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An Industrial Signal Generation Method Based on
Lightweight Conditional Diffusion Model

FEI Rong' LI Xiang-Xin' SHANGGUAN An-Qi' HEI Xin-Hong' SONG Xiao-Gang' LIU Ya-Jun'

Abstract Deep learning models provide an effective approach to alleviating the problem of data imbalance.
However, generation quality and computational efficiency are difficult to balance in existing methods. For example,
generative adversarial networks suffer from unstable training, while diffusion models require high computational
complexity. To improve the usability of industrial signals, an industrial signal generation method based on a light-
weight conditional diffusion model is proposed. The generation advantages of diffusion models are retained. Mean-
while, training efficiency is significantly improved, and the computational cost of model inference is reduced. The
proposed method mainly consists of two stages: Signal dimensionality reduction using an autoencoder and sample
generation using a diffusion model. In the first stage, the latent variable distribution results of the original signal are
learned by an autoencoder. A lightweight low-dimensional space is then constructed to improve the computational
efficiency of the overall model. In the second stage, the output result of the first stage is reconstructed through the
Markov-chain-based noise inference process of a conditional diffusion model. High-quality industrial signals are
thereby generated. The limited range of values in the lightweight space may cause class confusion. To address this
problem, a contrastive learning loss is designed to aggregate samples from the same class and separate samples from
different classes. Consequently, class discriminability in the lightweight space is improved. Fault amplitude distribu-
tions are characterized by periodic decaying impulses. Therefore, a decomposition loss function is proposed to cap-
ture hidden signal characteristics and improve the quality of generated samples. Experimental results on two data-
sets demonstrate that the proposed method can provide reliable data support for industrial systems.
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2p7 t =\ O_[tép, 0o+ V 1-— Q€ (8)

3 (7) 53R (8) 2, e ~ N(0, I) ARtk M.
M eEaT LI, a LT 0, 2, AFRE RS

T 1) 25 M DA sy B e R O N, BT B 3
UNet M 5 il T X 2% A= BIE I R A6 500 73 A5 2, 0 1
FEREAR, o L RORFHIEKE, ¢ RoRFHIE B IE
.Mt Bt — 1 BWER A N:

4(Zp, t-11%p, 15 Zp,0) = N(Zp 115 it Zp, 15 Zp,0)s Bel)

Be(Zp ¢, Zp, o) = @ttép,o \/071551_*;4,5_1)2[”
B = 11__d;15t (9)
Forf i BB, S RN 2, 0 WIS 2.

Y TENIIEREAR 7, o BT ANESL A 73 A1

po (Zp, 0. 1) =p (%, T)tﬁlpe (Zp, 1115, ) (10)

Hrl, p (2, 1) B8 2, v FEERDAG; po(Zp, 1112, ¢)
HtE - 1B R SR

O S B AT 4 PR RE AR A | I A 8RN TR 2 ¢
MR AP NE . o, %% vy vay -0, wn
I PR Ec(-) b &R ye = Concat(Ec(y1),
Ec(y2), -+, Ec(y,)). W IA]5 ¢ Gl ik 4 8 42 )= WSt
NI B Nty = FCy (¢ (FCy (PE(t)))). FC; 5
FCy NAIERE, PE()) FoRB [ IE5%— R AL
BisH, () FonBum R

T 05254851 F (classifier-free guidance,
CFG) B B, & 78 1k A4 5 2 25 VI 25
R T TS T AR R 2 il 2 &
SR A8 i A BORE ARSI ), A 0 7S TR0 ) % [ I 2 ) A
A5 TG AR A IR S I, DAREZE navop € (0, 1)
AR YE Eﬁ%1ﬁ@, N 60(5;;,:&7 YE, tE) 5
g0(Zp, 1, 0, tg). & SA HUE ALY ZRI 45 2Kk bR 2

Lop =Eip, yp, 2,0, ¢ [||€ —¢€0(%p, s Y, tE)||§] +
Eip 50e e =20 0 to)l3] (1)

