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Abstract — In order to improve the accuracy of the drum brake design, we study a multi-objective optimization model to 
minimize the volume of drum brake and the temperature rise of drum brake. First, we use particle swarm optimization and 
differential evolution algorithm to design the system. Second, we introduce the differential evolution strategy to 
multi-objective particle swarm optimization, in order to increase the population diversity. Third, a velocity control strategy is 
adopted to avoid over speeding of the particles. The proposed algorithm can escape from local extreme value. We further 
verified our algorithm in simulation experiments. Unconstrained ZDT and other constrained benchmark test functions are 
used. Compared with other algorithms, the proposed algorithm has a better convergence speed and an increased diversity. 
Application in drum brake model design further proved that the proposed algorithm is efficient and practical. 
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Ⅰ. INTRODUCTION 

Brake is the key component to ensure the safety of 

vehicle, and its performance determines the driving safety. 

Improving the design and manufacture of brake is a very 

important topic. Many scholars have done related studies 

[1-10] for brake parameter optimization, but there are still 

two problems: (1) Multi- objective optimization problems 

are usually transformed into single objective optimization 

problem simply by weighted sum or separated solutions. 

It is not a true multi-objective optimization; (2) The 

performance of the algorithm cannot meet the 

requirements. Using the basic genetic algorithm, particle 

swarm algorithm and other meta-heuristic algorithms, the 

premature problem cannot be prevented and he accuracy 

is not high. Therefore, in this paper, we propose a 

multi-objective optimization algorithm based on particle 

swarm algorithm and differential evolution to study the 

drum brake optimization problem. 

Particle swarm algorithm has memory ability, 

communication ability, response ability, cooperation 

ability and self learning ability, therefore it has a strong 

local search ability [11]. At present, some scholars also 

use the PSO algorithm to solving multi-objective 

optimization problems, and they have proposed several 

multi-objective particle swarm algorithm [12-14]. The 

differential evolution algorithm is a random parallel 

global search algorithm. It has a good global search 

ability, and can be easily combined with other algorithms. 

The MOEA/D algorithm which is proposed in [15], is a 

multi-objective evolutionary algorithm based on 

decomposition mechanism. It uses a hybrid differential 

evolution and performs mutation on the neighboring 

individuals. The algorithm leads to a high diversity level, 

and a low computing time. Reference [16] takes the DE 

evolutionary operators replaces the NSGA-II crossover 

and mutation operator, and it has a better result in solving 

rotating multi-objective problems. In reference [17], a 

multi-objective optimization algorithm based on the 

combination of particle swarm and differential evolution 

is proposed, experimental results show that the algorithm 

convergence speed is high and the diversity level is also 

high. 

Based on the above analysis, in this paper, we 

introduce a differential evolution strategy that is 

combined into multi-objective particle swarm algorithm. 

In order to prevent the velocity of particles in the PSO 

algorithm getting too fast, we adopt a velocity control 

strategy. It can also avoid the local convergence. We 

name the proposed differential evolution and 

multi-objective particle swarm optimization algorithm 

DEMOPSO. We further apply it to the multi-objective 
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optimization problem in drum brake design and analyze 

the Pareto curves of the model. 

Ⅱ.MULTI-OBJECTIVE OPTIMIZATION MODEL OF 

DRUM BRAKE 

In vehicle brake, the most common type is drum brake, 

this paper uses the optimization algorithm to solve the 

design problem for a specific type of dram brakes, as 

shown in Fig. 1. 

 

Fig.1 Structure parameters and stress diagram 

Fig. 1 shows the structure parameter and stress 

diagram of a drum brake design (only the left half part is 

shown). Under the strength P , the two brake shoes 

around the drum brake produces friction torque brake. 

1F shows the force of brake shoe, fR shows the effect 

radius of the friction.  shows the angle between 

the x axis and the force 1F . The main parameters include: 

brake starting angle 0 , friction slice angle  , 

distance a from force 01F and 02F to the center of the 

brake, and the brake shoe center location c  and 'c . 

