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1. Introduction  

Suspension systems have an important role in providing a sta-

ble ride in vehicles, minimizing the impact of road conditions 

on vehicle body elements, and improving driving comfort. Sus-

pension systems are known as complex mechanical structures 

designed to optimize the driving dynamics of vehicles and im-

prove road-holding [1,2]. These systems include a series of com-

ponents that ensure the adaptation of the vehicle body structure 

and wheels to changing conditions on the road surface. From the 

past to the present, vehicle suspension systems have undergone 

various changes. The basis of these changes is MacPherson sus-

pension systems, which are still widely used today [3].  

Conventional vehicle suspension systems consist of two basic 

components. These are coil springs and shock absorbers. These 

systems contribute to vehicles in many important ways (high 

maneuverability, passenger comfort, driving safety, etc.). Sus-

pension systems are classified as passive, semi-active, and ac-

tive according to the type of control [4]. Passive suspension sys-

tems have fixed characteristics, and their ability to adapt to 

changing road conditions or vehicle speeds is limited. Therefore, 

they cannot respond adequately to sudden changes in the road 

profile. Although positive results have been obtained from the 

studies conducted with these systems, it has been observed that 

the vehicle dynamics improvements are insufficient because 

their responses to sudden changes cannot be improved [5-7].  

Researchers have developed semi-active and active suspen-

sion systems to overcome the shortcomings of passive suspen-

sion systems. Semi-active suspensions are systems that can con-

trol the damping force of the shock absorber according to the 
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data from the changing road surface. In these systems, many dif-

ferent approaches are used to control the damping force, such as 

orifice dampers, visco/elastic-plastic and controllable fluids 

[8,9]. Passive and semi-active systems are directly exposed to 

changes in the road surface. Despite these disadvantages, semi-

active suspension systems have been able to provide significant 

performance improvements for vehicle ride [10-12]. However, 

regarding ride and passenger comfort, these improvements have 

not reached a sufficient level according to the "ISO-2631 Me-

chanical Vibration and Shock" standard [13]. For this reason, 

researchers have planned to develop active suspension systems 

that can be controlled more effectively than semi-active systems 

[14,15].  

Active suspension systems monitor vehicle motion instanta-

neously through various sensors and continuously change the 

suspension settings based on this data. These systems can react 

quickly to road surface conditions and driver behavior, thus op-

timizing vehicle holding and stability while increasing passen-

ger comfort [16,17]. In the literature, many studies have been 

conducted on increasing passenger comfort with an active sus-

pension system based on the ISO-2631 standard [18-21]. In this 

study, it is aimed to improve vehicle dynamics by minimizing 

the pitch angle and body displacement of the vehicle. The pitch 

angle refers to the degree to which a vehicle's front and rear ax-

les tilt up or down while driving. This angle is related to the ve-

hicle's size, weight and suspension system design and is also a 

parameter that affects the dynamic driving characteristics. Im-

proving vehicle dynamics is essential in terms of increasing pas-

senger comfort, optimizing road holding, and increasing safety 

levels [22].  

The design of active and semi-active suspension systems with 

the appropriate control structure and their integration into the 

vehicle is one of the main requirements for the efficient use of 

these systems. For this reason, manufacturers and researchers 

design active suspension systems with different control ap-

proaches. In these studies, various methods such as Propor-

tional-Integral-Derivative (PID) [23], Linear Quadratic Regula-

tor (LQR) [24], Linear Quadratic Integral (LQI) [25], Fuzzy 

Logic Control [26], Model Predictive Control (MPC) [27] are 

considered for the control of active suspension systems [28].  

In this study, due to the complex structure of the active sus-

pension system, several different control algorithms were used, 

and comparisons were made. These control algorithms are PID, 

Fuzzy logic, Fuzzy-PID, and MPC. The PID controller uses the 

error signal obtained from the difference between the current 

state of the system and the target value. Fuzzy logic is an artifi-

cial intelligence method for modeling and controlling uncertain 

systems [29,30]. The Fuzzy-PID controller combines the sim-

plicity of the PID controller and the flexibility of Fuzzy logic. 

