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Novel particle swarm optimization algorithm
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(School of Information and Electronical Engineering, China University of Mining and Technology, Xuzhou Jiangsu 221008, China)

Abstract: Existing particle swarm optimization has disadvantages of local convergence and being sensitive to adjustable

parameters. A novel particle swarm optimization algorithm is proposed to avoid the above disadvantages in this paper.

Firstly, the formula for updating particles is simplified by analyzing the cognition rule of individuals to their environment,

the update of a particle location is only related to its own velocity and the optimal particle location in its neighborhood.

Secondly, strategies of mutation for superior particle velocities with a small probability and the random evaluation for

inferior particle velocities are presented based on partition of particle velocities. Finally, the significant performance in

quality of the optimal solutions, convergence speed and robustness of algorithm proposed in this paper are validated by

optimizing four benchmark functions.
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1 (Introduction)
(particle swarm optimization, PSO)
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2 (Particle swarm optimiza-

tion)
Kennedy

[9]. ,

, xi

pbesti = (pbesti1, pbesti2, · · · , pbestid),

xi ;

gbest =
(gbest1, gbest2, · · · , gbestd), .

:

vij(t+1)=wvij(t)+c1r1(pbestij(t)−xij(t)) +

c2r2(gbestj(t) − xij(t)), (1)

xij(t + 1) = xij(t) + vij(t + 1), (2)

, : i = 1, 2, · · · , N , N

; j = 1, 2, · · · , d, d ;

c1, c2 ; r1, r2 [0, 1] ; w

,

, ;

vij ∈ [−vmax, +vmax], vmax .

3 (Novel particle

swarm optimization algorithm, NPSO)
3.1 (Update of particles)

,

,

, .

, .

, , ,

( )

.

, . ,

, ,

,

.

, :

vij(t + 1) = vij(t) + r(lbestij(t) − xij(t)), (3)

xij(t + 1) = xij(t) + vij(t + 1). (4)

: lbesti(t) xi(t) ,

; r [0, 1] . (1) 1

, 2

, .

(4) xi(t + 1) ,

:

xi(t + 1) xi(t) .

3.2 (Selection of neighborhood

particles)
.

1 xi(t)
num(� N) ;

2 i(t) xi(t)
num ,

i(t) {1, 2, · · · ,

d} .

3 num

.

, N

num O((num + 1)N)
, xi(t)

O(N) , num

O(numN). 3

O(1) . , O(N) N → ∞
N , , O(1)

.

3.3 (Update of particle velocities)
,

:

,

, ;

, .

,

, .

, ,

:

,

.

(4), vi(t + 1) xi(t) ∈
P (t) xi(t + 1) ∈ P (t + 1),

vi(t + 1) .

1 vi(t+1) , xi(t) xi(t+
1). P (t+1)

vi(t + 1),

vi(t + 1) = r(xk1(t + 1) − xk2(t + 1)). (5)

xk1(t + 1), xk2(t + 1) P (t + 1)
. (5) r(xk1(t + 1) − xk2(t + 1))
[10] ,

.

2 vi(t + 1) , xi(t + 1)
xi(t). vi(t + 1) .

1 , pm ,

bound(j, 1), bound(j, 2) j

, r3, r4, r5, r6 [0, 1] .
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,

,

,

.

For (j = 1 to d)

h = bound(j, 2) − bound(j, 1)

If r3 < pm

If r4 < 0.5

vij(t + 1) = −0.1 · r5 · h
Else

vij(t + 1) = +0.1 · r6 · h
Endif

Endif

Endfor

1

Fig. 1 Code of mutation

3.4 (Steps of algorithms)
3 ,

:

Step 1 ;

Step 2 , 3.2

, 3.3

;

Step 3 3

;

Step 4 (3) (4) ;

Step 5 , ,

, ; , Step 2.

4 (Examples)
, PSO-PC(particle

swarm optimizer with passive congregation)[5] HPSO-

TVAC (hierarchical particle swarm optimizer with time-

varying acceleration coefficients)[6] PSO-TVIW (par-

ticle swarm optimizer with time-varying inertia weight)
[11] , NPSO .

[12] f3(x), f5(x), f9(x) f15(x)
.

4.1 (Parameter settings of algo-

rithms)
1, c3 PSO-PC

.

, 3

, 3 NPSO

. , n � 10 ,

N = 50, T = 1000;

n = 30 , N = 100,

T = 2000.

