5546 4 55 9 ) I 7 8 I & Vol. 46 No. 9
2020 4F 9 A Industry and Mine Automation Sep. 2020

XEHS:1671-251X(2020009-0104-05 DOI:10.13272/j. issn. 1671-251x%. 17578

ETHXEEV KB BRIN 7T %

N, AW, bR, EM, E#HET

(1. PR R HOR 2 A S W L=, BRPY P54 710054;
3 Sl 3 L e =] > 2L 2z V7 77 ’
2. VORI B TR e, BRPY P4 710105) R 2 i

WE . A aREERMNT@. A TROERBOAZM LG FEEMALE SRR R AT LHE
18] 2 HL(SVM) 7 ik 69 42k 2 % Mercer PR M 3t R HA R BRI B F I F kR LB K, 4 kid
Pl 2T —AETHALGSIHARVMGE AN T, AH XA ABRA LGS G 46, B
A BRI RS AR IR R AR B MR BB S D AR fen AR A Bl A A E RVM A
A B AR 6 R A ARG M KA AR T %69 RVM A8 b il ik B %= E1L, 54 F RBF W42 R
%A= SVM 698k A MEFAM 77 ik 3R AT IR 25 R AW, A T RBF AV 2 W % 4= SVM #9 8 A MFRAR 77 ik 9l 45 3% £
Bl 2K iR 2R KX 2 FrF ik A AL MA IR 2 A £ AT RVM 95 BT 5 ok 69 DIl %
iR £ 5N Z R EE AN E RS,

KW AW AKRE; MMAREE; MXAEM; RVM

25 . TD712.5 SCHER AR RS : A

Prediction method of coal spontaneous combustion based on relevance vector machine
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(1.School of Electrical and Control Engineering, Xian University of Science and Technology,
Xian 710054, China; 2.College of Engineering &.Technology, Xian Fanyi University,
Xian 710105, China)

Abstract:In terms of coal spontaneous combustion degree prediction, the radial basis function (RBF)
neural network method is complex in structure and easy to fall into local optimum, the kernel function
based on support vector machine (SVM) is sensitive to parameters due to Mercer condition, the traditional
machine learning method has a large error. For the above problems, a coal spontaneous combustion
prediction method based on relevance vector machine (RVM) is proposed. Taking Tingnan Coal Mine
which is prone to spontaneous combustion as an example, the temperature rising process of coal sample
spontaneous combustion is simulated, and the data of gas concentration and coal spontaneous combustion
temperature are collected to establish training samples and test samples. The RVM model is constructed
from the training samples, and the optimal parameters of the model are obtained. The test samples are
substituted into the trained RVM model to predict coal spontaneous combustion temperature. Compared
with coal spontaneous combustion prediction methods based on RBF neural network and SVM, the results
show that the coal spontaneous combustion prediction methods based on RBF neural network and SVM

have small training error but large test error, which indicates that the two methods have over fitting
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phenomenon and poor generalization ability. The training error and test error of the coal spontaneous

combustion prediction method based on RVM are close and prediction accuracy is the highest.

Key words: coal spontaneous combustion;

temperature; relevance vector machine; RVM

0 3

A B T A 7l R R AR, — Bk
AR IR B T A A e Al O R
SRR A ST B s R 2 A A ) S AL X A
R FE 1 A T 2 R T R A AR . O R
FErf 8 bR AR B £ BE R B A A Y R R R AR AR A
PRI I A 38 ok A 0 % 43 BT 2 2o R b i A AR TR B R
T AR R R R L 28 2 O AR A E A

VLA o 2 35 AT) 38 Ik 5 R AL 2% 2 > BRIk X 4 A
SR E S ARIREN CREI TR, X
mk[ 6 ]38 1 42 18] 3% (Radial Basis Function, RBF) f#
28 W 42 2] I IS T AR B S R BRI 2 TR
By FR . SCHRL7 38 i 52 £5 [\ & AL (Support Vector
Machine, SVM) Y s i 535 X7 3 BRI B2 3 17 i
. RBF 28 4 7 i H T foil 4 3 48 B A JE L
PRI RE 1 5z Ak e 7 5 0 U0 L SR T 5 B A R
Al 25 25 4 2% s SVML ] ke 4 Al 4500 e ™ 3
FHF /NFEA B £ - (A A% R 252 Mercer 454 1 R
il s Xt 2 B0 e R AU 5 A5 GE M HILAR 2 2] Bk kI
F AR L B A T o A AR R R 25

