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Application of Artificial Neural Network to Air Pollution Prediction in
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Abstract: The artificial neural network has been widely used in the forecast and prediction due to the development of its
theorectical basis and computer technology. The basic principle of BP neural network is briefly introduced, and the applications of
BP neural network to air pollution prediction in China are reviewed in detail. It is applied to predict SO, concentration in Suzhou,
and it is shown that BP neural network is easy to implement and gives quite accurate results, and that it can also be used to
predict other air pollutants such as PM10, NO,, and so on.

Key Words: air pollution prediction; artificial neural network; BP neural network

CLC Number: X823 Document Code: A Avrticle 1D: 1000- 7857(2007)03- 0045- 05
o (Avrtificial Neural , 20 90
Network, ANN) , :
( ) , ,

: 2006- 11- 24

E- mail: bxp03@mails.tsinghua.edu.cn

( )1 1
E- mail: dfang@tsinghua.edu.cn

- 45-



- eview
Articles
Science & Technology Review 2007 Vol. 25 No. 3 (Sum No. 225)

) ' ) 2002 Bl
) ( 1999 NO, NO,
MATLAB) , BP )
BP(Back Propagation) NO
) SO, ) 11,
) MATLAB BP ,
BP
1 BP el
BP ( ) BP
, BP :
) ) , 1999
) ) BP )
) 1 BP 2003 1 1995
, 1996 TSP (Total
, , Suspended Particulate)  NO, BP
| : 8 ;
; , , 1997 , TSP NO,
; 0.768 0.785 &l
; 1999- 2001 TSP BP
BP , TSP
0.2% ol
SO,, NO, PM10 BP ,
10,5, 1, BP
, SO, NO, PM10
0.006, 0.004, 0.009 1ol
BP 0O ,
1 4 BP
Fig. 1 BP neural network with four layers 5, 1 ’
21.49%, 0.837
2 BP 2004 0y
BP ,
1997 ' [ZIBP so, BP TSP, SO, NO, ,
' BP 2005
4 @ BP 4
' 4 3 ! SO,, NO,, PM10 .
SO, BP BP '
1998 ,Mok ® 3 13]
BP SO, BP ,
14.45% 13.71%, o
2001 ¥ 1995- 2000 SO,
: SO, 14 BP
MATLAB BP SO, , BP

46 -



2007 25 3 (225 )
= NO RBF(Radial
Basic Function) BP ,
RBF 6]
BP SO, )
(17
; BP ,
BP , BP
, : BP
3
3.1
2002
6 19 -
(Air Quality
Monitoring System, AQMS) ,
1 6
20 9
1 2004 5 24
AQMS
2005 ,
3.2
3.2.1
3
AQMS ,
: /
, PML10, CO, NO,, SO,,
SO, ;
; 2:00, 8:00, 14:00,
20:00 4 :
AQMS FoxPro ,
, 5 min ,
288 ,

eview

4
3.2.2
p(B)=cos(6- 311/4)
.0 p©®)
’ O( ) l( )
) SO,
P-T ,
1l A1
B,C,D , h=a,u,y/f; E,F
, h=byu,/f, ,Ug 10 m ,
; 3, b , f , f=
2Qsiny, Q : 7.8x107° rad/s, Y
01
3.3S0, BP
SO,
12
SO,
, 1-3
4-6 7-9 10-12
4 BP
30 35

Variable Learning Rate Backpropagation, Re-
silient Backpropagation, Fletcher - Powell Conjugate Gra-

- 47 -



Articles
Science & Technology Review 2007 Vol. 25 No. 3 (Sum No. 225)

dient, Conjugate Gradient with Powell/Beale Restarts,
Polak- Ribiére Conjugate Gradient(CGP), Scaled Conju-
gate Gradient, One- Step Secant, Levenberg- Marquardt,
BFGS Quasi- Newton 9

' , CGP
, MATLAB
, VC
, 2 , C++
; C MATLAB
) MATLAB
<= B S0z Hlit Wvo.1 T x|
o i
RERECC): P weanna:
m«:.:. B i mazsms: F b
::. - - WEzSRA:
frth w ? ? N o a
| 8 H
| ESRAw e GIE =
oMM e 5] B = WEscHE: b
Shirdasra el 1y SEARCFUmASEKEN)
B S Im 5-11 .]
N b mip Er |
At B T Len
2 VC
Fig. 2 VC inputing interface
3.4
2004 4 90 ,
70 10 10
1 13.97% 2 11.54% 3
14.43% 4 10.64%,
3~ 6 , , SO,
0.819 5,
13.52%
4
1) MATLAB BP SO,
2) BP SO, )
NO,, PM10

SORM NKM (JA—1k) SOSRMAKM (A=) SO RMMEM (JA—1L)

SORMNKM (A—)

eview

1.0
08 EXER-0.864
06
0.4} 3
0.2} ; A
O O MSHE
0 9% + RENE
o0 ° : HAWE
-0.2 '6 o b
04 o 80 e © training daia
re e + validation data
T 4 \'?QC test data b
-0.8 4
-1.0

