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Abstract – This paper prospers a new control strategy based on immune evolutionary algorithm 
for improving vehicle safety performance. It can put the control of active-suspension into system, 
and realizes the control aim. Most of the intelligent control algorithms easily converge to local 
extremum, and their implementations are complicated. Immune evolutionary algorithm theory 
can avoid these disadvantages. With simulation using MATLAB program., the results show that 
the proposed control strategy can effectively improve vehicle safety. 
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1  Introduction 

Vehicle safety performance concludes active safety and passive safety, and active safety is one 
of the important vehicle performances. There are many methods to improve the vehicle active safety 
performance. A good vehicle should have good active safety performance. This paper aims at provide 
adequate suspension deflection to maintain tire-terrain contact. However, a tire-terrain contact 
performance and road- handling performance of a vehicle are mainly determined by the damping 
characteristic of the shock absorbers. Passive shock absorbers have a fixed damping characteristic 
determined by their design. Active or semi active suspension is desirable to adjust this characteristic 
to increase performance, which replace the spring damper suspension, have the potential of improving 
safety and comfort of vehicle under nominal conditions [1]. This helps to improve vehicle 
maneuverability, which is to improve vehicle safety performance.  

With the development of intelligent systems research, more and more intelligent control 
techniques are applied to control a vehicle using an active suspension, and good performance is 
achived. M.V.C. Rao* and V. Prahlad (1997)[1] , Qin Li, T. Yoshimura and J. Hino (1998)[3] apply 
fuzzy control strategies. Neural network is applied (Y. Watanabe and R.S. Sharp (1999)[4]. 
Genetic-based fuzzy control has been applied to active suspension systems (Sang Yong Moon and 
Wook Hyun Kwon, 1998)[5]. However, all of these algorithms have some disadvantages more or less.  

Immune evolutionary algorithm with extend operator and mutate operator, is able to achieve the 
search mechanism which is from global area to local area. It can find a higher- fitness-value area in 
global area, meanwhile make a elaborate search in local area. This is the reason why Immune 
evolutionary algorithm can prevent being captured into local extremum as well as guaranteeing the 
precision of the optimal solution. In addition, its process is easy to understand and individuals are 
encoded using real number. So its program is very simple. 

Hence, this paper proposes a new immune evolutionary controller in Section 3. Section 4 gives 
simulation study and results. Final conclusions are given in Section 5. 
 
2  Active suspension System modle 
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2.1  The equations of motion  
A two-degree-of-freedom quarter-car model is shown in Fig. 1.The equations of motion are 

given by 
 

(1) 
 
 

In this model, the sprung and unsprung masses corresponding to the one corner of the vehicle 

are denoted respectively by sm and um : The suspension 

system is represented by a linear spring of stiffness sk and a 

linear damper with a damping rate sc ; while the tire is 

modeled by a linear spring of stiffness tk : Since damping in 

the tire is typically very small, it is neglected in this study. The 
parameter values chosen for this study are shown in Table 1.  
2.2 The equations of state-space form 

And expressing Eq. (1) by a vector matrix form, then, 
the equations of motion in the state-space configuration take 
the form. 

BUAXX +=&          (2)  

where the state, active control and excitation vectors are, respectively, given by 

{ } TT zzzzxxxxX },,,{,,, 21214321 &&== , 
TuzU },{ 0=  

the state variables are defined as follows: 

1x : the vertical displacements of the wheels; 

2x : the vertical displacement of the vehicle body; 

3x : the sprung mass absolute velocity; 

4x : the unsprung mass absolute velocity. 

0z : the random road inputs; 
u : the control force. 
And A, B, C and D are, respectively, denoted as 
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Fig.1 The quarter-car model 



The 4th Int. Forum of Automotive Traffic Safety (INFATS), Changsha, China,October 2005 

273 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−−

−
+

−

s

s

s

s

s

s

s

s

t

s

t

s

t

s

t

sr

m
c

m
c

m
k

m
k

m
c

m
c

m
k

m
kk

1000
0100

A＝   ,  

T

st

t

t

mm

m
k

B

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−
= 1100

000

   

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−

−−

=

0001
0011
1000

s

s

s

s

s

s

s

s

m
c

m
c

m
k

m
k

C    ,        

T

sm
D

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡ −
= 0001

1000
 

The output can be expressed in terms of the state vector as 

DUCXY +=                           (3)                     

where the output vector is given by  

},,,{ 11222 zzzzzY −= &&&  

The active control u , is generated by the actuator. 
Tab. 1  The vehicle system parameters for the quarter-car model 

