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A prediction model for atmospheric pollutant concentration
based on BP neural network

XIONG Xingjun

( Taishan Environmental Monitoring Station, Taishan 529200, Guangdong, China)

Abstract; In response to the current problem of low accuracy in predicting the concentration of atmospheric pollutants, this paper
proposes a model for predicting the concentration of atmospheric pollutants. A phase space reconstruction was performed on the time
series of atmospheric pollutant concentration, and the C—C method was used to calculate the delay time and embedding dimension.
Based on this, a BP neural network prediction model for atmospheric pollutant concentration with a network structure of 5-11-1 was
constructed. Using SO, concentration monitoring data from a certain city for simulation analysis, the results of the pollutant
concentration prediction model of the BP neural network were compared with the SVM model and ELM model. The root mean
square error and average relative error of the prediction results of the BP neural network on the test set were 0.298 and 4.35%,
respectively, with higher prediction accuracy, verifying the correctness and practicality of the pollutant concentration prediction
model proposed in this paper.

Key words: atmospheric pollutant; concentration prediction; BP neural network; phase space reconstruction

S ET A TR A, PR Ik — S 38 R SR VR A 107 HH 395

0 3 & PRI . SCHRLS RS2 5] B0 R HE b 2

BEE TV AL HERR A AN BB, BEVRIH AL 2 4F
BT KR AR — SR RS S R A BRI
BIRAT, BB E AR AT R A TR
TR AR AN BEAR A B PO, 5 308 0 Al
PCHER I JE AR A bV 2 R R TS e
YL TR AL A T B T, S e B R T e ik
JE PR XTS5 Qe G BR3P A A BRI A
AEEEL,

B BETR, KT Sy e T <2 B L

DR LTRSS A, AL T RS Yo 3 Toom A 7y
%t S0, .CO.0, .NO, .PM2.5 PM10 % 6 Fh k75 Y
YoittAT 1 0 B T RAFRROR s SCER[6 ] A TR
1o KIS G v B TOOIAS B, >R FH B Kb A B8 B A
B REXREA B ST o0 15 BN 28 & T8
e A SR PR [ T4 R B e Sk S T RS
P BE FINASEAY | ISR A N T R DG i o A A
B REDEAT T 560 0E ; SCHR [ 7 ] A RAT5 2 W HE
JHCECHRE e — AN TR S (8] ) 31) , XoF ¥ Y ) HE B a0 2t

WIAESE: AEXR(1988-) 5 %t TR, FEWFS5 T ) A B IR 5 %000 A BN, Email : qwer 9213@ 163.com

I fs BHA . 2023-06-02

P EFRE LS ¢+ 2% it 5 5 A




130 B o /5 M5 MM

14 3%

117 HZS (R A, R IR Ak U (1GSO) X 52
e AL SVM) ST S BN S H0ET T 04k,
AL T T 16S0-SVM KA {5 YL Wi g T A A
A AT Y e T T ASE 760 31538 A7 7 T 8 R
1o TSR AN AR A B m) L, DA I e S B R ST e )
R OB A A 1 1 — 2B BT

AR SO KA TS L v B TR DG B ) A e %
KATG YWk B ) [] 3 5 2R 7 M 2 () S A R T
BT BP FHZR N 28 (1) K05 Yl 4 e B LI AS AR | R
FHSE T SO, v 3 W i £5 05 32047 05 B 434, X T B2 4
YA IE B A ROPEET T T 50 E

1 AT EEN

1.1 HE=EEHER

20 42 70 4E{CH], Packard WF5E AP, T4~ &
BEAE BN 1505 AR AR T LA o AR 25 B AT 4
P b T A A I EE AR Ay A R TR T R 1 8] )
TERE T — 5B iR AR

1981 4, faf 22 44 2% 5% Takens F£AHZS [H] EEAG IS
WFFE i EEemt b $2H T Takens BB, Takens & BT
TR LU A E X

