95354 4 4 W R K2R ( BARIER) Vol.35 No.4
20204 12 H Journal of Hunan University of Science & Technology ( Natural Science Edition) Dec. 2020

FEM.HET PCA-PSO-ELM f FUIrif H 2 T [ J ]380 B B R 272240 (A AR B2 RR) ,2020,35(4) : 1-9. doi: 10.13582/.
cnki.1672-9102.2020.04.001

Wang Y B. Prediction of Gas Emission Based on PCA-PSO-ELM[ J]. Journal of Hunan University of Science and Technology
(Natural Science Edition) , 2020,35(4) :1-9. doi:10.13582/].cnki.1672-9102.2020.04.001

EF PCA-PSO-ELM B EHiBH =N

IEH
(L7 TREAR RS TR BT, (7 #/5 125105)

B OB AT E AR AT LL AL E, REXA TR MG SR THEE RRE I LI R E TN T %,
EERRFIANFREET AR ERBFRHN A AR FHEERTLO M. EREEERPWERTEE LI A
HEW BAEZALMEEET T E KAEHAT N, & R R 003 S4B BEAT FE 4, K TR I8 AT B8 = [ B A % 1,
BEBHHBEXN D HNEERMRE2H 2, B THTHEZNRERE AR TFHIELE L TR XRIEAHRFE
AW 2 M SHBATRA, AERRSH AR LTONER , B WX E LI EESHATHON, L3R Z % 0.108 3,48
F AR AR 2 LR AL AR AR 9 T 4 R

KB TR W BTN 5 £ k0207 B T8 B ik AR 2 3 AL+ 3 X XBe i

hE 43S TD712.5 XHERFRERG A NEHS:1672-9102(2020) 04-0001-09

Prediction of Gas Emission Based on PCA-PSO-ELLM

Wang Yanbin

( College of Business Administration, Liaoning Technical University, Huludao 125105, China)

Abstract: In order to predict gas emission accurately and effectively, a method of using principal component
analysis(PCA) , particle swarm optimization( PSO) and extreme learning machine (ELM) was presented, in which
the number of hidden layer neurons and the type of excitation functions in ELM were optimized by PSO. In the
experiment, 13 main influencing factors were considered and gas emission data of a coal mine in Shenyang were
analyzed. First, PCA was used to reduce the data dimensions, eliminate the correlations of the data. Then the
result was divided into training set and testing set, and the inertia weight of PSO was designed, meanwhile the two
parameters of ELM were optimized by PSO with 10—fold cross—validation. After that, the prediction model was built
with the optimized parameters. Finally, the gas emission of testing set samples were predicted, and the mean
square error (MSE) was 0.108 3, which was better than the prediction result by ELM and random forest.
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SHRABITEICR , SR BOCHERT 15 ] A DL PR 119 30 2 Bcda A5 20 AT , e v FLA I Hh 1) 2
PR AR BZIREE X, (m) BEZIEEE X, (m) JEZWA X, (°) JFRJZ A B & i X, (m’/0) B2 1B
X;(m) SR Xo(m) ABILJE R BE X,(m'/0) SBIEZIEEE Xo(m) 2 RIEHE X, TARE K X,o(m)
PERJE X, (m/d) SRR X (%) H7 R X (Vd) Bl ingk 1o,
K1 RMEdEHALE

FF5 X, X, X; X, Xs Xe X, Xg Xy X Xi Xy X3 T
1 412 2.5 8 2.12 24 2.0 2.10 1.53 4.78 140 4.16 0.960 1528 2.91
2 423 1.5 11 2.14 17 1.4 2.55 1.62 4.75 180 4.14 0.950 1751 3.52
3 436 2.3 10 2.53 14 2.2 2.40 1.48 4.91 145 4.67 0.945 274 3.62
4 459 2.4 15 2.45 24 2.3 2.42 1.78 4.75 155 4.57 0.944 2104 4.13
5 511 2.8 13 3.24 14 2.4 2.21 1.72 4.78 180 3.45 0.930 2241 4.60
6 515 2.3 17 2.85 17 2.5 2.77 1.87 4.51 170 3.25 0.940 1973 4.94
7 556 2.7 9 3.37 13 2.5 1.88 1.42 4.85 165 3.68 0.932 2287 4.78
8 550 3.1 12 3.67 15 2.9 2.32 1.65 4.83 155 4.01 0.920 2352 5.25
9 590 3.0 11 3.68 12 3.6 3.11 1.46 4.53 175 3.53 0.940 2410 5.56

