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IR PRI IR A, B R AR AR EL T, kT
B M, BEYLRI R AL T R TR &, e PIIRER O,

ABR 2 ARPE R A B RAE N B, AT RIR
Bre=1+1,

R 3 o TR AR AN AR D sk f RS
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D3RR S S/ ML, S5 30 25 SR BN R R B ORI
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F2 o FKBPAE 13 AR R B 1L,

HINENEE g PSO DAIW SCVPSO FRBPSO
F, 2.40E+02  7.33E-09 2.31E-35 1.33E-33
F, 6.20E+00  8.12E-11 5.93E-21 2. 18E-12
F, 1.86E+03  1.09E+02  7.32E+00  9.75E-05
F, 8.43E+00  1.26E+00  5.97E-01 7. 10E-02
Fq 1.06E+04  5.23E+01  5.69E+01  3.82E+01
Fy 2.22E+02 1.43E-09 1.82E-32 2.99E-27
F, 6.57E-02 8.92E-03 6.23E-03 2.91E-03
Fy -8.40E+03 -9.77E+03 -9.51E+03 -9.89E+03
Fy 1.43E+02  5.54E+01  5.23E+01  3.76E+01
Fi 4.68E+00  3.69E-12 1.43E-14 4.74E-14
Fy 2.53E+00  5.17E-03 6.52E-03 2.23E-02
Fi, 2.42E+00  9.51E-12 3.89E-03 1.70E-23
Fy 6. 86E+00 1.21E-03 2.19E-03 4.78E-30
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ZRIRUE W, Bk F 8907 BAE A RBF # £ 25 i 2
B, BIEEASRL T B A — 41 RBF #2248 125k
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S EEER RS R
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3.2 HEAHIELIE

HEUERE T FRBPSO 53:7% (1) RBF 1 48 ( £% BOD;
B 7k A RO ARSI R B E PRk P2 rdiE K
QPR R B, Ho 400 208508 FH Tl 2 22 R0 285
272 R T IR AR A RCR . AR SCERGE K
(1) 7 IR SEAE R 45 ) g A i A i PE 2 A=
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R bR EAT AN 4R, S B A [ 2 40 A 52 T, K K
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3.3 {FEXE
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2% SCVPSO-RBF #1225 47X} Fb, S 56 4f F Mat-
lab 2016 HAT4FE, & et E RBF #1£ M 457K BOD;
e B O R Y H b RBF 28 R 28 B & 2 SN B
A 396 5 TN 285 1) i A T 1S 2 R S, AR SCRik [ 7 ] 1)
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B E R b=2a+1, FEALRXT L SE 50 1AM #5456
RIS R AR TR, AR SZ S0 7 A A B 7K
JRSH, T W 25 40 A 25 ¥ g — & B R 7-15-1, AR X
(3) A AL M & S50 B0k 135 1
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M A 100, F RIEARWRE T 8 100, i THE R B9 07
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F3 4 BODs HIMEMAI 2

0710 20 30 40 50 60 70 80 90 100

B3 3 N AE A O

A 3 AT LA H, 28 3C FRBPSO-RBF 7k i i &
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T HEEAEH, B, 5HA 3 DNRAE L A SO
) dpe 2438 0L B B /N | SR APERS FE B i
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272 AIAAEA 9 BOD, e B FNAE 5 BOD, 52 FR{E 4n

4 FIr7s
280
3 —BODSELhHE
2601 f — — -PSO-RBFFMIE
A\ — — “FRBPSO - RBFFIE
240 | \N«‘ SCVPSO- RUFFRIME
' " DAIW-RBFHiHHE
220t L L f A
R /'\ i\
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160 | Vo ‘
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140t | Lo \
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1200 | / Lo
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B4 4 ASBRI AR A TR 25 2R 5 e g R

M 4 1 BOD, TN 25 5 0] LAF H |, A SC FRBPSO-
RBF B X R AR (1 BOD e B k5 B w1
b 3 AR LRI A S R A 8 R e A LA R A
1) BOD; Tl ZCR .

R BEAAR SR | BT S M L 3 00 A 7R (14 2
ROTHRA R TR UAL Y RBF #2828 i 57 52
7 50 AP a1 22 | Ho b A0 45 7 8 24 %) 152 2%
Y4 X7 7 43 B 1% 22 (mean absolute percentage error,
MAPE) ¥4 77 #R % 2 (root mean square error, RMSE) ,
I 22 /)N | ) 3R 7 200 I e 52 R T 00 00 R B -
MAPE 5 RMSE i UF

a=1

MAPE: y(l_y(l

(11)

ya

RMSE = (12)