T ) 2 RIS [ TR0 A 2% 1t 5 T 2k AR ) e S
Ee(ip)t, YE, tE) 559(21,775, 0, tE), FFX5] A Ao g e g
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LC-DiffAE HIfLACERE ) B it &Il 2R g
BRIk, BARRIOLAL IS RE LR 4. Horh, C R
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TR H G A UIZRE By, BRI E A BRI
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PR MR AL 2 18] T (2R A, i3t — 2B iE i oy
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A5 TR 3 3 /N TN e P 5 O ST S 2 ] PR 34 7 %
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LC-DiffAE WA AEE. =B TlAE SHEAR.

1) B gmtdas ERABUR. J9IRTT A5 o IR RFIE 52
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Fig.4 Loss function optimization process of LC-DiffAE
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NG M SRR, SR TR A A o R A
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AR, B TR 5 0 S i AE A ] i 3y &
it R (15) sm/MEFEA R 2 7, $e s 4
FAE 5 o i, PR TSI (1) AT R

Lpg = Lpu + Lpr

B
Lpy = %ZMSE (MP(F,), MP(F}))

B
) _
Lpp = EE 'MSE (Conv1d(F,), Convld(F,))

p=1

(15)

Hr MP /R Kb Z; Convid N ENERE.

4) PR AR I RS SR % O AL e R A
IEAR N 75 Ak 1 A e e B A 20 i L S
A3AT . R, P S A R VR T A R A Y T
BA e km. R TEH K5 3005 B
A DL AN o 888 I At SR I TU R TTS, FETE
3 (11) A SCBEARUAR A 0 2 R B, DL/ Tt
M e b LS PR 2 TR IR 22 SR NI S AN B SE B
G35 FTHERS TR0

2z b, v LC-DiffAE FIIZrdi 2 &Il 43 e
5 B9t PR Lap = Lre + w1 Lpg + w2 Lo~ T
AU 2R Lop. Ho, wy Mlws ANESH, AT
YT 20 R AT LA R AE B St 2 A4 B bR R 1
SN, AU S B I N, 35 0% BB O AR A
RERIER TS, BB KA, ATRE & T E MK
IR USSR BRI, 3 336 3 AN B S 00 AR il i
JRE RIS T FE A 2 G H 2 i i R A B SE
S E W =1.00 Mw, = 0.01. Bk 1 EEALY
SRANHE R FE ) D ARG,

%% 1. LC-DIffAE B AR HS

WA WIS F, € R, KABRAE L, 4 B 5
T, B NZGRE Exp, ¥ BERIZREE Epy.

W ERES

1) BrBt—: B4k
2) for epoch =1, 2, ---, Exr do

)
3 FHEEES: Cy =0 F, + 7y
4) mhg S 4 2, = Encoder(C,) € R™*%;
5) TR BS B & 20 = 22gum — 1 € R™S;
6) RIS
7) TEIK: Lap = Ly + w1 LoE + walor;
8) end for
)

9) MrEt—: ¥ ORISR

10) SR BB I ZRFEA: 2, = ¢(-) € {1, 1};
11) for epoch =1, 2, .-+, Epy do

12) HI [ IR q(2p, tl2p, 0);

13)  WAER: ¢(Z 1050 3 0);
14) TR BRI Lop;

15) end for

16) BrBc=: #EEXH

17) ARHE A0 LR FE: 27 ~ N(0, I);
18)fort=T7,T—-1,---,1do

19) UNet MEEREFE G TT: 20(2, ¢|yp);

20) end for

21) ¥R A R 2, € R™;
22) A round(-) ¥ =, BATN 25 € {1, 1};
23) fEfSEs A Cr = Decoder(a);
24) EAE S Fy = (C) —7p) @ Ap-

