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Real-time Lifetime Prediction Method Based on Wavelet Support Vector

Regression and Fuzzy c-means Clustering

HU You-Tao* HU Chang-Hua' KONG Xiang-Yu' ZHOU Zhi-Jie'

Abstract For the case where the products have nonlinear performance degradation paths and there is little performance
degradation data for each individual, in order to take full advantage of performance degradation data of the same kind
of products in individual real-time lifetime prediction, as viewed from the comparability of degradation paths, a class
of real-time lifetime prediction methods are proposed, on the basis of wavelet support vector regression (WSVR) and
fuzzy c-means (FCM) clustering . The methods consist of two stages, called offline and real-time stages. In the offline
stage, WSVR is employed to normalize performance degradation data, and FCM is used to classify the normalized data,
then WSVR is adopted again to build the cluster centers’ degradation path models. In the real-time stage, depending
on whether the specific individual’s historical data is normalized or not, two real-time model-building methods, named
degree-of-membership-based weighted method and error-based weighted method, are proposed. And then, by combining
with the specific individual’s real-time measurement, its degradation path model is renewed, and its lifetime is predicted.
Two example analyses are executed based on fatigue crack growth data and the CG36A transistor degradation data, and
the experimental results validate the validity of the two proposed methods.
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Fig.1 The flow chart of real-time lifetime prediction
method based on WSVR and FCM clustering
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time by EWM
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Fig.3 Degradation paths of 5% predicted by DWM, PL, and EWM
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LRI 3 (a) ~ 3 (c) K 5% S Riyeib g s
BHHEN, DWM, EWM il PL (1) 8508 FEAK 7%
fik. WA 3 (b) A 3(d) KI: 57 JydEMutk
Py s s i, EWM R EAORS B w T PL. A A,
DWM F1 EWM 2% [& T[] 28 7= i 3B A6 005 ¥ AH ALL
PR, LT AL AL R 2= i (PR A U A Y ) A gt
TN 249 242 .

MF 2 B H: 1) DWM X 3 AN & AMA R Tl
DK ARt dpe s 2) EWM GF 107 [ FeiloRs 15 e 22,
X 5% F 157 [RFRNRS E #R R s 3) PLOXF 10% 1)
TR B B v, % 57 AN 157 [ TI0IDRG B de 2. &
2 A] UL, DWM [R5 E T EWM, T DWM &4
P LA Py S0 O A AU, 508 T R A I A
7 s, T EWM A 5 R 8 AR /i1 S
HHE 0 7€ B, VT RE A0 2 B0 I 220 1 00 5 A R
FERARITEL, W] T DWM 54 &4,

%2 DWM, EWM M PL RIS E (%)
Table 2 Prediction precisions of DWM,
EWM, and PL (%)

2y i ARt v 22
e €n €m

DWM —1.778 1.407 0.953
5% EWM —2.859 1.580 1.113
PL —9.658 0.924 3.019
DWM —2.209 0.864 1.080
10% EWM —3.071 1.025 1.466
PL —0.754 2.859 1.157
DWM —0.990 1.436 0.895
15# EWM —2.848 0.504 1.174
PL —3.888 2.841 1.682

M 3 FFEH: 1) DWM M EWM £ ki g5
F B KRR EZE4Y )08 0.0028 A1 0.0051, 1 PL 1)
I KPRUEZE R 0.0081, KB DWM J7 V1K & Fe it i
If, EWM J7iEkz, PL (W& 22, 2) 454
3, TR A BT R AR A 5 50 2R R ) BT v A, o A
PL T ) 5% R0 8] & T 552 4H, i1 DWM
EWM Tty 5% R0 [ h vl .
3.2 7£ CG36A @mAERWEE Y A

XF CG36A SR 100 ANFF ST 1B 1 75 1y
IR, BRSNS 9 W, MERZIR (0, 1, 3, 10,
30, 100, 250, 500, 1000] /NaF, 350 K0P o g
SR 2 WA TR IE0T e Y 2 M TR
zo WKAIER] 30 % W= sk, TR e R
Ry = (2 — 2)/z0, W n A 0.3, B L0 &

4 7w, Chen %509 {] y = 60, ('F3CFk Ch& Zh)
XPIRMCPUL AT IS, 5 BB B R M, ik
I ER B 11 A G AR AL Be R RE i, AEA
PR G i PRI N R B0 1 AN I 2 dir (K, 37 A
IR, R 88 ANFE AT SR fr oA fdi vt 3¢
R [15] FERIAEH: HIFR 12 AR ] e AN IE 4 1,
I A2 56 UE B 1R AT AP T4 L SO AR 22 e 1 D AT
XPIX LGN PR NV IZ R R . ST ASCRET GA ik
() WSVR B B I8 Sl 452 77 325 BE A 5 4 s A0 & & b
AR 4, FCM R RENE K p IR A A S R
oy 2K, Bk, SO IT TG T A B .

