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Research on intelligent evaluation method of health state of shearer

CAO Xiangang"?, LI Yanchuan'?, LEI Zhuo"?*, LEI Yinan'?
(1.College of Mechanical Engineering, Xian University of Science and Technology,
Xian 710054, China; 2.Shaanxi Key Laboratory of Mine Electromechanical
Equipment Intelligent Monitoring, Xian 710054, China)

Abstract: In view of problems of existing health state evaluation methods for shearer, such as low
assessment accuracy due to the great influence of human factors on determination of evaluation index
weight, weak local search ability and poor anti-interference ability and insufficient ability to find the global
optimal value of the single evaluation algorithm, an intelligent evaluation method of health state of shearer
based on principal component analysis(PCA) and BP neural network optimized by genetic algorithm(GA)
algorithm (PCA-GA-BP algorithm) was proposed. Firstly, according to structure and working principle of
shearer, the state monitoring points of the shearer are selected to obtain various state parameters of the
shearers health state. PCA is used to reduce data dimensions and extract the data characteristics of the
shearer's state parameters to avoid complication of BP neural network input. Then, GA is introduced to find
the global optimal weight for the traditional BP neural network. Finally, an intelligent evaluation model of
shearer’s health state based on GA-BP is established by training parameters, and the state parameters of

the shearer are automatically input into the evaluation model. The test results is output through intelligent
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evaluation algorithm, self-learning, self-optimization and self-judgment of shearer’s health state are
realized. The experimental results show that the intelligent evaluation method of health state of shearer
based on PCA-GA-BP algorithm can accurately, rapidly and intelligently evaluate the health state of
shearer. Compared with evaluation method based on single BP algorithm, it has shorter training time,
simpler evaluation process and higher evaluation accuracy, up to 97.08%.

Key words: shearer; evaluation of health state; intelligent evaluation model; principal component

analysis; genetic algorithm; BP neural network
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Table 1 Monitoring parameters of shearers health state
SR MEHLIR LERIIE 2 5
A2 5] L BB Ci
) 25| B B LR E Ciz
5|
25| B Zh ML I Cis
A5 B SHLIR ) Cuy
HCE B S R Co
H B LR Coy
I
L ) ol R Co
L SR 5 Cu
18 150 2R v Bl B A Ca
\ TR 5 L B AL R Csz
W& R R
VEETAEE S Css
A 15 2 L B ML IR Csy
i 1 ¥ B ML LU Cn
o Ath 256 T T e B ML VR C,
75 R Cisz

2.2 AT PCA#RBEMNKESHKERLE
2.2.1 PCA Jfim

PCA J5 UK A B0 0 & 4 05 1F 4 H 21K
4k b A5 ) FE IR ASEE  E AT T IRE S
ok Uk, PCA RRUEF 0 i AE & S 80 L G HRE 2
WA FRBEIANGESE L A SER
Bl A B 1 R ER 43 G HEAR B AT 7R PR IE B N R H
(A% 190 e 2 B i 2 RN 2 B 0 A B
2.2.2 HF PCA W RIENR S E o b 2 2 98

BAEAT m T n AR EHLR S S 508, v 15 5
RESBHEE R X= (15 0 » Ho T 25 T8 R IEHL
B— kM S HE g, =1,2, -
AR m=1000,n=15, R PCA 4b# R MR
BSEEER RN .

BB L REVCRESE AR b 2., R
MR SR SR L ARE SR R 285 11 2 0 %1 e sl ML FL 9 L AR
O B SRR R M R NG — , BT L B R S AR
PEUE T AR AL A B H R IR A

9m9j:1327"'9719

EThr 21, — P, : 2, — P,

x5 — P, 22— P, 23, — P,
P= . . =

L — P 2,,— P, 2, P,

[P Pz " Du

P‘21 P‘zz f).zn D

Lo Pwz " D

Kb PO R EAL S 1 8t s PL— P, B — 51 K8l
HORNI=

AR 2 RS BR8] B J5 25 R TR i R
BUIR S 2 Bobs i A 9 T 15 20 03 05 2256 1% R, N

R, =pPP"=| (2)

ol r, e r
Kb ry B 5o, I,

AR 3 TH IR KO (8] P U7 25 A B R AY RRAE
LAy s Ao s oee s A FIRH X L B9 455 AE 1] 5 e, = Cepo s
e srrrven ) s H =102, s s RRAE ) A
B AE I RE A LR R A R B Y EAT HES

DB AT R MU A A MR S RO 1 BT RR
A B TR oL S e A T B9 TR R
2k A FE R R TTHRR = 23

z = 2 4)
e
Hrpk=1,2,,5,
AR 5B E A VPAL S 0 R B IR
TIEJE A 1R AR ZSAR A B2 o 1 ARR 2 4 el — R I R 3
F R TTRRRIA B 95 % s BAE M EIE AT,

3 EF GA-BP HIRENERRSEGITM

3.1 BPAPZ MR

BP #fi 22 W 4 B &5 KA A 24> CAE RN AR S
JE LR Bt I L BE 50K 2 2 P9 2% 1 R b e 1
FEW 45 (AR Hp L AR E A TR 4 2 AR 1
A, BP Rf2e 25 H A A R R 3 2 M4
LERTY I 2 BiR .

