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Abstract

A mathematical model-based design methodology for a robust intelligent semi-active
suspension control system for passenger cars based on stochastic simulation and soft
computing was developed. A globally optimized teaching signal for damper control was
generated by a genetic algorithm, the fitness function of which is set to satisfy conflicting
requirements such as riding comfort and stability of the car body.

Proper selection of the input signals for the fuzzy controller achieved accurate and
robust control, making it possible to reduce the number of sensors.

The knowledge base is optimized for various kinds of stochastic road signals on a
computer without carrying out actual field tests.
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Various kinds of methods have been proposed for semi-active suspension systems
that control only the damping force of the vehicle suspension. Using classical control
algorithms one can adjust the transfer function of the suspension system with fewer
numbers of sensors but not the vehicle attitude. On the other hand, modern control
algorithms are very effective for controlling the vehicle attitude, but many sensors are
required to get sufficient information about the vehicle condition.

Design methodology for a fuzzy controller using genetic algorithms that optimizes only
the membership functions®” was begun originally by Karr. Hashiyama et al. expanded the

function of genetic algorithms to find control rules®?

, and the algorithms they developed
are based on the skyhook control of Karnopp® with some original additions.

Hagiwara et al. presented an idea for a method to create a knowledge base that
is completely self-organized according to only fitness functions without any other
predefined rule base®.

This paper presents a design method for a smart control system with a reduced number
of sensors that does not reduce the performance of the fuzzy controller. Applying the
above-mentioned method, rich information from the sensor signals is extracted and an
effective knowledge base is created consequently, realizing both good riding comfort and
stability.

Two cases are compared in this paper. One uses seven sensors to detect car body
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movement and the damper stroke. The other uses only one sensor with information

supplementation by means of a knowledge base. The result is evaluated by computer
simulation and field tests.
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In order to make it possible to represent non-linear movement, a mathematical vehicle
model (B-10Q) is formulated using four local coordinates for each suspension and three
for the vehicle body, totaling 19 local coordinates. Equations of motion are derived by
Lagrange's approach. Each variable and a part of the equation are represented as follows:
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yg.1l: A full car model
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... Where m,,, represents mass of each element or grouped elements.
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Principal parameters for the test vehicle
are shown in t*|«¢iQ and the characteristics
of the variable dampers in MR The valve
of the damper is controlled by a stepper
motor with nine steps from the softest
position to the hardest. It takes 7.5ms to
make one step shift.
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Measured road profile data are
differentiated and used as input velocity
signals for each wheel (£-1S). We call this
road "the teaching signal road."

Signals for the rear wheels are delayed for
200ms, which corresponds with the time
difference between the front wheels and the
rear at a vehicle speed of 50km/h.
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The behavior of the car body is often
discussed from standpoint of acceleration
and jerk. However, these two factors alone
are not sufficient when considering control
of both vehicle stability and riding comfort.
The stability is dominated mainly by a low
frequency component around 1Hz and the
comfort by one above 4 or 5Hz. The three
axes of heave, pitch and roll also have to be
considered.

An application of a smart control suspension system
for a passenger car based on soft computing

Table.1O Principal vehicle parameters
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yg.20 Characteristics of the variable dampers
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yg.30 Road signals

Here, the following fitness function FF is set to reduce the low frequency component of

pitch angular acceleration to get better stability and the high frequency components of

heave acceleration to get better riding comfort.

FF= | A |+ AG) |+ A9 |+]|A12) | +|A13)|

This exhibits the amplitude of the 1Hz pitch angular acceleration, the 5Hz component

of the heave acceleration, and so on. These frequency components were selected in the
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order of largest vibration value appearing on the test vehicle in actual running tests.

RITE®E “~f >35S “b-T>Ct “-§fi>0] "ig¢>¢-§~fawifs- f <

Based on the equations of motion, a Simulink model is formulated (£8-U) and used in
the teaching signal generation (£-1V).

With the road signal and damping coefficients for the four dampers being supplied,
the Simulink model calculates the motion of the car and suspension. The genetic
algorithm searches out the best damping
coefficients for the dampers that minimize 9¢>¢*‘-:ﬁ>iﬁ£i-¢‘~f'
the fitness function every 7.5ms. This job ’
takes about two days working on a 1GHz

PC. A series of such damping coefficients

are stored as teaching signals (E-TW).

d“ <fICTEfiT~CaE—S “
ZIneft“@ne- _ fit

I9-18° 26 10° 18- FCB- ¢ “~flg5 <@
i, 1C-Th] <3¢l

Ase>Hitl-s =it

aj “fl-le¢if»»"0
mfij ¢¢t

fig.50 Simulink Model of Car and Suspension fig.40 Teaching signal generation and learning
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Since the damping force is a non-linear . —7 oy e singeton

fig.90 Learning scheme of the seven-sensor system

function of the damper velocity, seven

kinds of signal sources are thought to be

necessary to control the body movement
along three axes with the four independent
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dampers acting as actuators. In this case,
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signals are used as input for fuzzy inference
(EBXLEY).
The knowledge base is obtained by

fig.100 Learning results of the seven-sensor system

learning from the teaching signal generated
by the genetic algorithm described in 2.4.
£8P shows the inference simulation
created from the knowledge base as

compared with the teaching signal. _ _
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fig.110 Sensor layout of the single-sensor system
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