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Air Quality Fuzzy Cognitive Map Forecasting Based on Niche Genetic Algorithm
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2 Shandong Key Laboratory of Digital Media Technology,Jinan 250014, China

3 Shandong Information Visualization and Computational Economic Technology Research Center,Jinan 250014 ,China
Abstract Industrialization has led to the rapid growth of global economy,but it has also made environmental pollution more and
more serious. Air pollution has become a worldwide hot topic around the world. In this paper,an air quality fuzzy cognitive map
forecasting method based on niche genetic algorithm is proposed. This method indicates the relationship of airpollutants and air
quality index by using fuzzy cognitive map,and makes the training target moreclose to the global best solution by using modified
niche genetic algorithm. The air quality data from 2015 to 2021 is used to train the model,and the model is tested on the 2022 da-
ta. Theresult indicates that compared to the traditional genetic algorithm and BP neural network, theproposed method has higher
prediction accuracy and better generalization performance,which proves its effectiveness.

Keywords Air quality,Fuzzy cognitive map, Niche genetic algorithm

3 ¥7 ,Cross Recurrence Quantification Analysis) 45 # 28 W] 2%

1
5! Rk HXE ) kAR MR A O e 2. W,

ill!

Tk 2Bk & T kAl >k T B R STk, (5 4o X 2 58 &
BT TR S Y, i N SR A T I R Y KRR
FK S Y T o A BR AR 8 ™ 3 A9 R, )40 - HH 28 3% = D64
2SS . TR S A3 dth XA B5 5 A I 0 L Dy 4 Bk A R e i)
B, R RAAFT R WESXEBFS 1. BN
GG NG A R )T IZ O Y
R P HTE YA PM,. 5, PMy, , SO, ,NO, , O, , CO™ 4, 4
ISP EDGE T A R e 8, Wik, @ = Kb & fh
5 Y Wy ik P T s S e B AT S B Y S K A LA R R Y F
FEMAE . AN AR I B A 25 OB AT AT DL 2 A
HE REFE= 8%, BA) 2l E X,

H BT, 28 A5 P00 J7 vk A AR 22 R, el UL RS2 BP ORI
1&4% # 25 ) 4%, Back Propagation) . CRQA (3¢ X i H & &

AW H . EHRZ S R2E R4 (22BSH020)

W58 9E— 25 St b 22 0 2%, et I B9 5 1k R AR e Pl 2 )
2% U B OB PE AR L Rk R e B 0T A R i . AR SCHR
T — ol e T R N AR B R 10 A BRSO A P B Ty
5 T PO AR 2 A ORI A (A Y L LR A% i i
Wy e B 0 23 RO A A M0 I PR R 56 56 2R Tk T A D 45 4
LI EL B AR A 5 A T R A /N A g A
LA B AR, S B A 23 SO PR R L OF BL7E—
SE TR b i G T B A JR) B e A0 A Y IR AL S LT RS JE Y
$2 Tt DAY T B o A

2 MHEXHR

Hap. B s S A REF . H—FE A4 A
BAE#, Fang 25 482 g 23 AL LSTM (K 012 0 %%

This work was supported by the National Social Science Fundation of China(22BSH020).

WAEMEE XAl £ (kxliu1998@aliyun. com)

240300120-1



Com puter Science THEHLES Vol. 51,No. 11A,Nov. 2024

Long Short-Term Memory)#5 %, DLt 507 2014 — 2018 4F 25
AT W DL RS B A O S X G o L A e 2 A
L R BB S R S AT S b S A, 18 22 38 N 1 A4S X IR S 56
Zhang 25" 3 BP #1284 TUIN A3 58 2 RS & 19 25 %
S IS G ) e B A v I 2 SRR 0 B BRAIG s SuT ke BP &
% i T sk 9, 42 T LM (Levenberg-Marquardt)-BP #l
PCA(Principal Component Analysis, 3 i 4343 #7 ¥ )-LM-BP,
X RE BT A SR B AT T W L 4 S A R A L A% G e e
KA TH BRI L S0 CRQA-DBN R i 8 {7 M 4 ,
Deep Belief Network)-ELM (# BR 2J 5 # , Extreme Learning
Machine) J7 ¥ » % It 50 B8 A v 3 52 91l 3K A9 2 05 i 40908
4007, 45 B W 7% . 5§ CRQA-STM (4 B it 12 I %, Short-
Term Memory), CRQA-DBN. CRQA-ELM, CRQA-LSTM,
CRQA-CNN-LSTM #f tt . CRQA-DBN-ELM f£ PM2. 5 ¥ Ji&
T o B 2R A

