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Abstract
A self-organizing fuzzy controller (SOFC) is proposed to control an active suspension system and evaluate its
control performance. In complicated nonlinear system control, the SOFC continually updates the learning strategy
in the form of fuzzy rules during the control process. The learning rate and the weighting distribution value of the
controller are hard to regulate, so its fuzzy control rules may be excessively modified such that the system response
generally causes an oscillatory phenomenon. Two fuzzy-logic controllers were designed according to the system
output error and the error change, and introduced to the SOFC to determine the appropriate parameters of the
learning rate and the weighting distribution, to eliminate this oscillation. This new modifying self-organizing fuzzy-
control approach can effectively improve the control performance of the system, reduce the time consumed to
establish a suitable fuzzy rule table, and support practically convenient fuzzy-controller applications in an active
suspension control system, as verified experimentally.
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1. Introduction
Suspension is the system of tires, tire
air, springs, shock absorbers and linkages that
connects a vehicle to its wheels and allows
relative motion between the two. Suspension
systems must support both road
holding/handling and ride quality, which are at
odds with each other. The tuning of suspensions
involves finding the right compromise. It is
important for the suspension to keep the road
wheel in contact with the road surface as much as
possible, because all the road or ground forces
acting on the vehicle do so through the contact
patches of the tires. The suspension also protects
the vehicle itself and any cargo or luggage from
damage and wear. The design of front and rear
suspension of a car may be different.

The main function of vehicle suspension system
is to provide effective isolation from road surface
unevenness, stability and directional control
during handling manoeuvres without loss of ride
comfort and vehicle support. Traditional vehicle

suspension systems are composed of two parallel
components which are spring and dampers.
Suspension system designers are faced with the
problem of determining suspension spring and
damper coefficients. Two important factors
conflicting with each other must be
compromised. These are the ride comfort and
road handling. Active suspension is a type of
automotive suspension that controls the vertical
movement of the wheels relative to the chassis or
vehicle body with an on-board system, rather
than in passive suspensions where the movement
is being determined entirely by the road surface;
see Skyhook theory the suspension is externally
controlled then it is a semi-active or active
suspension — the suspension is reacting to
signals from an electronic controller.

For example, a hydro pneumatic Citroën will
"know" how far off the ground the car is
supposed to be and constantly reset to achieve
that level, regardless of load. It will not instantly
compensate for body roll due to cornering
however. Citroën's system adds about 1% to the
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cost of the car versus passive steel
springs.Fully active suspension systems use
electronic monitoring of vehicle conditions,
coupled with the means to change the behaviour
of the vehicle suspension in real time to directly
control the motion of the car. Lotus
Cars developed several prototypes, from 1982
onwards, and introduced them to F1, where they
have been fairly effective, but have now been
banned. Nissan introduced a low bandwidth
active suspension in circa 1990 as an option that
added an extra 20% to the price of luxury models.
Citroën has also developed several active
suspension models. A recently publicised fully
active system from Bose Corporation uses linear
electric motors (i.e., solenoids) in place of
hydraulic or pneumatic actuators that have
generally been used up until recently.

In this project we will design and construct a
quarter car model for passive suspension system.
Then, model for active suspension system will be
generated. To assist active suspension system in
controlling the actuator forces fuzzy logic, which is
a modern optimization technique having artificial
intelligence, will be implemented using a
microcontroller. The project will be concluding
reduced amplitude of vibrations and vertical
movement of chassis & increased comfort when the
suspension is switched to active mode controlled
with fuzzy logic from passive one.

2. Literature Review
Huihui Pan, et al [1] "Adaptive tracking control
for active suspension systems with non-ideal
actuators "
This current paper accounts for the results provided
here could be the attempt on the topic of improving
vehicle suspension performances with parameter
uncertainties and non-ideal actuators. Further
studies will focus on the issues of practical
implementation, such as employing a simple and
effective method for constructing more generally
non-ideal actuator of suspension systems,
establishing a fully equipped experimental vehicle
suspension of 1:1 scale for experimental
verification, and a more systematical and generic
design of the adaptive approach for achieving a
better or optimal balance between isolation
performance and energy consumption in active
suspension control.

Puneet Gandhi, et al [2] "Performance Analysis of
Half Car Suspension Model with 4 DOF using PID,
LQR, FUZZY and ANFIS Controllers"
The results of this paper show that the performance
of active suspension is better than the passive
suspension in terms of comfort and ride quality.
Among the various controllers developed and tested
with ISO 8608 random road profile, ANFIS based
controller provides the best performance in terms of
‘settling time’ and ‘peak over shoot’ compared with
other controllers. Further, in future, the non-linear
suspension model of half car or full car active
suspension model can be analysed with these
control algorithms.

Hyun-Su Kim, et al [3] "Semi-active fuzzy control
of a wind-excited tall building using multi-objective
genetic algorithm "
In this study, a multi-objective optimal fuzzy
control system for the response reduction of a wind-
excited tall building has been proposed. A semi-
active tuned mass damper (STMD) is used for
vibration control of a 76-story benchmark building
subjected to wind load. An STMD consists of a 100
kN magnetorheological (MR) damper and its
natural period is tuned to the first-mode natural
period of vibration of the example building
structure. The damping force of the MR damper is
controlled by a fuzzy logic controller. A
multiobjective genetic algorithm is used for
optimization of the fuzzy logic controller.

