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1. INTRODUCTION

Genetic Algorithm Application in Multi—
Objective Optimization of Structural
Parameters and PID Controller
Parameters on Bus Driver Seat’s
Suspension System

The driver seat's suspension system is optimized through a 3DOF quarter-
vehicle model. The optimization’s objectives are simultaneously
minimizing the driver's acceleration and displacement. The elastic
element’s stiffness k; (N/m) and the damper’s damping coefficient c,
(Ns/m) are optimized by the Pareto Method with the objective function J(x)
designed by the Weighted Square Sum method, and the min value of J(x) is
found with the genetic algorithm (GA). A PID controller is integrated into
the system to improve the working efficiency, and GA optimizes the
controller parameters Kp, K;, Kp, and N. The optimization processes were
carried out under the condition of transient road excitation according to
the IRC 99-1988 standard. The results showed that compared to the
passive seat with the structural parameters optimized, the active seat with
a PID controller reduced 80 - 88% vertical displacement at the driver's
mass of 65 (kg), 100 (kg), and 72 - 84% at 80 (kg).

Keywords: Pareto, PID controller, genetic algorithm, multi-objective
optimization, 3DOF quarter model.

only change the optimal parameters according to the

Vibration isolation systems at the driver's seat position,
with the function of reducing vibrations transmitted
from the vehicle to the driver's body, have long been
studied and applied [1-5]. The seat suspension system
can be divided into passive, semi-active, and fully active
forms [6]. Currently, in Vietnam, the passive seat sus—
pension system is commonly used. This type of seat
suspension system has a natural frequency in a small
range of 1.5 - 4 (Hz) [6,7]. Therefore, when the seat
suspension system is excited in a small frequency range,
it will amplify the vibrations transmitted to the driver's
body instead of reducing the vibrations [6,7].

On the contrary, the passive seat suspension system
effectively isolates high-frequency vibrations above 5
Hz [6,7]. In fact, the vibration transmitted from the road
surface to the vehicle floor has a frequency in the range
of 0.5 - 50 (Hz) [8], so to conclude the working effi—
ciency of the seat suspension system, it is necessary to
go through experimental measurements for each specific
working condition [9-11]. The current passive seat
suspension system's technical parameters, such as the
stiffness of the elastic element and the damping
coefficient of the shock absorber, can be justified by
changing the air pressure and the opening of the damper
element’s throttle hole [7, 12].

However, the passive seat suspension system can
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working conditions by the driver's perception, which
does not respond optimally to reality. Analytical models
are set up to determine specific parameters for each
operating case. Among them is the study of analyzing
the seat suspension system model to find the optimal
structural parameters for many simultaneous operating
conditions [12]. Optimizing simultaneously the para—
meters of the cabin and driver's seat vibration isolator
using the 4DOF model [13]. Optimizing multiple para—
meters of the 7DOF quarter vehicle model using a ge—
netic algorithm for the system with Pareto-type cons—
traints using step and random excitations [14].
Optimizing the driver's seat suspension model with a
scissor-oriented mechanism and a 4DOF decomposed
human model to achieve the optimal pelvis acceleration
value under the condition of vibration transmission
limits in the frequency domain [15]. Optimization of the
vehicle seat suspension system using the Particle Swarm
Algorithm with a split-type occupant model to reduce
the vibration transmitted to the driver's pelvis [16]. In
addition, the vibration of the driver sitting on the
locomotive seat with the suspension system is modeled
and simulated, thereby proposing a simpler evaluation
model [17]. Development of a simple nonlinear seat
suspension system model in the longitudinal direction
for wheel loader drivers when working on gravel roads
[18]. In addition to optimizing vibration isolation mo—
dels, studies integrating the system vibration controller
are deployed [19-22]. The study points out the disad—
vantage of the H,, controller when amplifying noise in
the finite frequency region and deploying the Output
Feedback Controller [19]. Research on the application
of the control system for seats on ground vehicles
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subjected to vibration contributes to reducing the impact
of vibration in the low-frequency region [20]. Research
on the application of sliding mode control in reducing
vibration transmitted from the vehicle floor to the
human body with the decomposed human model [21].
Research on the application of a semi-active control
system in controlling the electromagnetic damping state
to reduce vibration of the seat suspension system on
ground machines subjected to vibration [22]. Research
on controller design based on Projective Chaos Sync—
hronisation to reduce the power spectrum of human
body acceleration on a IDOF model [23].