" " L x " i i "
-1.0 -08 -06 -04 -02 0 02 04 06 08 1.0

STEAMNGE (B—#

3 F1FEMNRAHR

Fig. 3 Forecast for first quarter

10 =
0.8} #EXER=0.88
06 o L7
0.4
02 b
0 & L AR
0.2 O%%c0
= 2‘° 2 0. 0 O VNsmE
0.4 ° o 5b8 °, + BENE
it mitws |
0.6 a k. © ftraming data y
08 f + validationdata | |
* festdata
-1.0 Bk e = iy —
-1.0-08 06 04 02 0 02 04 06 08 10
anFEMNEY (A—#)
B4 F2FZERRAUBRE
Fig. 4 Forecast for second quarter
1.0
08} HEXER=0.864
0.6
0.4 &
0.2 il
8 s nE
0 b + RENE
o3 08 MW
e & PO
-0.4 ot o traimng data
& o % + validation data
0.6 e E:‘-u test data 1
0.8 it
<10 N " L . . s " 2 "
-10-08 -06 -04 -02 0 02 04 06 08 1.0
SEERMNGE (A1)
5 E3FEMAMAMRE
Fig. 5 Forecast for third quarter
1.0 <
08} HW{XER=0. 9086 ¢
06 b B o
0.4 o g%
0.2
0 o, B+
02 SRR
2 " WERE
-0.4 ke + BERS
007 BB E
st 5 © training data
08 ? + validation data | |
2 80 * test data

-1
3

M M N " T
0-08 -06 -04 02 0 02-04 06 08 1.0
BRIFAG S (A

He6 F4FENRAZLR
Fig. 6 Forecast for fourth quarter

© 19942689 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2007 25 3 ( 225 )

3) ,

4) ,

(References)

[1] RAGA G B, MOYNE L L E. On the nature of air pollution
dynamics in Mexico City - I. Nonlinear analysis[J]. Atmos
Environ, 1996, 30(23): 3987- 3993.

[2] , : [1

, 1997, 4(12): 279- 283.
LI Zuoyong, DENG Xinmin. Prediction model of
environmental pollution using artificial neural network[J].
Journal of Chengdu Institute of Meteorology, 1997, 4(12):
279- 283.

[3] MOK K M, TAM S C. Short-term prediction of SO,
concentration in Macau with artificial neural networks [J].
Energy and Buildings, 1998(28): 279- 286.

[4] . SO, BP

[91. , 2001, 14(3): 157- 159.
ZHAO Huihong. BP artificial neural networks for the
prediction of Sulfur Dioxide total emission amounts in
Lanzhou [J]. Gansu Environmental Study and Monitoriny,
2001, 14(3): 157- 159.

[5] , , , BP

[I1. , 2002, 15(5): 62- 64.
WANG Jian, HU Xiaomin, ZHENG Longxi, et al. Study on
forecasting of air pollution based on BP model [J].
Research of Environmental Sciences, 2002, 15(5): 62- 64.
[6] , , , .BP
[J1. , 2002, 15 (5): 17-
19.
WANG Jian, HU Xiaomin, ZHENG Longxi, et al.
Improvement and application of BP model in prediction of
atmospheric pollution [J]. Urban Environment & Urban
Ecology, 2002, 15(5): 17- 19.
[7] , , . BP
[J1. , 2003(7): 49- 52.
MA Yanjun, YANG Hongbin, ZHANG Yunhai. Study on
prediction of atmosphere pollution concentration based
on BP model[J]. Meteorological Monthly, 2003(7): 49- 52.

[8] , , , .BP

(TSP) 1.

530.

WANG Canxing,Ql Guowei, HE Xi, et al. Research on
application of BP neural network to predict TSP pollution
[J]. Chinese Journal of Scientific Instrument, 2003, 24

, 2003, 24(4  ): 529-

eview
4

(suppl): 529- 530.

[9] , , .B-P

1 , 2003(22): 52- 54.

YANG Shuping, FENG Hui, HUANG Xiao. Application of
B- P nerve network on environment air quality forecast[J].
Yunnan Environmental Science, 2003(22): 52- 54.

[10] , , . O;

[]. , 2003, 23(1): 110-112.

WAN Xianlie, YANG Fenglin, WANG Huigin. The
approach of artificial neural network applied in ambient
ozone forecast [J]. China Environmental Science, 2003,
23(1): 110- 112.

[11] JIANG Dahe, ZHANG Yang, HU Xiang, et al. Progress in
developing an ANN model for air pollution index forecast
[J]. Atmospheric Environment, 2004(38): 7055- 7064.

[12] . BP

[J1. , 2005, 29(3): 6- 8.

HUANG Shigin. Application of improved BP neural
network on seasonal prediction of urban air pollution[J].
Journal of Guizhou Meteorology, 2005, 29(3): 6- 8.

[13] , , .

1. , 2005, 35(2):
87-91.
WU Xiaohong, KANG Haiyan, REN Deguan. Forecast of
air pollution index in one city based on the artificial
neural net[J]. Mathematics in Practice and Theory, 2005,
35(2): 87- 91.

[14] , . SO, [91.

, 2003( ): 171- 174,

HUANG Haihong, SUN Chongzhi. Preliminary approach
on sulfur dioxide concentration prediction by principal

component neural network method [J]. Shanghai
Environmental Science, 2003(suppl):171- 174.
[15] , , .
V1. , 2003, 23(4): 2- 4.

LI Shaohua, DONG Xiangyuan, YU Jingmei. Study on
prediction of air pollution based on artificial neural
network [J]. Journal of Northeast China Institute of
Electric Power Engineering, 2003, 23(4): 2- 4.

[16] , . [J1.

, 2004, 4(4): 60- 62.

LIU Yong, GUO Huaicheng. Approach to more efficient
forecasting of concentration of air pollutants in urban
areas [J]. Journal of Safety and Environment, 2004, 4(4):
60- 62.

[17] , , . BP

[J1. , 2004, 36(5): 582- 585.

ZHOU Xiujie, SU Xiachong, YUAN Meiying. Forecast of
air pollution index based on BP neural network[J]. Joural
of Harbin Institute of Technology, 2004, 36(5): 582- 585.

( )

- 49 -



