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Abstract; There are many industrial systems that may experience operating state switches between storage
and usage throughout their whole life-cycle, and it has been proved that the operation switches have great
influence on equipment’s degradation process. However, the issue of remaining useful life estimation for such
kind of systems is seldom founded in the literatures. In this paper, some key problems are systematically
analyzed, such as the stochastic characteristics of the operation state switches, the lasting time of each
state, and the difference in the degradation rates in each state. Particularly, a two-state Continuous-Time
Markov Chain ( CTMC) is presented to approximate the switches between the states of usage and storage.
Then the CTMC is integrated into the random coefficient regression model to realize the remaining life
estimation. A simulation experiment shows that the presented approach can effectively realize the system’s
remaining life estimation under the condition of the operation state swilches.

Key words: remaining life estimation; operation state switching; Markov process; random coefficient

regression

0 3|8

MR AR I T2 R A R, MR R
gl R T R A R K EAa R R A T E B
BT 451 388, B9 2 v 2 4%, o JHG G B8 T 2% 1 O T SR
KFEmERIEE . LRELERRY, T 5 RE
( Prognostics and Health Management, PHM ) 35 R 7242 5

W57 H 5:2016-01-27 &5 H #9:2016-03-16

ESWE: BN 7454 (61025014) s HZK B RPHEE4 (6157
3365,61174030,61104223 ,61374120)

EEE T AZHL091 —) 5 R ILA B4 8507 0 8B
W5 R B

PRI R R RN A EEEEEM,
MFE MR ARG R AR R E L et s
SRELTR I W EE , TR % A I ( Remaining
Life Estimation, RLE) & PHM £ A .0 HEN,
XFTRIRF BN AR, BN FERTTT
ERXRE HESETEEATRENER . &1,
R TRR 7w B B9 W55 v, B A B SRR
SETHARSG. X T TRLRPTHRERZREN S,
HiZTHBREEELEN, RENREERSEMUE
THERETaREBL, ECFRETERAE—EN
IBfL, BMRRE T BB AERANHE, B TR
THEREXHA BT REERGETHN S A B E



96 Moot 5 &

H24%

P iy, B ARS8 B AR HOB T RE AL R
Do MH,BITRE VA BRSNS REFFLEH B
FEA—E WL, B, 58k 25 2R G i R 4k 1
AT IR E LB, IF B W 5 A A
TARRZX RGEIBILAY TN

EIRAFEBTTRE TS FENLR LR G R R 6k
et R RAE R A R, Hod, SCHR(3 ] F I #
F A AL IR AN 58 e R Y O B A% TR I 2R 3 5
H ARG R s SOk [4 ] H]— A2 2 i) a) 3 SRS R
BEDLIT AR LR A 1R 7™ i 25 BB S5 B 1R AL RRAE L BRAF 2
RBLRE IR TR LR RS =R B FE R
X7 iR AE R R 5 SRS 112 2012 44z FI I B Bo
TSR HE RS B R 1R L B AT IR A T
B _ERBIFEEMER IR R G R I8 AT RS E ) e i —
BATHFRE, X BAREARRE LR, B A E#
F4 W TR0 I 6 4 55 X AR G0 1R 4 B R el S AT 22
1. SCERL 6 )iz FREE20a1 TR I - TR AR
FERSRAR I AR ZSA TARRA 3R B PR R A% (3R
b, B B THRixR&ECFRSHBLFERME,
HHRESS R EFE RGBSR, XHAS 2 15
REFMAABKIEE, ETERLRS,BRERAFEAEH
T PR TRE AR TR M, His 7k
ARV AR R BRI BT
1, AR AR 48 2R 58 M A T 2 24 5 i [ AR R AR 1k
BB REE AT RSV 5 BAG T RERRIR F 4,
T MR R A F A AR T R AR R A 0 TR