A. The design variables can be represented as: 

   p,d,e,b,a,c,'c,R,b,,x,x,xX T
2101121    

Among them: 0 is the friction slice angle,  is 

friction slice angle, 1b is  friction width, R is the radius 

of the brake drum, c,'c denotes the position of the brake 

shoe pin, 2b is the brake drum width, e is the brake 

drum thickness, d is the brake cylinder diameter, 

and p denotes the brake pressure. 

B. Objective function 

Taking comprehensive performance of automobile 

brake as the objective for optimization, the sub-objectives 

are: the minimization of brake volume and the 

minimization of brake temperature. The objective 

function is as follows. 

1）The volume of brake drum 

Under the same conditions of the brake function and 

performance, a smaller volume size can save brake 

materials and space. The objective function is: 

   221 eRbVXf                         (1) 

2)The temperature rise of the brake 

Due to the rapid braking process, all the heat energy 

produced is absorbed by front and rear brake. The heat 

distribution is based on the front and rear brake force 

distribution. The brake drum is installed in the rear wheel, 

as a result, the rise of temperature of the rear wheel brake 

can be calculated according to the following equation: 
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In the equation, am  is the mass of the vehicle, dm is 

the total mass of each brake drum； hm  is the mass of 

metal connected with each brake drum (such as friction 

lining, rim), dC is the specific heat capacity of the brake 

drum materials, hC is the specific heat capacity of the 

metal connected to the brake drum, v shows the initial 

braking velocity;   is the brake force distribution 

coefficient. To simplify the calculation, the brake quality 

dm  and the total mass hm   are selected according to 

the following equation: 
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In the equation, d  and c  are the density of brake 

drum and the density of brake shoe respectively, they can 

be set as 7570 cd  kg/m3. e  and  are the 

thickness of the brake drum and the brake shoe 

respectively, and we have mm10 . 

C. Constraint conditions 

1) Self-locking constraint: 
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In the designing of drum brakes, we must consider the 

possibility of self-locking in the brake shoe. To avoid 

self-locking, the following conditions must be met: 

  01 
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Among them:
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  2) Lining surface maximum pressure constraint: 

The maximum pressure on the friction lining should 

be less than a specific value: 
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3) Pressure distribution constraint: 

Uneven pressure distribution will lead to uneven wear 

of friction lining, and it will cause the contact area, 

location and pressure characteristics to change. This will 

reduce braking efficiency and stability. The constraint for 

the pressure distribution is: 
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4) Constraint of friction lining: 

During emergency braking process, the energy 

dissipation ratio of friction lining should be less than a 

specific value: 

  0
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                  (7) 

In the equation, uE is the energy dissipation rate 

ceiling of the rear wheel, which is general 291 mmW. . 

m  is the whole vehicle mass, braking time is set as 

jvt a , av is the initial braking velocity, j  is the 

braking deceleration, which usually takes g.j 60 . 

g denotes the acceleration of gravity. 

5) The brake lining friction area constraint: 

The positive pressure on the brake shoe friction area 

should be minimized for improving the brake 

performance. The energy load should also be minimized. 

Common drum liner friction area should satisfy the 

following constraints. 

  0104
5  pAXg                            (8) 

  0103 4
6  pAXg                         (9) 

In the equation RbAp 1 , and its unit is 2mm . 

6) Heat load constraint: 

In the calculation of the heat load, from velocity 

h/km30  to complete stop, the brake temperature rise 

should be less than a specified value   Kt 15  [18]: 

  07  ]t[tXg                      (10)           

7) Brake drum radius constraint: 

The diameter of vehicle brake drum is usually set as 

64% to 74% of the rim diameter[10]. Therefore, the 

vehicle brake drum radius R and the ratio of the rim 

radius dr  should satisfy: 

  06408  dr/R.Xg                   (11) 

  07409  .r/RXg d                   (12) 

In the equation, dr  is the rim radius. 