The optimization and control studies in the driver's
seat suspension system mentioned above show great
interest in providing an optimal feeling for the driver
and protecting their health from vibration factors.
However, currently, in Vietnam, the research on opti—
mization and control of the seat suspension system for
specific cases still needs to be improved. In addition, the
above studies also show that the responses of the sus—
pension system, such as the acceleration of the oc—
cupant, the displacement of the seat surface, and the
relative displacement of the suspension system, do not
reach the optimal values at the same time. They can
only be prioritized depending on the operating situation.
In addition, the process of developing and applying
controllers to the suspension system encounters diffi—
culties in the stage of determining the optimal para—
meters of the controllers. Therefore, this study has pro—
posed a Pareto application method to simultaneously
optimize multiple objectives of the suspension accor—
ding to the required weighting factors. In addition, the
study has proposed a method of applying the genetic
algorithm (GA) to determine multiple technical para—
meters of the structure and the controller simulta—
neously. This study can be applied to the process of
calculating and selecting structural parameters as well
as the process of designing control systems applied to
seat suspension systems in practice.

2. SIMULATION MODEL
2.1 3DOF quarter-vehicle model and controller

The simulation model of the bus driver seat's suspension
system is integrated into the 2DOF quarter-vehicle
model, becoming a 3DOF model [24], Figure 1. The
seat suspension system and the driver are considered
separately as a spring-mass-damper system to precisely
evaluate the behavior of the driver and the seat's
suspension system when vibrations are transmitted from
the wheel to the vehicle body and transmitted to the
driver's seat. The seat suspension system is optimized
through the integration of a support system to control
displacement and seat acceleration, including an
actuator system simulated in the form of force F (N) and
a PID controller (proportional-integral-derivative cont—
roller).

2.2 Mathematical model

The physical model of Figure 1 is converted into a
mathematical model through the technical parameters of
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the elements that make up the model, such as mass
elements, stiffness elements, and damping elements.

Xd
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Figure 1. 3DOF quarter—vehicle model and PID controller
[24]

Apply the general form of Lagrange's equation
according to (1) to the system of Figure 1. f,,4,,q, are

generalized force, generalized velocity, and generalized
coordinate are, respectively.

d(oK )| oK oD oV
— =ttt =/ 1
dt\ oq, ) 0gq, 0q, 0Oq,

The kinetic energy K, potential energy V, and dissi—
pation function D of the mechanical system are respec—

tively computed as follows.

2 1 5 1 .
K :Emuxfl +Emsxs2 +Emdx§ 2)
1 1
V ==k, (xu —y)2 +—ky (xs - X, )2 +..
1 2 2 3)
2
+5kd (xd —xs)
1 L. 1 ..
D :Ecu (xu —y)2 +Ecs (xs - X, )2 +...
“)

1 . .
+Ecd (xd — Xy )2

The first derivative of the kinetic energy function K
with respect to the variable x,,,x,,x; (5).

oK . OK . 0K
—=m,X =myX

ox, Cox, Moy

=mgXy Q)

The first derivative of the kinetic energy function K
with respect to the variable x,, x,, x; (6).
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The first derivative of the potential energy function
V with respect to the variable x,, x;, x, (7).
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The first derivative of the dissipation function D
with respect to the variable X,,,x,x; (8).
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Road surface excitation y(f) is applied according to
the IRC 99 — 1988 standard [25] with a mathematical
model according to (9). In which d; = 0.5 (m) — length
of the bump, d, = 0.05 (m) — height of the bump, v =40
(km/h) — vehicle’s average velocity, #(s) - time.

0sr<ﬂ
Y ©9)

d
t<0, t>—L
A%

., T
d, sin®> —t;

y(t)= ‘

0;

The dynamic equation of motion of the mechanical
system when subjected to road surface excitation is
written in general form according to (10). At the same
time, model (10) is converted to a state-space model for
control according to (11).