3 SKWERSH
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Fig.5 Experimental platform for the XJTU-SY dataset
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#; DIFFUSION-TS i 5 a3y L st A JiT
BTy EOLE, GRS B P 5 9L E R 73 A Time-
VQVAE =Z&EEMAE B AETTE, 1 Time-
VQVAE I Zr 5 A B, AR 5 5] 5 504 A2 o
MRS R 1A T SRS E, B
IR, 5 ) 5%

5 s F B AR AL BE B 45 FR: JSDL WD,
MMD. #H5%5# (correlational score, CS) 13| 5
5344 (discriminative score, DS), UL #1424
5506 504 2 1A AR AARR BE. A, R 3 Fh 2 4F
PEPEA R AR RN A Z FEYE (intra-class di-
versity, ICD). 5 A 700 IEFE KIS (bounded greedy
selection strategy, BGS) FH bt gt 4% i 4 —Jiti % i 1
LW (modified Gram-Schmidt, MGS), MIfi &

F 1 SERBENSEHXSH
Table 1  Comparison of experimental settings

and parameters

AR ZoI%
BB WSRO (08 (o 10-4) ELE

CVAE — 128 50 5 Adam
DDPM — 64 5 20 AdamW
TTS-GAN — 128 10 50 AdamW

DIFFUSION-TS — 32 20 2 Adam
JiT — 64 1 1 AdamW
Al 32 5 50 AdamW

TimeVQVAE

A2 32 5 50 AdamW

B1 128 20 2 Adam

LC-DiffAE

B2 128 10 3 AdamW

Al R TimeVQVAE RS04 &K, A2 FonfidAs ] 5HHRE
X Bl #oR8 H RILSRFEAR A4 B2 2R3 BUR AR A A k.

BN A RFEARRI Z R, 3 2 41 T S48 E
X RBEX MG, Hod, NS AL 4o A,
L(P, Q) RGN MES, p>1 NIEE L,
dy(z, y) N~y IR, k() NIEEEE, D, NFE
RFFELERL, Rp(i, §)s Ro(i, §) 3N P(z) Q(x)
(A8 SCAH AR BE 2 (4, ) DNILEK, accuracy N
T RAUER R, N, RoRFEARBER, d(x;, ;) NFEAR
EEES, S N CIEMREAREGHL, 2\ q; 53 WAFHER
BANERZE M E, inf £n N

3.4 SIIREER

VPR T VEAE G TV AR 5 A3 4 1) i
Rk, AT 43 ML . 22 R 5 S 1 48
& RGN
3.4.1 RIS

AHAAPERS 56 & LE VA S 5 R GV HR-AIE 5 I s
¥ B — 3t DABGAIE A ROREAS BE 75 A 2504 Ji 5
TMVAE 5 B BRI, B 2 AT 3550 5 AU 9 A A
XS5 AR EAT 20 B, 8 ey Ak 7 X E W
NME S Z R A 2R, S RME 9 ~ B 10 Fiw.
H 9 WA, A S T IR T S KBRS Bk 5 B
SfESmEREE, BG5S E GRS R
R8GO AE XTTU-SY 148 5 28 1 24
Wb S =R AIRSN y BE TR, A RUE T R R
B, R FTIE E R A 08 R TS 5 S BEAFAE.

RVEANAE 5 2 [ AR ALY 0 28 28 B 258k
1T 3 WAL KFE, FFiEd JSD. WD MMD. CS Al
DS AR F A A JB A et 3 4 T o () Bl 40 A 2
s, HePas Rank 3 fros. 48 XJTU-SY Hidli 4
b, LC-DiffAE ¥ JSD. WD 1 MMD 4354 0.123.