100 F

8Ot

60

0 200 200 600 800 1 000
t/h
K4 CG36A B IBES
Fig.4 CG36A transistor degradation data

W 9 AT R I 21 e A REYEAL I 5 i 21 ) 100
ANFE L AR S O M RE IR AL K Hs . BRIk 3 ANFE S E
TR EAMAE, GRSk 17 27 Rl 37, Xf 4 97
AMFE T B FOM 228, e AR E N 29,
SRIOF A S B BN R > 70 %, AT
GA by WSVR B LELF B R, o4 T 98
AN IS [R) T I 3 3 P 5 T 3 B 2 o 2R i ) e I
X Y A AR A B, I LA ZHCEL 10 A
I EL, RICA 1gt VRSN, 156, B MAT)
A5 I (R LR AOh to = 100,1gt, = 2)
FHF a8, JE TR 3 I 2 H5 0 FH A8 56 A5 2R 1)
FEs SRS, BRI 1 Y S B DL SIS N A
LG I A A IO B RS . R 4 45 3
FITVEXS 3 MR E AR PR AL E TR 22 K 5 4
3 BTV 4 YT R O R ) K 38 AR UE ZE
MW 4 HFH: DWM. EWM 1 Ch & Zh [ 5 EOk;
BERIRFEAR. K 5 & H: DWM Al EWM £ K
THM 45 S 1 B R bRE 22 43 il ok 3.447 F1 15.430, 1M
PL B KbrE 22 39.451, £ DWM J5 v )&
etk i, EWM JriEiRZ, PL HE i %
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Table 3 Estimation of failure time (million cycles)
N s, to
Ry HvE " o
0.06 0.07 0.08 0.09 0.10 0.11
DWM 0.1024 0.1035 0.1032 0.1028 0.1025 0.1030 0.1029 0.0004
5% EWM 0.1028 0.1052 0.1032 0.1023 0.1035 0.1036 0.1034 0.0010
PL 0.1098 0.1160 0.1063 0.1051 0.1041 0.1032 0.1074 0.0048
DWM 0.1211 0.1202 0.1179 0.1167 0.1178 0.1161 0.1183 0.0020
10# EWM 0.1233 0.1217 0.1200 0.1186 0.1184 0.1173 0.1199 0.0023
PL 0.1151 0.1134 0.1122 0.1125 0.1150 0.1162 0.1141 0.0016
DWM 0.1334 0.1354 0.1380 0.1407 0.1398 0.1361 0.1372 0.0028
15# EWM 0.1397 0.1514 0.1509 0.1454 0.1448 0.1400 0.1454 0.0051
PL 0.1464 0.1243 0.1255 0.1268 0.1298 0.1315 0.1307 0.0081
&5 SAITIL R (M)
Table 5 Estimation of failure time (h)
- to
i A = w o
100 250 500 1000
DWM 55.463 53.211 52.845 53.333 53.713 1.185
1# EWM 22.233 52.845 52.966 53.456 45.375 15.430
Ch&Zh 42.073 51.151 58.108 63.649 53.745 9.311
DWM 170.216 176.198 177.828 172.584 174.207 3.447
2% EWM 174.985 203.704 186.209 177.419 185.579 13.009
Ch&Zh 126.613 150.915 186.029 216.535 170.023 39.451
DWM 27.670 27.353 27.040 27.227 27.323 0.265
3# EWM 28.576 26.792 27.102 29.235 27.926 1.169
Ch&Zh 33.498 38.477 42.472 46.020 40.117 5.382
%4 DWM, EWM A Ch& Zh [(TRIIREE (%) 4 i

Table 4 Prediction precisions of DWM, EWM, and

Ch& Zh (%)
. s AR A v 2%
R Sk )
= €h €m

DWM —6.710 —2.262 4.317

1# EWM —15.840 1.464 6.394
Ch & Zh 22.266 60.169 35.725

DWM 1.162 6.652 4.762

2% EWM —0.760 33.548 11.210
Ch & Zh 11.269 34.639 21.811

DWM —3.525 1.131 1.398

3#* EWM —6.777 1.890 2.973
Ch& Zh 12.928 31.311 18.976

AR SR ot DA S I A iy P00 7 325 AT 78 3 A A
I 2877 it P AR AL B £ B I ) AL, MABIE 3R A 0
EARRLPE A B A, B T 2RIk WSVR A
FCM SRR 5C I IR AL FUds R A iy TN 7 i, %
T WSVR B/MEASE 2] L AR ARG GE T A1 FCM
Wfs EIH g8 6e 1, KA WSVR X [ 2877 i #EAT IR
WL BN E REIR L B Vet b B, T2 ] FCM
RIS AL T B IR AL Bt 24T £ B R A, By
SE AR 73 S B I 20 A, 230 B PR T
BUSAR S IR BB i BUE: 1) FE B,
TP T g S I 221 DA TR A I 22 R S A,
AR E A IR P 5 SRS L I 8] () Euclid
PRES A R S PE LA 2) BRIE NG, g s il 2 i
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