Parameter name unit Parameter value 

Sprung mass sm  330 kg 

Unsprung mass  
um 25 kg 

Damping coefficient  
sc 1000 Ns/m 

Suspension stiffness  
sk 13,000N/m 

Tire stiffness  
tk  170,000N/m 

 
3 Controller design based on immune evolutionary algorithm 
 

In this paper, the semi-active suspension control system, which is based on immune evolutionary 
algorithm, can be illustrated as following sketch map(Figure2). Body vertical acceleration, body 
velocity, suspension deformation and tire dynamic load are considered as controller inputs, and 
control force which is generated by force actuator is the output. 
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Fig.2   Immune Evolutionary Control System for Semi-active suspension 
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3.1 Control parameters of controller 
Control parameters should be determined previously according to different practical problems, 

when the proposed controller is implemented. Control parameters of this paper are listed in Table 2.   
Tab. 2  Parameters of immune evolutionary controller 

Parameter name value Parameter name value Parameter name value 

Population size 30 Extend radius 1 Mutation radius 20 

Select probabilityα  0.3 Control force (U) range [-700，700] 

3.2 implementation of immune evolutionary algorithm  
Accepting model states as inputs, the controller can find optimal control force using immune 

evolutionary algorithm, so the suspension has a good performance, in other words, the safety of 
vehicle can be improved. The flow chart of immune 
evolutionary algorithm is shown in figure 3. 

Following steps show the overall process of 
immune evolutionary algorithm: 
Step 1: initialization  
    Randomly generate n antibodies and form 
initial population A0，make k=0； 
Step 2: calculate affinity  

Calculate affinity value of each antibodies in 
initial population A0 and arrange them in descending 
order. The affinity computation is carried out by 
following function： 

),(/1)( iii afxf Δ=     (4) 

Where )( ixf is affinity value of antibody； 

iia Δ, are body vertical acceleration and tire 

dynamic load respectively. 
Step 3: selection  

According to Select probability α , selection 
population Bk can be obtained by carrying out 
selection operation in population Ak . 
Step 4: extend 

In light of extend radius r, carrying out extend 
operation in selection population Bk , extended 
population Ck can be produced. Given vj is an 
antibody of selection population Bk, and its affinity 
value is fj， then the extend probability for each 
antibody of selection population Bk is:   
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Fig 3.Flow Chart of Immune Algorithm 
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Cumulate probability is： 
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         （6） 

Make 00 =q ，uniformly generate random value w  between 0 and 1，if kk qwq ≤≤−1 ，then 

kv extend a new one.. After producing such n random values, the number of new extend ones for each 

antibody in selection population Bk can be determined.  
Step 5: mutation  

Make some antibodies of extended population Ck, which have lower affinity values, to be 
mutated, then these mutated ones together with the rest ones make up of mutation population Dk； 
Step 6: replacement  

Have the part of mutation population Dk , which have lower affinity values, replaced by random 
ones, then replacement population Ek is generated. 
Step 7: reservation of optimal antibody 

Substitute the worst antibody of replacement population Ek to the best one of population Ak, so 
next generation Ak+1 appears. 
Step 8: termination condition   

Make k＝k+1，back to step 3 if achieving the termination criterion, otherwise go to the end of 
the program and export the optimal antibody(optimal control force). 

 
4  Simulation study and results  
 

For the quarter-car suspension systems given in Section 2, the typical parameters for the 
suspension model are selected as Table 1. A sampling time of 0.01s is selected for both the model and 
plant. The pseudo-random road profile by the sum of a 0.04m amplitude, 0.97Hz sinusoid and a 
0.02m amplitude, 0.54Hz sinusoid is expressed as equation(7). 

)54.02sin(02.0)97.02sin(04.00 ttz ××+××= ππ                      (7) 
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Fig. 4  Curve of the road profile 
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The suspension deflection and tire dynamic load for the active system are respectively shown in 
FIGUREe. 5 and 6. 

0 1 2 3 4 5
-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

time(s)

su
sp

en
si

on
 d

ef
le

ct
io

n(
m

)
uncontrol
control

 
Fig. 5  Curve of the suspension deflection 
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Fig. 6  Curve of the tire dynamic load 

From these figures it can be observed that the suspension deflection and tire dynamic load using 
immune evolutionary control are brought to a level less than that of the passive system, respectively, 
which decrease about 75% and 50%, therefore, the active safety of vehicle is effectively improved. 

 
5  Conclusions 
 

An active suspension system using immune evolutionary controller for a quarter-car model of 
vehicle is presented. The proposed immune evolutionary controller was found to bring down the 
values of suspension deflection and tire dynamic load than that of the passive suspension. This 
simulation results clearly show that the immune evolutionary controller can greatly improve vehicle 
safety. Furthermore, the proposed control algorithm can be implemented easily, having less parameter 
which makes debugging more convenient. Therefore, it is an ideal control algorithm. 
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