AXRGEH IR T B AT RS VI AR R G20 18] Y
BEHLPE L) BARAR B A R AR R M M AR,
T 2B - TAERE R A RAREFTREX R4
IRALTE R A BEATLIR AL R A Y , ] P i 2 e ] 2K AT
Fe4& ( Continuous Time Markov Chain, CTMC) XtiZ474R
AU BRI T R, @5 T B PRI R )4
Y RS 8] R BE SR04 . TS , 7 A BEAL
RPEABAE R RF RS, ERBIAREFHR
FAO AR . Bn WAL EPT R T A SR 1A T
BT LA R A RIAR T arfliit.
1 o) A

BT 20 1, R G575 TR 99 0 W =
1,2] E3E RS, Hork, <17 R R T TAEAR
BV FRREGETIOHERS, 2 v:[0,0) >PHRR
B E M B H R A v (1) RN RELE ¢« REZINE
TRE . HMRIERGIBIPIRS IR 3 RiR VI 86
2B T RER v(0) =1, T ERRE, X TRE
B R {X (1) 0 =01 FERE AL BT, 5 B3] FEAL

AFMEBERC 280 20 TR A @R AR R
AN B R TR R R SR, B, 2 SCF A BEAL
R Y AR A R SR R B

X(1) = ¢+ mesp([ Aw(u)du+e) (1)

A B, R [ 25 i B A A S 4
fiEsm A A B IEBTRENL R B, R A RS 22 5 1
H A @t v (o) M BRI R G e NI,
R RSB R Be M, HIB R £ ~ N(0,07) o

T A L FEHLB A RRAR T RE R, B 7 B RO

B0 =1, <1, <1, < <1, WRGHEHRFHTIE, HS

o, =x(8) T ¢, BRI IRAEIM i =0,1, -+ ko I,
FYETE R ¢, BRI BAR RS X, = {x,,x,,
%yt 2o WA, REBITEI SRR R ¢, HPRSDIHR

Hﬂ‘l‘ﬂ*ﬂﬂﬂﬁ%b\ﬁ%?%%&@]E’J,%Tﬁ C, =y,
n(t,):j =12, ,n(t,) b, HAp,u oo, IZIATE j OO
AUHRRIET ], n(s,) HE] 1, B %) B3 EPRAS VIR B,
TEXIE [y, ,u) NBTTREEEFE R v(y_,),j=1,2,
~,n(t,) ,u, =0,
FET UL A, BB L R SE B ar vl DUl R EE
ﬁ'f&;ﬁﬁl.ﬁ%é&lﬂ{ﬁw AR E SR
T=inf{t>0:X(t) 2w} (2)
W2, X5 T HEHLRL RGLTE 1, W2 TR G L, Al E
XA
=inf{l, >0 : X(I, +¢,) =w} (3)
o Hb IJ{%# i) Bt 43 45 2 %0 ( Cumulative Distri-
butlon Function, CDF) 2y
Pr(LkSllek,Ck)=Pr{iliBX(l,ﬁtk)Blek,Ck} o (4)
FET UL, TR H st 2 & Bk
FORAHLES R R R R AR Pr(L, <, 1X,,C,) , 5280
FpFrarfhit. B, B T LN D/R T RN
RGBT BRI TR,

2 K&V EEERSHAT

2.1 REVRIEER

H RS IR B] 0, FE RGBT A AR
A LARRSHTIHR IR . TERETIHEE T, h
T CTMC BA R 752 | B B, Bk J|] 22 B IR 12 5%
¥, F B E S8 2N T BRI R AR A
B A SCR A CIMC ORI R LBt RS,
HAp, CTMC RS FEB RS RGRS TR

T MR TR BB, SR v () 0201 /Y

CTMC [y AT Y Q = ( vy ) HFEITR
BIODIRA TN, — B RGBT A T B R



w2

JARAES . BIPREBR T SRR Fam i 97

S, HEZRENEE N ERASER v(5v) K18
oo i, i BLAE TARRZS (Bt FARAS) TP 12 8
AN 1/y (R 1/v) ™. WS, & k= (y,0) %
NERGBITHBRNSHES,

