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Whole view feature extraction and mode diagnosis method for bearing faults

ZHUANG Yan
(Jiuzhou Polytechnic, Xuzhou 221116, China)

Abstract: In order to improve the accuracy of bearing fault diagnosis, the full view feature extraction method of bearing fault and the pattern
diagnosis method of expert forest algorithm were proposed. Firstly, in terms of fault feature extraction, parameters from time domain, fre-
quency domain and time-frequency domain were selected as the initial fault feature library. Then the global structural features of the basic
fault library were extracted using KPCA, and the local structural features of the basic fault library were extracted using t-SNE algorithm, so as
to retain the full view feature parameters that were relatively sensitive to fault modes. In the aspect of fault pattern recognition, expert attrib-
utes and expert weights were given to the decision tree, and the concept of expert tree was obtained. Based on the idea of expert tree, an ex-
pert forest algorithm was proposed, which solves the problem that the random forest algorithm treats the decision tree indiscriminately. Final-
ly, experiments were used to verify the full-view feature extraction method of bearing faults and the mode diagnosis method based on the ex-
pert forest algorithm. The experimental results show that the full view fault features extracted by KPCA + t-SNE are better than the global
and local structure features extracted separately; the average diagnosis accuracy of random forest algorithm is 96. 14% , and the average fault
diagnosis accuracy of expert forest algorithm is 99.48% , which is 3.47% higher than that of random forest algorithm, and verifies the supe-
riority of the proposed fault diagnosis method.

Key words: bearing fault diagnosis; global structural features; local structural features; initial feature library; expert forest algorithm

0 3| = R BRI AR 22 RO A e R R 2 LA

DR AR PR A T N S R A A S N B

TREMROR R B A TP AR, W e, B, BTSRRI W R B
PROB Tk B 517 Rk — e w3 B8 ERRTTR N E 2 X,

SRR S AT R IR TR T A, DR M 5 e A 38 SR T ok XHR SRS BT 2 W EEOR A EE 3 D E

riE B #2021 -09 -29
BEE&WA . AT E R =17 MR H (192012409)
YEBB A JEME(1981 - ), 2 VLI LA BRI, 222 A Fe 8 BoR AU AL 55 7 T A WFFE . E-mail : song987520@ 126. com



55 3 1) FE e Rl RS ) A DU IR S S B2 W T i - 345 -

D7 BME SR A RSO T, 3 MR A
&N (OGS RERIRIGZ WX S S5 F-AE , BEPRAL
IS SR IS RERES RIE 55,
(2) FESR U X R AT = 04T 2L BEAN A2 4 75 31 B
b FRAE R B AL =X )RR AR S 40, 4G B B S 20 i 2
B B SR BB S RUREIE A, (3) Bl
WA 2 B, BIE T ARS8 9K 2l AN L T 800 9K B Y
RS, o BRI A 12 W B R 75 B Sy K 3
SRR A AR I S0 — el LA ARAS: | TR b 5 A
RUSWOTE ALY BT B SR S 2 W 7 AR
KAt Iy SRR A T s W, AR s 2 2 SR i
BT TR b 22 R 25 ) 4

W SN R AR SRR PRSI 11 A5t
SR T SRR (R B R S 6 AT TR
Y | e 20 FHBENLAR PR R AT T R R R
5 20TV AR BB A A3 B AR B R A (R B AL
R L A 7 T 22 00 68 5 B AL AR (9 [R) A0, PN 5 55
N 22 R B U Inception 25 ¥4 Fi1 23 18] 14 3%/
PLFI A 28 B A2 N4 TR R R (5
RUGE R BRI R R IR S8, R B 3 T R e T 4%
SEBLT XA A2 W 5 BORZ T AR IR T
P REBUSRAT 2 W 25 B (H 2 1 B 0 246 2 B30 35 e A
S RIME, H— BRI T 480, T4 KR5S i H
525 22 ROBERORR 46 BT b AR (%) [R] Bl B R A0, I fel
FHSZ A1) s ML T T R R 5 BRI A 8K
PRIBCT Rl R P B A Sl R A2 2400 T Al ek
IR, PR HOS B2 W B R A PR

