~ R

ETZEEIAF| OVO-RVM HIIRENE Bar PRI B 5 7%

BRI BT
RPN EAR BN TR R, [ 28 80 522000)

FEEE: o R 5 1 T8 AN [5) 2 2 5 05 W X v B 5 R S SR A 7 oK, SR T B R T K ) — e —
RVM (OVO-RVM) RSN IEAS SRS Wik, %, Bt RVM 0 BB R B 24 . B AR i 7
s RJE, TR SRIER RS OVO-RVM 2 70 JMERL TAR J FH K 7y SR FEAG B K, BT S8 56 IR ] OVO-
RVM fRBNE G SR I2 Wi 505, T3 AR 4558 70 8 i DU AR QR S HEAT 20 SR IR WA A R AE N B T L3
7 RPFRERAIRACKI A, 2038 23 RAGIRF PSR A 0 X0 57, 1R Z T3 70 AT FE vk S (K
T 3 IS AT BEAE 25 45 A AR R T 2 0 AT SE MR B A RN, 0 B AT S RS R SRR, LA 2K
FUNRIHER R RS, R I7IENH TR AL G AN R R B ) 2 W7, JF AT SEIRIRAIE . SEIREE KR, A
TR DRAUERE 5 73 2 ) 1 3 1 [ B A 200 v 7 S ) T

KB ML RN 2o KB, RIS, s

FhE 4SS TP277; TP212

DOI: 10.3969/j.issn.1674-2605.2021.06.007

0 515

IRENE R o o THh. tiAtEE. B
ZUEIR R AT e R A . FESRLEN I, AR
PR AR CERR N ) N B Bl AN AR, 75 0 AT g3
BANRGERE TR RERR. R LR,

B IR WSR2 W B 2 A B 3 R IAL AR
A ROE T, ARG RS R R EE AR L —,
LN B ks T T T [ o A& IS W2 T (1)
LYUTTEFEAFEETURE ETTIARER, T
ARG P& SCRFIREEHL (support vector machine,
SVM) 52K, Hrr, SEfFIURIE. MUV il
W 2 AR TUR . BRI R AL ke
PERE S, FIE GO AR RA, e TR AR
RGBS EAAER, 2D HE R TXR
G R IER . MIEEAR ARSI AR, IS
FHSZRR; PR TCTR LB, HARZR Mt
MEEE, A% BIEN. AR s, TR
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M AGHEANAL, SBOLGMBA AR, &R
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SVM #4548 A foe /N IR BR A iRz AL RE T, AITE/D
FERSEN AT 2 R, BN R 15
21 YEHURAMESE )T, AL IR SR 2 W U 3
]2 N B0, H SVM R EUE SR SZ R AR
AW, BREtRERMR A, ANER T 2703600
. FFEAEHNL (relevance vector machine, RVM) &
FTFFsi Bayesian HEZE A5 BMERARTY, AT+ 8450 H
MEZR AT, B 1 A5 RS MR 2 22 M7V IR A
A SVM s [FNf e 7 SVM A 22, Al
o SOFHASEIR N F T 22 43 S e
B4 RVM N3 R0, Fedb AT itk LG T

oK. EAMPE IR Z 0 B A ENL (multiclass
relevance vector machine, M-RVM) B #2528 % 70 J5 5+
A FON S OIERD, BT, RVM 25085800
WL EASE: —X 4 (oneversus rest, OVR) 432K
. —%f— (one versus one, OVO) 7pJ&ykl4l =X
B (binary tree, BT) 73540151, i T m] B (decision-
directed acyclic graph, DAG) 732411015, Hodr, OVR-
RVM. BT-RVM. DAG-RVM =Fh43 2RI 1E 4p Hid F2
ATRE A TR ZE B, FIKIKEE: OVO-RVM
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BEEIRH] OVO-RVM 240K, JRIGH N AT
53 JE VTR 22 R SIZIN 1 SR A s I AR B AR IR A
[FI AL IR I2 T o
I RVM =5 %458
1.1 RVM ZHIBipiRE