8) Lining width constraint: 

Lining width should not make the stress too big per 

unit area, but a big width may also cause uneven contact, 

in general, lining width and brake drum radius ratio 

should satisfy the following constraints: 

  0320 110  R/b.Xg                      (13) 

  0540111  .R/bXg                      (14) 

Ⅲ.  MULTI-OBJECTIVE PARTICLE SWARM 

OPTIMIZATION ALGORITHM BASED ON 

DIFFERENTIAL EVOLUTION 

Particle swarm optimization (PSO) is simple in 

concept, easy to implement. It has an obvious advantage 

in optimization speed. However it may be easily trapped 

into the local extreme, and the population diversity is not 

high. Studies in [19] show that differential evolution 

algorithm has a strong ability in global search and 

maintaining population diversity. We introduce the 

differential evolution strategy into the particle swarm 



JUNPENG HU et al: A MULTI-OBJECTIVE OPTIMIZATION DESIGN OF A DRUM BRAKE BASED ON … 

DOI 10.5013/IJSSST.a.17.45.09                                 9.4                ISSN: 1473-804x online, 1473-8031 print 

operator to enhance the diversity and the searching 

ability. We also adopt a velocity control strategy in the 

algorithm to avoid local extreme. 

A. Differential evolution strategy 

Differential evolution strategy using the information 

of distance and direction between individuals in the 

group, and it has the ability of global parallel search. It is 

suitable for solving high dimension and nonlinear 

multi-objective problems. The implementation of the 

algorithm is simple. For each individual D,ix


, 

 10  N,i , N  denotes the population size, the 

operations are defined as follows[20]: 

 D,rD,rD,rD,i xxFxv 321


                 (15) 

Among them, D  is the individual number of 

decision variables, D,rx 1


, D,rx 2


, D,rx 3


 are the selected 

three parents, 1r , 2r , 3r  are their index positions, F is 

the scaling factor. In the above equation, we randomly 

takes out two male parents vector D,rx 2


, D,rx 3


, and 

calculate the difference value. The scaled value is then 

added to the third parent vector D,rx 1


. Finally we get the 

individual vector after crossover operation: 

]v,v,v[v D,ij,i,iD,i 


1 . For each j,ix  in the ith parent 

vector ]x,x,x[x D,ij,i,iD,i 


1 , we randomly generate 

a number  10,randj  . Then we compare jrand and cross 

factor CR , and further compare j and K . Based on the 

result we decide whether to replace j,ix  by j,iv . The 

new individual is represented as: 

]u,u,,u[u D,ij,i,iD,i 


1 ,  10  D,K . We have: 
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If the new individual D,iu


is better than the parent 

individual D,ix


 after crossover operation, replace the 

parent individual, otherwise keep the parent unchanged. 

The choice of candidate solutions will have a 

significant impact on the convergence of the algorithm. In 

order to speed up the convergence and guide the 

evolution process, the selection of individuals 1rx


, 2rx


, 

and 3rx


 is designed as follows: 1rx


 denotes the current 

individual, 2rx


and 3rx


 are the two individuals randomly 

selected. If 2rx


is the dominate one, the differential 

vector is 32 rr xx  . If 3rx


is the dominate one, the 

differential vector is 23 rr xx  . If none of them is the 

dominate one, randomly select one difference vector from 

the above two cases. This design may speed up the 

convergence speed of the algorithm. 

B. Velocity control strategy 

In PSO if the particle velocity is too fast, it will cause 

local convergence. Effective control of the particle’s 

speed is important for improving the algorithm 

performance[21]. Here we introduce the velocity control 

strategy in the reference [21], as follows: 

(1) Convergence factor model [22] 
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where   is the convergence factor. if 421  cc , set 

21 cc  ; if 421  cc , set 0 . 
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Among them, jupperLimit and jlowerLimit  are the 

constraints of decision variables. The velocity control 
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method can effectively reduce the particle velocity and 

prevent the algorithm from local convergence. Therefore 

it improves the overall algorithm performance. 

C. Constraint handling method 

For multi-objective optimization problem with 

constraint conditions, the common handling approaches 

include the penalty function method and multi-objective 

method. In this paper we adopt the Deb [24] 

multi-objective method that handles the individual 

violation of the constraint.  Details are given below. 

When two individuals are both within the feasible 

region, select Pareto dominant individuals; 

When two individuals are outside the feasible region, 

compares two violation degrees, select the individual with 

less violation degree. 

When we have two individuals, one individual is 

within the feasible region and the other one is not, select 

the individual who is within the feasible region. 

