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Elman Neural Network and its’Application in Estuarine Water Quality Assessment
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Abstract: EIman neural network was applied to evaluate estuarine water quality, and then the water quality and pollution
levels were determined. According to the actual pollution of Fen River’s estuary to Yellow River and the objective
principle of factor selection, the evaluation factors were determined, and the estuarine water quality evaluation model
which was based on EIman neural network was established. The trained model was used to evaluate the water quality of
Hejin bridge monitoring section each month in 2010and analyse the water pollution condition of Fen River’s estuary to
Yellow River. Results indicated that the comprehensive water quality of Hejin bridge monitoring section at Fen River’s
estuary to Yellow River each month in 2010were inferior V. Therefore, the poilution control of Fen River’s estuary to
Yellow River is imminent, source control of pollutants into Fen River should be strengthened. The example of water
quality identify shows that the model can avoid the shortcomings of traditional neural network model, such as traditional
neural network model cannot change the structure of the model in real time and it lacks of adaptability to future
mutations, and make the trained ngtwork with nonlinear and dynamic characteristics. The water quality evaluation
results of this model are realistic. So,‘ the model has a good usability.

Key words: elman neural network; Fen River’s estuary to Yellow River; water quality assessment; evaluation factors; pollution

ARk, VTRAR MR B S KB RGBT b, VAT IR K R AT P A A B s i B
Ml PR 7K B AR K HE NI, 3 T S AT 19T 5545 45 1 K 5 VP A A5 TR AR EE ) Elman il 28 ) 2%
T T AR A e T, A YT R VA P e s oz T, (extreme learning machine, ELM) 3 IR T & S8 A A 28
T K FEPP A S K IR BRI v s B v B A Sk 2, W2 RN G BENS . TCVRIA B A Jey e/ Jox 2 ) %

@ FETH AR RS L TR £ 18 52 % 015 851(20126118110015)
AR I 17]:2014-06-30; L £14& e 7]:2014-08-20

Research and Development 5777 & 251

© EREERREST  hup/iwvww.e-s-a.org.en



A [N VA

http://lwww.c-s-a.org.cn

2015 4 244 %5 3

MR FERBUR ARG, BAT S, A PERESSr 55

T TR Elman P44 (975K A0 B PR C UK 2
BB R () 45 R %R0 T 15 K A BE R 4
I BT B AR, ST 25O MATLAB #iiZ:
2 T ELAS, H5 A T2 48] AKSCHER e,
7 K S B4R AR B Elman 428 1 2% TS
KRR LA L T3 R RORE BE, T K
SEVE O FOE SR . 8 5 S Ot S kA 2
BFAE, LA 0B, 4 BIESE T HF Elman %%
5 BP W5 K A BB, 455040, Elman 2 W
2% He s T A () RS M R K R G0 . S A e gy
RBF 5 Elman 128 4 5 ] 58 K5 X Hb R 7KK 5 7
W5V T, 45 5% 0], RBF 5 Elman Tl 256/
0 S 75 128 s 1 B A 3R R

AR SCARAR YN 2 TR AL Y 512 i SR K PR i
PRI 500, BePRAE OVEA IR 7, KA Elman f
25 [0 2% 3] 1 /K 50 ST 14478 65 3T AR B 7T 2010
4E 5 (K BCEATVERY, A0 PRS0 S0 A 14 9 7K
TS JIRDE, T C1HE— 35 1 R A4 2 e K e

1 ElmanfiiZ: P25 /K FE ki A
1.1 Elman £ W48 B E A B

Elman 128 I 25 i HL A7 W 2 o 22 Te IR Bl 28 i ) f
LML, CEAE BP S SEAR S I A b, Tl kA7
P TR A A L L A6 Wi S AR AE 1 Th BE, MOni il R 4
AT E N AR PE R AE 12, Elman Fii 9 2% 1) 5 7
WE 1 fis.

ai(k-1)

Nz )z i )z

P 1 Elman 2 B9 48 45 i B

1.2 Elman &M &R % 3] i3 12

Elman &M IR Z, BEE(PR)Z), &
B, LUK 2(Elman #1489 2% fras e 1) 5 45
AR MRS A R R IE A A

252 WiFtJTF K Research and Development

x(k) = f(W'ulk 1)+ W°x, (k) )
x, (k) =x(k-D)+axx, (k-1 )
y(k) = g(W*x(k)) ?)

