
LIYOU XU et al: PARAMETER OPTIMIZATION OF AN AUTOMOBILE BRAKE SYSTEM USING A NOVEL … 

DOI 10.5013/IJSSST.a.17.46.09                                            9.1                               ISSN: 1473-804x online, 1473-8031 print 

Parameter Optimization of an Automobile Brake System using a Novel Improved 
Genetic Algorithm 

Liyou XU, Jingyun ZHANG, Xianghai YAN and Zhili ZHOU 
 

School of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang, Henan 471003, China 
 

Abstract — Automobile brake systems are subject to long development cycle, parameter optimization and complex constraints in 
the design and calculation. We propose an improved genetic algorithm suitable for multi-parameter and complicated constraints. 
Taking the optimization of a given vehicle type as an example, we optimize the design of the front and rear brake action radii, and 
the front and rear wheel cylinder diameters. The results produced by the new algorithm show that the front and rear braking force 
distribution curves are closer to the ideal than before, and the benefits of optimizing the duty braking indices with good 
performance have been achieved. 
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Ι.INTRODUCTION 
 
Braking performance is one of the main performances of 

automobile, which directly affects its safety. Braking often 
leads to traffic accidents due to severe side, wandering, too 
long braking distance or poor stability of going down the 
long slope. Good braking performance is the guarantee of 
safe driving. The evaluation indexes of the vehicle braking 
performance are mainly the braking efficiency, the 
constancy of braking performance and the stable direction of 
the vehicle when braking. Braking efficiency is the basic 
indicators of braking evaluation. The braking performance is 
an important factor that should be considered when designed 
[1-3]. 

Genetic algorithm is a kind of modern intelligent 
optimization algorithm with reference to biological natural 
selection and genetic mechanism [4-5]. The traditional 
genetic algorithm takes complex regulatory requirements as 
constraint conditions, adding penalty functions to the 
objective function with complex and trivial programming [6-
7]. In this paper, the traditional genetic algorithm is 
improved, and regulatory requirements as selection 
conditions for individual elimination is put forward. The 
optimization parameter value range is divided into several 
intervals and given fitness value for evolution, and the 
programming is simplified and the efficiency of the 
evolution is improved. 

At present, when designed, both the domestic and 
foreign country generally use the method with reference to 
similar models to initially map out parameters for checking. 
The development cycle of this method is long and 
parameters are not optimal [8-12]. In the paper, the 
improved genetic algorithm that is suitable for the 
automobile brake system   parameter optimization and 
checking is put forward. It is shown that the front and the 
rear braking force distribution curves are closer to the ideal 
brake force distribution curves than before optimization in 
the results, the performance index can meet the requirement 

of the braking performance, and the improved genetic 
algorithm can be used in multi-parameter optimization and 
complicated constraints design.  

 
 
Ⅱ.DYNAMINC MODEL OF BRAKING PROCESS 

 
A.    Vehicle Dynamics Model of Braking Process 

 
In the process of vehicle braking, the stress is relatively 

complicated. If the vehicle is driving on the straight road, 
ignoring air resistance and wheel rolling resistance, the 
simplified vehicle model is shown in Fig. (1). 

 

dt

du

gh

 
Fig. (1).   Automobile Braking Force Diagram. 

 
 

In Fig. (1), every symbol is expressed as follows: 

FN1 --- the normal reaction force of the ground to the front 
wheel, N;  

FN2 --- the normal reaction force of the ground to the rear 
wheel, N;  

u --- the primary braking speed of vehicle, km/h;  

hg --- the height of mass center, mm;  
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a --- the horizontal distance between mass center and front 
axle center line, m;  

b --- the horizontal distance between mass center and rear 
axle center line, m;  

L --- the wheelbase, m;  

dt

du
 --- the braking deceleration of vehicle, m/s2. 

The moments of force are obtained from the ground 
touching points of the front and rear wheels by the stress of 
the vehicle in Fig. (1), and the following is acquired by the 
moment balance theorem: 

gh
dt

du
mGbLF 1N

                                                   (1) 

gh
dt

du
mGaLF 2N

                                                  (2) 

If the tire-road friction coefficient is ψ, when the front 
and rear wheels of the vehicle are tended to be locked at the 
same time, all the adhesive forces of tire are utilized. 
Meanwhile, the optimal status is reached in the braking 
force, and the largest vehicle braking deceleration is equal 
to the product of the road friction coefficient and the gravity 
acceleration, satisfying: 

g
dt

du                                                                  (3) 

From equations (1), (2) and (3), the normal reaction 
force of the surface to front and rear wheels is: 

 ghb
L

G
F N1

                                                      (4) 

 gha
L

G
F N2

                                                      (5) 

In vehicle braking, the sum of the braking force of the 
brake in front and back wheel is equal to the adhesion force 
of the vehicle, and when the braking force of the front and 
rear wheels is respectively equal to the corresponding 
adhesive force, the front and rear wheels will be locked at 
the same time, and the braking force reaches the optimal 

[13], satisfying: 

gFF μμ  21                                                            (6) 
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where,  

Fµ1--- the braking force of front wheel, N;  

Fµ2 ---the braking force of rear wheel, N. 

