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Fault diagnosis using improved sliding coarsening and integrated
fluctuation-based dispersion entropy

MU Lingxia'?, TIAN Lu', FENG Nan?, WANG Hongxin',
ZHANG lJian', WU Shihai'”?, LIU Ding'*

(1. School of Automation and Information Engineering, Xi’an University of Technology, Xi’an 710048, China; 2. School of Intelli-
gence Science and Technology, University of Science and Technology Beijing, Beijing 100083, China; 3. Crystal Growth Equipment
and Systems Integration National Engineering Research Center, Xi’an University of Technology, Xi’an 710048, China)

Abstract: In multiscale fluctuation-based dispersion entropy, multiscale coarse graining loses the information between
adjacent points in the reconstructed subsequences. Additionally, the length decreases as the scale factor increases, and
the features extracted through this coarse-grained method are not conducive to fault classification. To address this prob-
lem, this paper proposes a method of n steps sliding. This method ensures that the information between points is pre-
served under the given scale factor, maintaining the length of the reconstructed sequence to be consistent with the origin-
al sequence. Aiming at the problem that the mapping technology in the fluctuation dispersion entropy is too simple, in-
tegrated dispersion entropy is used to extract features from the reconstructed sequence, enhancing the accuracy of en-
tropy calculations. The algorithm is verified using bearing datasets from Case Western Reserve University and other in-
stitutions, the proposed method notably improves fault diagnosis accuracy.

Keywords: sliding coarsening; sequence reconstruction; fault diagnosis; fault classification; integrated fluctuation-based

dispersion entropy; rolling bearing; vibration signal; feature extraction
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Fig. 6 MSE and IMSE entropy values of WGN
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Fig. 13 Flow chart of IMEFDE-based fault diagnosis
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MEFDE+ELM 90.9 0.80 0.80 0.80
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Table 6 Comparison of classification results of JNU
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MDE+ELM 94.6 0.94 0.92 0.93
MEFDE+ELM 95.5 0.94 0.93 0.94
IMDE+ELM 97.9 0.97 0.97 0.97
IMEFDE+ELM 99.6 0.99 0.99 0.99
MDE+SVM 95.2 0.95 0.94 0.94
MEFDE+SVM 96.4 0.95 0.95 0.95
IMDE+SVM 97.4 0.96 0.96 0.96
IMEFDE+SVM 98.2 0.97 0.97 0.97
60
40 1 ) '? .-.-5‘-%%
i R ’t‘w
20
(o]
= ol " gﬂt‘
ﬁt
s3]
% 20 l' t".. oy §~
& y,\n
40} g S *t
SIEHNEL S
60T b
o L EISILENG TS ‘ ‘
-50 0 50
t-SNE 41 1
(b) MEFDE



o552 1 i

- IR
4o | - SRR 45
- BEh A 2%
o e ”fﬂ“&
=20 g f
i ] .ﬁi’v
m {
(Z/IJ 0F ’!.v
’iw "’*6
_20,
.,«n(” 49‘
_40 " ;
=50 0 50
t-SNE 41 1
(c) IMDE

VR, 2 R SRR AL AN S A I B 66 BORS RO 2 T ©373 ¢
40
e 4
hap il Y ¢
2 s
I\ %. .
: | 2
it ]
m
% 0 %rﬁé@
- -m%&@
£y
. {&Zﬁ]ﬁiﬁﬂa eﬁ
040 30 20 10 20 30
t-SNE #F ﬁ 1
(d) IMEFDE