This method regulates the parameters of the PID controller with 

Fuzzy logic principles and thus improves the stability and per-

formance of the system. MPC predicts the future system behav-

ior to obtain an optimal solution to a control problem and uses 

these predictions to determine the optimal control action [31]. 

These control methods offer different approaches to optimize 

the suspension system's dynamics and minimize the vehicle's 

pitch angle and body displacement.  

This study aims to support efforts to develop more effective 

and reliable suspension systems in future vehicle designs by 

evaluating the effectiveness of various algorithms to better con-

trol the dynamics of suspension systems. In this study, a half-car 

model with an active suspension structure is tested on three dif-

ferent road profiles: bump-pit, sinusoidal, and ISO-8608. The 

vehicle dynamics and passenger comfort parameters of this 

model with the developed Fuzzy logic, PID, Fuzzy-PID and 

MPC control methods are presented comparatively. Each con-

trol method is evaluated according to certain performance crite-

ria, and the results are analyzed. 

2. Materials and Methods 

2.1. Half-car active suspension model 

The half-car model has been widely used in vehicle dynamics 

and suspension system simulations thanks to its relatively simple 

and straightforward structure [32]. Half-car simulations, which in-

clude many critical features of the full-car, result in high accuracy 

[33,34]. The half-car model represents the longitudinal section of 

the full-car, which includes a front and rear suspension structure. 

The passive half-car model includes an unsprung mass, two 

springs, and a damper in the front and rear suspension structure. 

An actuator positioned between the vehicle body and the axle gives 

this system an active structure. These actuators control the suspen-

sion system by generating force in both directions vertically. The 

front and rear suspension structures are connected to the vehicle 

body, considered the sprung main mass. Active control minimizes 

the adverse effects of road and driving disturbances on the vehicle 

body and passengers [35,36]. In addition, the active control system 

positively affects vehicle dynamics and road holding [37]. Figure 

1 shows a 4-degree-of-freedom active suspension half-car model 

in which the effects of different control algorithms on vehicle dy-

namics and passenger comfort are investigated.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Half-car active suspension model [38] 
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In the half-car model, the sprung vehicle’s upper body mass is 

denoted by 𝑚𝑐, and the unsprung front and rear wheel masses are 

denoted by 𝑚𝑓 and 𝑚𝑟. Here, 𝑧𝑐 represents the displacement of 

the vehicle’s center of gravity. The linear velocity of the vehicle is 

𝑉𝑐. The active suspension dynamics on the front and rear axles are 

driven by dampers, springs and actuators positioned between the 

body and the wheels. The horizontal distance of the front axle to 

the vehicle center of gravity is defined by 𝑙𝑓, and the distance of 

the rear axle to the vehicle center of gravity is defined by 𝑙𝑟. The 

vehicle's upper body's pitching motion during its movement is ex-

pressed as the angular deflection of the center of gravity and is de-

noted by 𝜃. The angular moment of inertia of the vehicle body due 

to the pitching motion is 𝐽𝜃. In the half-car model, the spring con-

stants, damping constants and actuator control forces of the front 

and rear active suspension systems are defined as 𝑘𝑓1, 𝑘𝑟1, 𝑑𝑓, 

𝑑𝑟 , and 𝐹𝑓𝑎 , 𝐹𝑟𝑎 , respectively. In addition, the wheel displace-

ments at the front and rear axles are denoted by 𝑧𝑤𝑓 and 𝑧𝑤𝑟, re-

spectively. The spring constants of the vehicle wheels are 𝑘𝑓2 and 

𝑘𝑟2 for the front and rear axles, respectively. Finally, the change 

in the road profile to which the front and rear wheels are subjected 

is represented by 𝑧𝑟𝑓 and 𝑧𝑟𝑟. 

The linear equations of motion for the sprung and unsprung 

masses of the system are determined using Newton's second law. 

Eq. (1) and Eq. (2) show the equations of motion for the unsprung 

front and rear wheel masses respectively. Eq. (3) presents the equa-

tion of motion for the sprung vehicle body. 

