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Application of RBF and Elman neural network in prediction on pollutant
removal efficiency of constructed wetland with different compound substrates

Liang Qibin' Tian Kun'? Wang Wanbin'
(1. College of Environmental Science and Engineering, Southwest Forestry University, Kunming 650224, China;

2. National Plateau Wetlands Research Center, Kunming 650224 , China)

Liu Yungen'

Abstract

because of the complex decontamination mechanism and nonlinear. In 4 month experiment, 56 groups of COD

The neural network model was build to predict treatment efficiency of the constructed wetland

removal rate were obtained from constructed wetland with different compound substrates. To predict the COD re-
moval rate, the models based on the radial basis function( RBF) and Elman neural network were presented after
wavelet de-noising under the environment of Matlab. The results showed that the RMS error of RBF and Elman
neural network are 0.0186 and 0.0163, respectively, which means that the precision of the model is high. The
COD removal rates are 49.4% ~59.0% .

Key words constructed wetland substrate; Elman neural network ; RBF neural network; prediction
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with different compound substrates

F1 AIBHMEARERIMEFEFK COD XRE
Table 1 COD removal rate of constructed wetland with different compound substrates

5 H Kl F 5 H Kl ¥ 5 H K F 5 H Kl
(%) (%) (%) (%)

1 8 H24 H 70.1 15 9 A21H 52.9 29 10 A 28 H 82.5 43 11 A25H 45.9
2 8 H26H 69.7 16 9 H23 H 44.4 30 10 H 30 H 71.3 44 11 H27H 52.2
3 8 H28 H 69.2 17 9H25H 75.2 31 I1AL1H 55.1 45 11 H29 H 50.2
4 8 H30H 68.7 18 9H27TH 37.5 32 11 A3 H 56.1 46 12H4H 49.8
5 9H1H 83.7 19 9 H29 H 34.2 33 11 A5H 52.2 47 12 46 H 32.5
6 9H3H 89.5 20 10 H 10 H 76.4 34 11H7H 54.5 48 12H8H 46.6
7 9HA5H 69.4 21 10 H12 H 47.2 35 11 H9H 54.1 49 12 410 H 48.4
8 9H7H 89.2 22 10 H 14 H 33.7 36 11 11 H 66.8 50 127412 H 59.0
9 9H9H 66.8 23 10 H 16 H 57.7 37 11 13 H 53.8 51 12 414 H 47.5
10 9HI1LH 81.2 24 10 H 18 H 68.2 38 11 H15H 53.4 52 12H16 H 70.2
11 9H 13 H 60.5 25 10 H20 H 75.1 39 11 H17H 48.8 53 12 H18 H 41.0
12 9415 H 65.1 26 10 A 22 H 64.0 40 11 A 19H 44.0 54 12 420 H 48.7
13 9417 H 42.2 27 10 H24 H 67.4 41 11 421 H 52.0 55 12 422 H 43.8
14 9H19H 31.7 28 10 426 H 63.2 42 11 H23 H 67.9 56 12 H24 H 51.2

2 #33 RBF #1 Elman 7§ £ % 4% ¥ i) 4% BY

COD EBRI LR

F T S92 56 e AR A AR B AL DR 22, Sy S A A ST T
AU, 0 JH /0N 25 M AR Kb S I S, T R — 6
S L SRR T RE B AP A IR COD L BR R
WA S o /NI 2R MR AR I X 28 1o Ak A ) 5 e
fR 7 24T 22 JUBE /Nl AR e, SR i A 2% N TR R al g
Fe B A5 5 19 /1N I 2 BT 2% B3 Jas M A 0 /N 0 R R
T J /N 7 e T A A 5 IR B 2 e H Y, RS
Jot S 0 i 45 5 v /4 T DB 0, W BRA S AT RS
R A, b — = B AR o R e A 23 R] B R AT
31, ELAT SRS B 10 R A BT RE 1 o N R
WE L LUR 3 AN RSB (1) A5 5 B /N B 23 il
B — A/ N0 2 20 i 1 JR I, SRR BEAT o3 i T
555 (2) /NI e v AR R RE AL o X 4 A
figp RUBE TS F) o A0 2 AT 0 — A I L A B A A
AbEE s (3) —ZE/NR LAY o AR /N B0 A 1 IR R AR