® 2 HEMWE. ZRAESEARARIE A

Table 2 Expressions and value ranges of similarity and diversity metrics
abz KA SE X ik fHIR
ISD L AIBLEIEE %ﬁ: P(z). Q(z) Al M(z) #1 KL HUETEH, LIS A0 ISD(P|Q) = KL(P|| M) JZrKL(QHM) 0, 1]

Rk fEHRp

MMD 4 AARESRAR sy gy sy e 0 32 52

CS4 AHEIHR gy o o

DS | AR RR T X 20 A FIR B e A, LSO 23 A 2 8] RO AR UL
ICD 1+ ZFEMEAEbR THEER — AR A o 5 oy ZPIRPFEIEERS d
FERE RS BN FAR A, i S0 SRR B S DI AR S S

BGS 1 SN oo e

MGS 1+ ZFMfERR i

TR =By 1 ST AN KA — =N i/p
— R TR AE S SO, T A E P A R A AR MMD?(P, Q) = By urnp [k(z, o] +

IS Z ) (58 SRR LS IR 2, M oA (1 —

I AR g, RO T DA FEARHE 2; B

0, +o0
(P, Q) [ )
, [0, 4+o0)
Ey yno [E(, ¥)] = 2Eanp, yoq [k(z, 9)]
1 Ds Ds
CS(P, Q) = 555 >, 3. |Bp(i, 5) — Ra(i, 7)) [0, 2]
s i=1j5=1
DS(P, Q) = |accuracy — 0.5| [0, 0.5]
2
ICD = ——— d(zi, Tj; 0,1
T A ) 0, 1]
1
BGS = — 1 —d(xzi, x5) 0, 1
B )l (0, 1]
1 Ns izl
MGS = FS 1';1 Zi — j§1 (q]' Zi) g5 , [0, 1]

VE: L RORTERERDN, oA R AR RERE G+ FORTRPRERER, A2 BORE AN 2 At .
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Time- and frequency-domain analysis of signals generated on the triaxial bearing vibration dataset
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Table 3  Similarity metric evaluation results
B e fabx CVAE DDPM TTS-GAN  DIFFUSION-TS JT TimeVQVAE  LC-DiffAE
JSD  0.145 4 0.021  0.241 +0.017 0.162 £ 0.013  0.602 + 0.011  0.156 + 0.008  0.350 + 0.042  0.123 + 0.013
WD 142340010 5.600 +0.108 1.013 £ 0.017  2.784 +0.044  1.472 £ 0.020 2.355 + 0.032  0.990 + 0.020
XJTU-SY  MMD 0.073 £ 0.011  0.075 +0.007 0.280 + 0.051  0.161 + 0.012  0.042 £ 0.007  0.126 + 0.012  0.017 = 0.003
CS  0.011+0.003 0.019 +0.003 0.039 +0.011  0.008 + 0.002  0.004 + 0.002 0.007 + 0.002  0.009 + 0.002
DS 0287+ 0018 0270 +0.019 0438 +0.014 0431 +0.022  0.096 £ 0.012 0.450 + 0.026  0.149 + 0.012
JSD 04524 0.016 0.420 + 0.013  0.421 £ 0.045  0.620 + 0.019  0.227 £ 0.024  0.491 + 0.043  0.225 + 0.013
WD 3.71540.096 3.704 + 0.071  3.670 £ 0.067 5472 + 0.084  2.971 £ 0.089  5.001 + 0.076  1.423 + 0.025
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Table 5  Quantitative evaluation results of
diversity metrics
XJTU-SY =R RS
kit
ICD BGS MGS 1CD BGS MGS
CVAE 0.803 0.739 0.749 0.646 0.457 0.499
DDPM 0.921 0.776  0.732 0.744 0.674 0.757