EX 1 L RGEDHMWA R, 550N
(N,p) F1(N,,p,), Hifi 2Bt o. N — N, Ht o
W GE, p(x,y) = pl(e(x),e(y))(Va,y €
N),(N,p) F1 (N, ,p,) 2} 55 FE[R] 4G (8 P > B2 =5
[E1}8

EX2 2 (N,,p) F(N,,p,) PSR E
a8 (Ny,p,) SEREEAE (N, ,p,) AT LR A
(N;,p5) H

Takens /EH A M & d 4E5 P BT,
©: M—M, o FEERIEIIRIR, y:M— R,y Ak
EZFEe(dy) MR i o(d,y) = (y(x),
Y((x) 7 (7 (x) -y (d™(x)), WIFK (d,y) RIS
MBS R H— MR

FIFH Takens & 3, ADEAC BE SN N A IS [] 7 51
x(t) TEARALERCH m WS [RIEATEA, X () Al
23 [ P m A3 — A A EA S 81 a0
XD FR

X(t)= {x(),x(t +7), - x(t+(m-1)71)} (1)

Horb, M AT AE S ) SRR F5 A SRR 5 m
TR AYER T AMIEIRI R ; 0 =1,2,-- . M,M = N -
(M = 1)7;N AR FFI R BE

X (1) BN (2) iR .

x(l)  x(l+7)
x(2) x(2+7)

x(1+(m-1)7
X(1) = x(2+(:n—1)7'
x(M+ (m-1)7

(2)

M Takens 5 BEA] DL ), XG0 [] 7 51 32 e
T LB TG B o g5 KIE, kA GEER m FITAE IR I (]
T AAEERUE . HAESEPRA R S, BiRRAILF A
ATRETH AL | DA i AR m AN SESR B[R] 77+ 24 T
I, 75 U] 2 5 M Y s () P 1) R 25 ) EE A 1) o
AR SR
1.2 C-Ci%&

AT, AR m FIER B[]« (931 Tk
RZ MR Z R C-C %, C-C kR % &
TAERAF ] 7 FHRALEEL m, AR B[] )3 571 1) S Ik
P AR OCE ARG E ST i, 8 2o SR B[] 5
it i 1 O R EIAG AL AE IR (] 7 ek A B[] 2
FoJE 7, , BB mom Ml r, Z B A9 55 E O R E
i AGEEL

AHHAFS « = {x, 1 i=1,2,---, N}, tH=s ] &
PR A LERORISE SR I [R] 535510 me F1 7, HAG A
WS X = (X}, R AK(3)

2
MO - 1,20 I
X ), r>0 (3)

Hr ) r SRR s N I PSR 5 6(x) =

0, <0
1, x=0°

W.A.Brock 5¢ ANWFFEHE i, A7 43 A i s (] )7
Bla=1{x1i=1,2, Ni s r NMEAZLENTTF
GJE R m o [EE W 2 C(m N ,r,7) =
C"(1,N,r,7), HIte] LIAgE&E g2t (4) iR .

S(m,N,r,r)=C(m,N,r,7) —C"(1,N,r,7) (4)

BitiE S(m,N,r,7) FRRIELNERT T3 (1740
Kotk , PRLGAT DA LA ke kg JEE Al o AR A R B[] 7,
HRA B % S8R 7,

WG C-C 2, AT LIS B i A4EB RT3
X (5):

x(M) x(M+7)

C(m’N,r’T) =

Tl(/
m=—+1 (5)
Ta
Hrr, 7, i ARTE B SERE, 7, A B AR RE R
[H]
WFFEFEH , AH 2 (8] EE AL (1) ZE 3R B (8] m ATk A 4E
Bor ZEEA—EMKRR, C-C LM A m 1



5 8 1]

