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Optimization of Inspection and
Maintenance Policy for Deteriorating

System with Semi-Markov Decision
Process

CHENG Zhi-Jun® GUO Bo!

Abstract The optimal model of inspection and maintenance
for the deteriorating system is presented with the semi-Markov
decision process. And the phase-type approach is proposed to
preserve the analytical tractability of the transition probability
matrix. To solve the problem that the PH distribution changes
the state space of the system, the value iteration algorithm for
the semi-Markov decision process is improved to get the optimal
inspection and maintenance policy. Finally the numerical exam-
ple is put forward to illustrate the implementation of the model
and iteration algorithm.
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Table 1 The optimal policy with two kinds of value-iteration algorithms

PH fl&i 1 2 5 ol
PH #AE 1 2 3 4 5 6 7 8
A7 a=0 a=0 a=0 a=0 a=1 a=1, 1=104.3 0.989
1=104.3 1=51.6 1=37.7 1=11.6 1=104.3
k2 a=0 a=0, [=52.6 a=1, [=125.0 0.994
1=125.0

*

Sk 1RSI [10] 4 R EISARETE, S0 2 SRA SO SOl (R AU,
5 it

ASTCRE -y TR SRR T 95 (0 AR e iR il 5 10
W, JRE ST PH M 45 T ARG REMLA SR A 0
5. PH 2 ATUE — G, REHPIRE S H Y,
{25 18 S I L5 24 16 SRS 2 BT A IR 2R 2 T o 5 1, ALk
X B R R (MBS ARUEE AT 1 ok, JF BLRIsAT
0L T ARG 35 5 IR DG AL FAR, SRAG T 6 (1 AR S de
R SRIIESER P S YW N R AW A N i A LTI
] I8 R 2 A6 T 1) 408 DAy 2 A 20 A (K0 0, 38 P A 1 4 1) 451
AR T AR REACEIL. AT T i 2 BB A EIN
RGN L 22 S AU AL B, IR E RS oL, WAl e
FE e R R GORE, Ef&‘?ﬁ/ﬂf%éﬁ‘ﬁkﬁﬁu%ﬁ%%& F—
BIWEITHRA L.

References

1 Pierkalla W P, Voelker J A. A survey of maintenance models:
the control and surveillance of deteriorating systems. Naval
Research Logistics Quarterly, 1976, 23(4): 353~388

2 Sherif Y S, Smith M L. Optimal maintenance models for sys-
tems subject to failure: a survey. Naval Research Logistics
Quarterly, 1981, 28(1): 47~74

3 Valdez-Flores C, Feldman R M. A survey of preventive mod-
els for stochastically deteriorating single unit systems. Naval
Research Logistics Quarterly, 1989, 36(5): 419~446

4 Wang H. A survey of maintenance policies of deteriorating
systems. FEuropean Journal of Operational Research, 2002,
139(5): 469~489

5 Van Noortwijk J M, Frangopol D M. Two probabilistic
life-cycle maintenance models for deteriorating civil infras-
tructures. Probabilistic Engineering Mechanics, 2004, 19(4):
345~359

6 Li W, Pham H. An inspection-maintenance model for sys-
tems with multiple competing processes. IEEE Transactions
on Reliability, 2005, 54(2): 318~327

7 Julie S I, Harriet B N. A modeling approach to mainte-
nance decisions using statistical quality control and opti-
mization. Quality and Reliability Engineering International,
2005, 21(3): 355~366

8 Chen D, Trivedi K. Optimization for condition-based main-
tenance with semi-Markov decision process. Reliability En-
gineering and System Safety, 2005, 90(1): 25~29

9 Yeh R H. Optimal inspection and replacement policies for
multi state deteriorating systems. European Journal of Op-
erational Research, 1996, 3(3): 248~259

10 Hu Qi-Ying, Liu Jian-Yong. Introduction of Markov Decision
Process. Xi’an: University of Xi’an Electronics and Technol-
ogy Press, 2000
(W7o, X'Ji%ﬁf DR O] R HE RS 8. V422 TU e F R K
H".ﬁb’(ﬁ., 2000)

11

12

O’Cinneide C A. Phase-type distributions: open problems
and a few properties. Communication in Statistics: Stochas-
tic Models, 1999, 15(4): 731~757

Montoro-Cazorla D, Perez-Ocon R. A deteriorating system
with two repair modes and sojourn times phasetype dis-
tributed. Reliability Engineering and System Safety, 2006,
91(1): 1~9

BEER EPRERHE R ARG S G LTy, ERTRT W
KRGS S g Y. ACEEEE . E-mail: ¢zj2002@sina.com
(CHENG Zhi-Jun Ph.D. candidate at the Institute of Infor-
mation System and Management, National University of Defense
Technology. Her research interest covers reliability of system and
maintenance decision. Corresponding author of this paper.)

0K EPIRHR S R RS S S B, FTERT 10 R ]
SEME L e AR EEYE. E-mail: Guobo62@126.com

(GUO Bo Professor at the Institute of Information System
and Management, National University of Defense Technology.
His research interest covers reliability, maintenance and support-
ability of system.)

i3
KA pij (t)

dPy (1)
dt

dPu(t) | 5

T — )\ZP“ (t)

dP;; (t)
dt

Pin+1()—1*Zle()

=0, j<i

= NPy () + Nj—1Pijoi (1), i<j<n

HAR¥E Kolmogorov’s rlgﬁﬁ, A Pouiay (t) = Py (t), W
R, A skt L3R iR, 4 iy (s) = L {15”. (t)}, )

i1

87'('“'( ) =1- )\171'“(8)
871'”( —)\]-m-j(s) + )\'_1’/Ti7j_1(8), i1<j<n

)=
T n+1(8) =1- Zﬂ—ll( )
(

| Tn1s(s) = ( )

(1) 7 Xidigr - A Z S

k=i H A= Al)
L#k
t<j<n

1n+1 = Z )’LSTL-f—l