RAEF(3) TR F i E X, ERRBITIREFE
AR T, i T RGBT H R BENL R E A
HRGEMBITTREETHEX, BLFEERSE Lz
TRE v(s,) GREBHT , BBk —BBRI N R S
BATRZS TR R AT B BR G 20 . RE RS
TERFZY ¢, BEBTTIRES v(2,) REFAY, 7L R E] X H] (2,
L+1,) BRI B ] Toka Tk Ta ks " s T .k b
TR N (D) o #E—2, 5872 « B RS TR A
Y5 B BR B LR 25 B BB (PDF) £, (7045 1
Tois" s T s Ve (D) 1) TR EH 1 454,

FE1 XNTPORED/RKARER, 4 ARG HH
BT v(e,) MIBTT S8 « BB, X T £ (1o,
TiesTans s T s Ve (D 1k) VB

1) FHE4HFETRER v(s,) =1,0
SilToms T Tass s T s N (D) 1 k) =

b

{('yv)"e,zu(7_")(_1)J(Tf'*_'*)e_yl N()=2n,n=0,12,--

y(yv)"e;(77")“1)«7’*7")67” N.()=2n+1,n=0,1,2,--
(5)
2) HAEUFBITRE R v(s,) =2,

f;n(TO,k’Tl,k97-2,k9"'9TNk(l),k’Nk(l) | K) =

[}

{('yv)"e,zu<”7)(”J(T"”*)e”l N.(l)=2n,n=0,1,2,--

u(yv)"e§<”*7>‘*1>’<’ff‘*)e*yl N.(1) =2n+1,n=0,1,2,-
(6)
e B R AIE W R T 225 SCER[10] . SRk
5 Bt %) o, AR E0— Bt E] [ A A9 IBF IR U4 it
FATHBRRE IR SRR A F (D =7, N7, e
(t,,5, +1],j=0,1,-- N (D)},
2.2 EZFGIETHESEN M AT
i T SORE [0 RGNV HEIE B B S B EA T v
ARG LA m, B, R sfTRESUREES &
G BT AR FT B AR R A A, AT W R Geis AT
HRSEWMETTS RGBS RSB MTTH5TF AL
ESHAGTEF , 7RI R LG R, R AR 38 3 i
P B9 T4 B BT S Rk A7 S, 7 2R A DLt S
BRI ER ST EF ™ . W, R AT
RGBT v(1) 0201 FISE « AT
4k BISER AR p (k) , 9 gamma 7377, By ~
gamma(a, ,B,) ,v ~gamma( o, ,B,) . TEHATH %z, , 7]
URBE S RGBT IR v(2) .0 =0 KRB 25 R

Ehir,n()j=0,1,2,,n(t,)}o @ n_,(2,)K
AL0,6, ] NRFEARE“1 TR BLRE 27 FIREL,
1y (8) FR[0,8, N RFNRE 2" PR EARTE 17 1Y
WHLM n(2,) =ny,(8,) +0,,(2,) 0 #H—2,%d,(2,)
A d, (2,) B HIFRXE 0,2, ] RGAL TRE D" FAR
ST EINEEEE S E R, BAE «
HETTRAHE M, NIMTER ST BHER € T
X Tk BER AT SR 2.

EE2 & PTEANTENERS MM K,
H¥ gamma 7343, W] « HEANTTR G R M) 2
gamma 7375 , B G B R SRR E S840 5 h
(045B:4) 0= 1,2, BIKTEHHN

o =0t o (1)
By = (,3171 +d,(1,)) -
=, +n, (1) °
Bay = (,32_1 +d2(tk)) -
FEH 2 By BAAERS AT 25 3CEk[ 10 ]
FET U EEER, « )5 % PDF
v exp( —y/Bia)  v™ lexp( - v/By,)
LC) =5 0B Nans
(8)
LT ) K gamma BR¥L, K, BEA HEAR R R4
fk(To,kaTl,k sTo ks " ’TNk(l),kaNk(l) [ Ck) IRYS:Eus Ck 3i
TR, BAR
fk(To,k’TLk’Tz,k""’Tmu),k’Nk(l) | Ck)) =

fofk(TO,k sT1asToes " sTan e ’Nk(l) | K)fK(K | Ck)dK o

(9)

