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Research on Furnace Slagging Prediction based on Improved
Particle Swarm Optimization and Fuzzy Neural Network
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(1. School of Energy Power and Mechanical Engineering,North China Electric Power University , Baoding, China , Post
Code ;071003 ; 2. Southern Power Grid Electric Power Technology Co. ,Ltd. ,Guangzhou,China,Post Code ;510080 )

Abstract: In order to improve the prediction accuracy of the slagging on the heat-resistant surface of
boiler furnace based on fuzzy neural network ,this paper proposed a particle swarm optimization algorithm
based on the nonlinear decreasing inertia weight adjustment strategy of generalized bell-shaped member-
ship function, then through the fitness function contrast experiment, slagging prediction experiment and
predictive stability analysis, analyzed the adjustment strategies of linear decreasing inertia weight ( LPSO) ,
index nonlinear decreasing inertia weight( IPSO) and nonlinear decreasing inertia weight based on gener-
alized bell-shaped membership function ( GJPSO) in existing literature comparatively. The results show
that the particle swarm algorithm proposed in this paper can effectively improve the early familiarity of the
algorithm , balance the overall and local search capabilities of the algorithm ,and enhance the convergence
effect and stability of the algorithm. The weight and threshold in the fuzzy neural network is optimized by
the improved particle swarm algorithm , and the furnace slagging prediction performance of the fuzzy neural
network is improved.

Key words: particle swarm optimization algorithm ,nonlinear decreasing inertia weight, fuzzy neural net-
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Tab. 4 Trimf, LPSO-Trimf,IPSO-Trimf and GJPSO-Trimf prediction results
Trimf LPSO-Trimf IPSO-Trimf GJPSO-Trimf HWiEE(E
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L L L M M
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M M M M M
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M M L L L
0.9615,0.0305,0. 0005 0.9879,0.0099,0.0107 0.9920,0.0115,0.0115 0.9916,0. 0085 ,0. 0098 .9900,0.0100,0.0100
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S S S S S
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S S M M S
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L L L L L
0.0012,0.9877,0.0149 0.0196,0.9818,0. 0094 0.0307,0.9887,0.0120 0.0103,0.9935,0. 0096 .0100,0.9900,0.0100
M M M M M
*& 5 Trapmf LPSO-Trapmf IPSO-Trapmf 5 GJPSO-Trapmf Fiilll &5 &R
Tab. 5 Trapmf, LPSO-Trapmf, IPSO-Trapmf and GJPSO-Trapmf prediction results
Trapmf LPSO-Trapmf IPSO-Trapmf GIPSO-Trapmf I
0.7771,0.0023,0. 2854 0.1184,0.7733,0.0282 0.0020,0.9766,0.0109 0.0078,0.9992,0. 0004 .0100,0.9900,0.0100
L M M M M
0.0021,0.9394 ,0. 0223 0.0192,0.9927,0. 0036 0.0106,1.0000,0. 0000 0.0067,0.9998 ,0.0001 .0100,0.9900,0.0100
M M M M M
0.9661,0.0298,0. 0062 0.7210,0.2758,0.0114 0.9874,0.0130,0.0130 0.9914,0.0004,0. 1180 .9900,0.0100,0.0100
L L L L L
0.9281,0.0151,0.0103 0.9837,0.0169,0.0107 0.9895,0.0216,0. 0086 0.9906,0.0193,0. 0024 .9900,0.0100,0.0100
L L L L L
0.0152,0.0192,0.9859 0.0106,0.0126,0.9893 0.0101,0.0103,0.9887 0.0110,0..0166,0.9888 .0100,0.0100,0.9900
S S S S S
0.1648,0.0298,0.9813 0.0186,0.0061,0.9919 0.0099,0.0112,0.9887 0.0103,0.0031,0.9988 .0100,0.0100,0.9900
S S S S S
0.0554,0.0302,0.9722 0.0058,0.0001 ,0.9495 0.0714,0.0001 ,0. 8876 0.0252,0.0050,0.9862 .0100,0.0100,0.9900
S S S S S
0.0149,0. 1530,0. 5556 0.9301,0.0026,0. 1143 0.0725,0.2244 ,0.0030 0.1711,0.0019,0.9523 .0100,0.0100,0.9900
S L M S S
0.9898,0.0108,0.0131 0.9853,0.0151,0.0108 0.9896,0.0099,0.0127 0.9886,0.0099,0. 0082 .9900,0.0100,0.0100
L L L L L
0.0056,0.9941,0.0014 0.0022,0.9946,0.0307 0.0113,0.9861,0.0115 0.0077,0.9994 ,0. 0004 .0100,0.9900,0.0100
M M M M M
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Tab. 6 Gaussmf, LPSO-Gaussmf , IPSO-Gaussmf and GJPSO-Gaussmf prediction results
Gaussmf LPSO-Gaussmf IPSO-Gaussmf GJPSO-Gaussmf WA

0.0852,0.9460 0.