MX +CX+KX =U
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.. ‘ . 10
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3. PARAMETERS OPTIMIZATION y=[n w]=[k <] (13)
3.1 Pareto optimization Xg/g<l1 (14)
The study optimizes the technical parameters of the seat #2_opt
suspension system, k,; and c¢; The goal of the i Anchor points
optimization process is to simultaneously minimize the |
seat acceleration value ¥, (m/s?) - u(x) and the seat H2_opt_max Foasible |
| : |
displacement x; (m) - #»(x) with the constraint condition ! solutions ‘
ensuring the stability of the human body on the seat | Pareto _ “Wpareto - optimal
- . . , frontier Y ”"’a-.”b‘r” | solutions
surface ¥, / g <1. The relationship between the structural | : solutions |
parameters (k;, cg), the optimization objective (u;(x), i |
1>(x)), and the constraint condition ¥, / g <1 is shown in !
(12), (13), (14). ‘MZ_Dpt_min - ! :
. : : l —
A{:n[ﬂl (x) Hy (x) Hy (x):|’ n=2 ’uliaptimin ‘ul_om de #l_opt_max ot

(12)
(%) = Max (% ), g1 (x) = Max| x|
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Figure 2. Pareto optimal solutions [26]
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The relationship between u(x) and uy(x) in the
system of Figure 1 is explained in Figure 2. When the
optimal value of the target u(x) reaches the smallest
value, the optimal value of the target u,(x) reaches the
most significant value, x4, and vice versa. Thus, these
two targets cannot simultaneously achieve the smallest
values with the same set of structural parameters k,, c,.
The study applies the Pareto multi-objective optimi—
zation method to solve this problem. The selected opti—
mization model has the form of a Weighted Square Sum
according to [26], and the new optimization objective is
used according to (15). However, the maximum acce—
leration value and the seat displacement are not in the
same unit of measurement, so the magnitude of change
is different, and they cannot be used for direct evalu—
ation when entering the model (15). Therefore, the study
linearizes the optimization model with coefficients u,
and u, according to (16) and (17) [26]. In this opti—
mization problem, the value of the weighting factor w
affects the priority level of each objective; the larger the
priority level, the smaller the value of the optimal
objective achieved, and vice versa.

MinJ (x) = wut [ 0]+ (1=w)uz [ ()] (15)

[Max(xd )] —Max(jéd)

u [,Ul(X) [M x (X, )] [Max(jéd )szn "
(Max|xd|)max —MaX|xd|

uz[1()] = (Maxlxyl),,, ~(Maxlxdl),, .

3.2 PID controller design

The proportional-integral-derivative controller consists
of three separate parts: proportional part P, integral part
1, and derivative part D [27]. With the error value [e(f)=-
x4 (m)] of the output signal x; (m) compared to the set
value 0 (m), the combined effect of the three values P, I,
and D is used as the control signal for the seat suspen—
sion system in the form of force F(N), according to (18).

t

F(0)=Kpe(0)+ K [ et + NKp (e(r)=Ne ™) (18)

0

Proportional gain

. Control
Error srgnaf
eft) )

Integral gain

I " - I Filter

Derivative gain Derivative filter coefficient

Imergm.‘or l

Figure 3. The structure of the PID controller [27]

Performing the Laplace transform of equation (18)
obtains the transfer function of the control force F(7)
and the error value e(f) according to (19).
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TF = 1:((;)) {KP +K,(IJ+KD[S]I§VH (19)

The mathematical model according to (18) and the
transfer function model according to (19) are applied
using Matlab Simulink as Figure 3.

3.3 Genetic algorithm and optimization standards

In evaluating the performance of the PID controller
during operation, criteria such as Integral Absolute
Error (IAFE), Integral Square Error (ISE), Integral Time
Absolute Error (ITAE), and Integral Time Square Error
(ITSE) are commonly used [28]. Within the scope of the
study, the ITAE criterion is chosen to find the optimal
parameters Kp, K;, Kp, and N in the investigated domain
using the genetic algorithm GA. The criteria ITAE are
calculated according to (20).