TERR B R BRI b ) AT B R B RO B &

DI, M T RERENFPRER-AR R, I A%

TR B AR LR X RGBT BT BB S 5
T, A R S5 R AN B P #EAT AR A A T

3 RGRUTEZESRIKEMMGIT

3.1 EEVHTESERSHTHREKEGTN
FEFIE KR (1) BB AL R A8 T 4
In(X(1) = ¢) = Inn+ f;)t(v(u))du +e (10)

Hh—2,% V(1) =In(X(2) -¢),0=In n, ANTTRLIR
AL FE O oy Q0 43 BEER 1 R 2R B T IS AR AU A
Y(t) =0+fA(v(u))du+a . (11)

(7)

AT, [ A (v(w) ) du A6 T 66 0 B
Stk A, FLAMBS BOTRI 2 1, = 0 FFAA M) Rt
ARAS IR 7,0} S, A 7,0 € Fo(0)

IS IRITRIAR A5 A3 75, B S0 TR SR i



98 Moot 5 &

H24%

SIARIERTSMHT o AR TITAE & M 1, S B0
SR(10) 5 (1) Fdfe 5 AR F RAGHE & ¥, =
[oyioms ol o KRR 0, THIAHOMABTIVGE TR
AU 7, 7 2 R G AL A,
J=1.2,0n(0) o A EBIEE 1 =0 TFIEEIE A 1 19
B0 R 5038 47 A5 Y Bt I 81 A0 0 40 M0 94
{r00n(1):)=0,1,2,+,n(0) | I ALER EBEHLRH
0 NI T, FE R P UCIR A5 b4t 69 I L D B 7, o,
ra) i =1,2, 0 () BB

Y(Tj,o) - Y(Tj’l,o) - J‘T’:"’ )t(v(u))du +8(Tj,o) -

£(700) = Aao(Th0 = Tra0) +6(70) = e(7,0,)
(12)
BRsra(11) . JC(IZ) Tﬁ%ﬂ
Y(t) =60 +z (/\] 10( - Tj—l,O)) +

Ao ot =
K, 7, =0,
BT 0,6 F0 A Z[EAH B2 52 HORAS Y) e w8 2
(Y (7,0) —Y(7 )0 =1,2,,n(8,) ) ZIARA
HXE . X0 ~N(u,,04) .6 ~N(0,0°), A, ~N(p,,
07),i=1,2 HIABE Y(2) ~ (pyey Ovy ) o AR

RG] ¢ B 20 A WA B AR 2 e, B 0y, B

T<>o) +€(t) - &(74,) (13)

n{t
My = Mgt ZMAH_D(T/',O - T,'-l,o) + ,anm_"(t = Ta(o) ,o)
=

n(t)
0'2Y(t) = 0'2 + z U'i,,m(Tj,o —Til0 ) Pt Uinm," (t- Tu(s) ,0)2 +20°
=T

(14)

FEF L LA, TR R Z) 1, =0 M R H
Rz Ty CDF 35 5CH

Pr(T=tlY,,C,,m,F,(t)) =Pr( sup Y(1) =
wlY,,C,,m F,(t)) =1 —Pr(stlﬂ) Y(t) <
olY,,C,,a,Fy(1)) =q5(“|”’) _w) (15)
Ty |

KD () NIRMETER LM CDF;uy, , oy, B
(1) B3 A5 REEHRILL MR GBI IR
ERWBEME, BIAH «,0,1,,4, fl 0" HE, X
SRk BRI T B BRI R 2. AR S, &
7= (k@) , HF,0=(0,1,,1,,0")

e BB 2RI R F A0 G , A3, X T2
BB 2 ¢, RBCTERE R — BB B] (1, 1 + 1) W EYIBFTAR
SYURE E M RKEEERRH F,.(1) = {1,
N(D:ire(t,t,+1],7=0,1, N (D}, BZIH
PR ER Y(1,) B4 KT 1, ZJ5 BE—4 R Z)
t, + 1 AT153)]