Ruey-Jing Lian, at al[4]" New modifying self-
organizing fuzzy controller for robotic motion
control"
In this paper The precise motion control of robotic
manipulators is important in improving productivity
and quality. However, robotic manipulators are
multivariable nonlinear dynamic systems.
Designing a model-based controller for robotic
system control is difficult because its mathematical
model is hard to accurately establish. This study
proposed a self-organizing fuzzy controller (SOFC)
to control a robotic system and evaluate its control
performance. The SOFC continually updates the
learn- in strategy in the form of fuzzy rules during
the control process. The learning rate and the
weighting distribution value of the controller are
hard to regulate, so its fuzzy control rules may be
modified to such an extent that the system response
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generally causes oscillatory phenomena. Two fuzzy
logic controllers were designed according to the
system output error and the error change, and
introduced to the SOFC to determine the
appropriate parameters of the learning rate and the
weighting distribution, in order to eliminate this
oscillation. This new modifying self- organizing
fuzzy controller (NMSOFC) can effectively
improve the control performance of the system,
reduce the time consumed to establish a suitable
fuzzy rule table, and support practical and
convenient fuzzy controller applications.

3. Objective of Study
1) To develop the mathematical model of quarter

car passive suspension system.

2) To develop the mathematical model of active
suspension system.

3) To develop the fuzzy logic control strategy for
the system by using MATLAB.

4) To simulate and control the active suspension
system.

5) To reduce amplitude of vibration & achieve
better ride comfort using fuzzy logic in active
suspension system.

4. Mathematical modelling of passive and active
suspension system
This project has objective to develop a
mathematical model of the a car going over a
pothole and bump. Two quarter car models one of
passive suspension and another is active suspension
are developed to study the effects of spring and
damper on the vertical displacement i.e. bounce of
the car.

Quarter car model

The quarter car model is developed to observe the
bounce of one wheel of a car when it travels over a
pothole and a bump. Two models were developed
of these cases, one for Passive suspension system
and one for active suspension system.

Passive suspension
To obtain symbolic analytical equation of Passive-
Spring damper suspension system consider
following diagram:

Fig Passive suspension

For sprung mass,

Mus*Xus'' + bs*Xus' + Ks*Xus + Kt*Xus= bs*Xs'
+Ks*Xs + Kt*w...........Equation 1

For unsprung mass,

Ms*Xs'' + bs*Xs' + Ks*Xs = bs*Xus' +
Ks*Xus..................Equation 2

Active Suspension
Active suspension is based on Skyhook Theory
which states, the ideal suspension would let the
vehicle maintain a stable posture as if suspended by
an imaginary hook in the sky, unaffected by road
conditions.

Since an actual skyhook is impractical, real active
suspension systems are based on actuator
operations. The imaginary line (of zero vertical
acceleration) is calculated based on the value
provided by an acceleration sensor installed on the
body of the vehicle.To control the vertical motion
of sprung mass, in active suspension a force
actuator of value (F) is used, placed parallel to
spring & damper.
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Fig Active suspension

For sprung mass,

Ms*Xs + bs (Xs'-Xus') + Ks (Xs-Xus) - F= 0
................... Equation 3

For unsprung mass,

Mus*Xus + bs (Xus'-Xs') + Ks (Xus-Xs) + Kt (Xus-
w) - F= 0 ................... Equation 4

Therefore,

From equations 3 & 4, by having all the values, we
can calculate the amount of force F, necessary to
control & reduce vertical movement of sprung mass
i.e body of quarter car model.

5. Fuzzy logic
Fuzzy Logic (FL) is a method of reasoning that
resembles human reasoning. The approach of FL
imitates the way of decision making in humans that
involves all intermediate possibilities between
digital values YES and NO.

The conventional logic block that a computer can
understand takes precise input and produces a
definite output as TRUE or FALSE, which is
equivalent to human’s YES or NO.
The inventor of fuzzy logic, Lotfi Zadeh, observed
that unlike computers, the human decision making
includes a range of possibilities between YES and
NO, such as − Certainly Yes, Possibly Yes, Cannot
Say, Certainly No, Possibly No. The fuzzy logic
works on the levels of possibilities of input to
achieve the definite output.

Fuzzy Logic Systems Architecture

It has four main parts as shown −
 Fuzzification Module − It transforms the
system inputs, which are crisp numbers, into fuzzy
sets. It splits the input signal into five steps such as
−
for example,

LP x is Large Positive

MP x is Medium Positive

S x is Small

MN x is Medium Negative

LN x is Large Negative

Table 4.1 Fuzzification module example

 Knowledge Base − It stores IF-THEN rules
provided by experts.

 Inference Engine − It simulates the human
reasoning process by making fuzzy inference on
the inputs and IF-THEN rules.

 Defuzzification Module − It transforms the fuzzy
set obtained by the inference engine into a crisp
value.

Fig 4.1 Fuzzy Architecture
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6. CONCLUSION
This project work would be completing in two parts
i.e. Analytical and Experimental. In Project Stage-
I, problem identification, defining the problem,
setting objectives &  extracting scope is done.
Based on that literature review is done and
analytical modelling of passive and active system is
completed. Further experimental setup,  validation
and testing along with comparative study of results
obtain from passive and active suspension system
would be done in next stage.
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