𝑚𝑓 ∙ �̈�𝑤𝑓 = 𝑘𝑓2 ∙ (𝑧𝑟𝑓 − 𝑧𝑤𝑓) + 𝐹𝑓𝑎 − 𝑘𝑓1 ∙ (𝑧𝑤𝑓 − 𝑧𝑐 − 𝑙𝑓 ∙ 𝜃)

− 𝑑𝑓 ∙ (�̇�𝑤𝑓 − �̇�𝑐 − 𝑙𝑓 ∙ �̇�) 
(1) 

𝑚𝑟 ∙ �̈�𝑤𝑟 = 𝑘𝑟2 ∙ (𝑧𝑟𝑟 − 𝑧𝑤𝑟) + 𝐹𝑟𝑎 − 𝑘𝑟1 ∙ (𝑧𝑤𝑟 − 𝑧𝑐 + 𝑙𝑟 ∙ 𝜃)

− 𝑑𝑟 ∙ (�̇�𝑤𝑟 − �̇�𝑐 + 𝑙𝑟 ∙ �̇�) 
(2) 

𝑚𝑐 ∙ �̈�𝑐 = 𝑘𝑓1 ∙ (𝑧𝑤𝑓 − 𝑧𝑐 − 𝑙𝑓 ∙ 𝜃) + 𝑑𝑓 ∙ (�̇�𝑤𝑓 − �̇�𝑐 − 𝑙𝑓 ∙ �̇�)

− 𝐹𝑓𝑎 +  𝑘𝑟1 ∙ (𝑧𝑤𝑟 − 𝑧𝑐 + 𝑙𝑟 ∙ 𝜃) + 𝑑𝑟

∙ (�̇�𝑤𝑟 − �̇�𝑐 + 𝑙𝑟 ∙ �̇�) − 𝐹𝑟𝑎 

(3) 

In order to complete the equations of motion for the half-car, the 

pitching motion of the vehicle's upper body must also be modeled. 

Eq. (4) shows the angular acceleration equation expressing the 

pitching motion of the vehicle body. 

𝐽𝜃 ∙ �̈� = 𝑘𝑓1 ∙ (𝑧𝑤𝑓 − 𝑧𝑐 − 𝑙𝑓 ∙ 𝜃) ∙ 𝑙𝑓 + 𝑑𝑓 ∙ (�̇�𝑤𝑓 − �̇�𝑐 − 𝑙𝑓 ∙ �̇�)

∙ 𝑙𝑓 − 𝐹𝑓𝑎 ∙ 𝑙𝑓 − 𝑘𝑟1 ∙ (𝑧𝑤𝑡 − 𝑧𝑐 + 𝑙𝑟 ∙ 𝜃) ∙ 𝑙𝑟

− 𝑑𝑟 ∙ (�̇�𝑤𝑟 − �̇�𝑐 + 𝑙𝑟 ∙ �̇�) ∙ 𝑙𝑟 + 𝐹𝑟𝑎 ∙ 𝑙𝑟 

(4) 

2.2. Vehicle parameters and road conditions 

Vehicle parameters are important factors that affect the vehicle’s 

dynamic performance and driving characteristics [39,40]. These 

include vehicle weight, wheelbase, tire and suspension character-

istics. In the simulations, the values of a passenger vehicle used in 

the city are taken as the basis for the dimensional and mass param-

eters. An approach is developed by taking into account the differ-

ent values in the literature for the suspension system and tire values 

[41-43]. The constant vehicle parameters used in the half-car active 

suspension model are shown in Table 1.  

Table 1. Vehicle parameters 

Parameters Symbols Values Units 

Half-car weight 𝑚𝑐 495.5 kg 

Front and rear wheel weight 𝑚𝑓-𝑚𝑟 28.05 kg 

Distance of the front axle from the 

center of gravity 
𝑙𝑓 1.1 m 

Distance of the rear axle from the 

center of gravity 
𝑙𝑟 1.47 m 

Front and rear suspension spring 

constants 
𝑘𝑓1-𝑘𝑟1 15000 N/m 

Front and rear suspension damping 

constants 
𝑑𝑓-𝑑𝑟 1828 Ns/m 

Front and rear tire spring constants 𝑘𝑓2-𝑘𝑟2 155900 N/m 

Vehicle speed 𝑉𝑐 8.65 m/s 

In order to compare the control methods examined in this study, 

simulations were performed using three different road profiles. In 

the first stage of the simulations, the bump and pit conditions cre-

ated using the unit step function were analyzed. The bump and pit 

values of the unit step function are 0.1 m and -0.1 m, respectively. 