Elman i 28 [ 4% (1) 2 3] 51304
B kSRR R), W) Elman 441101
BT AT F R A
E0) =200 030 050 -26) @
R BIE R Wk, TR0 Elipan #2441
EEE, F '
A = 17,08, () (=02, m; j =1,2,+n)

-

®)
Awfqz =n,0fu, (k-1 (j=12,--,nq=12,--,r) (6)
m ox (k)
A 1.l: 5.0 {3 J -:1’2,.“, ,
W/l ﬂl;( i Wl/ ) 6WJI/1 (.] n (7)
1=12,--,n)
8 = (v, (k) =y, () () 8
8 =2 (w0 ©)
i1
ox,(k) . ox (k-1 )
0W_§,1 =f;()x,(k-D+a 6Wf,1 (j=12,--n (10)
1=1,2,--n)

o, mm,om o wt W' W' Eﬁ?i]ﬁ{é

it 2

\

...... -

:
2R

2

e 2
wog
N xelk)
u= (k-1)

2 Elman fH1£5 f 44 1574

1.3 Elman $#£ W 4857 O 7K BTN R E A 2

Elman 125 [ 24 (113 K VTR (K 657, 5
L) A2 BB 1A S IR 5K s AR SOTR 0 PR AR DR 74
7K BURFAE N ) 5. RS Elman #2228 B 1)
2 SISt I AR S 4» G RE D), X 7K 5 e N BT 1
FEASERAT KR, JET Elman #28 k 2% (1930 117K
SV AR 3 TR,

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2015 4 24 % H 3 M

http://www.c-s-a.org.cn

A [N A

ENEVINGSUINS Y S0 VNG TS I

IR YR I Ji )
Vi P A% Elman Elman 1j &
Tk UL S W
4R ARSI K T
Vanii PEREAT VA

K3

2 S

T\ B 1 2 FLAT WM T M 5220 5 T
(N 4 FER), 7T, KA ES s, T
FIME, R AR (B S SRS A AR, 5
DT, TR AR 2R 1) TP K B sk
PR, A B R e
2010 FHAURY YARIAAR BRI A RIPITA AL, Wiy
Bt IZRBCh VRS, b T A BAPH YN O 4
UK IO V5 RS, AR VS e SC B L A A
(M K R8s ST AR viE) (GB 3838 - 2002)5¢ X 45V
FOKhRAE. HMUE WA 1B,

==

- T KA W5
800 X\C’/—V
o=

FL T Elman fii2e b 2% B [ K PPN R P

400 #EK )=
oo tbo s o a0
4 Yy T R I W s
1 MR KRG i b mg/L
GH 1% % MK NE VE L LHVER
cop, 15 15 20 307 o s
BODs 3 3 4 8 e 10 15
WA 015 3.5 ¥ s 2 5
B 0.2 05 1 15 2 5
B 002 01 02 03 0.4 05
LAS 02 02 02 03 03 0.4

2.1 M EFRIREFELER

22 FE PR R R 1 SN )y O (2 LSRR 16), L
PITEIN 7 K75 B o e Ly inie 22 Ty eI 15 5 or

W 1) 85% 4 B V7 1 2010 47T AR U BT 16

MR350 ok A AL 75 48 R (BODs) « & &U(NH3-N). {1k
T (COD) EE(TP). BE(TN). B 7R mg
PEFI(LAS). 2010 e K7y Mok D00 BRI 17 45 ) A Bk 13 A%
TRAE LT 5 s,