Bk BTk A S L, A IF B A AR fc il i
BT RE . PR, — 6 AR TSGR A O 5L R AR T AR A Ay
J . Han 80748 B 56 F IR (4 3G 16 43 M1 48 45 0 3% 19 RBF (Ra-
dial Basis Function . & [i] 3% bk 0 i 48 R 25 () 45 50, 4 Lb 1% 42
P28 09 445, KR AR T 250808 B4 AR 08 s Meeng 4550 42 11 1 VR 8 33k
MG W 2% A0 LU AL Gt 2 W 4% B8 25 5 153 3 4 ) dw L 5 Li
FETR A T-S MR R 4% 6 K IR T A8 S B EAT B0, 5 BP
P2 I 245 4 B L R B R R

1IN & (FCM, Fuzzy Cognitive Map) & A %1 1 1 —
P AATE R R i Tolman ' 42 H L B 78 AE 95 M A &L Y
WA R BRI, AT G AR 2 F, e de 48 Hh 2 = (H A
ME, WG SEZRT RAIL -1, 1 ] Z A B C R, #7210
THEHAAME RS, ZELEE S HERE T LELR.
FCM A B2 1k F— AR Bl a8 — e BR IR, B 7T B 28 1k F —
AMVRE A 50 . BOB A HT B R K 7 TN, d kK
WET RGOSR, NAE T Z MM, ASCRAZXT
JIN A B 38 A B v T RRORI D R T T L ASRN A i T LA R AR AL
Ze 8 TEECE R TU L R T Z 5 N B AL ST IR M L AL B2
WAL TR AR L 25 R B R IR A . TR, X RO R
Y14 T AR G i 0 A7 40080 T

RO 0 B (R ASU(E R W o s ik R AR R MR &
F M Hebbian 5 3:1%) | 50800 4 75 33t 1% 53075 (RCGA, Real-
coded Genetic Algorithm) . 3 # I 1k 5 7 (ACO, Ant Colony
Optimization) " 45, Hi %5k E N THE %, Z AR LK
B2 DA R E R S B R I M iR 2 R, £+ %
F 5 Hebbian 2% \RCGA 453180 85 1= 9l 48 4% 17 i 78
BB 0 B 000 PP . 058 3 T8 4 40 s 8 2 B WL 19 3 5 i
TS AT O AL S LA 0 T 000 45 22 f /N I AU 0 B . AR S fiE
H RCGA 535 AT AUE A 7€ .
3 ETHM#HNMNEREEEZNERREEMIADNER

i By
3.1 HEME

AR SR T A R S A A A AR B A K ARG b T
2015 — 2022 47 Bty 25 5T 82 B0 AR S B T 25 TR 3k 1

iz, mEFHIERE. R 1 RFIR TR, HhasT
PM, 5.PM,,.S0;,NO,,O;.CO 3t 6 Wiz 5534, 2 5k
HAEEE RS FIE R MEE R, £h COMIKRE N mg/m’,
H A5 3R pg/m®,