BEXT 1R ) 8, AR SC 55 G DU 37 B ALK Al 3
RIS, R T T M & & ALY (Relevance
Vector Machine, RVM) i 8 [ 85 #2 B 15000 77 1 L AR
P IR A e 5 o it b T ARE 1 R IR R AT T

1 RVM [E 5

ill}

RVM [a] 538 i 51 A 2 BOHER B AUE W &
T S5 1 1 0T 56 5 4 A 0 R AR Y R L B
ST R e K AR 7 Al 1 ALY
A {x ) ax €ERY xRNSR ¢ A% A )
.S HUIGEFEARL R S D 4E S8 ¢ Ry il
FEAK I ¢ A B AR B = 000 0000015
eats 1oty NS ADINGEARRIE = 1,2,--. S,
RVM [a] 5 #4522 18] 195G &R R
t: = y(w,x;) +e (D

S
y(w.x) = D wik (x.x,) + w, (2)
i=1

o yOwax) g AUE B E (% i {E s w o S+ 1 4k
BUE w; H AR . =0, 1., S, BE w= [,
wi st ws |y x S s USRI AE L BT x =
cas e N ADMRFIRZE e~
NC0.6%) s N Ce ) g i o34 6% Oy i 307 W A 1)

IR LI A

gas concentration; coal

spontaneous combustion

Fik(x.x) NAZRE R (x, x4 A% 18 B B K
(x,x)=[k(x,x), k(xy,x;),
E(zgsx;)]sn=1,2,++,S,

21, AHE ST Y GRAEAS A R ARLAK pRBCH

9k(l‘,‘9x,')9"'7

s
P |w.o) = [ NG | y(x,ow) 8% =
e,
(2n82)7§exp<—%> (3)
P o MR b (x,0x) 4B B B B ¢=
[$(x1) b (as)s s d(x,)y ()] v p(a,) =
[1.kCx,s 21 )s b Caps 20 )s o
k(x, xs) ],
o HIE R KRR R w 5 6%, &7 A i i
BUIG TR w IR T ECAF GBS EC o 195
e oA .

S
Pwle) = [[ NGw;[0.a;D (4)

Kea N ST SR g = [ ar s
(1_,‘9"'9&5]»[‘0

B S T T 0 S AR
S T v B B 2t

Py |0 = JP(y* |w.a.0") P(w.a.6" [ ) dwdedd’

’ k (x”9 x,)a ]

(5)
:T:Er'—( P(W,avaz ‘t):P(W‘t9aa(()\2>P(a982 ‘t)o
T Pla,o’ |[)cP(t]|a.6*) P(a) P(*), Hirp
“oc” FIR B LA W) ¢ B SR A A A R

P(t|@.d") = JP(t\w,az)P(w\a)dw -

Fexp(— D)

Kb QR e ERMS DT 2. Q=5T+¢A '¢" 1
ﬁﬁ{j% 9X‘Tﬁ[§$ A:diag(ao e SEE R Y SR
Py [ D% MIER R

P(y* ‘t) NJP(Q/* ‘waaMPﬁaz\/[P)P(W‘ t»aMl)va;/lP)dW

2o 7o 6)

vas)o

7

K awr 5 S SEXT w T 5020 A1 0 B KUK Al 3
RS e » O S » RVM K 45 (1) T 00 (8 v~ Al

T Ty 2% 072 43 5k

v o= aext) (8)
0 = 0w Tx)TQP(x) €D
Khep HwBERABEME. =0 QP t:¢(xH Ny
DA AS 2 8 ) A% 36 1 Q S w I I 3 40 A1 D 7 22



¢ 106 - IF a3t

% 46 %

Q= P'¢pt+A) ",
2 ET RVM ®yE B BB 77 3%

T RVM B4 A BRI AR an i 1 AT s .
i

3o AR S 4
SR AL NN

1

BRI EEC G e
R SR !
Y A AR
WIS o B 2 BEARRAR &
& BB RIS !
SRR
T H R

EREHSH
BB BT

Sa s
R iz 73] TR
RO TH ETE

Bl 1 3EF RVM 45 A 9 1000 5 f2
Fig. 1 Prediction process of coal spontaneous

combustion based on RVM
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Fig.2 Coal spontaneous combustion test bench
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Table 1 Sample data of coal spontaneous combustion in Tingnan Coal Mine
252 C(O0) /% C(N2) /% CCO/ % C(CO /% C(CH) /% O(CO/CO2) Vimax/C
1 16. 96 79.91 0.08 0.41 0. 30 7.35 33.4
2 11.01 87.14 0.23 0.56 0. 83 2.51 34.1
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Fig.4 Prediction results of three methods
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Table 2 Average relative errors of three methods
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