domain

In order to further quantitatively analyze the actual control eftect of active suspension, the root-mean-
square (RMS) values of droop acceleration, pitch acceleration, and lateral camber acceleration under the
driver's seat are statistically analyzed, as shown in Table 4. The data in the table show that compared with
the passive suspension, the root mean square values of the droop acceleration, pitch angle acceleration and
side inclination acceleration of the fuzzy control active suspension under the driver's seat are reduced by
82.55%, 85.15% and 25.07%, respectively. The RMS values of the corresponding accelerations of the fuzzy-
controlled active suspension optimized based on the improved genetic algorithm were reduced by 42.67%,
89.45%, and 37.28%, respectively. Through the random road input test, it can be seen that both forms of
tuzzy-controlled active suspension eftectively reduce the droop, pitch and roll acceleration values of the
prototype vehicle, and greatly improve the smoothness of the vehicle, and the fuzzy-controlled active
suspension optimized based on the improved genetic algorithm has a better control effect. The above road
test results are generally similar to the simulation results.
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Table 4. Mean square value

Mean square value(m-s-2) Passive suspension Active suspension1 Active suspension2
Vertical motion acceleration 0.3241 0.2186 0.1858
Pitch acceleration 0.3374 0.2188 0.2043
Lateral tilling Angle acceleration 0.47 54 0.3562 0.2984¢

6. Conclusion

Using fuzzy control theory to complete the design of the fuzzy controller to establish a fuzzy control
system for fully active suspension of automobiles, and introducing genetic algorithm to optimize the
optimization rules, so as to improve the vibration damping effect of the fuzzy control system for fully active
suspension of automobiles. In this study, the combination of simulation experiments and prototype road
tests is used to examine the vibration damping effect of the fuzzy controller based on the improved genetic
algorithm in this paper, and to compare the results of the two analyses to see if they are consistent.

Simulation experiments of vehicle active suspension system are carried out with the help of
Matlab/Simulink software. Under the same road input conditions, both the fuzzy controller and the fuzzy-
controlled active suspension optimized on the basis of improved genetic algorithm have smaller attitude
tracking errors than the conventional controller, and the tracking error of the latter is smaller. Under
different body masses, the root mean square (RMS) values of the vertical motion acceleration at the center
of mass of the body of the active suspension are smaller than those of the passive suspension. When the
vehicle driving speed reaches the highest 40m/s in the test, the root mean square values of the acceleration
of the body pitch rotation and side tilt rotation under the fuzzy sliding mode variable structure control
based on the improved genetic algorithm are lower than that of the passive suspension by 57.08% and
56.16%, and are also lower than that of the active suspension under the conventional and fuzzy controllers,
so that the validity of the controllers has been verified, and the stability is shown to be good. On the
simulation experiments of smoothness and stability of vehicle driving, the root mean square values of
angular acceleration of vertical vibration, pitching rotation and side tilting rotation at the center of mass
of the body of the fuzzy-controlled active suspension based on the improved genetic algorithm, compared
with the passive suspension are reduced by 58.93%, 52.31% and 57.74%, respectively. Taking suspension
1 as an example, the root mean square value of dynamic deflection of active suspension under the control
of fuzzy controller based on improved genetic algorithm is reduced by 14.01%, 17.42%, and 19.89%
compared with that of passive suspension vehicle, which shows the excellent smoothness and safety of the
whole vehicle driving, and the root mean square value of the dynamic deflection of the tires does not have
any effect although there is a small amount of increase.

In a national brand sedan chassis based on the construction of test prototype, vehicle active suspension
system prototype road test. The vibration of the vehicle with active suspension is effectively attenuated for
the human sensitive vibration frequency range of 8Hz. Compared with the passive suspension, the root
mean square (RMS) values of the fuzzy-controlled active suspension and the fuzzy-controlled active
suspension optimized on the basis of improved genetic algorithm are reduced, and the latter's reduction
effect is more obvious, with the RMS values of the droop acceleration, the pitch acceleration, and the lateral
inclination acceleration reduced by 42.67%, 39.45%, and 37.23%, respectively.
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In conclusion, the simulation experiments of the vehicle active suspension system carried out in this
paper are similar to the results of the road test, and the fuzzy control active suspension optimized based on
the improved genetic algorithm proposed in this paper has an excellent control eftect, and the vibration
damping effect of the vehicle full active suspension system is excellent.
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