From the equations of (4), (5), (6) and (7), eliminating 
the variable ψ, it can be concluded that: 
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From the equation (8), the relationship curves between 
front and rear wheels braking can be drawn when locked at 
the same time, which is the ideal distribution curve of front 
and rear braking forces (hereinafter referred to as line I), the 
ideal braking force distribution curve is related with the 
load and the center of mass position in the vehicle. 

 

B. Braking Dynamics Model of Brakes in the Braking 
Process 

In a double-axle vehicle with uninstalled electronic 
brake force distribution system, the ratio of front and rear 
wheels brake braking force is usually a fixed value. If the 
ratio of front braking force and total braking force are used 
for the characterization of the distribution ratio of front and 
rear wheels braking force, the ratio is the braking force 
distribution coefficient β[14]. 

μ

μ

F

F 1                                                                  (9) 

Braking force is provided by the hydraulic system. 
While braking, the moment of the wheel center is taken by 
the single rotation force. By the moment balance equation, 
the following should be satisfied: 

R

reF
F 0

b                                                               (10) 

4

2

0

dp
F


                                                            (11) 

where,  

p--- the pressure in the hydraulic system, MPa;  

d --- the diameter of cylinder piston, mm;  

e--- the brake efficiency factor; 

r--- the effective radius of brake, mm;  

R--- the rolling radius of wheel, mm;  

F0--- the output force of cylinder of brake, N;  

Fb--- the marginal force created by braking torque of brake, 
that is braking force, N. 

By equations of (9), (10) and (11), it can be concluded 
that: 

)( 2
222

2
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2
111

derder

der


                                               (12) 

The intersection point of the braking force distribution 
coefficient β line and the ideal braking force distribution 
coefficient I line is corresponding to the adhesion 
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coefficient ψ0. And the synchronous adhesion coefficient 
can be solved with analytic method. 

gh

bL 


 0
                                                                       (13) 

When braking, the ratio of the vehicle deceleration and 
the gravity acceleration will be the braking intensity, 
expressed with z. Analysis showing that the closer the 
adhesion coefficient is to the braking intensity, the higher 
the utilization rate of adhesion conditions will be, and the 
more reasonable braking force distribution is. If ψf and ψr 

are set as the front and rear axle attachment coefficient, 
results can be determined as the following equations: 
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If ηf  and ηr are set as the front and rear brake efficiency, 
results can be determined as the following equations: 
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Ⅲ. OPTIMIZATION MODEL 
 
A.    Design Variables  

 
From the equation of (12), when the brake efficiency 

factor BF is a fixed value, the braking force distribution 
coefficient β is related with the front wheel brake function 
radius r1, the rear wheel brake function radius r2, the front 
wheel cylinder diameter d1 and the rear wheel cylinder 
diameter d2. When designing, r1, r2, d1 and d2 are adopted as 
the design variables, namely: 

 
   43212121 ,,,,,, xxxxddrr X                                     (18) 

 
B.   Objective Functions  

 
While designing, it is aiming at optimizing the 

approaching degree of actual braking force distribution 
curve and the ideal braking force distribution curve. The 
closer the line β and line I are, the better braking will be, 
and the more reasonable parameters design will be. 
Therefore, the objective functions f1 and f2 defined as the 
square sum of differences between line β and line I when no 
load and full load. 
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where,  

Fμ1max --- the maximum braking force of front wheel, N;  

Fμ2m --- the ideal braking force of rear wheel of full load, N; 

Fb2m --- the braking force of rear wheel of full load, N;  

Fμ2k --- the ideal braking force of rear wheel of no load, N;  

Fb2k --- the braking force of rear wheel of no load, N. 
Under the condition of ignoring air resistance and wheel 

rolling resistance, the braking distance is approximately 
proportional to the quality of automobile When the initial 
speed, the responding time of the driver and the braking 
force is a certain. When braking, the larger quality, the 
greater braking distance is, and the larger inertia is , the 
easier the traffic accidents will occur. Therefore, the ratio of 

the quality of the vehicle with no load and full load is 
defined as the ratio of the weight coefficient of the 
objective functions f1 and f2, the total objective function is 
as follows: 

2211 fkfkf                                                                 (21) 

211 / mmk                                                                       (22) 

121  kk                                                                        (23) 

where,  

k1 and k2 --- the weight coefficient of the objective 
functions f1 and f2;  

m1 and m2 --- the quality of the vehicle with no load and 
full load. 