~+00

Tirag = [ tle®dt (20)
0
Initialization

——

Evaluation

v

Selection

v

Crossover

v

Mutation

Meet the
opping criteria

Figure 4. Genetic algorithm diagram [27]

Table 1. GA’s parameters

Value/ type
Option Stru.cture PID Pl PD
optimal
No of variables 2 4 2 2
Population size 10 15 15 15
Generation size 15 20 20 20
Crossover 0.8 0.8 0.8 0.8
Mutation 0.1 0.1 0.1 0.1
Fitness function Jx J]TAE J[TAE JITAE

Genetic algorithm, Figure 4, serves to find appro—
priate solutions to combinatorial optimization problems
by applying evolutionary principles such as Heredity,
Mutation, Selection, and Crossover [26, 28]. Accor—
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dingly, the suitability of G4 in the problem of finding
multiple optimal parameters, such as k; and ¢, for an
overall objective such as J(x) and Kp, K;, Kp, and N,
with the ITAE objective, is analyzed. The algorithm's
parameters, as well as the searched limits for system
structure and controller parameters, are summarized in
Tables 1 and 2.

Table 2. Parameter’s search region with GA

Lower bound Upper bound
ky 24000 (N/m) 63000 (N/m)
Cq 300 (Ns/m) 2000 (Ns/m)
Kp 0 200000
K; 0 1200000
K, 0 8000
N 0 1000

4. RESULTS AND DISCUSSIONS
4.1 System optimization with GA

Choose a typical case with w = 1 for equation (14) and
perform the search for the optimal J,,, value with the
GA genetic algorithm. The convergence of the search
results is shown in Figure 5. Accordingly, for each
value of w, the optimal J,,, is obtained simultaneously
with the parameter set Ky opr, Ca oprs AN L1 oprs 2 opr. 1N
the case of optimizing the structural parameters when
choosing the initial Population value of 10, the GA
algorithm gives the search results that start to converge
at the tenth generation for all 03 cases of driver mass.
Summing all cases of w in the region we [0+1], Figure
6 is obtained. Figure 6 shows the relationship between
the optimal cases of acceleration z; ,,, and seat displa—
cement /1 o, With the driver mass of 65 (kg), 80 (kg),
and 100 (kg) across the entire survey domain of k, and
cq. Accordingly, in all 03 cases of driver mass, the
trends of 4; s and ws o are always opposite and do not
simultaneously reach the same minimum state with the
same w.

04 Best: 0.0222033 Mean: 0.0222033
l ® Best fitness

0.35 © Mean fitness|

03| o 1

I
< )
o G

:

(]

. .

Fitness value

<
9
\

0.1

Generation

Figure 5. The convergence of value J,,: with GA

The results in Figure 8 show that when w = 1 -
prioritizing acceleration optimization, the maximum
acceleration response value over time at all investigated
masses is the smallest, and the maximum displacement
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is the largest. This result is similar to w = 0, prioritizing
seat displacement optimization.

The optimal values for the cases of w corresponding
to my = [65, 80, 100] (kg) are summarized in Table 3.

0.45 !
— 111, = 65 (kg)
N 04+ - md=80(kg) i
g =
~S 035 N m ;=100 (kg)
=
.2
5 03 \ 4
= /
025+
2PN S
3 02 -
2
© 015
2]
=
1= 0.1
o
0.05
ol . . . J
0 0.2 0.4 0.6 0.8 1
Weighting Factor w

Figure 7. The change of J,,: according to w

The increase of the w value leads to a greater
priority for the seat acceleration target x; and vice versa.
Thus, according to Figure 7, the greater the priority for
acceleration with the value we[0+0.6], the larger the
overall target value J,, is, and gradually decreases in
the region we[0.6+1], reaching a minimum at w = 1.
The study chooses the case of value w = 0.5 to obtain
the optimal %, ., and c4 ., data for the next steps. With
the optimal results obtained in the optimal cases of w,
the acceleration and displacement values over time are
shown in Figure 8.

45 \
== ;= 65 (kg)
~ 4f =~k m,=80 (kg)
é m, =100 (kg)
T35t
5
=,
& 3
g
[
25
Q
2
S15¢t
l 1 1
0.008 0.009 0.01 0.011 0.012
Optimal displacement Bt (m)