RVM 153810, WlSEAREES AN 6=

(x,,0, )0 F, s ORI IS i xR
NMEGFEAR, NHHEARFIIG n=1,2,...,N; 5FHKH
FRIEE £ = [11, ta,..., tv]T H. £,€ 40, 1}, T RVM 4325
N
y(x;w)=Z:wn]{(x,xn)+w0 (1)

n=1

KA, K, x) R IZREL w=[wo, wi, ..., wy]T EBUE
B}

YT 2R, RVM 432K 8%iid Logistic
Sigmoid BAEL o(y) = 1/(1+e VK y(x; w)BLE 21X 5]
(0, 1), ZPHERIRITEZ A0 RN

1
pit, =liwi=o[y(,ml=r—rs @

MR RT3, H pl{d- )i A2 Bernoulli

IIATIT, BEANFEAREIR RN

pit W}=HG [yCesm] 1o [y )]

©)

7F Bayes fE42 T, AJIEE f RAISR R ECRAS 11
PUER & w. AR, RVM NEABUEE X
Gauss JCIGNER I A R LIRS

N
p{wla}=[IN(w,10,0,") 4
n=0

XH, a=[oo,ar,....an] N N+1 HEESHL SHEEMUE

wn BINEESE o /& RVM [ EZFAE, f RVM 57
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B2 s PRSI, = 0ly(em waip) 1 {10y (e war)]} 5
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FEMRE A B 73 845 5 HE (R R & )
AVIZREF) RVM 205, BRI kA7 45 2t
UEB A RSEFRNH . RVM 43 2R 1) 432 b o v
MR: 24 plt,=1x}>0.5 I, HRERN—Fr,=1;
M pit=1x}<0.5 i, 73245 NH 2 4,=0. RVM
TSR SRS NE B R RE S,
AT DR REE R EE.

12 RVM ZHEGELE
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[ R 4 2 [ R 5

2) FRELUIGREARLES . MRRAEASE S
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3) VIR SH a,, HATGENT S kAR R
FEMAAN K

4) O (T)HHEERTRERUE wiae FG
Uo7 25 R X
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Sr R RE S BRI 4y I REARR], 235
1 Fr.

EEEEGr ol

1 FR#E OVO-RVM 43 ZAi [ H R & K

38

bt OVO-RVM £ 43 SRBARLK AR AMIIRARE A (B
SRR R AR A R ERE I RHIE E D &l 4
k(k=1)/2 A~ RVM Z4pREEAT 0 840, JFgeit %
AN RVM 3R Rab R, e iv 207 18]
IR, RVM 00248 Si-v-Sp HN 45 Ry i 2K,
Wi KRG Em 1, B KgHEm 1. it RVM
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D 2R IBHE, fEEdEE . BRTEIK
ffill OVO-RVM £ 43 i) — 43 2R3 5 o 2RIR
HFEI0 k MK, 2 k2 n, RAE .
3 SCISTGE

FEFEARNL EIRBNAL AR 1R H RS 5 1 E K
[ E N RS RERE TR, phii kAL ek
R 6 FMPEARAS I RIVE AR 1~T0 FRIUX 7 FAL %
SRS E TIINGREA, WHAREA, FEA AR LR
ARG SRR E, ASCEIEET = Shepard
'] Hermite {E 0 5% (Hermite interpolation based
on triangular Shepard, TSHD X115 528 thZeddifd, LA
SN FH AT TSHI (1) )5 #5118 77 i (local mean
decomposition, LMD) #2HUE FHHIEE, FREIIZR
FEAS . DIRAAEA S AR S A NAL S 5 1| 5 4
TR (product function, PF) HIREE: cqi(h)-
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FHER R ER 1 .