B X R AIE S5 R ) R R ATL R MR TIC 22 31 %
BEATLARY 114 ) 51, 4 28 DA A A 1T 1 AR i e A = 15
P A R T 9T, RO SR A SR RO T, 45
KPCA il t-SNE J7 1273 1) $ BUCRE Rl e s 2 1) 42 Jmy 1)
BB REAE ; 7R R A X2 W 7 T, R 1 R AL T
TANER TR NI 12 T & ZRMR L R i 12
W7

1T [ 4 Jey 5 J 70 0 e i 42 BT 95

T, A IS A AT 2 A
VA RE A 2] 1) ik AR S B R S AT AR IR 28 5 T, MO
B BRI 3T (KPCA ) 4R IR UG S 80 b i 4 s ARk
PERFAE, HHHE -SNE $25 408 o ZE 47 fiE 2 B0 J=y 3 i 12
L5k FRBUR TR A M R AL 5 B 28, 2R A5 T2 Wi i
RAERFES R
1.1 A4 AELEER

B IS AU ISR 3 A rh el K

W AR IE S B W) 46 R AR T 5 J 22 ) 6 e i T2 v
PR BRI S BN S, RITZDT A
T AR YL PGS e 436 o S A0 I AR S8
IRRRRE NS 1 FoR
R1 WREHEE

I e ZH ETRe S8
1 SN 9 o7 AR MRAE
2 /M 10 RO L)
3 e 11 i QUL 7N
FHEREE 4 B 12 VE(E TS5
S 5 i 13 i BEFR R
6 Ji 2 14 Ui B HE A
7 ¥H A 15 B L
8 J7 AR WRAE
.16 MR A FE 19 AR A
ﬁg;{ 7 LB 20 BEER
' 18 AREbREm2E
21 IME, SRRFEANE 24 IMF, SrEFEACH
ngjg* 22 IMF, SMEREAIE 25 IMF, S EEREACHE

23 IMF, Jr EEFEACHH
IMF, ~IMF,—% 1 ~5 & IMF %%

1.2 HEEFBFENSHFE%E
KPCA IRIEAELe M R B &, (EARAE LR A 7T 43114
SRS v HE ) A T o3 5 i ] PCA B 4ET7
5 BEBUR WA RAIEFE P i 2 R AR R RIE S
AR IR BATIC O () vy, 002y ) , BEHARZR A
PR @ P IS B e s ) F ) D07 22RO

F _LM T
c' = M;d)(xi)cb (x,) (1)

Kt O — Wy 250 0
SR 2260 CF (REEFRAAE 51 RD
C'v=2v (2)
AP A—JEE C" BRRIE(E s v—HEF C" AR ) i
FRAE 5 v P @ () ZRMERIR N

M

v = ﬁ;aiﬁﬁ(xi) (3)

o, — MR B
Hita(1~3) U4

M M

EX [ Y (D(x)B(x)B(x)B(x)) ] =

AZ (D(x,)P(x,)) (4)

SE LM x M 4R K, 2 K, =[P (x,) P
(x,) 1, W= (2) AT AZEIE N -

MMa =Ko (5)

XTHERE K (FRREESEATHET , A, > A, > - >



- 346 - L H

Tr & %39 &

Ay JUHT § ASFRAEE Y RFRTTER R n, K
2»

ZA

K(6) H, FRAFE R K, %%ED%XT AR AIE 7] 5 B B
SRR AR B R RRAE . L Ab , 2B 3 P R R DT R
AT 95% WIHT s A FLIHRHIE
1.3 HEBFFIENSEMELE

AR BEHLAB S % A (t-SNE ) & —Ff ] T2k
R Ak LA 27 > B, B o A 5 1) A kS ) e
KAREESCE T AH L [R) 0 A R A AR AL, ff e T AR AR
Kol pom R LT -SNE Ay 2550 4k 5 37
AL LA 6 MNP ERRSEEL,

AR, TR SRS E B R, BRI
KR 5 4 5 BB N D, WA B R ) iC o X =

(6)

(2,,%,,,xy) € R I i 4525 (8] AT B A o, o 11
EEF%H%T%?—& PR B
exp(_ﬂ-ﬂ-fwllzj
207
Py = ”xa-l_x ”2 (7)
;;eXp(_iayf)