10 581 5.2 8 4.31 17 5.9 3.47 1.57 4.76 170 2.80 0.797 3131 7.26

11 611 6.7 9 4.05 16 6.7 3.15 1.80 4.70 175 2.64 0.812 3354 7.80

12 408 2.0 10 1.92 20 2.0 2.02 1.50 5.03 155 4.42 0.960 1825 3.34

13 411 2.0 8 2.15 22 2.0 2.10 1.21 4.87 140 4.16 0.950 1527 2.97

14 420 1.8 11 2.14 19 1.8 2.64 1.62 4.75 175 4.13 0.950 1751 3.56
15 432 2.3 10 2.58 17 2.3 2.40 1.48 4.91 145 4.67 0.950 278 3.62

16 456 2.2 15 2.40 20 2.2 2.55 1.75 4.63 160 4.51 0.940 2104 4.17

17 516 2.8 13 3.22 12 2.8 2.21 1.72 4.78 180 3.45 0.930 2242 4.60

18 527 2.5 17 2.80 11 2.5 2.81 1.81 4.51 180 3.28 0.940 1979 4.92

19 531 2.9 9 3.35 13 2.9 1.88 1.42 4.82 165 3.68 0.930 2288 4.78

20 550 2.9 12 3.61 14 2.9 2.12 1.60 4.83 155 4.02 0.920 2352 5.23

21 563 3.0 11 3.68 12 3.0 3.11 1.46 4.53 175 3.53 0.940 2410 5.56

22 590 5.9 8 4.21 18 5.9 3.40 1.50 4.77 170 2.85 0.795 3139 7.24

23 604 6.2 9 4.03 16 6.2 3.15 1.80 4.70 180 2.64 0.812 3354 7.80

24 607 6.1 9 4.34 17 6.1 3.02 1.74 4.62 165 2.77 0.785 387 7.68

25 634 6.5 12 4.80 15 6.5 2.98 1.92 4.55 175 2.92 0.773 3620 8.51

26 640 6.3 11 4.67 15 6.3 2.56 1.75 4.60 175 2.75 0.802 3412 7.95

27 450 2.2 12 2.43 16 2.2 2.00 1.70 4.84 160 4.32 0.950 1996 4.06

28 544 2.7 11 3.16 13 2.7 2.30 1.80 4.90 165 3.81 0.930 2207 4.92

29 629 6.4 13 4.62 19 6.4 3.35 1.61 4.63 170 2.80 0.803 3456 8.04

30 401 2.0 10 1.87 25 2.4 2.14 1.78 5.12 150 4.52 0.950 1855 3.38
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k2 MAIXAHESE

EiEta X X, Xy X, Xs Xs X5 Xg Xy X0 X X1 X3

X, 1.000 0.842  -0.025 0972 -0.521 0.846 0.621 0.281 -0.587 0.586 -0.878 -0.800 0.666
X, 0.842 1.000  -0.261 0.887 -0.123  0.991 0.686 0.299 -0.406 0397 -0.854 -0.975 0.612
X;  -0.025 -0.261 1.000 -0.130  -0.152 -0.260 -0.008 0.556  -0.441  0.277 0.091 0.262 0.039
Xy 0.972 0.887  -0.130  1.000  -0.449  0.888 0.630 0.210  -0.515 0.502 -0.855 -0.865 0.631
Xs  -0.521 -0.123  -0.152 -0.449 1.000 -0.126 -0.109 -0.029 0.363 -0.557 0.365 0.085 -0.155

X 0.846 0.991 -0.260  0.888  -0.126  1.000 0.726 0.294  -0.409 0.409 -0.858 -0.976 0.621
X; 0.621 0.686  -0.008  0.630 -0.109  0.726 1.000 0.226  -0.628  0.513  -0.694 -0.701 0.436
Xy 0.281 0.299 0.556  0.210  -0.029  0.294 0.226 1.000 -0.318 0.435 -0.309 -0.310 0.300

Xy -0.587 -0.406 -0.441 -0.515 0.363 -0.409 -0.628 -0.318 1.000 -0.607 0.597 0.375 -0.356
Xy 0.586 0.397 0.277  0.502  -0.557  0.409 0.513 0.435 -0.607 1.000 -0.685 -0.399 0.567