WAE BER WHE
2 BP Mg 4% SEA S 1
Fig. 2 Basic structure of BP neural network
3.2 GA-BP #F 2 W % 3 f5 #2 A
BP i 25 % 28 75 4 FH 2o 7 vl i f £ 76 Wi S50 B
BN NS Ty Ba N 3 W /IME 55 AR 2 B R s e T
ARZSVEAR (9 2 2 FNE B 1 BT X AT Ak . GA



o 44 o

5 B

% 46 %

A o 38 AL AR S o 38 I AU 1 A AR [R) B AR A 3 N
JE T A A DT X AR 75 AR AT 0 e . GA R4k
BP i 25 0 2% 5o P 38 5 AT HE R 38 AR S AR R G 1R
PENS, Z IR E] GA XF o 28 W 4% 1 42 JR) e e 1 Ak
BRI AR CR T GA X BP #1028 [ 45 9E 47 14k .
GA 1k BP #2248 w AL i 3 frw .

FlA

Wi EBPZ

BOKRBURS] | mskinh i

RESH

) REAHR
WRESH | WA
HEATPCA R4 Y

BN VISR,

4 T PR AR
[

4 ZWWIERSH

4.1 AT PCA & RBEALIR & 2B 4 2k
AR 33 IR G B A b SR FEEATLAR 285 s 0 5ol
1000 2% 4 52 56 B o, e op < fd R B O
400 25 R U7 BOHE S 300 A5 AL Bl A
200 Z& BB RCIE O 100 A5 SRAEHL A AR
ARG AR ZS A 3E W3R 2. bR e AL IS B0 R L
i FER S I S 3.

£2 RBEDUEHOIRGE SF G R

Table 2 Description of shearers health state grade
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Table 3 Monitoring parameters of shearers health state after standardization treatment
B Cn Crz Cis Cu Co Coz Cos Co Cs Csz Css Cs Cy Ciz Cu W&
1 0.9757 0.8697 0.7919 0.9726 0.9613 0.9812 0.9092 0.7810 0.963 2 0.8537 0.964 0 0.706 8 0.820 1 0.8363 0.7337 1
2 0.634 5 0.5535 0.648 2 0.5415 0.547 6 0.556 1 0.573 6 0.5314 0.499 3 0.547 8 0.548 3 0.4658 0.617 2 0.487 7 0.598 9 3
3 0.778 7 0.690 3 0.7235 0.7657 0.762 3 0.7639 0.601 8 0.7833 0.767 4 0.7239 0.7797 0.6825 0.6322 0.7105 0.6302 2
4 0.714 2 0.6752 0.6313 0.757 1 0.606 4 0.674 8 0.7895 0.776 6 0.739 1 0.758 7 0.628 2 0.7321 0.7645 0.7418 0.6907 2
5 0.989 7 0.778 1 0.716 5 0.7728 0.8020 0.9668 0.8177 0.7336 0.931 7 0.8289 0.8151 0.9470 0.9303 0.7157 0.7718 1
6 0.7811 0.9906 0.9635 0.767 8 0.9705 0.9206 0.7233 0.7315 0.7348 0.786 7 0.8225 0.8887 0.8512 0.9419 0.8451 1
7 0.422 2 0.426 2 0.584 4 0.5376 0.366 1 0.3641 0.5573 0.3509 0.408 0 0.423 2 0.3858 0.5564 0.7049 0.4349 0.4116 4
8 0.766 4 0.7610 0.7959 0.7892 0.771 8 0.778 8 0.731 0 0.658 7 0.6950 0.6434 0.7313 0.7316 0.709 1 0.6722 0.7439 2
997  0.7125 0.628 7 0.6028 0.6737 0.7207 0.6838 0.6180 0.7220 0.654 0 0.6320 0.7394 0.7100 0.704 9 0.7325 0.6614 2
998 0.9603 0.8106 0.8526 0.8094 0.7732 0.9271 0.9138 0.8265 0.7235 0.8793 0.7539 0.7257 0.8321 0.9225 0.7264 1
999 0.7801 0.9951 0.8937 0.8084 0.844 4 0.7849 0.866 8 0.9658 0.897 8 0.9030 0.9103 0.7034 0.8122 0.9026 0.746 3 1
1000 0.7796 0.6317 0.6219 0.7016 0.7599 0.6322 0.7335 0.7287 0.7225 0.7514 0.7180 0.668 6 0.697 5 0.7702 0.7922 2
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Fig.5 Prediction results of shearers’ health state
based on BP neural network

TRES

3le o6 womoe e

2lome smsen coomomm oo oo mocems oo

SKHHLE BERE SR

1 proy omie- -

020 40 60 80 100
MHRFEA% H

Bl 6 HT GA-BP 25 W 2% (1Y SR IR AL Al R 25 T 45

Fig. 6 Prediction results of shearers health state
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three algorithms
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Table 6 Comparison of evaluation results of three

algorithms of shearers” health state
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