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An Intelligent Fault Diagnosis Method Based on Inception v3 for
Printing Press Bearing
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(a. School of Printing, Packaging Engineering and Digital Media Technology b. School of Mechanical and Precision
Instrument Engineering, Xi'an University of Technology, Xi'an 710048, China)

ABSTRACT: As a core rotating component in printing press, the operation status of bearing plays a major role in the
health monitoring of printing press. The work aims to propose an intelligent diagnosis method of bearing faults in printing
press by mixing the advantages of wavelet time-frequency processing with the Inception v3 model. The Morlet wavelet
was used to process the raw vibration signals collected from bearing, and the corresponding two-dimensional
time-frequency images were obtained to characterize the bearings faults from the time-domain and frequency-domain. The
time-frequency images were used as input of the Inception v3 model, and the filter-level sparsity of the Inception v3
model was used to quickly and automatically learn the fault features from the time-frequency images and adjust the model
parameters; finally, the trained model was used to implement the fault diagnosis of printing press bearing. The effective-
ness of the proposed method was verified with a printing press experimental platform, and the results indicated that the
average diagnostic accuracy of the method can reach 92.53%. Compared with traditional intelligent diagnosis methods,
the proposed method has higher diagnosis accuracy and stability to achieve the bearings fault diagnosis of high-precision
printing press.

KEY WORDS: Morlet wavelets; Inception v3 model; bearing; fault diagnosis

KB 2021-08-10

HETIE: BRAAHFEE (51705420, 52075435); 94 A KA L A7 53 %1 (2020JQ-630, 20JY054); %22
Lk%ﬁfiuwxwﬁﬂk(%mnmw

fEEZ® M. ALK (1983—), B, Hd, BEEIKFHIF, TR @ AR S B,



- 190 - f1 %% T 72

2022 47 A

Bifi 5 BLAC BNl il 9 A PR RGBS W B 5 Sl R AE
R R £ B B O o R, R R R s
T UL T 258 5 7= A A TR RE BE A a2 n SRS R R et
R IR AR, I i B B R R & TC R IE W s AT
DESS-A IS G IS s G5 & 87 N ) R 280
XK, BEANGLEFKDY, Wik, faa 3B
i) 15 5 il 7 A 32 T S R B D Il 52 K B0 e T
IBAT Y SR A

ARG RS2 Wil oe v, R B e A
FUE S 3R R BN W3R S5 5 7 b, KB
T LA FEHR I W] LA s s B R i 14 45 5L, DT S
P AR A2 W o 33X I8 T AR SR 2 Wi 5 ) 1 2R R
T B IRIOR , R AT A PR ORI EE R H
B2 T, BRI A R 2 R K, T EERAE
WA E 5 WA e 5 R AR AR AW B 5, S 3k
LR EF RSB HRRENE G T 9, e
Gl K12 W7 vk A TG 3 D0 2 IR sk R A 4D
Rifi 5 N T2 e BLe 1V B & R, 1 A0 S Fr 1) i AL
(SVM ), 2% [m] 5 25 1 J2 235 #4) B30 1k A6 012 W 40 45
BN T BSOR B o R T BRI A5 LA 25 44 52 4%
AWHET, 28R A R 3 A IR S5 S i A
R R MR Y ST N, R R IR B R TG
TER AR B ShoR SO A R AR (5 BN H i, iR AR
ST B ek 5 v SR AR ORI B e 7 B ) 14 £ K it
PR N5 = H P AR AR AR