A sinusoidal bump-pit structure is used for the second road profile 

considered. The peak-to-peak distance was set to 0.2 m and the 

period to 22 s for the sine signal. Finally, simulations were com-

pleted on a road profile created in accordance with the ISO-8608 

standard in order to consider real road conditions. The ISO-8608 

standard provides formulas to express the vertical roughness of the 

road as a signal in meters. The process of obtaining the road profile 

is mainly based on the Power Spectral Density (PSD). The ISO-

8608 standard provides a random road profile signal for a total of 

seven different road qualities [44]. These road classes are deter-

mined by expressions deriving the roughness of the road surface in 

Eq. (5) and Eq. (6) [45]. 

𝐹𝑑(Ω) = 𝐹𝑑(Ω0) ∙ (Ω/Ω0)−𝑤  (5) 

𝐹𝑑(Ω0) = 4𝑏 × 10−6 (6) 

Where 𝐹𝑑 is the displacement PSD, Ω is the spatial frequency, 

Ω0 is the reference spatial frequency, 𝑤 is the waviness index, 

and 𝑏 is the road class. According to the classification in "ISO-

8608 Mechanical Vibration Road Surface Profiles" standard, D 

class road profile is considered in the study.  In the literature, 

"Shaping Filter" and "Sinusoidal Approximation" methods are 

widely used to obtain road profiles in accordance with ISO-8608 

standard [46,47]. In this study, the "Sinusoidal Approximation" 

method was used to create a road profile in accordance with the 

standard. The road profiles used in the study are shown in Figure 

2. 
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Fig. 2. Road profiles: a) Bump-Pit, b) Sinusodial, and c) ISO-8608 

2.3. Control algorithms 

The control algorithms control the force that the active suspen-

sion system will generate in response to the road profile. In the 

study, the maximum force that the suspension system can generate 

is determined as 2500 N. Studies for similar vehicle characteristics 

and road profiles have observed that the maximum actuator force 

is limited to the range of 2000-3000 N [48,49]. Within these limits, 

the duration and the moment of application of the reaction force of 

the suspension system to the road profile varies with the control 

algorithms. This paper analyzed the performances of PID, Fuzzy-

PID, Fuzzy logic and MPC algorithms on a half-car active suspen-

sion system. 

2.3.1. PID control 

PID control is frequently used in the automotive industry for dif-

ferent purposes [50-53]. The error value between the reference 

value and the instantaneous actual value of the system is the input 

signal for the PID control algorithm. Eq. (7) shows the output sig-

nal of the PID as a function of the input signal. 

𝐾𝑃, 𝐾𝐼 ve 𝐾𝐷 are the proportional, integral and derivative co-

efficients, respectively. These control parameters are calculated 

using the Ziegler-Nichols reaction curve method. Table 2 shows 

the PID control parameters. 

Table 2. PID controller parameters 

Parameters Values 

𝐾𝑃 26096 

𝐾𝐼 0.3198 

𝐾𝐷 26.6 

The PID control algorithm generates an output signal to zero the 

input signal. The same control algorithm is used for the half-car 

model's front and rear wheels. Figure 3 shows the block diagram 

of the PID-controlled active suspension system. 

 

 

 

 

 

 

 
Fig. 3. Active suspension system with PID controller 

2.3.2. Fuzzy logic control 

In Fuzzy logic applications, the input-output parameters, mem-

bership functions and control rules must be set correctly by the ex-

pert [54,55]. In this study, the error value of the amount of vertical 

displacement on the front and rear axles of the vehicle and the 

time-dependent change of this error value are used as Fuzzy logic 

inputs. The controller's output signal is the force reference of the 

actuator of the active suspension system. The input and output 

membership functions consist of five trapezoidal functions. The 

boundary values of the error value in the membership functions are 

set between [-1, 1], and the boundary values of the error change 

are set between [-5, 5]. Figure 4 shows the block diagram of the 

active suspension system controlled by Fuzzy logic. 