Figure 6. Pareto frontier

Table 3. Summary table of optimal values with GA

my W ] kdiopt Cdiopt l-'l-liopt uZio t
(kg) o | (Nm) | Ns/m) | (m) | (ws))
65 0.1719 | 38878 1910 4.22 0.0088
80 0 0.2936 | 33277 1460 3.25 0.0093
100 0.1681 | 27228 2000 3.09 0.0088
65 0.1977 | 29254 1771 3.89 0.0086
80 0.1 | 0.1984 | 28212 1883 3.50 0.0087
100 0.2349 | 26946 1772 2.90 0.0090
65 02 0.2505 | 24000 1552 3.55 0.0087
80 ) 0.2153 | 24000 1888 3.41 0.0086
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100 0.2293 24000 1791 2.86 0.0088
65 0.2854 26344 1868 391 0.0085
80 0.3 | 0.2659 25825 1962 3.51 0.0086
100 0.3920 35463 1318 2.72 0.0098
65 0.3494 24930 1474 3.50 0.0089
80 0.4 | 0.3396 29296 1762 3.42 0.0088
100 0.3919 46685 1998 3.46 0.0092
65 0.4014 26608 1406 3.47 0.009
80 0.5 | 0.3948 32057 1916 3.60 0.0088
100 0.3026 25056 1521 2.65 0.0092
65 0.4210 26117 765 2.74 0.0102
80 0.6 | 0.3502 24000 753 2.66 0.0104
100 0.2899 24000 1044 2.18 0.0099
0.5 T - :
— 11, = 65 (kg).w=0
0.4 = m,=65(kg), w=05||
0.3 md:65 (kg),w=1
2 o02f
&
g ol
g 0 ,-.\‘—,“-v‘_l‘r.,r- R I
[
Q
201
-0.2
-0.3
-0.4 ‘ : ‘ : ‘
0.5 1 1.5 2 2.5 3
Time (s)
a) Acceleration ratio, my = 65 (kg)
0.4 ; T . : .
—1 = 80 (kg), w=0
03 — md=80 (kg),w=0.5
m,= 80 (kg), w=1
B 0.2 1
g
= 0.1
.2
g
% 0 Ny 72 ™ e
¢ J/
< -0.1 ]
0.2
0.3 : : : : :
0 0.5 1 1.5 2 2.5 3
Time (s)
c) Acceleration ratio, m, = 80 (kg)
0.4 : . | ;
e 11, = 100 (kg).w=0
03 - m, =100 (kg), w=0.5| |
m,= 100 (kg), w=1
£ 02 1
]
=
.S
= 0.1 1
5
8
g 0 N ™ T
0.1+ 1
-0.2 : : : : :
0 0.5 1 1.5 2 2.5 3
Time (s)

e) Acceleration ratio, my = 100 (kg)

65 0.3972 | 24000 917 2.84 0.0098
80 0.7 | 0.3303 | 24000 405 1.92 0.0116
100 0.2878 | 24000 301 1.55 0.0121
65 0.3399 | 24000 307 2.19 0.0119
80 0.8 | 0.2690 | 24000 302 1.86 0.0120
100 0.1960 | 24213 451 1.65 0.0115
65 0.2736 | 24000 300 2.18 0.0119
80 0.9 | 0.1904 | 24000 300 1.85 0.0120
100 0.1108 | 24000 300 1.55 0.0121
65 0.2068 | 24000 300 2.18 0.0119
80 1 0.1116 | 24000 300 1.85 0.0120
100 0.0222 | 24000 300 1.55 0.0121
3
12 x 10 ‘ ‘ ‘ ‘ i
_md:65 (kg),w=0
= m,;=65(ke),w=05|]
md:65 (kg),w=1 ||
E
E |
£
Q
% /N
5 \// S
DF 1
4+ ]
-6 L L L L .
0 0.5 1 1.5 2 2.5 3
Time (s)
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0.015 i i i
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-0.01 : : : : :
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Figure 8. Acceleration ratio and displacement over time with Ky op, Co op, W =[0 0.5 1], my = [65 80 100] (kg)
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4.2 Comparing results between GA and the conven— method on the entire range of k; and ¢, values. Accor—

