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Abstract 
The main aim of suspension system is to isolate a vehicle body from road irregularities in order 
to maximize passenger ride comfort and retain continuous road wheel contact in order to 
provide road holding. The aim of the work described in the paper was to illustrate the
application of fuzzy logic technique to the control of a continuously damping automotive 
suspension system The ride comfort is improved by means of the reduction of the body 

acceleration caused by the car body when road disturbances from smooth road and real road 
roughness. The paper describes also the model and controller used in the study and discusses 
the vehicle response results obtained from a range of road input simulations  In the conclusion, 

a comparison of active suspension fuzzy control and Proportional Integration derivative (PID) 
control is shown using MATLAB simulations. 
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1 Introduction 

 Automobile suspensions have for years consisted of a coil or leaf spring in parallel with a 
viscous damper. Inherent to these passive systems are a natural trade-off between ride comfort and 
road handling characteristics. Soft springs facilitate good ride characteristics at the expense of 
increased wheel motion and increased variations in dynamic tire loadings on rough roads. On the 
flip-side, good road handling characteristics and smaller motion is an attribute of larger spring 
rates. Therefore, spring rates must be chosen large enough to limit wheel motion and dynamic tire 
variations yet small enough to provide a comfortable ride. Through many years of experimentation 
and testing, this arrangement has evolved into a near optimal design. Hence, to further improve 
suspension that will be the focus of this research. Fuzzy logic controllers have been used in many 
applications, such as: cruise control, automatic transmissions, Sendai subway operation, cold-
rolling mills, self-parking model car, image stabilizer for video camera and a fully automated 
washing machine [1,2]. Given the proven diversity of fuzzy logic control, this technique was 
selected to control the active suspension. In [3], Cherry used a fuzzy logic controller to control a 47 
degree of Freedom (DOF) multi body automotive suspension. By modeling the entire car, Cherry 
could analyze the vertical, pitch and roll response to selected inputs. For this research only vertical 
response will be evaluated using a 2 DOF model. Sufficient for developmental testing, a 2 DOF 
model incorporates the most important suspension characteristics while keeping computations 
simple. RO [4] uses a 2 DOF suspension model for the analysis of his fuzzy logic controller. Differing 
from RO, a much simpler rule base along with a wider range of input conditions is used for this 
study. The performance of the fuzzy logic active suspension was compared to a passive suspension 

and to a benchmark active suspension. A large number of different arrangements from semi active 

to fully active schemes have been investigated [5,6,7,8,9]  In[10 , a complete set of constraints was 

derived on the road and load disturbance response transfer functions and results on the choice of 

sensors needed to achieve these degrees of freedom independently were obtained for the quarter

car model The generalization of these results to half and full car models was then presented 

in[11]  In [12], it was shown that the road and load disturbance responses cannot be adjusted 

independently for any passive suspension applied to a quarter car model  In this paper, an 

automatic suspension system for a quarter car is considered and a fuzzy logic controller is designed 
when the vehicle is experiencing any road disturbance, the vehicle body should not have large 

oscillations, and the oscillations should dissipate quickly The road disturbance is simulated by a 

step input as a soft road test and rough road as a simulated to real way and the distance between 

the body mass and simulation mass is output of the system  

 
 

2. Quarter car suspension model 

In this paper, we are considering a quarter car model with two degrees of freedom  This model 

uses a unit to create the control force between body mass and wheel mass  
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Figure 1. A quarter car representation of passive B .Quarter-car model 

 
 

The motion equations of the car body and the wheel are as follows  

 

zb =
fa − k1 zb − zw − cs z b − z w 

mb
                                                                                                          (1) 

 

zw =
−fa + k1 zb − zw + cs z b − z w − k2 zw − zr 

mw
                                                                                         (2) 

 

 
with the following constants and variables are shown in under Table. 
 
 

   Table 1. QUARTER CAR PARAMETERS 
Parameters Symbols Quantities 

Body mass mb 250 kg 

Wheel mass mw 50 kg 

Stiffness of the body K1 16 kN/m 

Stiffness of the wheel K2 160 kN/m 

Stiffness of the 
damper 

Cs 1.5 kN.s/m 

 
 
 
 

3. State space Model 

To model the road input let us assume that the vehicle is moving with a constant forward 
speed  Then the vertical velocity can be taken as a white noise process which is approximately true 

for most of real roadways  To transform the motion equations of the quarter car model into a space 

state model, the following state variables are considered

 
X =  x1, x2, x3, x4 T                                                                                                                                                (3) 

