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Abstract; With the problems of severe tool wear and lack of fault monitoring device, leading to the
failure of the work during the working process of stalk chopping, an intelligent monitor system which can
be mounted on the returning stalk chopping machine was designed. Taking STM32 microcontroller as the
main controller, multiple sensors fusion technology was applied, and tool wear condition monitoring was
realized based on machine learning algorithm. In order to solve the problem of difficult extraction of
nonlinear feature signals of straw crushing tool wear, a method of tool wear monitoring IBOA — SVM
integrating improve butterfly optimization algorithm (IBOA) and support vector machine (SVM) was
proposed. The monitoring method used the rotational speed, left side vibration frequency, and right side
vibration frequency of the crushing knife roll as input eigenvectors to the model, and the wear condition of
the tool ( normal, worn and lost) as outputs. Compared with the unoptimized SVM algorithm, the
identification accuracy of tool wear condition was improved from 95.61% to 98.83% by optimizing the
parameters of the SVM algorithm with the IBOA algorithm. In order to verify the effectiveness of the
IBOA —SVM model, the repeated comparison experiments of multiple models were conducted under the
same parameter setting environment, which showed that the average value of the recognition accuracy of
the IBOA — SVM model was improved and the accuracy of a single trial was maintained at a high level as
compared with the five models of SVM, PSO — SVM, WOA — SVM, BOA — SVM and CWBOA — SVM.
The IBOA —SVM model was embedded into the monitoring system and field test was conducted, in which
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it was shown that the designed tool wear condition monitoring system had good performance both in terms

of recognition accuracy and robustness.

Key words: cotton straw; straw crushing; tool wear; monitoring system; improved butterfly optimization

algorithm ; support vector machine
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Fig.1 Structure diagram of cotton stalk crushing device
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Tab.2 Data of pulverizing knife roller speed and vibration
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Tab.3 Processing results of data on speed and
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(REN R RH—-H

0.5675 0.008 8 0.006 7
0.650 7 0.0313 0.018 6

i 0.7479 0.0826 0.046 8 0
0.862 4 0.5319 0.3296
0.9279 0.616 4 0.7119
0.4959 0.5869 0.2542
0.862 4 0.824 8 0.6144

JE A4 0.862 4 0.7159 0.5128 1
0.9279 0.699 6 0. 4802
0.9279 0.8249 0. 695 6
0.4632 0.100 1 0.178 8
0.5675 0.2184 0.2177

7] 0.697 6 0.449 3 0.438 3 2
0.7479 0.784 1 0.7892
0.802 4 0.963 1 0.9352
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R e 70 LB AR 25 U ) AR B — >
eI, S 7k B v U A R R 1
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Tab.4 Comparison of detection results of

different algorithms

HLas I BE EMR/%  FE4RE BRI E
BP 1 22 o) 4% 92. 69 2.14 x107* 0.270
AN DL H 92.17 2.46 x10~* 0.280
SVM f5i 7 95. 61 1.28 x10 74 0.209

5.2 IBOA - SVM Uit &£ R4 47

FI T HCHE 5 19 TBOA — SVM AR X 4 31 19 31|
AR AT N GRS HOR B RSOl 30, K
BARYKECH 100, 356 358 I 25 5 Fn 3 42 1 4 iR R 22
FVE R HAR RS, & 10a Jy TBOA B3 1 38 I B 1%
R, iy B nT 2 Y TBOA 55032 e S50k o Pl FL
RGN R, Zeat 10 REAR G 315 S 1 7E
T F C MRS E o, 85 X L 4R BEAS 47
TR, B RS 20 2845 AN 10b IR IEH RS T
A1 AREAGEUN Ry B IR A A 3 4B R A
BTN Ry TE AR DN aURE A i T LB IR 2 R0
HERG R Ky 98.83% , WiF W] 1 A% SCHR Y (4 3R 531 vk T
DAAT 35 iR AR FE A B 0 L S BRCIR S
5.3 HaileE

EF X BOA B4 5 b A R i e, 5 SR AT B
TR T L 41 R 25 R ) o R AR Y ) R, AR SR T
BOA 83k  #& il & ICMIC B4 | IF 5% 42 5% 55 1k DA
e [ 38 B 7 e ME R 1Y) IBOA A A6 5535, 43 31 #E A4 1)
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Tab.5 Comparison of performance of ablation experiment
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Z 8

" B
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4 Vv Vv vV 98. 83
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Tab.6 Comparative tests of multiple models

- P P 5 .
1 2 3 4 5

HEH/ % 95.61 97. 66 96. 19 95.91 95.91 96. 26

SVM - 15 4 %ot iR 2% 1.28 x10°* 6.80 x10° 1.11 x10°* 1.19x10°* 1.19x10°* 1.09 x10 ~*
17 i 2% 0. 209 0.153 0. 195 0.202 0.202 0.192
HERf 3R/ % 95.91 97.95 96. 49 96. 20 96. 49 96. 61

PSO — SVM Sy o Rk iR 22 1.19 x 10 ~* 5.90 x 10 ~° 1.03 x10°* 1.11 x10~* 1.03 x10~* 9.90 x10~°
o7 i 22 0.202 0. 143 0. 187 0. 195 0. 187 0.183
HERR 2/ % 96. 20 97. 66 95.91 96. 20 96. 20 96. 43

WOA — SVM -y 4 15 2% 1.11 x10~* 6.80 x10~° 1.19x10~* 1.11 x10~* 111 x107* 1.04 x10~*
o7 i 22 0.195 0.153 0.202 0.195 0. 195 0.188
HETE/ % 97.08 97.95 97. 66 95. 61 96. 20 96. 90
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15 i 24 0.171 0.143 0.153 0.209 0. 195 0.174
WEH 2/ % 97.95 98. 54 97.08 98. 83 98.53 98.19
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Fig. 12 Field test
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Tab.7 Results of field experiment
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