𝐹(𝑡) = 𝐾𝑃𝑒(𝑡) + 𝐾𝐼 ∫ 𝑒(𝑡)𝑑𝑡 + 𝐾𝐷

𝑑𝑒(𝑡)

𝑑𝑡
  (7) 
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Fig. 4. Active suspension system with Fuzzy logic controller 

The elaboration of Fuzzy logic rules is based on the general 

knowledge of the displacement of the vehicle body. Based on this 

knowledge, possible combinations of input data must be associated 

with an output value. The relationships between this input and out-

put are shown in Table 3. The output signal is generated for each 

input signal by evaluating the relationships in the table. Fuzzy logic 

input and output parameters are denoted by PL Positive Large, PS 

Positive Small, Z Zero, NS Negative Small and NL Negative 

Large. 

Table 3. Rule table for the Fuzzy logic controller 

Rules 
Change of Error 

NL NS Z PS PL 

E
rr

o
r 

NL NL NL NS NS Z 

NS NL NS NS Z PS 

Z NS NS Z PS PS 

PS NS Z PS PS PB 

PL Z PS PS PB PB 

2.3.3. Fuzzy-PID control 

The Fuzzy-PID method is an alternative approach to controlling 

the active suspension system. The control approach where PID co-

efficients are determined using Fuzzy logic is known as Fuzzy-PID 

[56-58]. In this method, 𝐾𝑃, 𝐾𝐼 , and 𝐾𝐷 parameters are deter-

mined at the output layer in response to the input signals of the 

Fuzzy logic controller. Figure 5 shows the block diagram of the 

active suspension system controlled by Fuzzy-PID. 

Five triangular functions are used in the input layer of the con-

troller, and seven triangular functions are used in its output layer. 

Table 4 shows the relationships between each output data and input 

data. The boundary values of the error value in the membership 

functions are set between [-0.5, 0.5], and the boundary values of 

the error change are set between [-0.5, 0.5]. The control parameters 

𝐾𝑃 , 𝐾𝐼  and 𝐾𝐷   coefficients take values in the range of [0, 

90000], [0.0001, 0.006] and [0.1, 1.5], respectively. Fuzzy-PID in-

put parameters are denoted by PL Positive Large, PS Positive 

Small, Z Zero, NS Negative Small and NL Negative Large. The 

output parameters are VL Very Large, L Large, ML Medium 

Large, M Medium, MS Medium Small, S Small, and VS Very 

Small. 

 

 

 

 

 

 

 

 

Fig. 5. Active suspension system with Fuzzy-PID controller 

Table 4. Rule tables for the Fuzzy-PID controller 

Rules for 

𝑲𝑷 

Change of Error 

NL NS Z PS PL 

E
rr

o
r 

NL VL VL VL VL VL 

NS ML ML ML ML ML 

Z VS VS S MS MS 

PS ML ML ML M M 

PL VL VL VL VL VL 
 

 

Rules for 

𝑲𝑰 

Change of Error 

NL NS Z PS PL 

E
rr

o
r 

NL M M M M M 

NS MS MS MS MS MS 

Z S S VS S S 

PS MS MS MS MS MS 

PL M M M M M 

 

Rules for 

𝑲𝑫 

Change of Error 

NL NS Z PS PL 

E
rr

o
r 

NL VL VL VL VL VL 

NS MS MS MS MS MS 

Z S S VS S S 

PS MS MS MS MS MS 

PL M M M M M 

2.3.4. Model predictive control 

Unlike other control algorithms, MPC uses a mathematical 

model of the system to control the system dynamics better. This 

method predicts a future control action and updates this prediction 
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in real-time, taking into account the dynamics and limits of the sys-

tem [31,59]. There are several important parameters for this con-

trol method. These are the prediction horizon, the control horizon, 

and the cost function. The objective of the control algorithm is to 

minimize the cost function calculated using the errors of the pre-

diction and control horizon. Eq. (8) shows the cost function for-

mula. 