Rk Ik MAE K MAE 3K MAPE/%  JUliX RMSE
PSO-RBF 3.3237 3.3823 1.93 0.0255
DAIW-RBF  2.7853 2.9047 1.61 0.0236
SCVPSO-RBF  2.9475 3.2496 1.79 0.0260
FRBPSO-RBF  2.4422 2.6645 1.46 0.0221

SEUG R 5 55 46 3 b RBF #1445 BOD, 4kl
AU L, A SC3E T FRBPSO-RBF #2845 BOD,
) S A AR A U B T A B /N MAE \MAPE 5
RMSE, B B ik T 4% SCHE 3 19 A RPE I A A 1Y
BOD, ¥ J3 52 BB 5 000 A5 0 Ay 1 (B 22 () 4 R 25 488
JIN, AT LA T H TS0 BOD, e & 76 Ik 50 o
FRBPSO-RBF il #5550 () MAE 4351 Lt PSO-RBF 4k
AEARAY DAIW-RBF # #A5%  SCVPSO-RBF
BERIRFEE T 0.7178 .0.2402 0. 5851, MAPE 43 31| %
£ 7 0.47% . 0.15% . 0.33% , RMSE 43 % F& % T
0.0034 0. 0015 .0. 0039,

4 LERIE

BOD & A 15 7K 7K T Y — I 85 22 248, AL G 1)
BOD, Ml FERT K, S P BOD (1) S B EAf I 2 | 4%
T 5 1 T 46 B W . RBF #4028 ) 48 30 ) 1%
N ABSEON Rad FE 5 B R A, itk
RBF #1245 S50, AR SCHEH FRBPSO Bk, 306 %
LT RBF MM S H0 g, $2 i —Fh 5+
18 1 FEHEA 5 AU A S 2 ) T TR
W, I AR B A T o0 R A7 B A 3 7 HE 44 1
ARFIHAT ¢, SHEE%IHT ¢, LIRRIEAHRL
MV TR R TE A R 2 R R 5 R
KINFIE .

SCEGFRHA 5 HA 3 FP LA L, FRBPSO B35 (1)
FBREAF, HIZE RG] A RBF #1445 BOD,
I AR AR S 2R B RN 1 AR U R A
MAE, MAPE 5 RMSE 73 %l & 2.6645, 1.46% #
0.0221 , ¥R F 3 i Hfth 3 ASxF Bk, AT H
il 3 A~FETF PSO B k1) BOD, 4 & 4% % | FRBPSO-
RBF #5815 AT %5 = A9 BOD, FNRS BE | 4 ¥5 7K A P45
A2 Z ok T P SRR e g I R A T — AP AT R ik
J& S AT LIGB AR OC B 7K LS8, VR A BOD, il A5
TR0 B AR B Sk A e A TR L B 22 A BN S
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Soft Sensing Method of BOD, in Sewage based on FRBPSO-RBF Neural Network

BAN Huilin, LI Zhongzhi, LI Binyong, WANG Yuan
(College of Cybersecurity,Chengdu University of Information Technology ,Chengdu 610225, China)

Abstract ; During the wastewater treatment process, it is difficult to accurately measure the BODy of wastewater in real
time. Therefore,soft measurement methods are gradually being used to predict BOD; in wastewater. Among them, the
RBF neural network soft measurement method is widely used,but there are problems such as the training process being
easily trapped in local extremes. In order to improve the prediction accuracy of the RBF neural network , a fitness ranking
based particle swarm optimization algorithm ( FRBPSO) is proposed. The size of the inertia weight is determined accord-
ing to the fitness ranking and the number of iterations, and the size of the self-learning factor and social learning factor
are determined according to the ranking of the individual’ s historical optimal value and the number of iterations. Then,
the FRBPSO algorithm is introduced into the parameter training of the RBF neural network. Based on 13 benchmark test
functions and comparison with other 3 particle swarm optimization algorithms , experimental results show that the FRBPSO
algorithm has relatively strong optimization ability. Then,the RBF neural network based on FRBPSO algorithm is used to
construct a soft measurement model for wastewater BOD;. Simulation results show that in test data,compared with PSO-
RBF soft measurement model , DAIW-RBF soft measurement model and SCVPSO-RBF soft measurement model , the aver-
age absolute error of FRBPSO-RBF soft measurement model decreased by 0.7178,0.2402 and 0. 5851 respectively ; The
average absolute percentage error decreased by 0.47% ,0.15% ,and 0.33% respectively; The root mean square error
decreased by 0.0034,0.0015 and 0. 0039 respectively. Compared with other three BOD; soft measurement models based
on PSO algorithm , FRBPSO-RBF model has higher BOD; prediction accuracy.

Keywords :radial basis function neural network ; particle swarm optimization ;soft sensing model ;5-day BOD biochemical
oxygen demand soft sensing;sewage quality prediction