PR HC AT R g R S b B % 33 o7 R B R
TR 2 2] S0 1 o0 BLAR U T AL Bl B2 W g vk R
B BERHAE IR, (A5 AR 512 W 40 35 45 51
TTZMN . BB AR PR Gl B2 Wi it 52 v 5|
A TREER A g ey, % ETEA AR A 2 0] 52
PR T TR BE ) Wen ZEUOMR Y T —Fh LT 5
PR 28 I 2 W T v, SRR 2 AR A T k2
B BE AR T HAh S B2 Wi v T 808 B iR ).
Jia SV T —Fh L TR 0 — T B 28 ) 4% (1
T2 Wi T, LI R R IZ T R T — 5
P S HS T AW . Jia SE88
T A A R R 2 ) Bk e AR B R IR AR
YRS, fE—E R LS T BOMREH ALILE2
Wr o 78 B 5 SEPR TARRB A, o TR AR &
TR Z MAETEA EAE T, S 8UE B R R IR SN
AR MR LA, BRI T R 2 ) SR R U B AR AR 1)
HERfME , DT BRI T % B 27 2J 53 Ik AE ML s a2 W 45
BN S R . A T SRR, SO e AR R
B B R4 1) Morlet /)N X R 82 21 (1) B
Wil 5 28 AR R S AR 5 5 A T TAL B, B R o —
AeppamEl, MG SE 1 RS S ARHE R . RS,
R A R 25 ) 265 113 L R AR A 2 — Tnception v3 W 4%
X LA A 3 P A A R AR E A T2 2T o R TR 4 e AR
G MBI R 5| AT o0 S B EAR, AL

HABEEEN AR, SOREE T IR0
M BRI L T AR IR S 055 A 1 v 3 i 27 )
3 R WU B RRAE B A TG D, A REARAS SRR AR 5
B2 1) 22 () Y A S M RO G R o TE SR T/ N At 14
Fl Inception v3 M HY25 A PLHE., SO ad Bl %
2 IR YRR BB 12 Wy v T S R0 M R R SR il K
B ARG TR, SE A SRR W BT Oy i S H AL 5t
B RE 2 B R L BT TG UK R 2 W

1 E5TabE

Al AR AR Sy B B v 3% 2 [ AR T A R A
ek, fEXbrisfrad g, SRZKEA5ZMx
B 25 R A Ul T B R B A A Xk S R Y
MR R AR TR L AR AIRAE M L R 1R
B¢ 1) e L A e TG VR G il AR A S TP R AT B )
VA PRI 2% i A tHE A T 2R A, Y LA i e s o 553 AR I
PR TE K o /DA A 250 R R, (115
15 5 43l J TEARAIHR 53 BA 58 o B3R 41 HE RN BRI
FRYESFTE] A3 B3 8 e AT 43 B 088 vy DI ] R R
TRAPATRR SR, A BT fifp e T AG SEfd B AR 4 TG 1%
PR AAEAT: T Jey 3 B 1) B b 40 R A B R 2 0P
Morlet /INigE A% B 33 I8 5 Bl AR BB A7 5 1) o i 4R AiE
BOMAL, REASAR I 52 B e 5 B {5 5 78 s [R] A
ROPERZ AR ICEY ) Wik, Xk Morlet /)
X B R 38 5 il A iR 0 (5 5 iR A T TAL B

Morlet /NI AT LLSE L

v, (1)=Cx *e T (¢ k) (1)

sy, (1) 9 Morlet /N BN IR IR ZE ; o
RHTRENWFE; C, MH—FH T x, I/INE B
YE D_IIJ o

Morlet /[N 44 B A5 3 3k AT 3 2

2

v, (0)=Cn " —ke ) 2)
T o R, A5 TR 1,
S A 3 5T A

1 1(a)fo')2

v, (0)=n ‘e ? 3)
T ARUE Morlet /NEEFEA A48 i B+ B B A
AL L, b /NI ek G T IH — b L ELG A [R] A9 B