Xy, -0.878 -0.854 0.091 -0.855 0.365 -0.858 -0.694 -0.309 0.597 -0.685 1.000 0.836  -0.651
Xy, -0.800 -0.975 0.262 -0.865 0.085 -0.976 -0.701 -0.310 0.375 -0.399 0.836 1.000 -0.576
X5 0.666 0.612 0.039  0.631 -0.155  0.621 0.436 0.300 -0.356 0.567 -0.651 -0.576 1.000

M2 ] UL AR bR Z [RIAFAERER A A G, HErP R IRIE X, SIPRIZ A B X, MHISE R
ROk 0.972 MR IRE X, 52R 6 Xg AR R KOS 0.991. FAE A T LR 45 bRt LTI H b 47 F £
SR I TP (19 SR 3 HASREORUE TR A5 SR AR 1, DRI , SR FH T2 1802350 A 18 B4 s ) R AR S, 5
REAR R O AERE | RERS B b s/ EINAS TR 52 2 B2, i o TOUI A 2

2535 F 0T A5 BIET 4 AT 89 5 22 TR 5 0.570 143 162, 0.162 605 184, 0.094 412 701
J% 0.058 019 067, B3| 2 TRk L F 88.5% , KT 85%I1 R i1 Jr 25 vimikR, B, e AT 4 A~ i /r kA T /a
AT, A L R B 3.

A3 ERL AR

sy o
Y1 Y2 Y3 Y4

X, 0.3459 0.007 2 -0.176 4 0.101 7
X, 03370 -0.222 4 0.1317 0.038 2
X, -0.010 9 0.616 3 0.247 4 -0.036 2
X, 0.343 2 -0.088 8 -0.156 9 0.073 6
X; ~0.135 7 -0.284 9 0.691 6 -0.182'5
Xe 0.339 8 -0.220 4 0.130 1 0.010 4
X, 0.283 3 -0.009 1 0.134 0 -0.575 0
X; 0.140 8 0.360 2 0.5355 0.367 1
X, -0.233 6 -0.353 4 0.029 2 0.550 8
Xy 0.247 6 0.353 2 -0.161 3 0.100 9
Xy, ~0.346 9 0.013 3 0.062 0 0.003 8
X0 -0.330 4 0.2290 ~0.165 8 -0.017 8
Xy 0.263 6 0.030 2 0.087 0 0.410 8

a2 Febn R BUF 2] 4 D FE R (8) ~ K (11) s,
y, = 0.345 9X, + 0.337 0X, — 0.010 9X, + 0.343 2X, — 0.135 7X, + 0.339 8X, + 0.283 3X, +

0.140 8X, — 0.233 6X, + 0.247 6X,, — 0.346 9X,, - 0.330 4X,, + 0.263 6X,,; (8)
y, = 0.007 2X, - 0.222 4X, + 0.616 3X, — 0.088 8X, — 0.284 9X, — 0.220 4X, - 0.009 1X, +
0.360 2X, — 0.353 4X, + 0.353 2X,, + 0.013 3X,, + 0.229 0X,, + 0.030 2X,;; (9)

y, == 0.176 4X, + 0.131 7X, + 0.247 4X, - 0.156 9X, + 0.691 6X, + 0.130 1X, + 0.134 0X, +
0.535 5X, + 0.029 2X, — 0.161 3X,, + 0.062 0X,, — 0.165 8X,, + 0.087 0X,; ; (10)
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y, = 0.101 7X, + 0.038 2X, - 0.036 2X, + 0.073 6X, — 0.182 5X, + 0.010 4X, - 0.575 OX, +
0.367 1X, + 0.550 8X, + 0.100 9X,, + 0.003 8X,, — 0.017 8X,, + 0.410 8X . (11)

HAss 1 AT v, EEZBERE X, SRR X, JFRZRLE & & X, SR8 X B2 B
e X, IRERESK, w) LUK e 4 W R A T3 56 2 ARG v, EEZBEMM X, TAEm K
Xio SRR X, I ER, Herb Sz B2 U X, BRI, iT LOKAZ 32 o i 44 0 TR BN 7556 3
ANERS v, EESZBIZMEE X ABIEIZ R X M2, il DLRR % 32 o i 44 0 283 2 15 4 4
EWIY v, FEZZEAEYE Xy B PR X Rk, Horp B EEAE X, 19 R BRI a4 o 2
[Pk b H = s . B g R E R e a5 %, F 2L T I/ R 2R ) B AH S, 45 E L
SR BUITIG HH 20 45 S0 PR 2R IR R 25, AN R0 D A 5 Ml TR 2R 1) 6 A AE
2.3 EHIAHEWMMER