2.1

WA ROR 2% T2 v R R AT — RN A . A
Matlab () ddencmp bR 80 25 5 5 BN R(E, SRR
FIH] wdenemp bR BCHE A7 77 M Ak B S 00 B Al 28
P M5 A5 RN 2 o, W i Bl s TP

100
| —~— i

CODEFRH(%)

17 21 25 29 33 37 41 45 49 53
Kl

K2 COD B Ay S AE 5 2 MR X L
Fig.2 Comparison between measured value and de-noising

value of COD removal rate

2.2 RBF % [ 2 T 4% 2
2.2.1 RBF 402 1/ 4% a4 25 4

RBF #1282 J0 M 45 I Powell F 1985 4742 Hi ) —
ot LA oA R0 ST P9 Sy S Al 4 S Y — 2T 1 R 2%, AL
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B i 57 %

A SRR IE I A S T R A R4 )R
oI SR AL T | EZ 5 95"y R

RBF 2% ()77 4 B ARSI A W28 56 EN
P18 R G 1 2 X3 v ey 3 YT S 38 B 11 IR 32 BT (re-
ceptive field) J& A 507 (15 5, RBF W) 48 3L F 42
I R 22 T 4% LA 5 22 2 ) X 25 A0, i
3R, Em3 AR Y L B ImAR, hES
TR s B, 42 32 B A5 5 0T FOK AR 3 B B % )2
552 )2 MBS )R, RBF M4 h e dm B — 2, s
JEAT A5 G R 0T R B (A% 1) 35 pR 0 IR R 1) 4 SR AR
FHRBOH R 56 3 J2 M i 2, e i AR X 4
A o 7 i R R R A R e R B

N

& 3

RBF fj 28 [ 25 41 7l

Fig.3  Structure of RBF neural network

3 PR T A R R oK O AR SRR
7 A e 7, 2 A S A A ) R R Y b
BRI B 2 J2 0 500K 7= AR B K i, IR ik RBE ) 2%
A JRy B8 T e J1 . H A 3 AR 1) oA ORI
R
[x = e’

207
Arfow S n BRI A W i se, 25 LN FERB L,
5 o HA MR R 0] 5 5o, 250 DAY AR &
TR T2 R B8 b0 AT B s m 2 B
TERIAE (B & 2880 s 2 —c 2 x 5o, ZIIM
[ G W
2.2.2 M A%

(1) %€ RBF M S8, #@ it 5 AZ B
2 Rt 2 T E DL R R AUE R B A
SRAT I ] FE 3R Sy 2, K] FH B G 908 75 SR A5 i A 4E 48R
3, BEEUZ /N L IR Y 44 41 COD 2 B R AE M FEAR
Xif 0 46 AT 25,6 ZH IR RE AR

(2) BEIUIL 326 R B . B2 1 4% 32 o 85y 5 30 R

R, (x) = exp[ -

:I’i = 1’2’3'."m

B, )2 0 A i pR BSOS R B

(3) T Matlab V- &, F| ] newebe & %14
LAY

(4) FIFHINGRAEA I train pREC 2R 55 4iF

WHE A, W (1) (0 = 1,s) K 300 S 04 035 5,
y (1) (0 = 1,-s) HRERIFO & A5 5, s IAEAR A
B, D00 T ¥ O R 58 2 o DY M S0 AR A i 0 M i
BRI Eoye = {ﬁZ () =y (D1]
52 B T X SR L ) T X e 5 R B, BU(E R T
GTE, T IRENFTE,
2.3 Elman 845 % 4& i i 4 5Y
2.3.1 Elman #¥ 2 W %4 65 25 #)