B 15 ARBEHSE
Fig. 15 Scatter plots with different entropy values

3.2.3 SEU #34% & % a4 R o 47
%5294, MDE . IMDE . MEFDE . IMEFDE f#)
SEREARKE L AL m, REHNFr. A
K e A I N 4096, 4,20, 6, $RBURHE S
1 1275%20, DL 1:1 RIAr U ZRde fnimliat4E ; % 7 45
T4 R IR S B A5 S ELM F SVM. Y T 1
B REHR . H A F, 08 P IMEF-
DE J7 %43 454 ELM #1 SVM 432805 2008 1L T
HoAth 7 1 #6 EL A W b 10 4r 2R R (97.3% .
98.4%)\ K% (0.98.0.98), A [H% (0.97. 0.98)
H1F, 73%0(0.97. 0.98),
16 A F H 4 Bt SEU i 5 0517 4F
TE L BRI I t-SNE [ 24 75 21 % 4 {10 1A
i & 16(a) 7] LA H MDE J5 5 H 7R Sl A i 5 Finige
BB LB 2, AR T 43255 Bl 16(b) #
Bl MEFDE J7 i 78 Bt A 5 5 8 2R 25 L F MDE
Dy, (B H A 3 e B3 8 {8 A 47 78 R i H & 0
 16(c) AT LA H IMDE J7 % ] DAAR S 3 X 43 fgkt
FREAR DL | VR s (A B AN A B kR, BH 848 F MDE

50
- TREAH
25¢ - A R
o IEH D
$ < I
o0 < S
Z : ,%. -
sl beiss
=50

~60 —40 20 0 20 40 60
t-SNE $H#iF 1
(a) MDE

1 MEFDE J7 %, R J2& V& 2l {4 71 51 Bl 5 B 14 i
HARRETE LB ; K 16(d) 1T LAF H, 5 H Al 3 il
J5 A H, IMEFDE 75 7R sl A | P Pl i 65 i fie
JREA LT A T A B SR RO, R I A AR R
Pl e 1 25 ik 5 S Tm) LA T A A

RT FERFHREKHEFRISEER

Table 7 Comparison of classification results of SEU

Jrik: HERIR/% MR AJlR S R

MDE+ELM 92.1 0.91 0.91 0.91
MEFDE+ELM 94.1 0.94 0.94 0.93
IMDE+ELM 95.8 0.96 0.96 0.96
IMEFDE+ELM 97.3 0.98 0.97 0.97
MDE+SVM 92.9 0.93 0.93 0.93
MEFDE+SVM 954 0.95 0.95 0.95
IMDE+SVM 96.5 0.96 0.96 0.96
IMEFDE+SVM 98.4 0.98 0.98 0.98
40 ¢ 3 A
:t - ..}.'é‘:;o‘is
t.i"'f" 3}1, S
20F RS R R
e dr
s ok
E 0K
4-\'}: - Pl %“"' "i
e ‘3\? - Rk
g )g - PRl R
—40 'vb"" IET'%’?’T%‘?E
- BRI R
- SHIBIRE

760 " " "
—40 -20 0 20 40 60

t-SNE $FiF 1
(b) MEFDE




©374 - B OB R & ¥ W %2045
60 .. - 40 1 e -
R A R
- Py Rk AN 30| - PR 4
401 i L T K ¢
o AR L 2N o 201 AR 'Q%
S g0 bR & - S .
5 E 10 + @
= P 2 ool . i Y
;0 KN L
v 5 ST LA 1 §
20 :&"’ ) 'J} &'&m‘ 'ﬂyﬂ."'.&ﬁ' .
A ol =TS
—40 , A A A ‘ -30 A A A A '
60 40 20 0 20 40 —40 20 0 20 40 60
t-SNE HFfiF 1 t-SNE 4FiF 1
(c) IMDE (d) IMEFDE

B 16 RREMBEES
Fig. 16 Scatter plots with different entropy values

4 #HHKiE

ARSCHR T — M B B n U SRR AL TS
ik, SR 22 h R BOR BCE T B B B A AR
P HOT Ik, LA o 2] J7 1 S B R i a2 I
BT n Y B R SCHE DAL A i AR 1 5 81 A R
7o T A I, R RDRLAL 3 1503 3 0 U, RIEAE
AR RUEE R 7o E A e 9 9 IR 5 U 87 R
— B, I HARK P I7 3k T f B P 90 o 2 ) A £
IS0 IR A0S IR R S RGN OB ok RN
IF] £ B A8 B AR A S o 0 A P R L T
KA AR R RO BR S b 4T LI gk, 45 2R
FE AT R A 2L T IMEFDE H3AE 32 U1 ik 12 W
TIE R o SN B v T A 3 Rl Tk RRKEAE
3 B9 DR T T A T RS

£ % XUk :

(1] 2=, FEHE, XIS 0%, 4§, 454G CWT il Lightweight-
Net FYHR Sl & SCI SRS W )5 5 (0], B RE R Ge 74,
2023, 18(3): 496—505.