D. Algorithm Steps 

Based on the analysis of Section 2.1 to Section 2.3 we 

give the DEMOPSO description: 

(1) Randomly generate the initial position of the 

particles, the velocity of particles is set as   00 iv , and the 

history optimal position lbestp  is itself. Save the 

non-dominant solutions generated from the population at 
the external documents. Select gbestp from the external 

documents. Set the iteration counter 0t , the maximum 

number of iterations is set to T . 

(2) Use the following equation to update the particle’s 
velocity and position: 

))]t(xp(rc))t(xp(rc)t(wv[)t(v igbestilii  22111 best

     11  tvtxtx i  

(3) When the particle velocity is too fast, use velocity 

control method in section 3.2, otherwise keep the particle 

velocity unchanged. 

(4) Use differential evolution strategy to bring 

disturbance to the particle population. Perform 

polynomial mutation operation on all particles in the 

population at a certain probability. 

(5) Calculate fitness values for all the particles. Selects 

the non dominant particles and save them to the external 

document. Update the external document. 

(6) Take part of these particles from external 

documents and feedback to the population. 

(7) if termination condition Tt   is met, go to step 

(2), 1 tt ; otherwise, output the non dominated 

solution from the external documents. 

Ⅳ. THE NUMERICAL SIMULATION 

In order to verify the performance of the DEMOPSO 

algorithm, we select a group of unconstrained 

multivariate high-dimensional test functions. Test 

functions GOLINSKI, SRINIVAS and TANAKA in the 

ZDT family are used. We apply DEMOPSO, 

NSGAII[25], SPEA2[26] and SMPSO[21] algorithms to 

the above test functions to evaluate their performance. 

A. Evaluation index for algorithm performance  

We take the convergence index Epsilon (  ), 

distribution index Spread () as two performance indexes 

to evaluate the algorithm. 

(1) Epsilon (  ) 

Suppose that the Pareto-front set is A, then EPSILON 

index is a scale factor to remove the minimum distance 

needed by each individual in set A. Assuming that 

 11
1

1
nZ,...,ZZ 



,  22
1
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nZ,...,ZZ 



, where n is the target 

dimension, we have the specific representation: 

   2112 zz:Az,PFz|RinfA





      (21) 

If and only if 211 ii zz:ni   , we have 

21 zz





   satisfied. 

(2) Spread () 

Distribution index proposed by Deb is the 

measurements of Pareto-front set solutions. It has the 

following form: 
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where, id shows the Euclidean distance of every two 

consecutive solutions. d  is the average distance of the 
Euclidean distance, fd and ld  are Euclidean distances 

between the front boundary point and the optimal 

boundary point. n denotes the number of individuals of 

the Pareto-front. For solutions of even distribution even, 

the index is zero. The distribution degree is reflected by 

the index value. 

B. Test function calculation results and analysis 

In the simulation, we set the population size to 100, 

set external documents maximum capacity to100, and set 

feedback particle number to 20. The maximum number of 

iterations is set to 250 times. The DE crossover operation 

operator is set as: CF=0.5, CR=0.5. 1c and 1c  in the 

DEMOPSO algorithm are the random variables within the 

region  5251 .,. .  The mutation probability of the random 

numbers ),(r,r,w 1021  , is  len1 , len  is the variable 

dimension. Each test function is tested independently for 

30 times. The mean and variance are  compare with the 

NSGA-II [25], SPEA2 [26] and SMPSO [21], algorithms. 

Table 1 shows the convergence statistical results of each 

algorithm, Tab 2 shows the diversity of statistical results. 

C. The experimental results and analysis 

We can see from Tab 1, when solving unconstrained 

problem of ZDT1, ZDT2,  ZDT3 and ZDT6, 

DEMOPSO algorithm are superior to the rest of the 

algorithms according to its convergence indicator. When 

solving ZDT6, SMPSO is the winner, DEMOPSO comes 

the second. For constraint problem, when solving 

SRINIVAS, DEMOPSO is the best. When solving 

GOLINSKI, NSGA-II is the best and optimal 

convergence, DEMOPSO is the second. For Tanaka 

problem, SPEA2 is the best. The particle velocity control 

strategy improves the convergence of the algorithm. After 

using the DE evolution strategy, the convergence of 

algorithm is better than SMPSO. We may conclude that 

DE evolutionary algorithm enhanced the convergence of 

the algorithm. 

