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— Development of Replacement Models under Minimal Repair
with Wavelet Failure Rate Functions -

=

Choi Sung woon

ES

Mo

Abstract
This paper is to develop replacement models under minimal
repair with exponential polynomial wavelet failure rate function.
Wavelets have good time-frequency localization, fast algorithms
and parsimonious representation. Also this study is presented
along with numerical examples using sensitivity analysis for
exponential polynomial trigonometric failure rate function.
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1. A&
HA 49 A A (Replace Problems under Minimal Repair)e 7|t A #]&
(Replacement Cost)® 4 2]8]-&(Repair Cost)& 43371 98 Barlow and
Hunter[1]9] # A2 oleltyoja AlFEo AFHI Qo

Choi and Lee[2]E F7138 22 £#82<Q 13 E(Cyclic Failure Rates)& )
& oz A wAAYSE A dFE FIA R VY Al2Y 1
FEL vAE F7 49 vlEA Eold FHA(NHPP :© Nonhomogeneous Poisson
Process)2. 2 F&HrE Choi and Lee[2]= NHPP A &S A+3¥ ugg Hz4d4
(EPTFRF : Exponential Polynomial Trigonometric Failure Rate Function)® =4 g
sty 27] 2AE, F7122E, A5 (Frequency), & (Amplitude), 973 (Phase) 5
gao g #Wate] o3 Alx" EAS AFsATt. 53] IEFe A" 1FEY F
714, AEL aZAF HHE by 94 F7F 2 7]t #¥dh

2 AFTE Choi and Lee[2]9] &4HE A7 = Alad nFEo] Ay 0}y ¢o)nd
3= (EPWFRF : Exponential Polynomial Wavelet Failure Rate Function)g! #Z44g
BH 2L ALstuxt 3ok 2 AFA AgEde dolBBH(Wavelet) o] -2 1980
Ao RE A7 Fagol FEH A 8 (Good Time-Frequency Localization), W& <3
2} Z(Fast Algorithms)® E &9 ©< A (Parsimonious Representation)o.2 <& 394
93t A7 &8 Fok(Interdisciplinary Applications)ell 343 45l glth[3, 4]
Figure 1914 Fourier Filtere 34 9 <olA}, Shannon Filtere Al Go gt &
HE BEXMae 9SS FEE7] 98 Fourier 89 EFo Ao £43Q 9x=$ &
+& 715 A7) F4 Fourier ¥ (WFT : Windowed Fourier Transform or STFT :
Short Time Fourier Transform)®] Gaussian & o] &3 ¥ Aol Gabor
Filter olt}. 28y Gabor Filter: Figure 1914 ¢} 2o] B4 dGo] A|t-F a0
el dAEZ Azt W3 we FEXHA o] wgste HABLH 54
(Nonstationary Property)S 4 4 gl A7 Aot ol2ig dd e FE37] 4
3l Wavelet Filtere =AY ¥ E4*(Scaling Parameter)9} ©l§ E4(Shift Parameter)
o Ao ¥y BEES o83 Fdstn T&HU BEHS & F Uth
26l A= EPTFRFQ 3442 ma FHo did HAH =2
wAv L Fu g 2V|2FE, FHLFE, ITF, THAF, A FY
odf the AN B EAMS AAEFY 3FAME HA S8 A FH g 9ol
gl AL ©o]A dlolB g Ms(DWT)E 3, MRA(Multiresolution Analysis), 2t 3
¢]) o) B 8l (Biorthogonal Wavelets)5 2] EPWFRF 47}%] 2 &2 A A3t 4% A=

[=] L
2& 9

©
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A A

Frequeng Amplituqe
Amplitude Time

(a) Frequency Domain (Fourier ) (b) : Time Domain (Shannon)
4 4
Frequency Scale

Time Time
() WTF or STFT(Gabor) (d) Wavelet Analysis

Figure 1. Fourier, Shannon, Gabor and Wavelet Analysis[5]

2. EPTFRFS A4 58 nA AF

21 ¥4 Z2E ggF

Barlow and Hunter[1]9] “ZAA M O7d ot dfArzad £ z2E
= oA TE AR 98 2285 (DAF 2o

]
o
o
bt
P,l'.