Ko —, BRI 2,
N TSR AR A o
eI

A K Hh A 1B 5 E R

P :pi/jz_;vpj/i (8)
e, — B IE 5 AYIC 5 25 B pR A N— R 79 K
AR 2, WIRAIRGEE s . EE A SEX Ty
RYEFRILIC R Y = (y,,y,,,y,) € Ry HA d HK
e des , H d<D,
MR Y HBELRI G A s B
Y(0) =N(0,107°I) (9)
K. Y (0) —0IER A BARAE R s 1—D 4k qiy 1) &
R3¢ AT SRR g,
(L+ lly =y 117
h ;(1+ ly: =y 1) (10

AP A, THE EARRECRERE . LLE4E A P RIMIG
o3 A Q WAL AR PR %R C
2 Zp,-,-logz% (11)

AHLKL(P || Q)—Y Fl Q ZIA]f¥) Kullback-Leibler #%
D) 5 A5 pRECRS A

aC
—_— = 4 o= (. .
oy, Z. (py = ay) (3

C=KL(P|Q) =

—y) (L + ly =y 1)

(12)

PSRRI AE A, DI XA 2]
RHERE Y (1)

YU):YU—I)+n%§+M(U[YU—1)—YU—2)]

(13)
Ko e — BB —22 2808w (1) — B 7,

A6, EELHEI ~ WS HRRRRKER
UL T, A5 BRI Y (T)

Fi R AL AT L i 2 540 v 2 B 358 1) 3
TESEFRRIE A5 BIRGEAFIE S50,

1.4 BUESHEESRSTINSH

FT KPCA 2 JiF#fE S t-SNE J& 7
B TR -

R, RAERRN AR TR S B IR 1
S B0 3 SR AR SRR IE 240, i e A T S 80— 1k,
15 BIWIA R RFIE A X

W2, LIAR 1) J oR R A% R AL, 1 ] KPCA
IS4 15 B STHCRAS /N T 95% MIRFIESEL, LA
P RN LS Ni0] 534 3. OF

W3, UL X, N 4EEE i -SNE X £ i

TT A b 3 A5 30 58 T 5 5 2L T 45 #4 R 1E 1) [ 4k AR i
7‘5%5( X,

AL P A A 2 BBORECR vl AR FH 2K m] TR B S, N2k
WIHEE S, #EATIP, ZEF W FIRTFINEHN X = (x,,
%y, ,xy) €R”,

1&1;@%&%7%' SVEA LR 5 i AR
B N WK E] I S, FISSNTEEE S, 250k

AL AR 2

N;

u_%ZEUMM—WHW%%Wﬂ

j=1

~

= 3 N =) (m =)’
o, D(x, V—5 i BEARIEEAR R E jym—5 | B
AR IIE ; m— T FEARIIA ; S, — RN REAR Y
SRR, AR NN EEA R AL BT 5 S, — R AN
F o B AR IR Rl X o3 BE R

RN E %@Fﬁ;’%’ﬁﬁ%ﬁﬁﬁ%ﬁ,ﬁ
(EHCR , WS R RCR T

2 TR R RME R TR

BEHLRRAREE 1 v — R S — D RS IT, 24k
FBFLLR— D FEPLRRA , BEHLRR AR 1 b BR AR A D3
PSR 21O L TR ST S U\ 2 W
IR AT DR A B AR, (HR A0 200 T BR A

(14)



55 3 1) FE e Rl RS ) A DU IR S S B2 W T i - 347 -

MMAZES WHNZ 0 TR L REEE R, BT
fif DX — Al EF AR T — R RO
2.1 BEMIARMREZ

LRI IC R D, FEARBCRIC N N A
FREBGEIC N M, 2280 Y, BEPLARAR AR 15
FEHRE DSR2 B PR BRI AR

(1) Jh#E, i bootstrap JHAF 72 M 4 B diE 42 D
HA I T K NSZAREAS B M bootstrap BEA)

(2) YL I SR, BT 532 (0] U R A e SR AR
FEDLTRR B RS9 A B, DA ) A RRAE T B ML
B m AERIZT S A SRR AR | 1T R KR L JE 5 2K
e/ MEHEE R T A 43 BLFEAE RN U0 23 0, AT 31 25
FEARN S BIWAF b, R PR HR R
PN ZR5E 5