LI Feilong, HE Weihui, LIU Lifang, et al. Real time fault
diagnosis method of rolling bearing based on CWT and
LightweightNet[J]. CAAI transactions on intelligent sys-
tems, 2023, 18(3): 496—505.

SUN Jiedi, YAN Changhong, WEN lJiangtao. Intelligent
bearing fault diagnosis method combining compressed
data acquisition and deep learning[J]. IEEE transactions

(2]

on instrumentation and measurement, 2018, 67(1):
185—-195.

DING Xiaoxi, HE Qingbo. Energy-fluctuated multiscale
feature learning with deep ConvNet for intelligent spindle
bearing fault diagnosis[J]. IEEE transactions on instru-
mentation and measurement, 2017, 66(8): 1926—1935.
CHEN Junbin, HUANG Ruyi, ZHAO Kun, et al.
Multiscale convolutional neural network with feature

(3]

(4]

alignment for bearing fault diagnosis[J]. IEEE transac-
tions on instrumentation and measurement, 2021, 70:

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

3517010.

HU Qin, SI Xiaosheng, QIN Aisong, et al. Machinery
fault diagnosis scheme using redefined dimensionless in-
dicators and mRMR feature selection[J]. IEEE access,
2020, 8: 40313—40326.

YANG Yang, LIU Hui, HAN Lijin, et al. A feature ex-
traction method using VMD and improved envelope spec-
trum entropy for rolling bearing fault diagnosis[J]. IEEE
sensors journal, 2023, 23(4): 3848—-3858.

SHANNON C E. A mathematical theory of communica-
tion[J]. The bell system technical journal, 1948, 27(3):
379-423.

LI Yongbo, WANG Xianzhi, SI Shubin, et al. Entropy
based fault classification using the case western reserve
university data: a benchmark study[J]. IEEE transactions
on reliability, 2020, 69(2): 754—767.

HUO Zhigiang, MARTINEZ-GARCIA M, ZHANG Yu,
et al. Entropy measures in machine fault diagnosis: in-
sights and applications[J]. IEEE transactions on instru-
mentation and measurement, 2020, 69(6): 2607—-2620.
RICHMAN J S, MOORMAN J R. Physiological timeser-
ies analysis[J]. American journal of physiology heart and
circulatory physiology, 2000, 278(6): H2039—49.
BANDT C, POMPE B. Permutation entropy: a natural
complexity measure for time series[J]. Physical review
letters, 2002, 88(17): 174102.

ZHOU Shenghan, QIAN Silin, CHANG Wenbing, et al.
A novel bearing multi-fault diagnosis approach based on
weighted permutation entropy and an improved SVM en-
semble classifier[J]. Sensors, 2018, 18(6): 1934.

LI Rui, RAN Chao, ZHANG Bin, et al. Rolling bearings
fault diagnosis based on improved complete ensemble
empirical mode decomposition with adaptive noise, non-
linear entropy, and ensemble SVM[J]. Applied sciences,
2020, 10(16): 5542.

A, BILUVE, BB, 45, BT/ NB A RAE SR IBCRIASER)
TR AE L 10 S L B A 0], 9k 8045 et 2020,
39(4): 273-277,298.

JIANG Jiawei, HU Yihuai, KE Yun, et al. Fault diagnos-
is of diesel engines based on wavelet packet energy spec-


https://doi.org/10.11992/tis.202204020
https://doi.org/10.11992/tis.202204020
https://doi.org/10.11992/tis.202204020
https://doi.org/10.11992/tis.202204020
https://doi.org/10.1109/TIM.2017.2759418
https://doi.org/10.1109/TIM.2017.2759418
https://doi.org/10.1109/TIM.2017.2674738
https://doi.org/10.1109/TIM.2017.2674738
https://doi.org/10.1109/TIM.2017.2674738
https://doi.org/10.1109/ACCESS.2020.2976832
https://doi.org/10.1109/JSEN.2022.3232707
https://doi.org/10.1109/JSEN.2022.3232707
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1109/TR.2019.2896240
https://doi.org/10.1109/TR.2019.2896240
https://doi.org/10.1109/TIM.2020.2981220
https://doi.org/10.1109/TIM.2020.2981220
https://doi.org/10.1109/TIM.2020.2981220
https://doi.org/10.1152/ajpheart.2000.278.6.H2039
https://doi.org/10.1152/ajpheart.2000.278.6.H2039
https://doi.org/10.1103/PhysRevLett.88.174102
https://doi.org/10.1103/PhysRevLett.88.174102
https://doi.org/10.3390/s18061934
https://doi.org/10.3390/app10165542