D =1lm( § ELN(H]+ $,ELN,(D]] | ¢ (1

714§, 8,2 dd HA aAu g Fefu gt

CTH=[$,(D+ $,] /| T (2)

()2l A p(t)x NHPPe #Hagk <9 (Mean Value Function) XE¥ AHE3IS
(Integrated function)2 A 0] (3)d 3} o] Aot}
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¢ (T)=El N(T)] = fOTA(t)dt for  T=0 (3)

B AFAE A()E 4 49 EPTFRFE 228}
Alf) = expla+ Bt+ Asin(wt+ @)] (4)
A7NM e 2711ZE, B= 7t
]

Aot A7) o+ Bt B A
Asin(wt+ @)= F7)1 &9

L

22 H4 WARD 2A
@) H3 Z2E ¥+ 4 (T7) & AF AN T & Frsl 9% 674
stelule] o] = AlEd o)A (Sensitivity Simulation) ¥3}gk& Table 13 #om t}

g3 el 7b AL ANw

Table 1. Parameter Value

1.0 15 -2.0 0.1 0.1 0.5
5.0 00 05 05 1.0
10.0 2.0 1.0 1.0 2.0
20.0

ZERY 1: $,=1.0, 0 =0.0,8=05w=1.0 o] Fo2 4 §,3 Ae} 2%
MaHE Table 29 220 £ul§o] 4248 H4 ZAEE Holn FE 019 2
$ 2E Feugold Hy 2rE: Has) W,

Table 2. Sensitivity analysis 1

$, A £ (T (17
15 0.1 2472 2.009
5.0 0.1 3.992 2.963
10.0 0.1 5.563 3.333
200 0.1 8.153 4.226
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Ze B4 2 $,=1.0,2=0.0,8=0.5A4=0.57 F41 B¢ §.% 09 &
% W3 Table 3% zZon Fujge] 45 HA I2EE Fopxa FHl &
10020 A$E AYsta 2AFF 05004 HA ZAEE HAvE do

Table 3. Sensitivity Analysis 2

$, w p(T) (7"
15 05 2472 2.327
5.0 05 3.900 2.554
10.0 1.0 5.618 3.278
20.0 05 8.112 4.424

2% 24 3: $,=1.0,¢=0.0A4A=05w=1.00 Fod A% $,34 B9 3
W3l Table 49 Zom Faulgo] 2252 HAH =

= 2EE Aol R F7hnd
g0] 019 4% BE s EAN AY niE

Table 4. Sensitivity Analysis 3

$, B p(TY) (T

15 0.1 1.648 4.273

5.0 0. 2.228 7.274

10.0 0.1 2.808 9.283

20.0 0.1 3.697 12.276
e BY 5 $,=1.0,8=0.5,A=0.5,w=1.000 FA A< §,% o2 F
= Wb Table 59} o Fjulge] AS4E HA FAEE HolAa xV|IF
go| -20% A% ZE FYPu gl HA mrEE Hast @

Table 5. Sensitivity Analysis 4

8, a w(TH (T
15 2.0 0.805 3.294
5.0 2.0 1.625 5.211
10.0 -2.0 2.560 6.198
20.0 -2.0 4.148 7.193




96 dolugl 2E FFE ZE F45d LY A% HY &

A2l A A4z g43E nHs R g g2 5 e EPTFRFTQ 2(2)9 F
A FAE 744 H & gid o sbx] BA L A s

A =expla+ BD )
Az ¥4 5: $,=1.0,a=0.0,8=0.5, w=1.07F Foix %A% §.3 A9 #x
8l Table 63 Zow FEu&o] 100 4 w A3t #AZo] 1090 AF BE #

Sl
] gl A HH IAE ZAH|go] A

Table 6. Sensttivity Analysis 5

' A Percentage of Cost
Reduction(%)
15 1.0 14.5%
50 1.0 9.0%
10.0 05 1.0%
20.0 1.0 3.7%

2E ¥4 6 §,=1.0,0=0.0, =05 A=05% F41 3% §$,% 0 FE
S Table 7% 22w F2ulgol 50 Q W AYSHT FA5s 102 B¢ LE
2 4

Zo
B gol A HA A2E ZFaw o] A

il
A
T

Table 7. Sensitivity Analysis 6

g w Percentage of Cost
Reduction(%)
15 05 7.2%
50 1.0 3.8%
10.0 05 3.9%
20.0 05 1.1%

= ¥4 70 $,~=1.0,2=0.05,A=0.5, w=1.00] F4 % §,% 89 Z
W3k Table 83 2o wgH]go] 159 1009 4% 7% ES 05944, 8
£0] 507 20080 B¢ TR EELS 1044 HAH FZ2E ZA v]lgo] At



oA 73 g 7 53] R A 3@ A 43 20013 129 97

Table 8. Sensitivity Analysis 7

Percentage of Cost
$., B .
Reduction(%)
15 05 55%
50 10 3.9%
10.0 0.1, 05 1.0%
20.0 1.0 2.4%
7= B4 8: $,=1.0,6=0.5 A=0.5 w=1.0° F3 73 $,7 o9 T=

WSHE Table 9% Zom Faulgo] 503 20091 A% AL 2713718 209 3
$ BE £l gl FHILE Faugol Att,

ta

Table 9. Sensitivity Analysis 8

g Percentage of Cost
7 “ Reduction(%)
15 2.0 11.7%
5.0 0.0 3.8%
10.0 2.0 6.3%
20.0 =20 1.6%