oy EL

HeEL o
y (s, )= (%j 7, (so,) (4)
> (s, ) =N (5)
k=0

K v (s, ) HEIT Morlet /)N 5 ) 25
N ARG o AR,



¥4z H13M

/////

% 3T Inception v3 1Y E i & il AR 5B BB 12 W T It 5

+ 191 -

2 HHRMEMZEE Inception v3

i B R B 2 > O 1k SE Lt R B R 2 W i F A 2
JB DA 21 385 2] DRSO e e 3k R 5 | RS AR TRORS B B
(M) RELR , 4% 48 IR B 2 2T (B2 Wy ik — M 253
Tk BTSSR PR R B R SRR A, (X FPIE LS
T AR B SRR o A, RKIRE R [RI R 2
ok B R LA R, AT S BB AR RERR AL .
15 45 B R 2 ) 28 et |41 HY 1Y) Inception v3 AR fg e
T Bk, ZERIFI A Inception module, F3ffAEFH
G —FRINERERE I TR R B S TE R, (SR AN
JIFIREE Alexnet (1 1/1217), Inception module f{)FEAZY
FIULIE 1, ESHIAFAE 4 D EZ5 3, B P
Ix1 BERUE, ZBEREXTH AR IEA TR AL B, 14
TR B RRAEFE IR RE ST o AR, 20 RSB AR
(R RUBE 5 TR I 1 S48 ) AR A 0 E T o

b R [0 BB (36 BRw)

K1

Inception module JEAS 4544
Fig.1 Basic structure of Inception module

IS BUZ A 32 2B AR R A B i O 2
NI ERNL  RARAEAEIE TN 285 1) 58 B 55 TR 114
R, 98 T SR A . RGBT RO
RETERARZ RO BA B B, B 5 i it
ARG ZRER I B RRE, JF 2T AR S
o SR B BB B O il 24> /N Y
B, TEABRBEZ RSO0 T FEAR T 2480, A2
A B (R TR 25 T A BB T 224 B e8

B, T TR AR R AERE T . WKl 2 A 3
7, 5l Inception module 71 (1) 73fiff 45 FR = BLAEAE XS
FRA3 i 5 AR R IR A3 2 FIIB I, 30 FEAS el AR Jk sz By
FNTE DL T BRAR T K25 28%F1 33%I1 M 45 KA 2
ok, SCT TR MK S SEOLER 1, Hh T
Inception module TT 4 44 7] 2% SCHR[15].

1x1 HFRE%

B2 xR

Fig.2 Symmetric decomposition convolution

3  ETF inception v3 HIEN Flli% & Hh &
MRS ik

EV 5 285 A A —Fh & FH DD RE R e i i 2%, i T3
SERE Y RPN 2 IR B 1% 338 B A% 5 2 A 2R 52 ]
FHEOLRE R WIRNG 55 R I FE L JEL A
AR e LA AR o R T RE S TR A b RAE IR 2015 5 Ak
BEARAE, SCHE SR Morlet /N RIGIR S 5
HEAT AL B, N TAS B4R S (5 5 B 4 nd A 1] o SR )5
B HAE R INEAE , o] 502 = Jo 22 el 12 s
RUORSRE . Ak, WFRid B SI AT Inception v3 A7l
X s 1] R A E R A 724 2], 3 Inception module
A3 ik 3 B O 1) 1 SRR AE 2 =) 5 e I 4R RE 1y mT S
IR B i 35 25 Pl R e A BE S BR A2 W o 2355 /DN i B Ak 3
55 Inception v3 A55Y (1) B[l 15 £ il 7 12 7 12 Ik
FEULIE 4, HAFEQALRIT

| vasEE R 33 BokMlk
Ix1 BF 13#‘; ?:ﬁw 3x3 BEW l
I RS V2N X N 1 :
| - S o~ | azem
1x3 B | 3x1 B

HEHZ

B3 AR FR i B

Fig.3 Asymmetric decomposition convolution



- 192 - 1% T #

202247 A

®1 XHFERENMSH

Tab.1 Structure parameters of proposed method
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Fig.4 Flow chart of fault diagnosis method of
printing press bearing based on Inception v3
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Tab.2 Average diagnosis results of three methods when
time-frequency graph is input
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