TTS-GAN 0.122  0.094 0.203 0.009 0.001 0.093
DIFFUSION-TS 0.015 0.040 0.109 0.084 0.056 0.211
JiT 0.974 0.777 0.763  0.834 0.371  0.542
TimeVQVAE 0.881 0.778 0.786  0.809 0.474 0.652
LC-DiffAE 0.969 0.882 0.887 0.899 0.701 0.723
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Table 6  Classification results under different imbalance ratios
A _ . ) ) .
S HE  fobn HEfES CVAE DDPM TTS-GAN DIFFUSION-TS JiT TimeVQVAE LC-DiffAE
WERf% 0.871 4+ 0.030 0.914 £ 0.015 0.847 £+ 0.038 0.921 + 0.017 0.896 + 0.040 0.936 + 0.016 0.910 & 0.010 0.974 =+ 0.010
XJTU- FEma% 0.873 £ 0.021 0.922 £ 0.018 0.850 4+ 0.043 0.928 £ 0.013 0.920 £ 0.017 0.944 4+ 0.014 0.917 £ 0.011 0.974 %+ 0.009
SY A h# 0.839 + 0.038 0.914 4+ 0.015 0.847 £ 0.038 0.921 + 0.017 0.896 + 0.040 0.936 £ 0.016 0.910 + 0.010 0.974 £ 0.010
F1 4% 0.838 4 0.044 0.914 + 0.015 0.843 4 0.039 0.920 £ 0.007 0.892 4 0.045 0.936 4 0.017 0.909 £ 0.011 0.974 + 0.010
L2 HERIZE 0.977 £ 0.014 0.931 + 0.019 0.952 £+ 0.015 0.963 £ 0.016 0.929 £+ 0.020 0.977 4+ 0.026 0.971 £ 0.008 0.987 + 0.012
= bR K% 0.974 £ 0.016 0.951 + 0.007 0.963 £+ 0.011 0.967 £ 0.012 0.932 £+ 0.018 0.978 4+ 0.016 0.974 £ 0.005 0.987 %+ 0.009
H&zh FlE#% 0.974 £ 0.016 0.931 £+ 0.019 0.952 + 0.015 0.963 + 0.016 0.929 + 0.020 0.977 £ 0.013 0.971 + 0.008 0.987 + 0.012
F1 4% 0.974 £ 0.016 0.929 £ 0.020 0.952 4 0.016 0.963 £ 0.017 0.929 4 0.020 0.977 4 0.026 0.971 £ 0.008 0.987 + 0.014
HERfI% 0.932 £ 0.005 0.908 + 0.056 0.843 £ 0.032 0.921 + 0.013 0.853 £ 0.074 0.943 4+ 0.017 0.902 £ 0.010 0.961 + 0.010
XJTU- FERfI% 0.892 + 0.002 0.929 4+ 0.026 0.848 4+ 0.032 0.924 + 0.012 0.893 4+ 0.043 0.949 + 0.020 0.914 + 0.002 0.961 + 0.010
SY FHZ 0.864 + 0.010 0.908 £ 0.056 0.843 + 0.032 0.921 £+ 0.013 0.853 +0.074 0.943 £ 0.017 0.902 £+ 0.010 0.961 =+ 0.010
F1 3% 0.867 4 0.015 0.902 4 0.064 0.841 £ 0.032 0.920 4+ 0.012 0.833 £ 0.091 0.943 £ 0.009 0.900 4 0.011 0.960 =+ 0.010
Lo HERf% 0.973 4+ 0.018 0.924 £+ 0.010 0.954 + 0.022 0.956 + 0.018 0.893 £+ 0.024 0.970 4+ 0.009 0.966 + 0.013 0.988 =+ 0.006
K FERZE 0.961 £+ 0.026 0.946 £ 0.003 0.960 + 0.014 0.959 £ 0.015 0.897 £ 0.021 0.970 4+ 0.008 0.971 £+ 0.012 0.989 + 0.009
¥Rz A h# 0.958 + 0.028 0.924 4+ 0.010 0.954 £ 0.022 0.956 + 0.018 0.893 £ 0.024 0.970 £ 0.009 0.966 + 0.013 0.988 =+ 0.006
F1 4% 0.958 4+ 0.029 0.918 £ 0.013 0.953 4+ 0.012 0.955 + 0.020 0.893 4 0.023 0.970 4 0.009 0.965 + 0.021 0.988 + 0.012
HERIZE 0.950 £ 0.030 0.908 + 0.005 0.869 £+ 0.035 0.886 £ 0.044 0.861 £+ 0.054 0.961 4 0.011 0.916 £ 0.008 0.952 + 0.015
XJTU- Kiffi% 0.871 £ 0.053 0.919 + 0.011 0.871 £ 0.035 0.896 + 0.040 0.893 £ 0.032 0.966 & 0.008 0.924 + 0.005 0.952 + 0.008
SY FlE#% 0.836 £ 0.096 0.908 + 0.005 0.869 + 0.035 0.886 + 0.044 0.861 + 0.054 0.961 £ 0.011 0.916 + 0.008 0.952 + 0.015
F1 4% 0.818 4+ 0.126 0.907 & 0.005 0.867 4 0.037 0.884 £ 0.043 0.845 4 0.068 0.960 4 0.012 0.915 £ 0.008 0.952 4 0.011
1:10 HERfi% 0.980 £ 0.006 0.882 + 0.018 0.940 £ 0.014 0.975 £ 0.012 0.830 £ 0.049 0.958 4 0.024 0.960 £ 0.016 0.986 + 0.006
BT FERfI% 0.961 + 0.010 0.917 4+ 0.012 0.949 4+ 0.010 0.978 £ 0.009 0.835 + 0.051 0.962 £ 0.017 0.966 + 0.014 0.987 + 0.008
Rz A Z 0.955 + 0.014 0.882 £ 0.018 0.940 + 0.014 0.975 £ 0.012 0.830 +0.049 0.958 + 0.024 0.960 £+ 0.016 0.986 £ 0.006
F1 43%7 0.954 4 0.015 0.863 4 0.034 0.939 4 0.014 0.974 4+ 0.012 0.829 £ 0.049 0.958 £ 0.024 0.960 4 0.016 0.986 =+ 0.009
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Fig.14  Confusion matrix for the XJTU-SY dataset at an imbalance ratio of 1 : 2
(horizontal axis: Predicted class, vertical axis: True class)
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IR AL AN B 1354 R B A5 5 A 1 = 3 e
i A B AL, BRR MR PUR IS, A R AT
A ) ) 1k S R A 59, T OB A S A 4y
HPERE T N FE, T MMD (5018 32 4% e B A 0
SR, IR AR Z A4 R i £ 57
M LT A 5 P B SR e s AU 45 44, DR MIMID
EXEEIL T SIEY I