M0

Y(tk + l) = Y(tk) + Z ()‘,;1,1:(7',‘,1: -

o

7'J>1,k) ) +

/\Nk(l),k(tk +l_TNk(l),k) +e(t, +1) —e(g,) (16)
ﬁl:':l sTo = bro
*ﬁﬁ—;—[‘iﬂ—j‘ ’MY(!,,+Z) iFn 0’?’(!,‘+l) ﬁ%uﬂ‘]
ND

My = Y(24) +ZMA (Tip = Tjop) +

(tk +1 - T, W)

0] (17)
0'?/(;“1) = Z 0'?.,_"‘(7',‘,1: - ijl,k)z + Ui"kw(tk +

=

I - TN(l)k)z +207
MR 44, ¢, B 25T REFIR T 534 H
Pr(t, +1=<:1Y,,C,,m,F, (1)) —Pr(sl%)Y(tk+l)2

wlY,,C ,a,F (1)) =1 —Pr(slugl Y(t, +1) <

My, +1) —

wIYk,Ck,ﬂ,Fk(l))=q'5( w) . (18)

|0'y<;k+z) |

PR Fr L i) CDF #ES 72, # R E R LR 1 i
BASHAE NIRRT HTHN. ERASEME,
FIHT 7 s RE AR AL SR FAR R RUAR Al 3 Jr s ok A
RS E, AR ALK MIRA E R SR SH
3.2 RGFHRFwIN

GA UL, \ SRR SRR Far B4 E

BRBLEWT,

1) = (5).3(6) Fizn, FIH CTMC R R 58
FIRETHER, EREREETSHCHANIERL T
BEREIE TR Y e 8 iR R A9 BR & PDF
H fr (F (DY, C k) o

2) 45 REBITHRT NG R, R AT
FHAN RGBT S HE I ER, BB S5
JERA A [(1Y,,C,) Iz (8) Fim,

3) FIFREHLR SRR R R AR fbid 72, 3
HohaU(1) . TR ERREREEMINEH
RUBE @, 5 R R G TR TGy 0 SRS )
LRTET %] ¢, REMBIRFFMSM Pr(s, +1<tY,,C,,
x,F (1)), = (18) Fin.

4) LA R 3 BRI BB RLTE ¢, BT Z)
W5k FAriy CDF,

Pr(t, +l<t|Y,,C,) =j Pr(t,+1<1t|Y,,C, «,

K7€ F(5,41)

Fk(l)) 'ka(z) (Fk(l) | Ykack ,K) 'fK(K | Yk,Ck)deT,-,k o
(19)

AT (19) BSRIBY R Z AR ME DL T B3R
DT WA SCR A Monte-Carlo % B8 R i

LB ERAENZ] ¢, WRARFAarE CDF,
4 HEHR
2575 108 1o B O A 3 E A SCHR H A T



B2H

AE%%: afTRETHRTRHRERRFHEN 9

REFKRFHHET RN T THEMGHRE. RE
Monte-Carlo $({8 {7 HH B i B4 (5 E A BRI 2% SR
[12], AT ER R, RERGERSBNIMHE
mE 1 Frw.
®1 HEARTNEESH
Table 1 Model parameters in the simulation

éﬁ A Ay b4 v o
TtEE 0.8 0.2 0.25 0.4 0.25
BRERRBME 0 =15, FEHEAR M =5000,{F K
FK Ar=0.01, B 1 AHE=EEELRLHE,

-~ —
. [o 5552,
=

i Y / 2

] s f

¥ /

8 s A
) A.

d v
0000 1000 1500 2000 2500 3000
A1 RAEPLE

Fig.1 The degradation path

HE 1A UEY, REEARSTRERBILE
ERAFR, ARG T RENRE B HB K,
Bk, ARG 2T RETR T RRERR Fa, T
BEVAENTBEEDRE R R AT RS T8l
B IPRRREEARRBAER ST RERRF
firo BLAIASCIR B 5 i #EAT 5000 T EE R, 53]
RoAFAHAHE T EMAE 2 Fim.