AE4AR . T BP iR 48 1 TS e e P2 Pl A 131

7, FU PR A S A 8 SR v v o DA SCR
C-C L RIBTBf 2 m F 7 BY1E,

2 ETBPHENZNAKTREMIREM
MR

2.1 BP #HZMN%

BP #1250 246 B A% o JEL AL SR 158 22 1Y) S Il AL 4
1969 4F | iR 22 1) I 1) A4 7% FE ik & W d i (HIE R
B, ELH] 20 22 80 4EAR, 2% K Rumelhart 5515
AWFFEIZHS G320 T BP MM BP #h4:
DR 264y Jor FHRL ST o g T 1655 S o 1L ) 152 2 1)
i i R FEUR 22 A5 3 i R v, 4 % 25 X RUIEL A (5
RS AR R SR80 R0 BE )y [l 6 — 35 R A T el i
T T 235 SR A K
22 RBEIRET

WEGE B, KT Yo v B S Bt () AN DB 22 b
(), 15 YL e B st 1) 7 51 LA VR 1, T LA i
Frtfas el B At e IR A R BP 22 4%
N RATE YU B TR AR | AL RN R

(1) BRI G ik Bl I R A2 s
R o3 RN R R4

(2) ARG A T3 — Ak 3

(3) XTNGRFEFEA AT A 25 B A4, R C-C
R ECAE 3R B[] e A\ A8

(4) AR iR A 2 B o 1 B A i, BV A2
T2 TE RN, I BP 4 22 0 246 48 S T A

(5) AR 4k TOUIN 5 2 dpe /NI 45 T 000 A 7R o 55 22
P2 TR H K AR B A | 0 58 B IR R AR
B 2T B AR, AR SCa R34 7 iR 254 3l
JE R IR A (6)

1 & .2
f:M; (i —97) (6)

Hor, MRS 55y, R i 20075 G
YISERRUREE 5 v N i B2 75 Y OO R

(6) FIHUIZRAL () BP it 28 ) 45 T I 5% 74 X6f-0)
RARFEATHEAT I
2.3 HEEIMIES

KBTI HRARE & 4 FOFRIRAXT IR 2E £,y R
BP 128 W 5 A A8 () S0 AR A TP, L3R (7)
MA=(8)

1 & ;
8RWISE:JMZ (y: =, )2 (7)
i=1

1 < ‘ i i* ‘
Emare :MZ o x 100% (8)
i=1 Yi

3 Efis

K HERG R 2020 454 A 16 H £ 2020 4F 4 A
30 HAE 15 KA SO, ke B WA 48 BB A B s 464 7
P ESTHT , SO, MR B W SR 19 SR AR A3 Ry 1h/ ik, 3t
A5 600 MNEEAKE , X 600 MEEAKIE AT R4
HIT 540 HAENINZREE 5 60 ZHAE A INAE .

FIH C-C PRI HRAELER BT H] 7, = 3, AR
%5 7, = 10, WA (12) Al A 4EEL
m =5, B AJZ LT NN 5,

B i A 2 B BEEUZ A% 358 pR 0N tansig bR
B E 225 )2 2R RN trainlm BRIEK,
2JEN 0.1% K5 R 107 R N ZR 8 B8l i 47 1)
Yy 30 3 A8 T R A B R R B, AN TR B
TEMEITTAN BRI GaR2ZE R 1, mE 1 ATH,
Wit 2 A 2 0N B 11 I AR f 3l 1 B (B A /DS
PO AT LA GE BP 1 28 [0 265 T AR 75 (1Y) [RH) &% 455 4y Sy
5-11-1,

*1 FARSEHETMENIIZGRE

Table 1 Training error of the number of neurons in different
hidden layers
[T E g a1 T I RE B
3 8.10x107°
4 7.60x107°
5 6.80x107°
6 8.60x107°
7 9.60x107°
8 1.04x107°
9 1.36x107°
10 1.19x107°
11 5.50x107°
12 7.40x107°
13 8.20x107°
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Fig. 1 Prediction results of sulfur dioxide concentration
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Table 2 Prediction errors of three models

HiAl Spyse /(mg - m™) Eyapr /%
BP 25 4% 0.298 4.35
SVM 0.595 7.29
ELM 0.482 6.48
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