F 1 JdbEiHi 2015—2022 E25 R B R bR

Table 1 Air quality index of Beijing from 2015 to 2022
. ZeEA
A PM, 5 PM;, SO, NO, O3 CcO BB
2015.1 98 112 35 68 62 3.8 8.02
2015.2 94 116 27 52 78 3.0 7.34
2015.3 87 146 22 55 111 2.2 7.57
2015. 4 72 114 10 46 182 1.4 6.50
2015.5 56 93 9 40 242 1.2 5.89
2015.6 62 74 7 37 229 1.3 5.62
2015.7 62 68 5 36 238 1.1 5.49
2015.8 45 61 4 31 226 1.3 4.74
2015.9 50 59 6 44 180 1.4 4.94
2015.10 74 86 6 54 127 2.0 6.08
2015.11 118 132 12 61 52 4.4 8. 40
2015.12 152 158 20 76 47 6.4 10.72
2022.1 45 52 3 34 63 1.5 3.70
2022.2 22 37 3 20 77 0.8 2.39
2022.3 40 74 3 27 95 1.0 3.77
2022. 4 35 80 3 22 168 1.1 4.07
2022.5 21 50 3 17 211 0.6 3.25
2022.6 23 47 3 14 236 0.9 3.43
2022.7 19 35 3 15 182 0.6 2.76
2022.8 19 34 3 13 162 0.7 2.65
2022.9 30 62 3 24 212 0.8 3.92
2022.10 40 69 3 29 112 0.8 3.80
2022.11 45 74 2 32 61 1.0 3.81
2022.12 17 41 2 24 67 1.5 2.22

HAEA A 8 PM,s . PM,,, S0, . NO, , 05, CO I B L
Fers KBRS H b A={A1,A2,A3,A4,A5,A6,A7},
TS B 1 45 T4 s ik 49 R 48— L AR A (D X i s i 4l

ThRifEfL AL B,
A — A, —min(A) 1

max(A) —min(A)
Hop, A R H— AL 08U .
3.2 BEPAMBEREE

[ 9 25 95 G Mok B 2 )RR B R e L O ELE AT 3G ) e

FEA S SRR, A B A R 6 Bl S5 Y Wi
BE LA R 2 SR A B2 A G IOC 28 o ORI A0 P PP 191
CERERBFRYHEELU EEITEIER.C=(C.C,

Cy,CiyC5,Cs s Crd e TN T R, Hop €, C, Gy, Gl G5, Cs
AR PM,. 5 . PMy, , SO, . NO, , Oy, CO, C; R 25 |l
BN S A TR0 4R 1k . AR 1B Y 3 36 7R 4% b
23305 Y YR B DA R s RS R AR B B 6 R L 3 AUE
KEREMEW FR, i w, ZRCHCHFER, KT 0 FRIE
I A L B G380 G ) 2 5 80 G 38 m Q2 5 /N T 0 R/ow
Fla Ik & L B CHm Qi) 22 S 80 G (B, % F 0 &

ARTERR o wy; =0, RN R BHA LY AUE D 0. AUEAE %
IR iy 2 vy L
Wi W,
: (2
Wyl W

240300120-2



R R TN AR BT I A A B R OR T  T

B 1 2 S A5 TS G B AR DA
Fig. 1 Fuzzy cognitive map of all pollutants in air
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Table 2 Test results of BP neural network

A B Aol wE/%
1 3.82 3.70 3.24
2 2.53 2.39 5.86
3 3. 65 3.77 —3.18
4 3.62 4.07 —11.06
5 2.66 3.25 —18.15
6 2.81 3.43 —18.08
7 2.45 2.76 —11.23
8 2.43 2.65 —8.30
9 3.31 3.92 —15.56
10 3. 60 3. 80 —5.26
11 3.79 3.81 —0.52
12 2.63 2.22 18.47
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Table 3 Test results of traditional genetic algorithm

A T AE HEMH BE/%
1 2.72 3.70 —26.49
2 2.39 2.39 0.00
3 3.61 3.77 —4.24
4 3.72 4.07 —8.60
5 3.38 3.25 4.00
6 3. 44 3.43 0.29
7 2.80 2.76 1.45
8 2.70 2.65 1.89
9 3.73 3.92 —4.85
10 3.66 3.80 —3.68
11 3.57 3.81 —6.30
12 2.31 2.22 4.05
TR E 5.49
XoF JO7 1) AA R B A0
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Table 4 Test results of niche genetic algorithm

At Bl SRE RE/%
1 3.44 3.70 —7.03
2 2.31 2.39 3.35
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4 4.04 4.07 —0.74
5 3.81 3.25 17.23
6 3.88 3.43 13.12
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11 3.82 3.81 0. 00
12 2.22 2.22 0. 00
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