0.12
0.10
0.08

Bige

0.06
0.04
0.02

0

10 40 50

20 30
ARG
B2 REFMmaHETE
Fig.2 System’s life distribution histogram

10 s e &
ool —ASEEEERCF | A
— A £ HE1 coF
= 08 :

8 0.7 /
g 0.6 ‘d,
05 1
04 /
ﬁ 03 !
Wg 02 /
0.1 H
O —1o~T5 20 25 30 35 40 45

ARG

B3 RGFFaway CDF
Fig.3 The CDF of system’s life

FHEREU SR/ R R FaH CDF 21 KA
XA 2] CDF BXt tan & 3 Brmo

B 3 FIAL A TR T BB R R AR F i 5
RALIRIRFHEZRD, BT T i e A
RAGHRF TN

5 &g

FXERTHRFEETREVENRARRE
A B R, 32 1 R AT PR CTMC SRR R EHIE
IRENHRARE  FENHERTARENFRSE
HARGNETSH . RABILAKESSEERERRR
BALEE, EFREARERAKF@H CDF, HHEAR
O A LRI T RESARE RS TRETNHRT
B R GRIAR For BL

& XM

[1] PECHT M G. Prognostics and health management of elec-
tronics[ M]. [S. 1. ] :Wiley Online Library, 2008.

[2] SIXS, WANG W B, HU C H, et al. Remaining useful life
estimation—A review on the statistical data driven app-
roaches[ J]. European Journal of Operational Research,
2011,213(1) :1-14.

[3] BAE S J,KVAM P H. A change-point analysis for model-
ing incomplete bum-in for light displays[ J]. IIE Transac-
tions, 2006, 38(6) :489-498.

[4] GEBRAEEL N, PAN J. Prognostic degradation models for
computing and updating residual life distributions in a
time-varying environment[ J]. IEEE Transactions on Reli-
ability, 2008, 57(4) :539-550.

[5] CHEN N, TSUI K. Condition monitoring and remaining
useful life prediction using degradation signals; revisited
[J]. IIE Transactions, 2013, 45(9) :939-952.

(6] %, 08, ML% FESETRENF - TEES
BRI R AT]. B4R ,2012,40(12) :2549-
2552.

[7] FENG J,SUN Q, JIN T D. Storage life prediction for a high-
performance capacitor using multi-phase Wiener degradation
model [ J]. Communications in Statistics-Simulation and
Computation, 2012, 41 ;1317-1335.

[8] BAE S J,KVAM P H. A nonlinear random coefficients
model for degradation testing [ J ]. Technometrics, 2004,
46 :460-469.

[9] GEBRAEEL N. Sensory-updated residual life distributions
for components with exponential degradation patterns[ J].
IEEE Transactions on Automation Science and Engineer-
ing, 2006, 3(4) :382-393.

(F#% 104 ®)



104 Bk 5 & M

F2UB

AT PR R4 1 738 Boas B S Bk Bl i () R e 2%
RSB T TR, RRSERNEK 2 Friw.
i [ RETERERBNEEN B Bll%, T
A SCTHR T s A W R R & TR B AR S —
KW FISEZ OB AT B RET I TR KX B
o W] 5 P e o A (R 48 7 0 B A T B K B 1 1
BT, RE—ATIBBAR AR I H SR A3 B 18]

R2 WAZTHERNER
Table 2 The fault detection results of two methods

I B 1 [ W) B 3
¥  (100~150 s) (230 ~280 s) (200 ~280 s)
A I I I I I I

£ 100 ~165 100~ 150 230 ~241 230 ~280 209 ~315 209 ~ 280
F1 100~165 100~ 150 230 ~248 230 ~280 209 ~315 209 ~280
W F2 100~168 100~150 230 ~253 230 ~280 209 ~317 209 ~ 280
3 +3 100 ~168 100~ 150 230 ~248 230 ~280 209 ~317 209 ~280
T4 & x b b x b
B F5 100 ~168 100~ 150 230 ~248 230 ~280 209 ~315 209 ~ 280
[a F6 100~174 100~150 230 ~232 230 ~280 210~317 210~280
F7 100~166 100~ 150 230 ~248 230 ~280 209 ~314 209 ~280
F8 100~166 100~150 230 ~231 230 ~280 211 ~324 211 ~280
S5t E] 100 ~ 165 100 ~ 150 230 ~231 230 ~280 211 ~314 211 ~280