R FAREAE S5 A RE A S AT FOITTI 0 5 500, B HOH: TR Ry 25 ZHAEACHE U 2R A , ol oRL T B30 X i
BR 2% LA TN, ook R e o A8 R AR D=2, R B Gy =5, e RIERIKEL G, =
20,7 HF ¢, = 1.5,¢,= L5 MMAEB(T) Sh8 & , B3R IXE 2N [ -10,10 ], #BR 2= T Pl fa
TEMAITCANECN 1~20 WA, IR 67 BB BN [ 1,20 ], PoAbad 7 e i o — 2 5k if
A7 TR AR 27 > B b 00 SR AR 2 38 4300 Ry sigmoid pREL(CHUE 1) (sin BRECCHRE R 2) |
hardlim pREL(HUESH 3) , B, PR 1050 4R EICR e o 1~3 B3, 456 T3 3c LIk i3 ir A R+
MIPE REL, B AR LR & R M &I B0 11, BT sR AR 2 AL sigmoid BRER, S RN
0.972 9, YurE REHALEI WA 3 k.

ML 3 kAL AT 2 A R A7 ST LI PR REAE SR S AU IR B LT TG LT HR 530 12 rpOXt o 1 4% I
ZVBAEACEAAE WA 4 .

Forpokb P RE R A AL O 0.774 8 725 5 WIE A R RPEALEE D 0.055 2, U, XA iR~
APLATIRACTT B R LD E RN 0.972 9, U5 AR5~ A PARM AELRE T B DL , A I A9 A8 1 A4S i L 14 B
/M 0.040 4, FFPRFFREE AL,

DUALE AR BR=Z T AL s A JZ S B E TR AUE W (1<i<d) SEGTZBIE B Wk 4 Pk

M 4 nPAL IR S AR S B R AU KB T JE BB T UL, & Z A SR 2 , KA AR
TR AEL EL ISR

TR TR R 27 ST HUAR B JSUA6 B30t P i 25 A B0t i RS 28 , HE P FR = > AL P 1) 80T eR RS %
IR sigmoid pR&Y, Zeid AWrSs, IS 2 A 14 I, 4 S U UESS B , B B 4 1 75
RZEH 3.176 9, Wl KT PCA-PSO-ELM J5i& B4 R 1175 12 25 0.080 89, R MIA UL RES iz
P R4 B TR AR .
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A4 BALEFL

5 W, W, Wy w, B
1 0.025 8 -0.057 3 -0.653 5 0.268 7 0.921 3
2 -0.079 0 -0.710 2 —-0.827 8 0.724 8 0.542 0
3 -0.299 2 0.4357 -0.213 3 -0.683 5 0.812 9
4 -0.809 9 0.323 4 0.608 7 0.202 4 0.166 4
5 -0.1327 -0.136 3 -0.977 8 -0.764 8 0.320 4
6 0.418 5 -0.107 9 -0.533 8 0.2522 0.657 9
7 -0.768 1 0.016 7 0.867 7 0.670 2 0.001 8
8 -0.843 8 0.056 2 —-0.546 4 0.880 8 0.629 0
9 -0.261 5 0.145 8 0.571 9 -0.168 9 0.785 3
10 -0.9327 -0.278 4 -0.178 5 -0.4559 0.294 7

11 -0.6157 -0.327 0 -0.761 2 0.856 0 0.789 7

2.4 TLHEHETNRIEMR
PEREHHEARLE TR 5 A5 B AR | SR A 37 1 BU I Hh 1 PN ASS 0 Xo e A 7 Sy, o) 445 2R
5.
A5 FmsR

_ N e \ BB
K5 v, v, Yoo WbRp - ELM Hili% .
B4 Bl
1 4.125 -0.212 0.103 0.834 7.95 7.439 182 750 5.309 219 852 7.306
2 -2.210 0.620 0.139 0.835 4.06 3.928 962 138 5.309 219 852 3.803
3 -0.517 0.552 -0.395 1.416 4.92 5.100 203 741 5.309 219 852 4.931
4 4.125 -0.568 0.927 -0.572 8.04 8.071 567 957 5.311 172 977 7.630
5 -3.579 -1.269 2.291 1.196 3.38 2.900 457 544 5.308 243 290 3.963

Forp AR SCOT I A BN AE SR A4 07 5R 2200 0.108 3, 2 1 #EAT FUAR , R AR R 7% > ML 7 Tl 46
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