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Abstract: To deal with the problem of premature convergence and slow search speed, this paper proposes a novel
particle swarm optimization (PSO) called self-adaptive escape PSO, which is guaranteed to converge to the global
optimization solution with probability one. Considering that the organisms have the phenomena of escaping from
the original cradle when they find the survival density is too high to live, this paper uses a special mutation —escape
operator to make particles explore the search space more efficiently. The novel strategy produces a large speed
value dynamically according to the variation of the speed, which makes the algorithm explore the local and global
minima thoroughly at the same time. Experimental simulations show that the proposed method can not only
significantly speed up the convergence, but also effectively solve the premature convergence problem .
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Vig (t+1) = 0xVig (1) + €, X1 X (Pig (1) = Xg (1)) + €, X 1, X (Pgq (1) — X (1) (D
Xig (t+1) = X (1) + Vig (t+1) 2
W (inertia weight),c; G, (acceleration constants),r; I, [0,1]
M 1 , ,
, 2 ,
3 , ,
3 .
PSO S ,DPSO s
If (r;<C,) then Vig=r4xViya/Cn 3)
I3,r4 [0,1] ,Cy ,Crm )
HPSO R :
Vig (T +1) =€ X1 X (P (1) = X (1)) + C, X1, X (Pyq (1) — Xig (1) 4
If (vig=0) then Vig=rexrsxv (5)
Y, irs [0,1] N N 0.5 0.5
—1.
(AEPSO)
[12] ,PSO a . v
0o , w 1, 0. R 0
gbest; 0o gbest
,PSO R gbest. (1) ,
gbest gbest R ; gbest p
s gbest,
DPSO R
Benchmark HPSO
) 0 , ,
If (Vig<Ty) then Vig=randxV.x (6)
, Ty d ;rand [0,1]
PSO , , >
.PSO
If (vig<Tg) then pig=Xig (7
(6) s ,  pbest ,
. , (N
@) threshold ,
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1.(1) (P) Q R Q) f(x) Q
1 (XK} M , X (K) € X(k) k

(X' (k) < f(X"(k-1)), X (N) X P
X, lim py (t) =x".

Py(t) t , f(Pg(D) < f(py(t-1)) (M

Xig (t+1) = Xig (1) + 0% Vig (1) + €, x 1, X (Pig (1) = Xig (1)) +C, X T, X (Pgg () = Xg (1)
Vig (1) =X (D= Xq (t-1),
Xig (F+1) = X (1) + 0% (X (1) = Xig (t = 1)) + €, x 1, X (Pig (1) = Xig (1)) + C; X T, X (Pgg (1) = Xig (1))
Pga(H=pia(t),  (6)
Xig (t+1) = Xig (1) + @ x (Xig (1) = Xg (L =1)) + (€, X T, + €, XT,) X (Pgq (1) — X (1)

[13,14],x(t) Py, ®) [Vidl 0.
Pg(t) ) r>0, Xl <1, F)<f(py(V)). f(x) )
Py(H) ar<t, [IX(t) g <, fx(t")<f(py(H)
Pg(t) ,
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: PO=pi(),  lim x())=pg(®)*", lim py()=x (X ),
f(py(1)) < F(Pg(t=1)) < ... < f(pg(0)). 1 ,AEPSO
2. Mg =Vig,h.H ~NOD, Ay~ N(ug,04) .
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Mg = OXVig +C X (Pig = X)X T} +C, X (Pgg — Xig ) X T, -
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2. (XK} AEPSO , X (k) € X(K) k ,
X' (k) = argmin f (x (K) , (P) Lo Pimf(C(0)= 1) =1,
<i<u —0
1 .
2 s AXig ~ N(pg,04), 2) ,AEPSO s
[15,16] , 2 ( [15,16]). O
4
4.1 Benchmark
AEPSO 1 PSO
R 6  Benchmark . 20,
30. 50 6 000 ( 1.2x10%. 1
PSO , , . 4 w  [0.95,0.4]
; DPSO HPSO [6,11] ,HPSO Cy,C ;
AEPSO , AEPSOI1 ,AEPSO2 ,
5 2 f5,f6, K1:5, K1=IO.
Tablel Parameter selection for different PSOs
1
Algorithm W C C) C, K, K, Swarm size
PSO [0.95,0.4] 1.4 1.4 - - - 20
DPSO 0.7 1.4 1.4 0.001 - - 20
HPSO 0 [2.5,0.5] [0.5,2.5] - - _ 20
AEPSO1 [0.95,0.4] 1.4 1.4 - 5/10 10 20
AEPSO2 0.7 1.4 1.4 - 5/10 10 20
PSO (genetic algorithm, GA) 6  Benchmark
) ( ) ( ) , 3 .2
Benchmark “0” Matlab

le—308(Matlab 0).
Table2 Benchmark functions used in this study. f;~f; are unimodal functions

and f,~f are multimodal functions

2 Benchmark fi~f3 fufs
Function Name Dim. Search space Min/Best position
f=10"%" +> % Tablet 30 (-100,100)™ 0 (0,..,0)
i=2
n 1 3
f, = Z[Z X, ] Quadric 30 (~100,100)" 0 (0,..,0)
i=1 \_j=1
f, =D (100(%,, — %) + (% —1)*) Rosenbrock 30 (=50,50)" 0 (I,...,1)
i=1
1< n (%) .
f,=— 2 i 1 _ N
4 4000§(X.) ECOS[ \ﬂj+ Griewank 30 (=300, 300) 0 (0,..,0)
f5 =D 0¢ - Acos(2nx, ) + A)A=10 Rastrigrin 30 (-5.12,5.12) 0 (0,...,0)
i=1
n-1
fo=2 (% +%3)" x [sin(SO x (%2 +x2)"") + lAO] Schaffer’s f; 30 (-100, 100)N 0 (0,..,0)
i=l
2, fi~f3 .Tablet  Quadric Spherical s
(Spherical , ).Rosenbrock