A, BRI AIm A (E), PSD E&E
BSE R R % 16.6 AN E 2 8, 0 RUERR R
F% 3.2, 6.8 Fl 8.4 /N 43 £, KBl -& BIEAE
BRI PR E R BRI KRG SRS
(F), JSD 1l WD A% 5¢ BAR AW A o403, X2 T
I AE S ST TE — e R SRS A S R R
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Table 7 Comparison of computational costs and generation performance among different models
Y PROEA SR VIZRITTA) (10 %2) (s) SRAERSIA) (s) HEMEUFELE (GFLOPs) Z#i&E (M) MMD PSD KDE /2R
CVAE = — 0.068 1.680 0.002 1.221 0.073 0.549 0.818 0.908
DDPM I3 — 35.170 546.282 0.053 1.985 0.075 0.391 0.618 0.843
TTS-GAN F — 9.018 2.441 0.008 13.008 0.280 0.311 0.823 0.921
DIFFUSION-TS I3 — 3.140 2001.260 2.282 3.488  0.161 0.063 0.103 0.853
JiT 5 — 91.140 3953.101 9.273 129.722 0.042 0.914 0.927 0.943
Al 59.956 1.980 0.015 0.353
TimeVQVAE F A2 30.016 3.134 0.026 1.803 0.126 0.184 0.282 0.902
SERERTY 89.972 5.114 0.041 2.156
B1 0.682 1.958 0.003 1.333
LC-DiffAE & B2 7.411 142.132 0.004 1.984 0.017 0.816 0.936 0.961
SERRY 8.093 144.090 0.007 3.317
* 8 IHRhSEIGZ R
Table 8 Ablation study results
i JSD WD MMD PSD GESLUES
1:2 1:5 1:10
A 0.123 0.990 0.017 0.816 0.974 0.961 0.952
0.554 2.956 0.238 0.035 0.923 0.919 0.925
B’ 0.130 1.002 0.021 0.761 0.957 0.943 0.941
B 0.132 1.091 0.049 0.623 0.948 0.920 0.901
C 0.130 0.931 0.011 0.805 0.953 0.941 0.916
D 0.151 1.094 0.008 0.772 0.888 0.897 0.844
E 0.122 1.151 0.024 0.650 0.942 0.893 0.868
F 0.105 0.959 0.022 0.786 0.844 0.918 0.900