𝐽 is the cost function, 𝑟 is the reference signal, 𝑦 is the output 

signal, 𝑢 is the input signal, and 𝑊 is the weights. For this con-

trol algorithm, a mathematical model representing the dynamics in 

the system must first be created. This model predicts a future con-

trol action and selects the optimal control action according to the 

optimization problem. The optimal control motion is implemented 

in real-time in the last step. Figure 6 shows the MPC strategy for 

an active suspension system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. MPC strategy for the active suspension system 

3. Results and Discussions 

In the present study, the control of the half-car active suspension 

system is achieved by using different control algorithms, and the 

system performances are comparatively analyzed in different road 

profiles. Four different controllers, PID, Fuzzy logic, Fuzzy-PID, 

and MPC, were used to control the active suspension system. In 

order to observe the active suspension characteristics and control-

ler performances most effectively, simulations were carried out on 

three road profiles: bump-pit, sinusoidal, and ISO-8608. As a re-

sult of the research, the effects of controller performances on vehi-

cle dynamics and passenger comfort were analyzed. In order to an-

alyze the effects of control methods on vehicle dynamics, body 

displacement and pitch angle variation were considered. In evalu-

ating passenger comfort, the Root Mean Square Error (RMSE) 

value for the vehicle body acceleration was calculated, and the per-

centage of improvement obtained with each control algorithm was 

determined. The passive suspension system was used as a refer-

ence to determine the improvement amounts. RMSE and percent-

age improvement values obtained from vehicle body acceleration 

for all road profiles and control algorithms are shown in Table 5. 

Table 5. Vehicle body acceleration RMSE values and percentage im-
provements  

Comfort 

Evaluation 

Bump-Pit Sinusodial ISO-8608 

RMSE 
Imp. 

(%) 
RMSE 

Imp. 

(%) 
RMSE 

Imp. 

(%) 

Passive 2.205 - 0.089 - 0.512 - 

Fuzzy Logic 1.869 15.24 0.067 25.18 0.491 4.10 

Fuzzy-PID 1.723 21.83 0.074 17.74 0.453 11.61 

PID 1.529 30.63 0.076 14.97 0.473 7.61 

MPC 1.466 33.49 0.047 47.79 0.449 12.26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Variation of vehicle body displacement on bump-pit road pro-
file 

The effects of different control algorithms on the body displace-

ment and pitch angle change in the bump-pit road profile are 

shown in Figures 7 and 8, respectively. When the vehicle body dis-

placement results are analyzed, it is clearly seen that all active sus-

pension control approaches provide better results than the passive 

suspension system. The amount of overshoot, settling, and rise 

𝐽 = ∑ (𝑟𝑘+𝑖 − 𝑦𝑘+𝑖)
2

𝑛𝑦

𝑖=1
+ ∑ 𝑊(𝑢𝑘 − 𝑢𝑠𝑠)2

𝑛𝑢−1

𝑖=0
+ 𝑊𝑑∆𝑢𝑘 (8) 
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times are important in evaluating the control algorithm perfor-

mance [60,61]. When the overshoot amounts of the body displace-

ment are analyzed, it is seen that the active suspension overshoot 

amounts are less than half of the passive system. The lowest over-

shoot amount was found in the active suspension structure using 

the Fuzzy-PID controller. Considering the settling time, it is seen 

that the best result belongs to MPC. There was no significant dif-

ference between the rise times of the control algorithms. However, 

when the controller performance is evaluated, it is noteworthy that 

the settling time of the Fuzzy-PID control algorithm is quite long, 

even though the overshoot amount is small.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Variation of pitch angle on bump-pit road profile 

When the pitch angle variation is analyzed, it is seen that the 

Fuzzy logic control method works successfully on the front and 

rear wheels simultaneously and positively affects the vehicle dy-

namics. In other control algorithms, vehicle dynamics are ad-

versely affected by pitch angle values that result in higher values 

than the passive suspension system. When the vehicle body accel-

eration RMSE is calculated for passenger comfort evaluation, the 

best results are obtained as 1.466 and 1.529 for MPC and PID, re-

spectively. The RMSE value for passive suspension was calculated 

as 2.205. The MPC control algorithm was the best improving al-

gorithm, with a rate of 33.49% in the bump-pit road profile.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Variation of vehicle body displacement on sinusodial road pro-
file 