\

*

HARISE/mg/L
=
o

- -

LAS/mg/L

CODcr/mg/L

40

30

20

10

BODs# & /mg/L

100 +

@
o
L

60

NS
o o
L L

0 -

0.44
0.42
0.40
0.38
0.36
0.34

Research and Development 5377 % 253

© MEREEBIK T

http:/fwww.c-s-a.org.cn



A /[N N VA

http://lwww.c-s-a.org.cn

2015 4 244 %5 3

40
= 30
£
= 20 7
=
10
0
N Vv S o 9 Q N
Q- Q- Q- Q- Q- o >
S N N N N Q- Q
O I M M

P 5 2010 yrfyEE R I T T 2% 5 7K 5k B A5 A 175 10

2.2 ETF Elman #1422 M 4% #9307k B
TE/N 2R KRB s b v N 4 T 1 60 4180
BEMLIZE L T 45 HHARAE D INREAR, 15 HEARIE N

FOSIREA, AU Elman 285 2 th 1 1RS48 (e

2 FroR) B SIHUEE, 6 g AT I 2R, Rl 1] 6L 1A
7 5324 Elman e ) 2% | ik il ZRad T SR

FEARIBIEIR, )
%2 Elman HESRI i I OZOVE b
AEGH 1 I v v 5V
g 1 2 3 4 5 ;

IZRREA AL 45 R (ELM)
(IEffi%: Accuracy = 100%)

S i i o 0 0 0
| | ANV |
| | oYUV

T i S b
I ‘”‘\ \‘w“ I I
| L ‘ | |

?4””\”®*\%%@**7***7
S I W I |
11T
e
“\ | ‘\ | | | |
ol olb gl o O MM
bilhi Mﬁ“ e
N
tebbbd L.
0 10 20 30 40 50

NZRREA G

Kl 6  Elman {4 2% Il R 72

PRURE A2 45 R (ELM)
(IEAfi % Accuracy = 93.3333%)
”””” I S
/
: N\
] S b & - o
I I / I
I ) I
PR IO - i
i!g r\ | 1 |
A .
2 I | I
[ c | S -Li-—@-—-—-— B — — — — — —
/ H % | |
I I
!

Bl 7 Elman f128 M 2810 U REA LA L 7

254 W5t Ik Research and Development

[F ISR BP9 28 0k Y 2R AR A s 2R A 711
ARSI, T v S I ZR AR AR ) TR A R A AT
IfE], X Elman PEREREATPEAT. 3 3 S BP MY
Elman % 2% 45 %5 L.

®3 HUIRXEHE

o) 24 44 B WA IE 2R (%) ZATIIA(S)
Elman #1258 k2% 93.33 0.12
BP %% 86.67 0.22

JE FITVIZRAF 9 460 2010 AT JCH s 1
# A IOKRIATIF A, 250 TYPE W 1, 280 TF &
JySiq’ . BHE NG oA B 20, B B T4
FR I 5T, A R T M I e R A A B
SR GEIman 1 L DL 252 AT T AR AR, (H
IEAE R A S 2 LA SO AT, IR U
Wyl DU, 4R 2 L N EGE T,
VR TN S/ A, o AT o
IK BTV 25 SR A 7 .

ETeL FlARTE TR o FERIGIEE
E & FA

By FAN & Foy

stk

FEFER
w -

h
T

1k

201UnfE1)E] 20108F2A 2i0EsE x010Ee A 0108l 20105108 2010511 8

8 3T NS T T 7 7 T A0 45 1

FH I 8 TJ %, 2010 AF Py A B 1] A e DN B
045 H &G K 45 V K. 43 B i N 35 LK R
T8 571 P R PR — 5 T B T T R Y A
Z HHRGEEOK, FEUIRMVEK, ARREGK. g,
igR, AR TR A 32, Hop KR & K=
I 125~ 2 T 3 A 0 K T 3 B R RSl ) — 5 T
Uri S, ], AR R S, I
TEANVHATIN ZKAR O R R, 38 SOl 7K it — 5 %
b, R I, AR Sk I 5 3 YT G N T e 4
SEREHEL

