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Gear box damage identification model based on ICEEMDAN and
IMWPE-LDA-BOA-SVM

WANG HongI , ZHANG Ruili', WU Kai’
(1. Intelligent Manufacturing College, Yibin Vocational and Technical College, Yibin 644003, China;
2. School of Electromechanical Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract: Aiming to address the issue of excessive background noise in gearbox vibration signals affecting the quality of fault features and
thereby reducing the accuracy of fault identification, a gearbox fault diagnosis method (ICEEMDAN-IMWPE-LDA-BOA-SVM ) based on
improved adaptive noise complete ensemble empirical mode decomposition (ICEEMDAN ), improved multi-scale weighted permutation
entropy (IMWPE) , linear discriminant analysis (LDA), butterfly optimization algorithm ( BOA), and support vector machine (SVM)
optimization was proposed. Firstly, ICEEMDAN was used to decompose the gearbox vibration signal and generate a series of intrinsic mode
function components distributed from low frequency to high frequency. Next, based on the correlation coefficient, the intrinsic mode function
components containing the main fault information were selected for signal reconstruction to reduce signal noise. Subsequently, a nonlinear
dynamic index for improving multi-scale weighted permutation entropy was proposed, and it was used to extract fault features of the
reconstructed signal to construct fault features that reflect the fault characteristics of the gearbox. Then, linear discriminant analysis (LDA)
was used to compress the original fault features to construct a low dimensional fault feature vector. Finally, the butterfly optimization
algorithm (BOA ) was used to optimize the penalty coefficients and kernel function parameters of the support vector machine( SVM) ,in order

to construct a fault classifier with the optimal parameters, achieving fault identification of the gearbox. Experimental and comparative studies
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were conducted on the ICEEMDAN-IMWPE-BOA-SVM method based on the gearbox composite fault dataset. The research results show that

the method can accurately identify different fault types of gearboxes, with an accuracy rate of 99.33% and a diagnosis time of only 5.31s. It

is superior to other comparative methods in multiple aspects and has more potential for application in fault diagnosis of gearboxes.

Key words: fault feature exiraction; signal decomposition and signal reconstruction; feature dimension reduction; improved complete

ensemble empirical mode decomposition with adaptive noise (ICEEMDAN) ; improved multi-scale weighted permutation entropy (IMWPE) ;

linear discriminant analysis (LDA) ; butterfly optimization algorithm (BOA) ; support vector machine (SVM)
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BRAE5 iy M A4

ICEEMDAN-IMWPE-LDA F1 EEMD-IMWPE-LDA
HIER 25 T IMWPE-LDA |, BD%HE S-3E4 740 i FH E A
P VRS 23 2 T X S R 5 5 2R A7 40 BT A R 5 3k 2 [
R EARAT T A RS 2 X 3B 25 SR AR RS

1M ICEEMDAN-IMWPE-LDA 1 4% 3£ & F ICEEM-
DAN-IMWPE J5i% , X &K A LDA FRIEREAER U EBR T
TURMEE R TR R IS TR,

2) WEAE 5 T L

T UEW] IMWPE 5 ¥ 78 ¢ A 52 B i 0 Bk
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4 A Bt 2 RO HES 1 (improved multiscale
permutation entropy , IMPE) | MPE | Z R Jin ACHE 51) 4%
(MWPE) FE T 75 22 19 22 RUE IAUHE S 4 ( multiscale
weighted permutation entropy based on variance, MWPE_
rms ) FEATXF LG, KR A B3k 5 RO 2 B IR B A
fEZE ) LDA BE4E S8 J5 R Hof A 22 BOA-SVM w47
Hl P P
EF I 10 K ERERAE 135 TS W4
k3 i,
®3 HEDEHERTL

Table 3  Comparison of fault diagnosis results

N T, _ Eﬁll‘%i@ﬁiﬁﬁﬁﬁ%/ % |
ek SN ]
IMWPE 100 96. 67 98.47
IMPE 98 93.33 95.73
MPE 85.33 76.67 81.47
MWPE 84.67 78.67 81.33
MWPE_rms 84.67 80 82.27

FH %3 AL LT IMWPE SR 2 7 ik sl T
98. 47% W)F- KPR B ERA A, i T HoAh 4 FhiZ BTk
5 HA 4 ITAR b %05 12 2 WS B P S UK
SNE T 2.74% 17% \17.14% 1 16.20% ,UEH T H
BAEIF RS ; [l o/ N ER R 96. 67%
RUIILRENEREE T 52 Ul 14 e A A AN [R) i e 28 78

3) Sy SR RIN H

T BRI BOA-SVM 19 i 471, 2835 5% H 6 L)
1ot & B LA S RF 10 # )L ( genetic algorithm optimized
support vector machine , GA_SVM) ki T FE A Lfb 52
F# 1) FE ML ( particle swarm optimization optimized support
vector machine , PSO_SVM ) 125 4380k A Ak 32 £ m) 2
Bl ( differential support
machine , DE_SVM) JEFT 8B RS L, 1531112 1745
Rk 4 frRe,

F4 WIFISHERITLE

Table 4 Comparison of fault diagnosis results

evolution optimized vector

SR PERIAE BRI A]/s WK/ %
BOA_SVM 5.31 99.33
PSO_SVM 10.26 97.33
GA_SVM 17.44 96.67
DE_SVM 9.06 98.67

2 4 T AR T oA 3 AP SIS WAL 3T
BOA AL SVM BRUAR T d5z 5 A9 155 532 W v i 3 Ak
KW EE M 99.33% , FHIF 5.31 s, lt GA_SVM 43
BT =5 2 U RYEHE], HE PSO_SVM 46 %8 13—
IR, 588 BOA A1 2 A9 S 80 AR, [] i AR e A
b TEB BT T R A

EHIETEZANYEE TR T X325, 45 5L R 1
ICEEMDAN-IMWPE-LDA-BOA-SVM J5 1 7 %% 3% 1 i
R 7 T B —E W

5 H#HRIE

L5 LTk B T — ML T ICEEMDAN 5%
Y IMWPE 45 F 2 50, LDA 45 4F J& 4 1 BOA-SVM
BRI A U e AR SRR 2 W k| T R R e R s 14
AEBIERE X AT T 5256, ASS IR 2 A s

raEasisun T .

1) R ICEEMDAN XH {5 53 TACBE , 45 4 6 &R
B3O e W B A% SIS I R A E A, R RO
A E I 4 % ICEEMDAN-IMWPE-LDA-BOA-SVM J5
BT TR A5 B AR U TR 2R 99. 33% |, iE
B T A R

2) TESR USSR ARAE 5 T, B T3 AR Y IMWPE 4§
AEARBOT 46T IMPE MWPE \MPE 1 MWPE_rms )51,
RSB RIS BERAS 2 T AR A

3) R H]I BOA Xf SVM 145 R BUFIA% pR B S 4
17T, D8N T 43 2SN AN M 35 T 53 25K
JE | T Bt B AR 7 AR (g 11 ] ;5 oAl 3 oSS Y
FHC#E , Hob R e i, 2 Wik IR 55 5. 31 s, 2 Wik )&
4 99.33% ,FERL S W B EL A L

BIRIZIT RIS T AR RN A5 R (H (LR
HIAER R 96. 67% , UF B2 Wit RE A e $2 T 25 0], )5
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