(3) BRI R . 4 bootstrap FEA T IR ik 2
BRI RPN, YN 255 BE 1) D S 28 B — A~ BEHLAR AR
[t,,i=1,2,- K| ,t, RN i BrHEHEA « f
AZNZBENLARAR S 15 2] & PR IR A5 R {1, ()
i=1,2, K| ;

(4) BEDLARARDLSR . BEAILARAR Y P ok 7 Uk 1
PR — SRR A L AV SR B AL AR MR Y D 3R 4
LR

T(x) = argmaxZ(ti(x) =) (15)
AP T(w) —BEVLARAMRE XA & IUDRREE R
2.2 ERHENREE

TR S PSR T 5 42 4[] ) 45 S A 22 s
TR Z B o E v 22 5, B — ol L R PR
A3 N TR SRE [ S5 0 22 8 DR 3R 5 12, TR kg A7 A W B
AGHE,

N TR — R, EE P TR AR
FEA AR AEPCRA N ZRE BRI B —> P00 it
R AR AR R SR 1) Tt o A 5 Ry R SR A T T AN (] 1Y
LRIBHERL FHUE,

TEAEGEREHLARMRIT L h ALY K A bootstrap
FEARRTR NS . MTEL ZARME T, LIBEHLY
FBEPE 0. 8K ™ bootstrap FEARVE HII R4, 5540 0. 2K
I bootstrap FEAAE A FIALE .

PR 1§ TN ER RN R, R

K

Ri=0.2K (16)

X K, — 00038 5 He 3R IE B Y RE R B
0. 2K— T 48 H R A L 5,

ZETCREIR , DR SRR T 1K 14 o 1t o T LA R D3
WL R . B e 38w , RR PR 1 %
SR | A A DS AR T o B

N TR FIRFEW T S AL A, B H KA
AT B R T AN R AR B

(17)

—_ Ri
i T ZRL
Ao, — U i 1% HALE
L RARMHAR IR (At IR D,
T.(x) = argmax 3 wit;(x) (18)

AT, () —ERARMAILEAL,
3 LR

3.1 XWiEESHFERE

LA ZE 3 1) 55 ) B30T P P il R S 36 T4
PEAVE BRI, Yo SKF6205 Tl AR i 56 B 1 1)
FL K AE NN TR A Y L MBI Sh R i T H i e
B REER S AN 0. 177 8 mm , B SR AES % 448 kHz.,

SRS A IE RS S R SN REE TR Sh i
WSS 4 FOIRES, B FOIRAS T 4565 200 MREAR, 3
800 MEEA B FEAREHLEREL 0. 1 s M AR5

T, W AR R R O R LS, AT
AT HLER , 2 IRl il KPCA (t-SNE . KPCA 5 -SNE
SEA BRI S B Y SR B0 %

3 TN I R SRR A I (23 ()43 A I 1 B

N T AL AN R TR SR URRE IR 8 B

i 1.4 %q:a@z;%éﬁmzsﬁ%ﬁﬁm%,ﬁﬁﬁ

ZERME 2 s,

H &l 2 W]

] KPCA 5 t-SNE MHZ5 A 2 A il B R E 48 5
SHUEEK, HoK O KPCA J7 A1 t-SNE J5 5 ;

SRR ARME S 1 REAE 4 A A X R, KPCA + t-
SNE $#2BUNFHEAE 5K Z A X 73 B &, 1 H2E W
FEA ) SR AR T

KPCA $& B FRAE 28 (] X A3t 8 dy (R = A
B RAEFEIA 22T KPCA +t-SNE 4535

T-SNE H&HR % &N 5 B 17 )5 VR Sl 1A 8] i A7 7E
TXIG , H L HAS bR S5/

M EF, KPCA 75 HEEHL TSR R E 1 22 )R
FHIE t-SNE H P2 T Bl R 1Y) Jas B8 T 25 A AT
1M KPCA + t-SNE J5 35 FR 44248 1 BB R AE 1) 42 J) il