The effects of the control algorithms on the body displacement 

and pitch angle change in the sinusoidal road profile are shown in 

Figures 9 and 10, respectively. In the second road profile, vehicle 

body displacement and pitch angle were minimized using the MPC 

control algorithm. When the changes in these parameters are ana-

lyzed, MPC is followed by Fuzzy-PID, PID and Fuzzy logic con-

trollers, respectively. The MPC control algorithm stands out with 

its low overshoot and fast response capability. In the pitch angle 

variation, it is observed that the Fuzzy logic and Fuzzy-PID control 

algorithms have sudden angle changes with the peak. This is be-

cause the Fuzzy control structure's membership functions and rule 

tables are created for general purposes. With the MPC control 

method, the front and rear suspensions reached the appropriate op-

erating conditions simultaneously and predictably in the sinusoidal 

road profile. When the vehicle body acceleration RMSE was cal-

culated for passenger comfort assessment, the best results were ob-

tained as 0.047 and 0.067 for MPC and Fuzzy logic, respectively. 

The RMSE for passive suspension was calculated as 0.089. The 

MPC control algorithm obtained a maximum improvement of 

47.79% in the sinusoidal path profile. 
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Fig. 10. Variation of pitch angle on sinusoidal road profile 

The effects of the control methods on the body displacement and 

pitch angle changes on the ISO-8608 road profile are shown in Fig-

ures 11 and 12. Considering the overshoot of body displacement 

and pitch angle variation, all active suspension control methods 

positively affect vehicle dynamics. The lowest overshoot was ob-

tained with the MPC control algorithm in the third road profile. 

Similarly, the body displacement was minimized using the MPC 

algorithm. There was no significant difference in the rise times as 

in the other road profiles. Fuzzy logic for body displacement and 

PID controllers for pitch angle variation did not perform as ex-

pected on the ISO-8608 road profile due to the long response time. 

When the RMSE of the vehicle body acceleration is calculated for 

passenger comfort, the best results are obtained as 0.449 and 0.453 

for MPC and Fuzzy-PID, respectively. The RMSE for passive sus-

pension was calculated as 0.512. The MPC control algorithm 

achieved the highest improvement value of 12.26% on the ISO-

8608 road profile. The Fuzzy-PID control algorithm ranked second 

with a comfort improvement of 11.61%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. Variation of vehicle body displacement on ISO-8608 road 

profile 

As a result, all active suspension control methods used in the 

study positively affect vehicle dynamics and passenger comfort at 

different rates. Due to the limited response capability of the passive 

suspension system to disturbance inputs, high amplitude and oscil-

lation occur on the body displacement, which negatively affects 

these parameters. Based on vehicle dynamics and passenger com-

fort, optimum results in all road profiles were achieved with the 

active suspension system with the MPC controller. The MPC con-

trol algorithm stands out with its fast response time, adaptability to 

disturbance inputs, low overshoot and settling time.  
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Fig. 12. Variation of pitch angle on ISO-8608 road profile 

4. Conclusion 

This study uses Fuzzy logic, PID, Fuzzy-PID and MPC control 

methods for active suspension control on a half-car model. Modeling, 

controlling and simulating a half-car active suspension system are car-

ried out. The simulation results for three different road profiles, 

namely bump-pit, sinusoidal and ISO-8608, are analyzed and com-

pared with the passive suspension system and each other. It is observed 

that all control algorithms stabilize the suspension system, provide sig-

nificant improvements in passenger comfort, and positively affect ve-

hicle dynamics. The study obtained very successful results with the 

MPC control algorithm in controlling the half-car active suspension 

system. On the other hand, the Fuzzy logic control algorithm was ob-

served to improve vehicle dynamics and stability in the bump-pit road 

profile, which can be characterized as a pulse signal and sinusoidal 

road disturbances with high frequency. In the third road profile, where 

the standard defines random road disturbances, it is observed that the 

active suspension system using the Fuzzy-PID controller offers ad-

vantages in passenger comfort with results close to MPC. In the com-

fort evaluation calculated with the RMSE of the vehicle body acceler-

ation, the MPC control method improved by 33.49% in the bump-pit 

road profile, 47.79% in the sinusoidal road profile and 12.26% in the 

ISO-8608 road profile. As a result of the research, it was determined 

that the MPC control algorithm, which is a new approach to active 

suspension control, will contribute to the development studies in this 

field with its fast and stable control capability. In the future, develop-

ing active suspension systems on multi-axle full-car models will be 

useful using different disturbance inputs and control methods. 
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