B, ARG NS, R RO N
WEFEARLE Gy, Fa 7 N33R i 21 4> RVM
ke, B IGREARLE Gy 73 IIZRA . RVM
TOrRAR Siv-Ss AT, R RIS AN
EARIHIFRN 6 A~ RVM K88, (RAF G 50MER,
BUEASIG I EE BT RVM R8s A 2 &
J&, RS RVM 20 88 1100 T S
FEIRIREEVERIRH] OVO-RVM 243845 (1 8 1 HEF

JEMIAIRRE T 2070 ST SEE, R EIRRADL IS 7 2K
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7 GERRFD « K2 (EEmA « 205 GEE
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7 RS EE M E
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1EH
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[14.0198, 7.0311, 3.0955, 04963, 02167]

[13.9868, 7.3379, 25179, 2.8294, 3.0986]

[13.8055, 69559, 19151, 0.0140, 0.0050]

[0.1202, 0.0715, 0.1001, 14.9250, 10.348 8]

[0.0102, 0.0365, 0.8971, 103923, 13.5125]

[16.3594, 9.0942, 2.6468, 03947, 0.5416]

[0.0071, 0.0138, 0.0418, 1.8606, 16.0832]

F ARSI R IZF K] OVO-RVM. 243
PRV FIRNL AR 7 AVIRES, Hoore R Sk
OVO-RVM £ /335457 . OVR-RVM £ /335054 | BT-
RVM £33 DAG-RVM £ HRL )43 2545 itk
ITEEE, SERER 2 s, Hdh, CA N TPI528H
AHERZE: CT A& RMNAREARLE S50 2505
HE] CANVEFENZERED 3 BT-RVM 242458 H
P15 — XUR 5K, DAG-RVM 2273 2RM R SR ] el v
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F2 BREKAH OVO-RVM o ERB 5 HM % 572 RVM A REEL R
T BEEIR T OVO-RVM FriE OVO-RVM OVR-RVM BT-RVM DAG-RVM

CA/% CT/s CA/%  CT/s CA/% CT/s CA/% CT/s CA/% CT/s

EH 100.0 0.273 100.0  0.511 95.6  0.237 96.1  0.201 98.7  0.234

[i] 7€ v K 99.7 0.287 100.0  0.541 952 0253 957 0212 97.3 0251
[i5] 7E i 7N 99.6 0.278 100.0  0.521 94.9  0.246 953  0.207 96.6  0.248
Y2k 98.6 0.288 99.8 0.543 95.1  0.261 96.3 0215 95.5  0.259
FERE T RE 99.8 0.272 100.0  0.519 955  0.245 96.8  0.204 96.7  0.238
MR 100.0 0.265 100.0  0.506 96.5  0.240 988  0.199 98.4  0.232
T4 R 100.0 0.276 100.0  0.522 96.9  0.249 99.1  0.205 99.0  0.248
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Fault Diagnosis Method of Vibration Sensor Based on Elimination
in Each Round OVO-RVM
Chen Gengxin
(Department of Mechanical and Electrical Engineering, Jieyang Polytechnic, Jieyang 522000, China)

Abstract: Aiming at the high accuracy and real-time requirements of different types of vibration sensor fault diagnosis, a fault
diagnosis method of vibration sensor based on elimination in each round OVO-RVM is proposed. Firstly, the RVM binary classification
model and its hyper parametric optimization and model sparsity methods are studied. Then, the working principle of OVO-RVM multi
classification model with high classification accuracy and the reasons for slow classification speed are analyzed, and the fault diagnosis
method of vibration sensor based on elimination in each round OVO-RVM is studied. In each round of classification, this method only
classifies the adjacent categories, and eliminates the previous rounds of classification decision probability and the lowest category
including this round. After multiple rounds of classification and elimination, the final classification category is obtained. Then, it is
proposed according to the principle that the two categories with the lowest average classification reliability should be as far away as
possible and the average classification reliability of adjacent categories should be as high as possible, each category should be
reasonably arranged and connected head to tail, so as to improve the accuracy of classification and discrimination. Finally, the method
is applied to the diagnosis of different types of faults of vibration sensors and verified by experiments. The experimental results show
that the proposed method can effectively improve the classification speed while ensuring high classification accuracy.

Key words: relevance vector machine; multiple classification model; vibration sensor; fault diagnosis
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