et R BB, Hod MMD 1 0.017 3 inE

0.022, PSD & 5 J 73 FUERH 235K T S8 B A,
2E FRTAEN, R ORI A AL I B 1R T B

FENAEF, B8F T BT i B i A Rtk 5 A B

3.6 BESUHRESH

NR GV B S R UK, A SCES—
SCUG VW E NP S, R XITU-SY $ods 44 1)
P Pl A B B A Pl 6 5, BEAS SR 600, FF: [
SE FEATLRh - CAIR 2 Bl LRI 43 RS FR AT 4 A 5o 435 SR 1)
AT 1= i 0 1| BT - A R rwa e e
FRE o KM E T narop~ AT I IRE REL ¢
A EE A5 2% 5 90 453 2 B BLEE S50 wr ~ wo FHUE,
i@ A LEFEFR JSD. WD A1 MMD XA 2 1 g
AT ' VAL, LA T AN R R S 505 B A S 5
JoR [P ).

Horb ey narop A1 E FIBUBRFE TS5 R IR 9.
9 AR, YEUE R 5| T R c BUAZILES, JSD.
WD il MMD #AR W s8N, HH c=0.05 B,

WD U5 /M 0.923, KB ¢ {8 A8 4 X AR 1 g
DEEMAAEL N, BEAR, 25 AT B B RER nacep LR, MMD
FEbR AR BN, JSD R AR BLH 56D 5 1 K
LA WD B, &R Ed & R %
B SRR Ee o R A OB A T L XS bR ST IR R
B¢ MM as Brh, MMD A8 ik FFa, JSD 5
WD e R 2 ISR a3 R AR 35 B =
A2, 3¢ =0.01 REERYIZGRS, RIFEE R
b /NI RS BE IE H U S8 25 TN 48 b S
RIS faett, AR E o €M nawp 27518 0.05,
0.50 A1 0.10.

F 10 B H T 0k 55 b R E S 5wy
Al wy MBBUREE AT g 5. 3 10 W15, BEE
PR E w) K, JSD 5 WD 4k 20 B T [F
# H MMD W3NS, 280 7 Al 45 2k 0 A i ot =
PP IE A, Rl A R0k /N A BORE A 5 B SE R
K H AR ZE 5T BeAh, 725 LB R AL wy IR
JFE BT SEaG R, JSD R EE AR AR BN TR, WD
5 MMD X wy B RHUR, H A w, =0.01 B WD
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Table 9  Sensitivity analysis results for ¢, nq., and €
SH EiELay 0.01 0.05 0.10 0.30 0.50 1.00 3.00
JSD 0.083 0.082 0.082 0.082 0.082 0.082 0.083
c WD 0.935 0.923 0.924 0.928 0.950 0.932 0.944
MMD 0.008 0.009 0.009 0.009 0.009 0.009 0.008
JSD 0.084 0.083 0.082 0.083 0.085 — —
Tdrop WD 0.978 0.963 0.954 0.968 0.968 — —
MMD 0.006 0.005 0.006 0.005 0.006 — —
JSD x 0.082 0.082 0.083 0.081 0.082 0.082
3 WD x 0.930 0.940 0.950 0.913 0.941 0.923
MMD x 0.004 0.005 0.004 0.006 0.005 0.005