- 348 - L H

Tr & %39 &

X EFERE
+
> 4R A
&K O ek B
=
H
11
&
20
K EG R A&
+ vy s
= S I B
O A B
50
(b) SNEF2HUAIHFAE
5.0 K IERRA
L + o s
25 | Sh i i
K O ek b
B o
H
I .
& 25 s %
5.0k L
5.0
10
S, <25 IR )
$@g -5.0-10 %/9&
(c) KPCA+t-SNEJRZIUAYHFHE
B 1 RSB RAE
140
120
w 100
=80
QE
E 60
I
f& 40
20

KPCA  t-SNE KPCA+t-SNE
FFIESE T 5

B2 RERBO R bR
SRR ESFRRIE , PR AR BRCR A T 5 AN PRI O 12
3.2 HEEKISEER
3 MNEFIRAS Y 200 LAEAS FREL 160 4116 K
Bootstrap FEAS, AL Gt B AL 2R AR 1k , iZ 160 41
Bootstrap FEA B HEHI T ORI 25, 7E% ZARMEBIE
o BEHLE R T A 80% (ED 128 2H) VE M4 4E , H

AR 20% (R 32 41) 18 R ik 4

FrFENLARR A L TR KRR BRI e e a2
E Ao R R & 4 N R i DO P AN i
40 x4 =160 LHMAFEA FE1 7 12 W, Hgs R gl 3
B .

O Rahirsp
Yo WESEE
O ShEeE
41 A EmiE - —-- = 50000000 0000N
E by Veawant A
& 3 — A
&
26
| RN
0 20 40 60 80 100 120 140 160
ARG
(a) BEHLARBK S22 7 2 2R
O RERsEE
e PR
O HNEEE "
4H A FEsis % AL
% °T5 s tpee e o
B
) "
|
0 20 40 60 80 100 120 140 160
ARG
(b) FRAAISIE R

B3 IR 2 W
Bl 3 i iS5 v B ALAR AR B9 1012 W o i R
$96.25% , & RARMBEIE NS WIHERF 4 99.38% .,
FEARR LI T, 4 F AR B2 B v A 255 5 T B AL
FRME L AT AT J 0 i, EE I A
AR A S 10 WK, B S SGFER YI 2R AR I 3
FEARAE, Giit 10 LK 2 Wi E S50
PR ZRARE AL W e R A0 35 2 P
*2 WHEREESHAERE

Bk TR R TR R AR IE 22
R HLARAR 96. 14% 3.26%
L RIRIR 99.48% 0.87%
HE2 A4,

BEHL AR AR A2 W HE B R K 96. 14% |, bR
HEZEN 3. 26% ; T & 8 AR bRV 112 W i 1 R Ol
99.48% , LLIEALARAMR SRR & 1 3. 47% ; LR BMEA
LW ET RARUEZE N 0. 87% , it /N T B AL 2R bR
2, VLA L FARM IR W A e .

DAL B 6B | % RABRBRIR % 14 5 B 12 I o A 2R
T RAPLARARR I, g Wikeoe Mear T REPLARAR R

IR BN RERMR G, FE DI 25 B B Xt e S



%53 1 J2

e b RSB ) A DA IR S S B2 W 7 1 - 349 -

WL RImPEBERT 1 BN, RE A8 45 0 VA L T DR 5
P0G RE A, TR A e 5 T A 7 A ) 1) e AR
{6, fEH R H AL A B2 WTRE ) BUE L ; T REHLAR MRS
JIT A DR SREAR R Ay [] 5 DR SREAT, 28 1R ] ) 22 57
BEBEHLAR AR L B2 W RE 25 T L R MIAL

4 HRIE

B X R IE 2 5 U [ R B AL AR PRI 2 33 % 1
BEATLARS F) )T, 26 255 DA SC 3 A e B BRI e =R )
PN A FE X AT T AR 5E , BV S fE F U T, &%
A KPCA Fl t-SNE J73 43 51l $ HURE Rl e e J22 11 42 Jm) AR
SRS R TES RS W T, A SRR T & K8
PERL FAUE , NI T8 R

YGRS DL R FIE 4538

(1) 3T KPCA 5 t-SNE 2545 J7 v $2 B e b
AEAR T PR 5 3220 57 B IR REAIE 5

(2) 38 i AR R R, NS AT DA R I AR A
RT3 , 1T EL AT DB g R AIE ) i 0 g P B

(3) BRHME L TR HWRT T2 X%E
P, PR 2 Wi 25 o T REAIL AR ARGAL I

IEH B R I2 W A 8 S MR SR 3R | 54
JE W TAERZEZE AT LURIF LT 3 A7 H ST .