 

TAB.1 EPSILON STANDARD MEAN VALUE AND VARIANCE 

Epsilon DEMOPSO NSGA-II SPEA2 SMPSO 

ZDT1 5.46e-032.2e-04 1.36e-021.6e-03 8.92e-037.1e-04 5.63e-032.0e-04 

ZDT2 5.40e-031.8e-04 1.27e-021.7e-03 1.67e-023.2e-02 5.48e-031.9e-04 

ZDT3 6.08e-031.9e-03 8.94e-031.8e-03 1.08e-021.7e-03 1.27e-022.8e-02 

ZDT4 6.41e-033.8e-04 1.50e-022.9e-03 5.69e-026.7e-02 6.17e-033.2e-04 

ZDT6 4.90e-024.5e-04 1.58e-021.4e-03 2.57e-023.2e-03 4.92e-033.7e-04 

GOLINSKI 1.21e+011.7e+00 9.53e+002.4e+00 1.72e+013.5e+00 1.39e+011.9e+00 

SRINIVAS 1.40e+001.2e-01 3.53e+006.2e-01 1.86e+001.4e-01 1.45e+001.3e-01 

TANAKA 1.16e-022.3e-03 8.59e-031.1e-03 7.96e-031.3e-03 1.75e-024.6e-03 

 

TAB.2 SP STANDARD MEAN VALUE AND VARIANCE 

Spread DEMOPSO NSGA-II SPEA2 SMPSO 

ZDT1 6.56e-021.2e-02 3.77e-012.7e-02 1.49e-011.4e-02 7.86e-021.2e-02 

ZDT2 6.89e-031.0e-02 3.82e-013.6e-02 1.74e-016.3e-02 7.35e-028.8e-03 

ZDT3 7.11e-016.6e-03 7.46e-011.5e-02 7.12e-015.7e-03 7.23e-014.4e-02 

ZDT4 8.77e-021.1e-02 3.94e-013.8e-02 2.90e-011.3e-01 9.45e-021.4e-02 

ZDT6 3.97e-014.9e-01 3.67e-012.9e-02 2.25e-012.1e-02 2.59e-013.6e-01 



JUNPENG HU et al: A MULTI-OBJECTIVE OPTIMIZATION DESIGN OF A DRUM BRAKE BASED ON … 

DOI 10.5013/IJSSST.a.17.45.09                                 9.7                ISSN: 1473-804x online, 1473-8031 print 

GOLINSKI 3.05e-014.1e-02 4.39e-013.5e-02 7.08e-013.0e-02 3.43e-014.7e-02 

SRINIVAS 7.92e-021.2e-02 4.11e-012.7e-02 1.77e-011.4e-02 8.79e-029.1e-03 

TANAKA 7.16e-013.4e-02 7.99e-013.1e-02 7.45e-013.8e-02 7.85e-013.5e-02 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

f1

f2

ZDT1

 

 

DEMOPSO

Pareto Front

 

(a) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

f1

f2

ZDT2

 

 

DEMOPSO

Pareto Front

(b) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

f1

f2

ZDT3

 

 

DEMOPSO

Pareto Front

(c) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

f1

f2

ZDT4

 

 

DEMOPSO

Pareto Front

 

(d) 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

f1

f2

ZDT6

 

 

DEMOPSO

Pareto Front

(e) 

2500 3000 3500 4000 4500 5000 5500 6000
600

700

800

900

1000

1100

1200

1300

f1

f2

Golinski

 

 

DEMOPSO

Pareto Front

(f) 

0 0.2 0.4 0.6 0.8 1 1.2 1.4
0

0.2

0.4

0.6

0.8

1

1.2

1.4

f1

f2

Tanaka

 

 

DEMOPSO

Pareto Front

       
0 50 100 150 200 250

-250

-200

-150

-100

-50

0

50

f1

f2

Srinivas

 

 

DEMOPSO

Pareto Front

 

(g)                                  (h) 