 

where x1 = zb − zw  is the body displacement, x2 = zw − zr  is the wheel displacement, x3 = z b
is the absolute velocity of the body, and x4 = z w is the absolute velocity of the wheel Then the 

motion equations of the quarter car model for the active suspension can be written in state space 

form as follows  

 

x = A. x + B.  
fa

z r
 

 
                                                                                                                                                    (4) 
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With 
 

A =  

      0         0       
    0       0       

1 −1
0    1

−64   0
320 −3200

−6 6
30 −30

   ,  B =  

0
0

0
−1

0.004
−0.02

0
0

                                                                        (5) 

 
 

where fa  is the control force, zr  is the road input displacement  

 

4. Fuzzy logic controller 
 

The fuzzy logic controller used in the active suspension has three inputs: body Acceleration z b , 
body velocity z b , body deflection velocity z b − z w  and one output: desired actuator force fa  The 

control system itself consists of three stages: fuzzification, fuzzy inference machine and 
defuzzification. 

The fuzzification stage converts real number (crisp) input values into fuzzy values while the 

fuzzy inference machine processes the input data and computes the controller outputs in cope with 
the rule base and data base. These outputs, which are fuzzy values, are converted into real numbers 

by the defuzzification stage  

The rule base used in the active suspension system for one half car model is represented by 75 

rules with fuzzy terms derived by modeling the designer’s knowledge and experience that 
membership functions are triangular form  The body acceleration consists of two mode, the one 

mode has zero body acceleration so the control action was chosen to minimize the relative and the 
absolute body velocities only The second mode, the body acceleration has positive or negative 

values so important to modify the control action to minimize it also. Thus the rules of the controller 
have the general form of  

 
𝐼𝐹 𝑧 𝑏 − 𝑧 𝑤 = 𝐴 𝐴𝑁𝐷 𝑧 𝑏 = 𝐵 𝐴𝑁𝐷 𝑧 𝑏 = 𝐶 𝑇𝐻𝐸𝑁 𝑓𝑎 = 𝐷  

 

where Ai, Bi, Ci and Di are labels of fuzzy sets which are characterised by their membership 
functions  The output of the fuzzy controller is a fuzzy set of control  As a process usually requires a 

non fuzzy value of control, a method of defuzzification called “centre of gravity method”(COG), is 

used here [13]: 
 

𝑓𝑎 =
 𝑓 ∗ 𝜇𝐷 𝑓 . 𝑑𝑓

 𝜇𝐷 𝑓 . 𝑑𝑓
                                                                                                                                                                         (6) 

 

where μD
 f  is corresponding membership function The actuator force fa is chosen to give ±6 

kN as a maximum and minimum values. 
 

 

5. SIMULATION  
 

Simulation results of active suspension controlled by PID and Fuzzy control are compared in 
figure 2. results can be noticed that the fuzzy logic control provided good results than PID. 
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Figure 2. Simulation Results 

 
 

6. Conclusion 
 

Simulation results showed Fuzzy control is very effective and can be used in vehicles that will 
be manufactured in future. In this paper, the new active suspension control system is proposed to 
achieve both ride comfort and good handling. The results of the active suspension system based on 

0 1 2 3 4 5
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Time,sec

In
p
u
t 

R
o
a
d
,m

0 1 2 3 4 5
-50

-40

-30

-20

-10

0

10

20

Time,sec

B
o
d
y
 A

c
c
e
le

ra
ti
o
n

 

 

PID

Fuzzy

0 1 2 3 4 5
-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

Time,sec

B
o
d
y
 D

is
p
la

c
e
m

e
n
t

 

 

PID

Fuzzy

0 1 2 3 4 5
-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

Time,sec

W
h
e
e
l 
D

is
p
la

c
e
m

e
n
t

 

 

PID

Fuzzy

0 1 2 3 4 5
-2

-1.5

-1

-0.5

0

0.5

Time,sec

A
b
s
o
lu

te
 V

e
lo

c
it
y
 o

f 
th

e
 B

o
d
y

 

 

PID

Fuzzy

0 1 2 3 4 5
-8

-6

-4

-2

0

2

4

Time,sec

A
b
s
o
lu

te
 V

e
lo

c
it
y
 o

f 
th

e
 W

h
e
e
l

 

 

PID

Fuzzy



Nemat Changizi , Modjtaba Rouhani/ TJMCS Vol .2 No.3 (2011) 559-564
 

 

564 
 

the fuzzy logic controller also show the improved stability of the one-quarter-car model. The fuzzy 
logic suspension performed as well as and usually better than the PID controller [14].  
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