tional method dingly, the survey points performed at w = [0 1], Figure 9,
) ) ] ) give the results of u; ,, close to the results according to GA
With the input pmmeters of the GA algorlthn} according in Table 3. However, with the same conditions, the values
to Table 1, the optimal parameter results obta-lned accor— of iy omand J,,, are in the smallest region.
ding to Table 3 are compared with the conventional survey
45 35
5 4 4
3.5
4 3.5 & 3
a, E
g . = 25
_ <
x 3
2
25 15
2 5
3 2000 2000
4
ot x10 3 1000
3 1000 k , (N/m) ¢ , (Ns/m)
k , (N/m) y 0 d
2 9 c, (Ns/m)
a) w=1, my=65 (kg) b) w=1, m;=100 (kg)
0.0125
0,012 0.012
0.0115
0.013 0.0115 0013 .~
0.011 0.011
0.012 0.012
0.0105 0.0105
/g 0.011 0.01 »é\ 0.011 0.01
< 0.01 0.0095 < 001 0.0095
0.009 Z:0.008812 0.009 0.009 0.009
J 0.0085 X:2000
0.008 5 0.008 Y:2.6e+04 5
Z:0.008716
0 4 0 a 4 .
4 "o,
1000 v, x10 1000 /{ L N 10
v d
Cd (NS/m) 2000 2 kd (N/m) C‘d (Ns/m) 2000 2
c) w=0, my =65 (kg) d) w=0, my =100 (kg)
0.75 0.65
0.7 0.6
0.65 0.7 0.55
0.6 0.6 0.5
0.55 0.5 0.45
0.5 ~ 04 0.4
0.45
0.3 X: 1500 0.35
. Y: 2.6e+04
04 z: 0.3:03 0.3
5 0.2 . 5
0
. 10* x10*
1000 3 X 1000 3
< k  (N/m) k , (N/m)
aMSm) 000 2 d g (NS/m) 9900”2 a
e) w=[0 1], my= 65 (kg) f) w=[0 1], my= 100 (kg)

Figure 9. Comparing the results of the conventional survey method with GA, m, = 65 (kg), 100 (kg)
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4.3 PID, PI, PD controllers optimization with GA

The results of optimizing the coefficients of each cont—
roller with GA are summarized in Table 4.

Table 4. Controller optimization results summary

X 1367 — 7694
N 903
Jirae 0.000280

0.000291

0.000309

The influence of the controller on the displacement
behavior of the seat surface, as well as the control signal

c) Displacement (m), m, = 80 (kg)
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my = 65 (kg) value F (N), is shown in the case of m,; = [65 80 100]
GA-PID GA-PI GA-PD (kg), w=0.5 in Figure 10.
Kp 188962 192323 190044 Figure 10 shows that, with the controllers, the maxi—
1151 11376366 1076411 1';3 mum displacement of the seat surface is significantly
]\? 3 17 — 789 reduced, thereby making the driver more stable and
g 0000284 5 00_(_)289 5 00-(;293 creating a better driving feeling. In detail, when
(AL - o= 86 (ke) - comparing the 03 controllers, it can be seen that in the
GA-PID ¢ CA-PI GA-PD time range from 0 - 0.5 (s), the P/ controller produces
K, 178281 180884 193785 the worst response with the largest maximum vibration
K, 1033332 1164391 - amplitude and the lowest stability. The PD controller
X, 781 _ 744 has a lower maximum vibration amplitude than the PID,
N 339 _ _ but the amplitude reduction time is slower than the PID.
Jira 0.000304 0.000299 0.000285 The control signal value F' (N) of the three cases of the
mg =100 (kg) highest mass magnitude is below 600 (N). In which the
GA-PID GA-PI GA-PD PD controller needs the lowest force value and increases
Kp 197227 176872 190116 gradually according to the PID and PI controllers.
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Figure 10. Seat displacement response over time with GA — PID, GA - PI, GA — PD controller

Based on the values of Kp, K;, Kp, N, and cg opr, ka opr
just found, the survey of the seat displacement response
over the entire vehicle speed range ve (10;80) (km/h)
was conducted, and the results were shown in Figure 11.
The results in Figure 11 show that, in all 03 cases of the
surveyed driver mass m, = [65 80 100] (kg), with the
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integrated controller, the maximum seat displacement is
always smaller than that of the passive seat suspension
system over the entire vehicle speed range. The
amplitude reduction is in the range of 80% - 88% for the
driver mass of 65 (kg), 100 (kg), and 72% - 84% for the
driver mass of 80 (kg).
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Figure 11. Seat displacement response over the speed domain and the efficiency of GA — PID, GA - Pl, GA — PD controllers
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5. CONCLUSIONS