T x RN G E — RN LR

£ 10 SHRIR 5 AR SR UR FE A BT 45 5
Table 10  Sensitivity analysis results for the weight
parameters of the decomposition and
contrastive losses
ZH FBPR 0.01 0.10 0.20 0.50 1.00

JSD 0.084 0.084 0.083 0.082 0.081
w1 WD 0.975 0.977 0.950 0.932 0.923
MMD 0.006 0.005 0.005 0.006 0.005
JSD 0.082 0.083 0.084 0.082 0.083
w2 WD 0.925 0.950 0.969 0.939 0.945
MMD 0.004 0.005 0.005 0.005 0.007

5 MMD 454 0.025 F1 0.004, 1124 w, 1 K F
1.00 B, MMD B 23K % 0.007, K H w, BUHEIT
KEBRARFEAR Z B A — M. Rk, 256 3 T
Fetrgs B, R wi = 1.00 wy = 0.01 1ENERINKE.

3.7 1REUZ{CMBEIIE

TAESFRE L (FldRs). H & BiREE),
ANFEBREESRIE IS SR E R BE. N
kP Bz AL Re g, #E— AR 2 R TS
5 IR S SIS EHE SRR T 5 E R AR B
AAHHRAE, AFEIRS). P WA 4 KTl
55, MR AR BAR 0.3 mm [ [E— Py R
PAFEA. @ AR FE B 484 JSD. WD Al MMD,
ZFPER IR R bR ICD, /04 & A5 1H 771 PSD
1 KDE, WA AR sl bE A i S 047 8 VP, 4551
mE 11 fixs.

R 11 a3, ASFE A TLAE 5 10 A4 s i)
AAE— B 22 5%, (HHEAK b 35 RE A 4 M I LSRR AR
oy, HARRFEARRI ZREMERAR. Horb, ifE 51
LR R, H JSD A1 WD 48 F5% HAth 25 8145
S B EAK 75.9% F1 89.8%, H. PSD H & E ik 0.978.
PRENE 5 A1 75 E 5 5 R RE R I BT 1) AR BT =

F 11 AFZEETAAE 5 A R AR B B B PPl 45 2R
Table 11 Quality evaluation results for generated
samples of different types of industrial signals
EE JSD WD MMD PSD KDE ICD
Rah 0.088 1.119 0.006 0.813 0.935 0.928
A 0.095 1.754 0.014 0.849 0.985 0.956
b=Nic 0.688 11.744 0.006 0.742 0.935 0.990
LERTY 0.070 0.495 0.009 0.978 0.980 0.979

H JSD ¥M&F 0.100, KDE 3 & 4> 5k # 0.935
F10.985. ML 2 N, BEE S HERRERZE, H
JSD A1 WD B &1, JSD N 0.688, WD ik
11.744, PSD fil KDE & %439 0.742 F1 0.935,
AR R R T ARG S, X H TR
JEAE S ENS, WA IRAE N, = BIER
F AT K, 5 SO R A DA R ) S B R E
BEAk, BT 7m0 BIAE 5 o0 R A ot o AT % A R AE
FEONBIURK, 7R AR G2 RGN, e DLIE iR SR
8 (A R AR o0 A RS RE 5 4. R B P vk s s A T
FLA R e e AT A T ML A e R AT 1)
f59.

RIE— D IR V2 A BB IR AR R FEAR I 22
FEME, 1@t t-SNE nJ AR A, 45 Rl 17 fw.

K 17 oTEn, R ES IR fimE RS,
ARG 5 B BRI R, H5 5
WA, ML R, REAE S IR A
FEGT B HR, (H7E R AT 5 Va7 R R — Sk

SRS AR TR, iR T VETE 2 M T
WA S b, ¥REOE A il 2 2 RS S i
A A RERAIE T B vz AR

4 YERIE
KRS BRI Tolk B BR8P R R
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Fig.17  t-SNE visualization results of different types of
industrial signal generated samples
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