Elman # £5 ¥ £% & Elman T 1990 4F & i 1) —
ol ST %) Jrg 358 01 U 19 4%, J& 7E BP (back propagation)
it 22 X 245 B AR G5 A0 ) FE Atk L 3 G A i PN R OIR S
HE B 3 SRR DI RE i R G B A R it 1e
B TC I JRy B B i 42 ) I ) Bl A5 bR 4%, R IS
IO IS R G i T

Elman W2 B4 5 Z 210 1) [ 28 A0 L 1Y) 2 2 45
Fy, H F A R RS, AR A Z R R EE
B iR HE T LT 2B OE s OB
— G5 BT A AL, Sk ICAZ T — B 20 B
(B, oA AU 2 [ Y o AR SRR 2% rh B T 38
MR RO A — RS e 5 )2 FR R ORHE)Z
RS R WO G T, B & 2 AR
A5 Z %0 OCER Z T R . B Z AR
J2 18 1 BERE OB b — A I 2 A B2 IR 25 5% [R] 24 R
Ik 220 1 X 285 g A\ — RS AR Sl B2 B A, A S TOIRES
St o B J2 A% 338 pR A B ol AR 2 1 oA B, i i 2
LR BRE, IR E L R R A AR
W 4 Fros, 2 u(n) oy (m) S 928 B fi A F i
HONCR) MCk) S BJZE R Z s s, wh ow? oW’
JRIEEBIRZE A Z B FRE )2 B2
AR o HARIZZ M EE 45,/ - ) g+ ) A
Bt J2% L 1 )2 6 R PR B . Elman )25 4 3 (1 41 &
PEAR A 25 [ Rk LR

N(CE) =fITW'M(k) + Wu(k)]

M(k)= N(k=1) + aM(k-1)

y(k) =g[W'N(k)]
2.3.2 AWM A% E

(1) VA M 5 5080 e 91 RIS I 220 9 (B4R A Aol
25 ) 45 A5 I g A\ AL, 28 55T bR BRI 5 S 0 g
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Fig.4 Structure of Elman neural network
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Table 2 Piecewise method of training data

Ay s
n A m A
Wy, u, Yn+1 Yo+
LR Wy st Ynazs 00" Ynamst
LERR Uy s2 Ynazs ™t Ynams2
Wpyroees Ukt Yotk Ynamsek-1

(2) 3 F Matlab V- &, Fl | newelm & £ 14
R

(3) FIFHINLREEA I train o8BI AR AL

(4) B AE MR FEAS TR AR IR 2

3 HREWRR

3.1 RBIRE

FIHINGEREAS K train 26 %01 28 RBF F1 Elman
ft 25 D 2 R X A AR AT S E , 25 R AN IEL S BT
Ro MEHAE | 3 % it 4 i 28k fa $5oh 3, Tl
{5 5 ) COD EKBRARIEARGMBY) S, B IR ZEMNT
/N TR 3. RBF Al Elman 4t 28 W) 4% 3 0 {6 Y
YRR 2050 0.0186 A1 0. 0163, Tl A% J&F 4%
i A A R RS , BE A8 M 1 b AT 0

M S b 0] 7t Elman 9 2% 1500 il £ 48 RBF
o 2% F 0 ity £ B 42 3w 92 i) COD 2 B 32 {E, Elman

s4r
2 — ‘
¢ sp— — =
g 4t
2 46 —— R AR
S —— RBFIW& il i
0t —+— Elman 25 Fiji i
40 !
51 52 53 54 55 56
AR
5 RBF 1 Elman [ 2% B H 5 22 W (i 3 1L
Fig.5 Comparison between de-noising value of COD

removal rate and prediction value by RBF

and Elman neural network
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FRLe P[] Fp SRR AR B9 75 Qe L BRI S, HA R
Uz AL RE T 5 A T AN WL
% 3 RBF #1 Elman % £ [ 4% 45 8 i) B iR 22
Table 3 Errors of the prediction model based

on RBF and Elman neual network

5 51 52 53 54 55 56
RBF {4 0.0233  0.0167 0.0092 0.0132 0.0267 0.0216
Elman f£% 0.0221 0.0090 0.0072 0.0117 0.0236 0.0167
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Fig.6  Prediction values of COD removal rate
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