3. EPWFRFQ 2 4% wA=g s

31 HA Z2E g

A4 mxe 5 C(TH Fagk 35 0O 4 2, Oz 2od 4 e 4
&(5)4 3 o) A gdwnh

Alt) = expl @ + Bt + w(t)] (5)

4714 wt)E dolBy d¢zAM g 3289 witg HE&Y A u JHA AM2E
EPWFRF ¢ 34 8 uARFES AAS 5 ot
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32 dlelBy wAREY Y
321 dlelB 8 <A} (Wavelet Approximation)® 3
G) A WHE s ()43 ol Raact

WMD~2S 14 @ 14D+ 20d 1w 074D+ 20d 1k by a(DF - - - +20d 14 ¢14(D (6)

o714 J= 2Ad == oA (Multiresolution) 3¢l ol k= AS9 & Jeh
H S, dyer - dyy © AolER WAEF AgESoltt. 0 ,,(0% ¢,,.() =
- (Father) lo1® & @9 =(Mother) dlolE& ¢ 9o 2A Y (Scaling)d A=A °lF
(Translation)2 o] &3 A} &olt}. S-PLUSOA AF=H+ A ¢olBR gF+=
Table 1034 7t}

Table 10. Orthogonal Wavelet [6]

Type S-PLUS Wavelet Name
Hear hear
Daublets d4, d6, d8, 410, di2, di14, di6, d18, 420
Symmlets s4, s6, s8, s10, s12, sl4, s16, s19, s20
Coiflets cb, cl2, c24, c30

322 olat 9ol =& W3t (Discrete Wavelet Transform : DWT) X3
oAb dlojB gl WML o)At T W, W,, - - -, W, o it 2] (6)9 dlolE=
Az ZA AFE AAEE Bgoltt DWTE velleE =E#(Dopplen®d 2 t}
& A 2.

WH=VEL Dsin(- 2400y, 01 @)
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3.2.3 MRA (Multiresolution Analysis)® ¥
MRA 232 thg (8)43 2o

WH= S,;(+ D)+ D; . (H+ - - - D (9) (8)
714 S;(H & D9 © 24 HE(Smooth) 39 A Al(Detail) &+ 2 A
Sj(t)zgsj.k I 5 9

D](t)zzld,,k ¢ (D (10)

24 Ad Aw ¢ o] B8 (Biorthogonal Wavelets) % &
so) AW Aol83 TRL BE (DA o) vdP

WOSZIS1e - g, WFZdp -y OFFdie -y OF -+ Rdu, v 0 an

J-1

~

A71N @9 ¢= BH(AnaysiDFFeld o 9 ™ = &4 (Synthesis)3t4=o] T},

¢
S-PLUSAIAM AlF=HE HRa glo]B3 g4+ Table 29 2t

Table 2. Biorthogonal wavelet (6]

Type S-PLUS Wavelet Name

bsl.l, bsl.3, bsl5
B-spline bs2.2, bs2.4, bs2.6, bs2.8
bs3.1, bs3.3, bs3.5, bs3.7, bs3.9

V-spline vsl, vs2, vs3

Table 3914 ¢ Zo] MATLABolA AFTH= thusdt dojnal g5 ol&dd
EPWFRFS HA 498 i EAS g&Hoz B3 & 2l
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Table 3. Wavelet Families and Their Properties [5]

MATLAB Wavelet
Name
Properties

morl | mexh | meyr | haar

dbN

symN

coifN

biorNr.
Nd

Crude

Infinitely Regular

Compactly Supported Orthogonal

Compactly Supported Biorthogonal

Symmetry

Asymmetry

Near Symmetry

Arbitrary Number of Vanishing

Moments

Vanishing Moments for &

Arbitrary Regularity

Existence of &

Orthogonal Analysis

Biorthogonal Analysis

Exact Reconstruction

o | O | oo

FIR Filters

Continuous Transform

Discrete Transform

Fast Algorithm

ool NNl NeoR RN el =2 )

ol | OO | OO | || O

O OO | O |00 | oo | o C

o T OO | oo O

Explict Expression

0 0

[N BN I« B I e B B2 I <R S el I« T e

*morl @ Morlet
mexh : Mexican Hat
meyr @ Meyer

haar : Haar

dbN : Daubechies
symN @ Symlets
coifN : Coiflets

biorNr.Nd : Splines Biorthogonal Wavelets
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e 21d 2A ven F£EnfS Frssle HA Y 24 2P AP
& Az 13E FF(EPTFRF)Y 2% AF oy dojrd 4
o BE F 7HA BHAAM EAsta e
EPTFRF #H4 %Y nA EddAMe A 84, Fgu|d, 27113 E, F711%E
AEs, AE 5o gy = W % oy 71A] A Edold 49 238 £
A @718l 5, EPWRFR 447 nAd RaoMs v 713 A28 288
t}, Aty EPWFRF 4 8 A 23 i Fevyg e Wl gid A&
ol M2 FF pA=E gt
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