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Particle swarm optimization based on endocrine regulation mechanism
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Abstract: Motivated by high-level regulation principle of endocrine system, a particle swarm optimization based on
endocrine regulation mechanism is put forward. First, emotional evaluation method is designed combining with the best
fitness, average fitness and local fitness of particles in current generation, and emotion in next generation is evaluated. Then,
the behaviors of particles in next generation are updated by interaction of neural and endocrine systems, and momentum
factor is used to reduce the probability of local convergence. The convergence of algorithm is analyzed, and the effectiveness

is demonstrated by optimization experiments of typical functions and path planning.
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Fig. 1 Circle rank map of particle swarm

i BRI Pk DY, 45 01 IR REAS 73 54840 ic
—MNEERNTE;, IR #0948 4 (X4, Vid, Eia),
1=1,2,--- N,d=1,2,--- ,D, X;q, Vig, E;a57
R A B RO i, Il R K AR T
(1) d5 R N E N frnas ~FYIIE N FE N faves B frnax TE
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EM;(k+1) = c4E;i(k) + czrand(-) EM(S). (2)
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Xi(k) +wVi(k) + cirand(+) - (Xppest, (k) —
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Az = 01 X, + X, + E, (12)
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HAREALAE, ¢1 = cirand(-), ¢o = corand(:), ¢3 =

csrand(+), ¢4 = cyrand(-). (I DPFFIETTFEH
(1=N)(w—=A14+w—¢1—p2)+A*)=0, (14)
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BEVIIRIREX(0), X (1) 240, W (10)HIfEH

X(t) == kl + kg)\lt + k’g)\Qt, (15)
_ 01X (t) + 02X, (1) + Ee(t)
= o1+ P2 ’ (10
~ a(X(0) - X(1) + X(2) - X(1)
ko = Oy =) , (17)
L OM(X(1) = X(0) + X(1) — X(2)
ks = Ou = 1) , (18)
i || max(O, Ao) || < 16,
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4 SZ5(Experiments)
VOO S R R e R B 7 L)
4.1 PR B4k 52 5 (Experiments of function opti-
mization)
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funl: f(x)=10+ sin(l/x)

(z —0.16)2 4+ 0.1’

ze(0,1).

PR 2 11 /M

fun2: f(x) =23 + 125, —2< 21, 19 < 2.

PRI #13: Rosenbrock b8 H 1 i /IME.(n = 10):
n—1
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i=1

x; € [-10,10].
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€1 =Cy =2, Whnax = 0.9, Wpin = 0.4, G =10, N = 50.
S e, WIEAZHON: ¢5 = ¢4 = 0.05, Xmax = 1.0,
Xiin =0, Vinax = 1.0, Fray = 0.5, mazgen =100. K
HOSEH P W IR 2 M X pax = 2.0, Xpin = —2,
mazgen = 100, Al 2 20 5 ek £ S0 50 A H
S8 Kb 4 T PSOM 1L MEPSOS v X 1
B2 45 5.
% 1 PSOL5EPSO&T &441,2694 %
Table 1 Results of PSO and EPSO for function 1
and function 2

B BBAR ~FIAH RESI SR ST g

0.5 — € [~100, 100).

PSO 1 19.8949 92.6

2 0 147.1

19.8948
4.8981x10~23

1 19.8949  59.45
2 0 90.1

BR B3, 42 P A LR ) T A0 A B ) K
R, BREBSEE TP I SN ¢; = 0.03,¢4 =
0.05, Xpax = 10.0, Xpin = —10.0,Vyax =
1.0, Epax = 0.05,maxgen = 6000. pF %4525
WIEZE N c3 = ¢y = 0.05, Xy = 100.0, Xpin =
—100.0, Erpaxe = 0.05, mazgen = 400. 245
T PSOFIEFEPSOSL XS B Z3 4 2 2.

& 2 PSOL5EPSOxT #443,4694 R
Table 2 Results of PSO and EPSO for function 3
and function 4

MR BB IR RIS ST

19.8949
5.2687x10~27

0
0
EPSO 0
0

_ e
PSO 0 4 2.2476(164X)
4 1 - 3 0.9992(174K)
EPSO 0 4732.58 0 0.0281
1 282.62 0 0.9999
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B IRAE. AR X AN B 0L 5L 56 - EPSO LU 38 1) g 0.85 1
PSOJ7 2 ELAT B bR () Wi Sl B AN e 4 Jr W 8 ee . o
19.895 — N ) S —— 1 |
i — EPSO 0.75 F b
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19875 . Fig. 2(d) Fitness map for fun4
B 4.2 HA2RRIE K (Experiment of path planning)
D20 Al et R Bl N B A2 LRI 0 27— B IR P 55
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Fig. 2(a) Fithess map for funl S5 PRSI, T SR P A B WS 140 07 S0 ) 4 )
0.035 T T T T T T T T T ET@E&*?’%[B]W%&ﬁﬁﬂﬂ ﬁﬁﬁ*ﬁ?ﬂﬂ@ﬂﬁ%%
ool e B, — e AR AR Y, — R B R 5
ol -~ PSO HAZ. DRI R B 32, R
£ ik
0015 . .. — v b .
K0y dis(i, k)F 7~ B A7 Ei B B 2. EPSO%.
001 | BV ZH N 1 = 2 = 2,¢5 = 0.05,¢4 =
0.003 t | 0'067wmax = 0'gyrwmin = 0'4-7Xmax = 2007)(min =
%920 40 60 80 100 120 140 160 180 200 —200.0, Vipax = 1.5, Bpax = 0.1,G = 10, N =
it 40, mazxgen = 70. i@ ki T BEPSO)AMPSO 7
B 2(b) BRI R Zihe, = ¢ = 2,w = 0.9. FHMATLAB# 1
Fig. 2(b) Fitness map for fun2 RF3PPAS[R] R 5 VAT 2000 SE G, 45 R W53,
“ &3 PSOMPSO(E #4:-F#%). EPSO#
' ' ' ' ' FRAZINR] P RE
70+ - ESPSO 1 Table 3 Performance of PSO,MPSO and
6ol i EPSO for path planning
50k | SEBCE SRR K em JREIER L I TR]/ms
E 4 PSO - 512.3752(167%) 4 57.2348
o | MPSO  — 499.1834(187K) 2 45.7149
EPSO  33.27 484.1480 0 23.1503

............

(¥

Kl 2(c) BRIH3IIE N ]
Fig. 2(c) Fitness map for fun3

K3 =7 RORJRIBUCEL, T 8 3 ARECA
01 M A 20 tH, S5 AT JIEPSOJT 12 W S50 5 3%
P, R 5 BN SRy BB AR N, 38 7 9k ) B A 4 A5
13, EPSOJ7 1 11 % 42 K 5 4 484.0578 cm, MPSOJ7
VR IR % 4% K 1 494.2570 ecm, PSOJT 15 1 56 4% K
1499.4675 cm.
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Fig. 3 Optimal path of three methods
5 458 (Conclusion)
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