1

Table 1 Parameter settings of different algorithms

NPSO 3, num = 0.2N

PSO-TVIW w = 0.9 − 0.9 − 0.4

T
t, c1 = 2, c2 = 2

PSO-PC w = 0.9 − 0.9 − 0.2

T
t, c1 = 0.5, c2 = 0.5, c3 = 0.6

HPSO-TVAC w = 0, c1 = 2.5 − (2.5 − 0.5)
t

T
, c2 = (2.5 − 0.5)

t

T
+ 0.5

4.2 (Experimental results

and analysis of performance)
, 3

[7]: ,

(

f3(x) 0.00001, f5(x) f9(x)
0.001, f15(x) 0.00031).

2 500 4

50 . 2 ,

f15(x), NPSO 500

; , NPSO

f9(x) HPSO-TVAC,

f3(x) f5(x), NPSO

.

3 4 50

, 4

.

f3(x), n = 10 , PSO-

PC HPSO-TVAC NPSO

( 3), 100%( 4),

2, NPSO

( 4). n = 30 , NPSO 100%

,

HPSO-TVAC( 0.0912)
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, 0( 4).

f5(x), 3 NPSO

3 , 4 NPSO

0, . f9(x) ,

NPSO HPSO-TVAC,

.

f15(x), 4

NPSO ,

100%, HPSO-TVAC

68%.

2 500 4

Table 2 Average of optimal results with four algorithms after 500 iterations

f3(x) f5(x) f9(x) f15(x)

NPSO 0.05 52.8 6.91 3.1×10−4

PSO-TVIW 8.01×103 9.14×107 321.2 0.001

PSO-PC 4.89×104 5.42×107 284.7 0.002

HPSO-TVAC 4.90×102 119.7 5.47 7.32×10−4

3 4

Table 3 Average of optimal results with different algorithms after maximal iterations

( ) NPSO PSO-TVIW PSO-PC HPSO-TVAC

f3(n = 10) 10−5 3.33×10−4 10−5 10−5

f3(n = 30) 10−5 418.54 12.71 0.0912

f5(n = 10) 0.0469 17.21 11.63 2.97

f5(n = 30) 8.29 61.25 30.14 28.97

f9(n = 10) 1.08 1.81 7.03 0.04

f9(n = 30) 4.86 64.35 33.12 1.90

f15 3.08 9.17×10−4 1.3×10−3 4.86×10−4

4

Table 4 Average of iterations and satisfactory ratios with different algorithms

( ) NPSO PSO-TVIW PSO-PC HPSO-TVAC

f3(n = 10) 100%(215) 16%(985) 100%(953) 100%(828)

f3(n = 30) 100%(1175) 0 0 0

f5(n = 10) 22%(1727) 0 0 0

f5(n = 30) 8%(4394) 0 0 0

f9(n = 10) 18%(1762) 26%(1991) 0 78%(1164)

f9(n = 30) 0 0 33.120 54%(3752)

f15 100%(484) 8%(995) 48%(985) 68%(984)

5 (Conclusion)

,

,

. , 4 3

, :

f9(x) HPSO-TVAC ,

; ,

,

,

.

(References):

[1] HU X H, SHI Y, EBERHART R. Recent advances in particle

swarm[C] // Proc of the 2004 Congress on Evolutionary Computa-
tion. Piscataway NJ: IEEE Press, 2004, 1: 90 – 97.

[2] XIE X F, ZHANG W J, YANG Z L. A dissipative particle swarm

optimization[C] // Proc of the 2002 Congress on Evolutionary Com-
putation. Piscataway NJ: IEEE Press, 2002: 1456 – 1461.

[3] CLERC M, KENNEDY J. The particle swarm - explosion, stabil-

ity, and convergence in a multidimensional complex space[J]. IEEE
Trans on Evolutionary Computation, 2002, 6(1): 58 – 73.

[4] DAS S, KONAR A. Improving particle swarm optimization with dif-

ferentially perturbed velocity[C] // Proc of Genetic and Evolutionary
Computation. New York: ACM Press, 2005: 177 – 184.

( 119 )



1 : Markov Kalman 119

Q∗
2 =

[
0.7265 0.2878

0.2878 0.9059

]
,

K∗
1 =

[
0.3159

0.2533

]
, K∗

2 =

[
0.2478

0.3901

]
,

ΔJ(K∗
1 , K∗

2 , ΔW ∗, ΔV ∗) = 0.2672 < 0.3.

6 (Conclusion)
Markov

,

,
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,
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