The study applied the genetic algorithm GA to optimize
the technical parameters kg, cy of the seat's suspension
system on the 3DOF model according to two objectives:
reducing acceleration and seat displacement when
subjected to transient excitation. At the same time, with
the optimal structural parameter set k; op, Cyop» the
study integrated the PID, PI, and PD controllers to
improve the reduction of seat displacement amplitude
with the optimal parameters Kp, K;, Kp, and N also
searched by GA. The optimization results show that:

* Structural parameter optimization: The minimum
optimal displacement and acceleration values of the seat
surface g4 o, and u, o are not simultaneously achieved
with the same pair of k; ,r and ¢y o values but vary in
opposite directions. Therefore, the study applies the
Pareto optimal multi-objective optimization model with
the combined objective value J(x) calculated by the
Weighted Square Sum method in the weight domain
we[0;1]. Depending on the use case, the selected w
value will determine the corresponding &y op Ca oprs
U1 opr» aNd 1t o values.

* PID controller parameter optimization: P/D cont—
roller parameters, including Kp, K, Kp, and N, are found
by GA according to the ITAE standard with the Jirye
objective function. Applying a PID controller to the seat
suspension system helps significantly improve seat
displacement behavior. Specifically, the amplitude
reduction is 80% - 88% for driver mass m, = 65 (kg), my
=100 (kg), and 72% - 84% for m, = 80 (kg).
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NOMENCLATURE

m, Mass of the unsprung 500 ke
element

my Mass of sprung element 4500 kg

my Mass of the driver -- kg

ky Tire’s stiffness 1600000 N/m

k. V;hlcle suspension’s 300000 N/m
stiffness

kq The driver seat --  N/m

436 = VOL. 53, No 3, 2025

suspension's stiffness
Tire’s damping
coefficient
Vehicle suspension’s
damping coefficient
The driver seat
Cd suspension's damping -- Ns/m
coefficient
Displacement of the
<. x.x, unsprung element, the _ m
w292 sprung element, and the
driver
Velocity of the
% % %, unsprung element, the - /s
wms>%d  gprung element, and the
driver
Acceleration of the
.. . .. unsprung element, the 2
YuXsoXd - ooring element, and the - ms
driver
y(t) Road excitation -- m
Gravitational
acceleration

F Control signal -- N

Cy 150 Ns/m

Cs 20000 Ns/m

INPUMEHA TEHETCKOI" AJITOPUTMA Y
BUHIEIIM/bHOJ OIITUMU3AIINIU CTPYK-
TYPHUX TAPAMETAPA U TAPAMETAPA IINUJ
KOHTPOJIEPA HA CUCTEMY BEHIAIbA
BO3AYEBOI' CEAUIITA AYTOBYCA

H.A. ®am

Cucrtem Bemama BO3a4eBOT CENUINTA j€ ONTHMH30BaH
moMohy Mojena dYeTBPTHHE BO3MIA ca 3 CTENeHHU
ciobone. LlwbeBH onTtuMmH3anUje Cy HCTOBPEMEHO
MUHUMH3Hpame yop3ama U moMepama Bo3ada. Kpyroct
enactuuHor enemenra kd (N/m) wu koedunmjeHt
npurymema amoptusepa cd (Ns/m) cy onTUMuU30BaHU
IMapero MeTogoM ca [HWBHOM  QyHKIHjOM J(X)
IIPOjEKTOBAHOM METO/IOM IIOHJICPUCAHOT KBaJpaTHOT
30upa, a MuHHManHa BpexHocT J(X) je mnpoHaleHa
rererckuM anroputMoM (GA). [IHUJ konTpomep je
WHTETPHUCAH Y CHUCTEM Pagyl MoO0JbIIama ePUKaCHOCTH
pana, a GA ontuMmsyje mapamerpe koHTpoiepa KP, KI,
KD u N. Ilpouecn ontumuzanmje cy CIpOBEICHH MO
yCJIOBUMA MpoOJia3He NoOyne myTa MpemMa CraHgapay
IRC 99-1988. Pesyaratu cy mokazanu na je, y
nopehemy ca MaCHBHUM CEIUIITEM Ca ONTUMH30BAHUM
CTPYKTYpHHUM NIapameTpuma, akTuBHO ceauire ca [TU]]
KOHTPOJIEPOM CMamUJI0 BEPTUKAIHO nomepame 3a 80 -
88% mpu macu Bozaua og 65 (xr), 100 (xr) u 72 - 84%
pu Macu Bo3ada oj 80 (xr).
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