i

2

# PRV, 45 WO Sl KDL A6 0 4R B 20 €0 IO f) e e a2 W 7 vk

* 375~

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

trum feature extraction and fuzzy entropy feature selec-
tion[J]. Journal of vibration and shock, 2020, 39(4):
273-277,298.

CHEN Weiting, ZHUANG Jun, YU Wangxin, et al.
Measuring complexity using FuzzyEn, ApEn, and
SampEn[J]. Medical engineering & physics, 2009, 31(1):
61-68.

SR, PINGEARE. — BT 1% SR 2T AL pR S RO 23 Y
ORI 5 BE R Gi A4, 2015, 10(1): 75-80.

QING Ming, SUN Xiaomei. A new clustering effective-
ness function: fuzzy entropy of fuzzy partition[J]. CAAI
transactions on intelligent systems, 2015, 10(1): 75—-80.
AGGARWAL M. Bridging the gap between probabilistic
and fuzzy entropy[J]. IEEE transactions on fuzzy systems,
2020, 28(9): 2175-2184.

BRSO, KRR, WRITE, 55, BT A 2 N A UM
W AT B R R AR B2 BT[], PR3l 5 bk, 2023,
42(20): 130—-135,171.

HOU Shuangshan, ZHENG Jinde, PAN Haiyang, et al.
Planetary gearbox fault diagnosis based on composite
multi-scale cross fuzzy entropy[J]. Journal of vibration
and shock, 2023, 42(20): 130—-135,171.

WANG Yuting, WANG Dong. Investigations on sample
entropy and fuzzy entropy for machine condition monitor-
ing: revisited[J]. Measurement science and technology,
2023, 34(12): 125104.

ROSTAGHI M, AZAMI H. Dispersion entropy: a meas-
ure for time-series analysis[J]. IEEE signal processing let-
ters, 2016, 23(5): 610-614.

COSTA M, GOLDBERGER A L, PENG C K. Multiscale
entropy analysis of biological signals[J]. Physical review
E, Statistical, nonlinear, and soft matter physics, 2005,
71(2): 021906.

AZAMI H, JESCUDERO E. Amplitude and fluctuate-on-
based dispersion entropy[J]. Entropy, 2018, 20(3): 1-21.
ZHANG Zhiming, FU Guangjie. Bearing fault detection
based on improved multiscale dispersion entropy and
single value classification[J]. IEEE sensors journal, 2022,
22(16): 15825—-15833.

TANG Zhuang, LIU Jie, LI Chaofeng. Improved mul-
tivariate hierarchical multiscale dispersion entropy: a new
method for industrial rotating machinery fault diagnosis
[J]. IEEE access, 2022, 10: 102842—102859.

YAN Xiaoan, JIA Minping. Intelligent fault diagnosis of
rotating machinery using improved multiscale dispersion
entropy and mRMR feature selection[J]. Knowledge-
based systems, 2019, 163: 450—471.

BV, #h T, /0, F R SR Z 2 RE 6
FCAR B TR S R i2 W 1k (0], B ZE R R 4R,
2023, 2(1): 45-54.

GONG Jiancheng, HAN Tao, YANG Xiaoqiang, et al.
Fault diagnosis of hydraulic pump adopting moving aver-
age multivariate multiscale dispersion entropy[J]. Journal
of Army Engineering University of PLA, 2023, 2(1):
45-54.

ZHAO Shouwang, CHEN Yu, REHMAN A U, et al. De-
tection of interturn short-circuit faults in DFIGs based on

(28]

[29]

[30]

(31]

[32]

[33]

[34]

external leakage flux sensing and the VMD-RCMDE ana-
lytical method[J]. IEEE transactions on instrumentation
and measurement, 2022, 71: 3516312.