M

0.0284,0.9740,0.

M

0.9623,0.0466,0.

L

0.9636,0.0146,0.

L

0.0220,0.0304,0.

S

0.0189,0.0173,0.

S

0.5309,0.0013,0.

S

0.6908 ,0. 0522 ,0.

L

0.9801,0.0088,0.

L

0.1219,0.9612,0.

M

0118

0222

0152

0123

9766

9859

9701

5424

0271

0068

0.9742,0.0231,0.0146

0.0001,1.

0.9961 ,0.

0.9855,0.

0.0126,0.

0.0069 ,0.

0.0822 0.

0.0106,0.

0.9885,0.

0.0177,0.

L

0000,0.

M

0016 ,0.

L

0206 ,0.

L

0108 ,0.

S

0197,0.

S

0029,0.

S

1661 ,0.

S

0136,0.

L

9926,0.

0018

0471

0090

9883

9879

9799

8433

0108

0025

0.3307,0.7792,0.0087

0.0021,0.

0.9138,0.

0.9874,0.

0.0109,0.

0.0452 0.

0.8390,0.

0.9977 0.

0.9887,0.

0.0144 0.

M
9991
M
1001
L
0131
L
0104
S
0024
S
0000
S
0007
L
0134
L
9785
M

,0.0037 0.
,0.0078 0.
,0.0105 0.
,0.9898 0.
,0.9911 0.
,0.9850 0.
,0.0471 0.
,0.0102 0.
,0.0194 0.

0042 ,0.

9911,0.

9912,0.

0102,0.

0103 ,0.

0313,0.

0156,0.

9912,0.

0043 ,0.

M

9898,0.

M

0100,0.

L

0100,0.

L

0100,0.

S

0100,0.

S

0000,0.

S

0055 ,0.

S

0099,0.

L

9898 0.

M

0.0303,0.9421,0.0100

0100

0100

0100

9900

9900

9900

9898

0100

0100

0.0100,0.9900,0.

M

0.0100,0.9900,0.

M

0.9900,0.0100,0.

L

0.9900,0.0100,0.

L

0.0100,0.0100,0.

S

0.0100,0.0100,0.

S

0.0100,0.0100,0.

S

0.0100,0.0100,0.

S

0.9900,0.0100,0.

L

0.0100,0.9900,0.

M

0100

0100

0100

0100

9900

9900

9900

9900

0100

0100
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Fig. 11 GJPSO-Gaussmf,IPSO-Gaussmf and

150

LPSO-Gaussmf fitness change curves
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H 4
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RmE 7 ~E9
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Tab.7 LPSO-Trimf,IPSO-Trimf and GJPSO-Trimf

prediction stability comparison

o TR P VAN
Wi/ BN R (/10 79
LPSO-Trimf 83 9.90613
IPSO-Trimf 81 9. 40635
GJPSO-Trimf 90 6.97344
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Tab. 8 LPSO-Trapmf,IPSO-Trapmf and
GJPSO-Trapmf prediction stability comparison

sy GIRIIE T Tk /N B
/% 2 BEH/10 73
LPSO-Trapmf 89 118 8.2956
IPSO-Trapmf 87 113 9.63028
GJPSO-Trapmf 98 88 3.88759

£ 9 LPSO-Gaussmf IPSO-Gaussmf F1
GJPSO-Gaussmf Fil 78 % bk
Tab. 9 LPSO-Gaussmf, IPSO-Gaussmf and
GJPSO-Gaussmf prediction stability comparison

o GRS Tk /NI R
/% R FEA/10 7
LPSO-Gaussmf 90 115 8. 15573
IPSO-Gaussmf 90 119 6.36382
GJPSO-Gaussmf 98 82 4.12564
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HE R 0 3 7 R RO A B S L fe 22 v 7
O SEZ 55 R0 I R P 6 U 3 BT T A

(1) 7838 N R EO L/ B 52 56, GIPSO 33
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FURIERIE R A T , bt ik R b gk AR S48 2R 24
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