Fig.2 DEMOPSO algorithm performance comparison 

(a)ZDT1 (b) ZDT2 (c) ZDT3 (d) ZDT4 (e) ZDT6 (f) GOLINSKI (g) SRINIVAS (h) TANAKA

We can see from the data in Table 2, DEMOPSO 

algorithm has a significant advantage over the other 

algorithms. Although the diversity of DEMOPSO is not 

as good as SPEA2 in ZDT6 problem, it is the best in all 

the other problems. Therefore using the DE evolution 

strategy we can greatly improve the diversity of the 

population. 
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In order to further understand the performance, non 

inferior solutions of Pareto-front is plotted in Fig. 2 when 

running the DEMOPSO algorithm. We can see that the 

DEMOPSO algorithm obtains the non dominated 

solution. It can be used as a very good approximation of 

the true Pareto-front for any problems, and it covers the 

entire Pareto-front with a relatively even distribution. 

Ⅴ. APPLICATION 

We apply the proposed optimization algorithm to the 

drum brake design in cars. The drum brake parameters 

are listed as follows: the mass am of the vehicle is 

1560kg, the distribution coefficient  is 0.77, rim 

radius rR is 177.8mm, braking initial velocity av is 30 

km/h, friction lining friction coefficient  is 0.35, specific 

heat capacity dC , hC are 482 J/(KG·K). All parameters 

should stay within the following regions: 4510  ' , 

12090   , 7536 1  b , 180120  R , 160120  'c , 

12085  c , 13060  a , 12090 2  b , 165  e , 

3515  d , 126  p . 

The optimization algorithm parameters are set as 

follows: population scale is set to 100, the DE crossover 

operator is set as CF=0.5, CR=0.5; 1c  and 2c are the 

random numbers within  5251 .,. . 21 r,r,w  are the random 

numbers within  10, , the mutation probability is len1 , 

where len  is the variable dimension. External documents 

of size is set to 100, feedback particle number is set to 20, 

maximum iteration is set to 250 times. Pareto curve of the 

specific problem is shown in Fig. 3. 

 
Fig.3 DEMOPSO algorithm obtained the Pareto front-end 

 

 

TAB.3 THE SOLUTION OF SPECIAL POINT AND THE OBJECTIVE FUNCTION VALUE 

Special 

point 
'    1b  R  'c  c  a  2b  e  d  p  Volume 

Temperatu

re rise 

A 10 120 64.56 120.06 120 111.67 116.67 90.20 16 17.77 12 4764 14.79 

B 10 119.53 64.80 120.01 141.06 120 130 90 9.80 31.78 8.21 5246 10.39 

C 30.48 120 70.53 131.57 134.40 101.34 100.38 120 16 19.78 10.41 8209 7.438 

 

 In Fig. 2, we can see that Pareto-front solution set 

obtained by DEMOPSO algorithm is evenly distributed. 

There are three key points in the entire Pareto-front. Point 

A and point C are the extreme value points, point B is the 

middle point. A gives the maximum brake volume and 

the minimum solution for temperature rise: 

max minV and t  who equal to 8209mm3 and 7.438C°. C  

gives the minimum brake volume and the maximum 

solution of temperature rise: min maxV and t  who 

equal to 4764mm3 and 14.79C°. Point B gives a 

compromise solution with brake volume and temperature 

rise: 5246 mm3 and 10.39 C°. Table 3 shows the solution of 

the objective function value for the three points. further 

analyzing on Fig.  3, we can see that when the volume of 

brake is less than 5246mm3, temperature rise of the brake 

will increases significantly. 

Ⅵ. CONCLUSION 

In this paper, we first analyze the existing problems in 

the multi-objective particle swarm optimization 
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algorithm. The existing algorithms may be easily trapped 

in the local optimal solution and the population diversity 

is low. We then propose a novel approach based on the 

particle velocity control. We also introduced DE strategy 

to improve the population diversity and combined the DE 

crossover operator with multi-objective particle swarm 

optimization algorithm.  We test the algorithm on  ZDT 

benchmark test functions with constraints. Compared 

with other algorithms, the DEMOPSO algorithm shows a 

better performance when evaluated by  convergence 

index, distribution index and coverage index. We further 

apply it to the design problem of drum brake, and it 

successfully solved multi-objective parameter 

optimization problem. The results show that our proposed 

algorithm has a promising performance in real world 

applications. 
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