 

C.    Constrains  

 In order to ensure the direction stability of automobile 
braking and enough braking efficiency, ECE R13 
regulations are established and clear requirements of 
double-axle vehicle front and rear wheels braking force by 
The United Nations Economic Commission in Europe [15]: 

When the adhesion coefficient ψ is between 0.2 and 0.8, 
the braking force will be z≥0.1+0.85(ψ-0.2). 

Under the condition of full load in the vehicle, and when 
braking force z is between 0.15 and 0.80, the utilization 
adhesion coefficient curve of the rear axle should not be 
located above the front axle. 

When the value of z is between 0.3 and 0.45, if the 
equation ψ=z is not exceeded by the utilization adhesion 
coefficient curve of the rear axle, whose determined line is 
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above 0.05, utilization adhesion coefficient curve of the rear 
axle is allowed to be located in the front axle. 

While designing, the regulations are the elimination 
conditions, the individual fitness of which does not meet the 
requirements of laws and regulations is zero, the groups 
will evaluate to meet regulatory requirements and the 
direction of high fitness value. The parameters range is set 
of 70mm≤r1≤160mm, 70mm≤r2≤140mm, 40mm≤d1≤80mm 
and 20mm≤d2≤60mm. 

 
 

Ⅳ.IMPROVED GENETIC ALGORITHM 
 
Genetic algorithm is a kind of modern intelligent 

optimization algorithm with reference to biological natural 
selection and genetic mechanism. Genetic operations 
included selection, crossover and variation. Selection is the 
process of selecting high fitness individuals from the 
current group to generate the mating pool. The function of 
the recombination operator is to give the original valuable 
genes to the next generation, so the new individuals with 
more complex genes are generated. Mutation operator is the 
phenomenon of one or several individuals in a smaller 
probability to reverse the binary characters to simulate 
genes.  

Complex regulatory requirements are needed for the 
traditional genetic algorithm as constraint conditions, 
adding penalty functions to the objective function with 
complex and trivial programming. In this paper, the 
traditional genetic algorithm is improved, and regulatory 
requirements as selection conditions for individual 
elimination are proposed, dividing the optimized parameters 
value range into n intervals and giving fitness value to 
evolution. At the same time, the survival probability of the 
generation is set during the k interval for Pk

g=1/n，k=1、
2...n, selecting the interval and choosing the optimized 
variables of r1, r2, d1 and d2 as X=[r1，r2，d1，d2]. If the 
braking regulations can be satisfied by this group of 
parameters, fitness value of the corresponding interval 
corresponding to r1, r2, d1 and d2 is Pk

g increase, which 
means the probability of selected areas is increased, if the 
requirements of braking regulations are met, the group will 
be eliminated. If the group involving m individuals is set in 
total, in the process of evolution, there are s ones meeting 
the braking regulations, and q ones are eliminated, 
corresponding to the survival and eliminating individual 
number on each interval for sk and qk , then the Pk

g+1 

calculation equation of the g+1 generation is as follows: 
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Ⅴ. RESULTS AND ANALYSIS 

 

A.    Parameters Setting  

Taking the optimization of a small vehicle for example, 
the calculation of the initial values are shown in Table 1 and 
Table 2. 

TABLE 1. BASIC PARAMETERS OF THE VEHICLE 

Parameters Value 

Mass of no load m1 (kg) 1142 

Mass of full load m2 (kg) 1517 

Wheelbase of no load L1 (mm) 2550 

Wheelbase of full load L2 (mm) 2542 

Height of mass center of no Load hg1 (mm) 666 

Height of mass center of full load hg2 (mm) 548 

Distance between mass center and rear axle of no load b1 (mm) 1498 

Distance between mass center and rear axle of full load b2 

(mm) 
1309 

Rolling radius of wheel R (mm) 296 

 
 

TABLE 2. BASIC PARAMETERS OF BRAKE 

Parameters Value 

Brake efficiency factor of front brake e1 0.76 
Brake efficiency factor of rear brake e2 0.76 

Distribution ratio of load sensing proportional valve u 0.25 

Inflection hydraulic of load sensing valve of no load p1 (Mpa) 4 

Inflection hydraulic of load sensing valve of full load p2 (Mpa) 8 

 

B.    Analysis of Results 

If the synchronous adhesion coefficient of no load and 
full load are set as ψ01 and ψ02， the comparison of the 
design parameters and performance indicators are shown in 
Table 3. 