ZHENG lJinde, PAN Haiyang. Use of generalized refined
composite multiscale fractional dispersion entropy to dia-
gnose the faults of rolling bearing[J]. Nonlinear dynam-
ics, 2020, 101(2): 1417—-1440.

QIN Aisong, MAO Hanling, HU Qin, et al. Bearing fault
diagnosis method based on ensemble composite multi-
scale dispersion entropy and density peaks clustering[J].
IEEE access, 2021, 9: 24373-24389.

AZAMI H, SANEI S, RAJJI T K. Ensemble entropy: a
low bias approach for data analysis[J]. Knowledge-based
systems, 2022, 256: 109876.

XUE Qiang, XU Boyu, HE Changbo, et al. Feature ex-
traction using hierarchical dispersion entropy for rolling
bearing fault diagnosis[J]. IEEE transactions on instru-
mentation and measurement, 2021, 70: 3521311.
Jiangnan University. Jiangnan University bearing data-
sets[EB/OL]. (2023-05—03)[2024—01-09]. http://www.
52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-
University.html.

SHAO Siyu, McAleer S, YAN Rugqiang, et al. Highly ac-
curate machine fault diagnosis using deep transfer learn-
ing[J]. IEEE transactions on industrial informatics, 2019,
15(4): 2446—2455.

TFRAtE, T« —FIET ELM-AE $RHE &R ) R 2
SR B R ARG, 2021, 16(3): 560-566.

WANG Lijuan, DING Shifei. A spectral clustering al-
gorithm based on ELM-AE feature representation[J].
CAALI transactions on intelligent systems, 2021, 16(3):
560—566.

=AM

BUEE, B A%, FENTE TR
WSS AR . BB SRR
HARFEGTH 5 T, AN
T AP ZHFCH AT RIH 7 570, 3K
R W FRAL 9 T, K RF AR
3 30 43 o E-mail: mulingxia@xaut.
edu.cn,

5%, B9 AR, 220907 I
AW, E-mail: tianlu@stu.xaut.
edu.cn,

e, TR, EZEWFSE T ok T
VARG LK SEEER., 25
FH AR 4T, FEKEHE
FIZAL 10 I, KFRAAARIB L 10 4R
Ji o E-mail: fengnan@ustb.edu.cn,


https://doi.org/10.1109/TFUZZ.2019.2931232
https://doi.org/10.1088/1361-6501/aceb0d
https://doi.org/10.1109/LSP.2016.2542881
https://doi.org/10.1109/LSP.2016.2542881
https://doi.org/10.1109/LSP.2016.2542881
https://doi.org/10.1103/PhysRevE.71.021906
https://doi.org/10.1103/PhysRevE.71.021906
https://doi.org/10.1109/JSEN.2022.3188533
https://doi.org/10.1109/ACCESS.2022.3209231
https://doi.org/10.1016/j.knosys.2018.09.004
https://doi.org/10.1016/j.knosys.2018.09.004
https://doi.org/10.1016/j.knosys.2018.09.004
https://doi.org/10.1007/s11071-020-05821-1
https://doi.org/10.1007/s11071-020-05821-1
https://doi.org/10.1007/s11071-020-05821-1
https://doi.org/10.1109/ACCESS.2021.3056595
https://doi.org/10.1016/j.knosys.2022.109876
https://doi.org/10.1016/j.knosys.2022.109876
https://doi.org/10.1016/j.knosys.2022.109876
https://doi.org/10.1016/j.knosys.2022.109876
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
http://www.52phm.cn/datasets/bear/Bearing-data-set-of-Jiangnan-University.html
https://doi.org/10.1109/TII.2018.2864759
https://doi.org/10.11992/tis.202005021
https://doi.org/10.11992/tis.202005021
mailto:mulingxia@xaut.edu.cn
mailto:mulingxia@xaut.edu.cn
mailto:tianlu@stu.xaut.edu.cn
mailto:tianlu@stu.xaut.edu.cn
mailto:fengnan@ustb.edu.cn