© e

http:/ www. jos. org. cn



2041

> , , Rosenbrock
t, f4~fs
4.2 Benchmark
1 30  Quadric .AEPSO2 s
R AEPSO1 PSO R
, PSO 0, AEPSOI1
DPSO  HPSO R R
,  AEPSO2 , .
Y 10
]
E o i
i \ £
L4 e
”I] lisgulion w Iterstion
Fig.1 Log minima value for 30-D Quadric Fig.2 Log minima value for 30-D Rosenbrock
1 30 Quadric 2 30 Rosenbrock
30  Rosenbrock ,AEPSO . s
AEPSO1  PSO s ,LAEPSO1
Rosenbrock , >
2 s AEPSO s
> 3 Rosenbrock
,AEPSO2 ,
3 Benchmark
,DPSO Quadric Rosenbrock ,HPSO Tablet Rosenbrock
, AEPSO s s
Tablet  Rosenbrock .Tablet Quadric s
,DPSO  HPSO PSO
PSO s Benchmark
LAEPSO , ,
PSO , 3
,PSO Quadric  Tablet s
Rosenbrock s S
3 LAEPSO2 Rosenbrock s PSO
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Table3 Performance comparison between AEPSO and other PSOs for unimodal Benchmark problem

3 AEPSO PSO Benchmark
Function Algorithm Min Median Mean Deviation Max
PSO 8.2e-22 1.3e-20 1.5e-19 7.8e-19 5.6e-18
DPSO 1.9e-11 1.0e-10 1.3e-10 9.7e-11 3.7e-10
Tablet HPSO 2.4e-26 2.0e-24 3.9e-24 4.9e-24 1.9e-23
AEPSO1 4.1e-115 9.7e-109 1.4e-101 9.1e-101 6.4e—100
AEPSO2 1.5e—128 6.6e—124 2.0e-122 8.8e-122 5.9¢e-121
PSO 0.772 70.45 1.0e+2 1.0e+2 4.8e+02
DPSO 7.8e—04 3.5e-03 3.8e-03 2.0e-3 1.1e-02
Quadric HPSO 0.255 1.198 1.412 0.802 3.834
AEPSO1 1.4e—04 1.3e-03 2.1e-03 2.3e-03 9.0e-03
AEPSO2 4.4e-11 6.5¢—10 1.2e—09 1.4e-09 7.5e—09
PSO 4.873 77.24 93.71 1.5e+02 1.0e+03
DPSO 8.0e—02 21.04 34.02 35.10 1.4e+02
Rosenbrock HPSO 5.8e-02 73.53 1.1e+02 1.5e+02 7.2e+02
AEPSO1 9.4e-03 22.17 40.13 41.78 1.5e+02
AEPSO2 2.8e-03 8.247 14.00 19.91 76.71
s w . 3
s ,AEPSO2 AEPSO1
, . AEPSO1 PSO R w
b b W 2
0.7.
4.3 Benchmark
30 Griewank ,LAEPSO1 AEPSO2 50 20% 40%
0. PSO ,
.AEPSO s
AEPSO , 4 AEPSO
R Griewank ,

b

Table4 Performance comparison between AEPSO and other PSOs for multi-model Benchmark problem

4 AEPSO PSO Benchmark

Function Algorithm Min Median Mean Deviation Max

PSO 6.7e—11 1.96e—-02 2.6e—02 2.8e—02 0.108

DPSO 4.4e-12 1.7e-02 2.5e=02 3.0e—02 0.154
Griewank HPSO 1.1e-16 9.9¢-03 1.5e-02 2.1e-02 8.5e-02
AEPSOI1 0(20%) 7.4e-03 1.2e-02 1.3e-02 6.1e-02
AEPSO2 0(40%) 8.6e—03 1.2e-02 1.6e-02 6.6e—02

PSO 30.84 54.72 55.18 12.31 81.59

DPSO 7.2e-09 7.0e—06 0.201 0.498 2.058

Rastrigin HPSO 12.93 26.86 29.07 8.963 55.83

AEPSO1 1.2e-13 0.995 1.234 1.577 7.960

AEPSO2 0(20%) 4.0e—12 0.577 1.084 3.980
PSO 2.4e+02 2.9e+02 2.9¢+02 3091 3.5¢+02
DPSO 82.35 1.5e+02 1.5e+02 36.67 2.4e+02
Schaffer HPSO 1.9¢+02 2.4e+02 2.4e+02 22.42 2.9¢+02
AEPSO1 54.83 1.5¢+02 1.4e+02 41.63 2.4e+02
AEPSQO2 44.57 1.2e+02 1.2e+02 39.39 2.3e+02

Rastrigrin . 3 4
,LAEPSO . , 3 PSO HPSO
, . DPSO AEPSO R
AEPSO2 0.AEPSO1 AEPSO2 4
0, ,LAEPSO
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