B3 2 AT ARG8T B X K I 7E 3 R
THFEREIREAR, , REBERS B EERE R,
ST HR T vk REAS R IS I B B BR R R A A 2R B
Z, L RETE B i [ A H BRAR B R , MRy
HIT H B TR S s R R A, A S EE R
WIREBT -

FILBEBZ BT 3 KA R AR R TIK
R, FBEREHWHI M EELE Bl xR DR
IR, A RRIARIE R DR MM BURHT IR RE,
B2 TEO R BRI R Z R, BRI
SRR BB FIEBAR A HAE T IEB AR B LR AR
AERBE R SR BT R ED RN EETIERR
BER T XSEERABIRE R T SRR ER fE XY
PP LEREEM

5 4iF

HAFB X R E B TRAMNREREHRTH
BERE , RN EREZHARERNREAR.
FEXF AR, A< SCHR H B T R IR B A S5 M B I

B SRAENTE B SHRERRN T IEIAE
FERE G E P AN A& TIPAS, ZH T X
AAHERARRE. SWNBERRREREN, &
BB EINER TR xR i PR R 1 A, 3
3 RS R A B R IBOR, KT X
B2 T AR 2 SR TR R MR U E

2 % X W

(1] X, &M, BRY. £T LE 5 BH GNSS/Iner-
tal HESPEHFHMEN[T]. PEREREARZER,
2012, 20(1) :63-68.

(2] X, L%, EEB. —HREEDTESARE
B ESeir o MW ik (J]. TR R, 2011, 342:775-
780.

[3] LEEY C, OLAUGHLIN D G. A performance analysis of a
tightly coupled GPS/inertial system for two integrity moni-
toring methods [ J]. Journal of Navigation, 2000, 47 (3) :
175-190.

(4] X, K8 TR, % ET RSN CPS BF#
B ARLT]. BEF 5S4 ,2011, 31(4) :228-231.

[5] TERG#H. —FREHE DE ST BN 2%
BEMATELT]. PEBEERARER,2014,22(3):
374-380.

[6] LIUHY,ZHENG G, WANG H N, et al. Research on integ-
rity monitoring for integrated GNSS/SINS system [ C]//
The IEEE International Conference on Information and Au-
tomation, Harbin, China, 2010 ;1990-1995.

[7] BHATTI U L, OCHIENG W Y. Performance of rate detec-
tor algorithms for an integrated GPS/INS systems in the
presence of slowly growing error[ J]. GPS Solutions, 2012,
16(3) :293-301.

(8] ZEHeR, BB, EEE,%. PBN #1:& T #Y GNSS/SINS
HESMTBHFHERET]. Bt 5#H,2013,20(1):
44-48.

[9] BRUGGEMANN T S, GREER D G, WALKER R A. GPS
fault detection with IMU and aircraft dynamics[ J]. IEEE
Transactions on Aerospace and Electronic Systems, 2011,
47(1) :305-316.

[10] 451, MES, %01, %. GPS/SINS A B FAMARLEH

BEER W 5RF[T]. K 548 #E&EH, 2012, 37
(10) :153-156.

(E#&F 9 R)

[10] SIX S, HU C H,KONG X Y, et al. A residual storage
life prediction approach for systems with operation state
switches[ J]. IEEE Transactions on Industrial Electro-
nies, 2014. doi:10. 1109/TIE. 2014. 2308135.

[11] OLIVEIRA V D. Bayesian inference and prediction of

Gaussian random fields based on censored data[ J]. Jour-
nal of Computational and Graphical Statisties, 2005, 14
(1) :95-115.

[12] SIXS WANG W B, HU C H, et al. Remaining useful life es-
timation based on a nonlinear diffusion degradation process
[J].IEEE Transactions on Reliability, 2012, 61(1) :50-67.