3 4B
(1) 5 BP &AL, Elman Ji] K 5t PEA R 70 i

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2015 4 244 55 3

http://www.c-s-a.org.cn

A [N A

G T AL SN LR 0N 2% TGVE S I SR A2 25 R e 2 6 R
RRARNGOLIE NN . WS . A S BN SR A )
FRy R R, AT DI R 07 0 0 20 AT SR e M R ) 2 R
[,  Elman FIFGIE R LI T AL T BP
W, XRY] Elman W] 17038 SRR ) il i A
AT PR

(2) AR PR TR R SR S Uik, BL 85% 2k R vt
SR B AT, JERR P 75 Rt Ol X5 VR
JKFRHE, SR Elman 125 [0 26 B X6 ¥yl N B 7K i
BEAT VPO, SRR, IEH I T T 2010 4R ]
SR KB 5V 2RK, I G eyt BRI AT JE B,

(3) Elman #hZe 2 JAT 27 Sl RE PR . Z A PERE LT
TS HAEIL R, KU SR W] Elman #1228 K
25 LUK B E O RS R T A7, RO &5 RIS sk B,
HATIRGF sz 1, w] oA ] ko8 0 BRI 2 2% K
3 P, d 9"

" sE X

1 B SR, B e Al A8 /NI T KBS Qe BIUIR & 8 TR
P VPOT . R K22 2441, 2013,43(2):60-66

2 TR, R A U IR SRR X B RUK PR
[ 457Kk $E7K,2010,26(2):105-108.

3 FF K, T ST, A YL I G Py X KB
M IAEIREIT9Y,2012,25(10):1126-1132.

4 Karmakar S, Mujumdar PP. A two-phase grey fuzzy optimization
approach for water quality management of a river system. Adv.
Water Resour., 2007, 30(5): 1218-1235.

5 Pedheid, 414, A SRR SR R K AB T o e KX g7k

JRE A= 45 2211,2008,28(4):1810-1819.

6 TRAELME . FE IR EE S KB PR EOTA AT 7. [R5 K
AR (SRR, 2005,33(4):482-488.

7 1AL SR KN A 2R 9 29 S5 bl ik A v SR L i A
K2 A, 2005.

8 FHALAK, It K. SO Elman Y45 115 /K A B R A v 2L
ML ¥ 4k 2,2011,28(7): 847-850.

O BEIHEMN, o A T 8 00 5% (VA VAT A B A AR YL e PO AL
A K BEYR “J7J<Tf%%i'?&,zoog,zo(l)@s-@l.

10 BN, B4l X TR, %5 Elman 5 BPHHZE N 4 72 /K I
159 F £ FH R 6 AR B S, 2010,30(1): 145-150.

11 546 AR URBF 15 Elman 7585 K0 XX HL F Ak
AT M 50 b R LK Y K TR
2011,22(5):130-133.

12 Wen Y. Nonlinear system identification using discrete-time
recurrent neural networks with stable learning algorithms.
Information Sciences, 2004, 158(1): 131-147.

13 Guo RF, Huang GB, Lin QP, et al. Error minimized extreme
learning machine with growth of hidden nodes and
incremental learning. IEEE Trans. on Neural Networks,
2009, 20(8): 1352-1357.

14 o, FE AR 4,55 MATLAB 1 fig 501k 30 &4 #r. b
ARSI R 2010,

15 GB 3838—2002.Hs 42 /K 53 by M Absic  [E5R 7 2
i, 2002, -

16 BHEIL 4R AV 5 IR B IR T ATV A1 e IR 7 i 4
ﬁ%ﬁ%J H [ BA35 11,2002,18(4):51-55.

Research and Development 5377 % 255

© TEREBIK AR

http:/fwww.c-s-a.org.cn