TABLE 3. OPTIMIZATION RESULTS 
(1-1) 

Parameters r1(mm)   r2 (mm)  d1(mm)  d2(mm) 

Original 112.5 107.75 57  33.9 

Optimized 92.413  83.279  75.9053  47.33 

(1-2) 

Parameters  β     ψ01   ψ02   f(N3) 

Original 0.741 0.59 0.89 2.337×1010 

Optimized 0.747 0.61 0.91 2.018×1010 
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From Table 3, it can be seen that the front and rear 
wheel brake effective radius reduces the rate of 18.2% and 
22.4% than before. And the increase rate of front and rear 
wheel cylinder diameters is 33.2% and 39.6%. All of no 
load, full load  synchronous adhesion coefficient and brake 
force distribution coefficient increase. The objective 
function decreases the amplitude of 13.7%. Therefore, the 
optimized braking force distribution curve is closer to the 
ideal braking force distribution curve. 

 

1)   Analysis of braking force 

The distribution curves of braking force are shown in 
Fig. (2). 

 
Fig. (2)  Optimization of Braking Force Distribution Curve 

 

From Table 3 and Fig. (2), it can be seen that the 
synchronous adhesion coefficient of full load  after 
optimization is 0.91, better than that of 0.89 before 
optimization. In our country, the tire-road friction 
coefficient can reach 0.8, meeting the general requirements 
of design. 

2)   Analysis of utilization adhesion coefficient  

Under the condition of the front and rear axles with no 
load and full load, the relationship between utilization 
adhesion coefficient and braking force is shown in Fig. (3). 

f

f

r

r

z

 2.085.01.0  z

 
Fig. (3). Utilization Adhesion Coefficient and Braking Force Curve 
 

In order to ensure the direction stability and sufficient 
braking efficiency of the vehicle when braking, ECE R13 
regulations are set by The United Nations Economic 
Commission of Europe. From Fig. (3), the utilization 
adhesion coefficient is close to braking force, meeting 
regulatory requirements. 

3)   Analysis of brake efficiency   

The brake efficiency varies with adhesion coefficient 
curves are shown in Fig. (4). 

 
Fig. (4)  Optimization of brake efficiency increases with adhesion 

coefficient curve 
 

It can be seen that the braking efficiency is improved 
than before. 

 

4)   Checking of braking distance  
Braking distance is related with brake function time, 

maximum braking deceleration and braking original speed, 
and the equation is as follows: 

max

2"
2'

2 92.25
)

2
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6.3

1

j
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(25) 
where, 

V --- the original braking speed, km/h; 

jmax --- the maximum braking deceleration, m/s2; 

2

,,
2,

2

  ---the brake function time. 

Using vacuum assisted braking system and pneumatic 
brake system, 0.2-0.9s is adopted, in the equation, it is 0.4s. 

The GB21670-2008 requirements are met, when the 
tire-road friction coefficient is ψ=0.8, the full load braking 
efficiency after optimization is ηm=0.9430, and the no load 
brake efficiency is ηk=0.8989. When the maximum braking 
deceleration in full load is jmax=7.393 m/s2, the maximum 
braking deceleration with no load is jmax=7.393 m/s2. 

The GB7258-2012 regulations are satisfied when 
V=80km/h, it can be concluded that S=43.91m<50.7m. 
When V=50 km/h, it can be concluded that S = 18.6 m < 20 
m. 
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5)   Checking of brake line pressure   

The brake line pressure equation is expressed as: 

2

4

dre

RF
p


                                                              (26) 

It can be seen that p = 4.54MPa is more reasonable than 
p = 6.86MPa of the line pressure. 

 

VI. CONCLUSIONS 

Compared with the situation before optimization, the 
braking force distribution curve of front and rear wheels is      
closer to the ideal braking force distribution curve. Both of 
the no-load synchronous adhesion coefficient and full-load 
synchronous adhesion coefficient have been increased and 
the braking efficiency is improved. Meanwhile, the brake 
line pressure is smaller, easier for hydraulic system design.  

The utilization adhesion coefficient is closer to the 
braking intensity after the optimization, regulations are met 
by the braking distance. 

The problem of complex constraints, tedious 
programming and low evolutionary efficiency in the 
process of the improvement of brake system is solved by 
the genetic algorithm, and the development cycle is 
shortened. 
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