(1) BT o BUBRRAE B 5 3 o i s SRR X6 i

A T i R 5
(2) BRI oot 1 28 vk, A =Xl o
HEUE

(3) BFFEE TV 27 2 10 R B 5 ML
B iAL Ik

2 % 3Lk ( References) :

(1] FEEElR MR, ok 555 SA SR 528 /NE
SRRSO 2 [T, HUM R T il i, 2021 (5) « 144-
148.

[2] 4 =% 4,225, % 3T LMD fl MOMEDA [Wi&
SR I R AR SR B FT [ 7], HLE T RE, 2021, 38
(3) :276-285.

[3] T8, Meopdk, 2504 5. 3T /Nl A TR A 40 A S B 1
ALK RS RS s (1], Bl S5
247 2021,35(2) :59-64.

[4] THOM HT, YUAN C M, TUAN V Q. A novel perturbed

particle swarm optimization-based support vector machine for

AR5 AR

[10]

[11]

[12]

fault diagnosis in power distribution systems [ J]. Turkish
Journal of Electrical Engineering and Computer Sci-
ences,2018,26(1) :518-529.
XASK, 2 i BUNAE S S B iSRRI 4
2R N RAE R B RS2 W P I )] HUR 5 R
J%,2020,48(23) :208-213.
JLEY, RSFIG, RIS, 45, ST/ N A 5 BEPLAR AR
TR S AR R AR 2 DTk [0 ] BRI 5
2020(10) :59-63,70.
N A e IR ) 4 1 TR Sl R RIS W
[T, IR Tl K240, 2021,53 (1) :23-28.
TAR, MR B, BT AR TR A 2 RUE RO
(FE 52 R4 U R ] Bk B A AE 23 BT 7 12: [0 ] UK 5
J%,2021,49(16) ;185-190.
PE WEE RWE, & F T KPCA I K-means
1 e 7 S ef R R IETTIE [T ] AR BT R 2224 ( A 2R
Bl22iR) ,2020,48(6) :143-150.
g4 ML W LT E RS 43P BP_Ada Boost Bk
MR BE R I2 T [ ] HLBRGR 2 ,2019,41(6) :1292-
1297.
JOO H, KIM J, KWAK J, et al. Improvement of regional
clustering using flood control characteristics and t-SNE of
machine learning[ J ]. Korean Society of Hazard Mitiga-
tion,2020,20(3) .247-257.
HAMID Y, SUGUMARAN M. A t-SNE based non-linear
dimension reduction for network intrusion detection[ J]. In-
ternational Journal of Information Technology ,2020,12
(1).:125-134.
WA E A, W BT -SNE A S I HE B 1R
SRR [ T]. HEPURS B ik THR
2021(8) :57-61.
OB X VR B RN AR R 0 TLR
PR RGO W (1], TAL# I, 2021,42 (4) :513-
521.
JANITZA S, TUTZ G, BOULESTEIX A L. Random forest
for ordinal responses; prediction and variable selection[ J .
Computational Statistics & Data Analysis, 2016 (96) :
57-73.
RATHER T A, KUMAR S, KHAN J A. Multi-scale habi-
tat modelling and predicting change in the distribution of ti-
ger and leopard using random forest algorithm[ J]. Scientif-
ic Reports,2020,10(1) :11473.
FI/NE ok HE, 2 2, S, ST Il T I8 % 4 3 0 1 1k
FEHLAR AR BB R [ )], B2 BAR 5 T8, 2021, 21
(26) :11205-11211.
SR B AR R, S T RN MR B X
FRE RN 1], FLHR TR A ,2021,50(12) :50-53.
E LY

JE . RURSOE I A RIS B2 W 5 (1], ML T AR ,2022,39(3) 1344 - 349.
ZHUANG Yan. Whole view feature extraction and mode diagnosis method for bearing faults[ J]. Journal of Mechanical & Electrical Engineering, 2022,39(3) .

344 -349.

<<HLEE.:|:5FE>>%/%:\;http://www. meem. com. cn





