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Project Scope

Focus on the use of new safety and reliability analysis techniques

to improve and optimise safety and reliability of complex real 

industrial systems related to their operation processes. 

Propose new and develop existing methods, tools & software

capable of supporting intelligent modelling and decision support

systems, in controlling and optimising the safety and reliability of 

complex real industrial systems and processes.

Look into the design of industrial systems and the development 

and use of new methods and theoretical results that are applicable 

to designing, safety and reliability evaluations as well as the 

improvements of real complex industrial systems and processes. 

Primary Application in the Maritime Transportation Sector



Project Objectives
• To conduct a systematic safety and reliability study of complex 

industrial systems and processes;

• To develop new and innovative models for safety and reliability 

improvements for complex industrial infrastructure systems;

• To initiate long-term interdisciplinary research resulting in safer, 

more effective and more competitive industrial activities;

• To produce a package of practical tools capable of investigating, 

improving and optimising industrial systems and processes;

• To implement techniques for the design of safety and reliability 

decision support systems for maritime transportation sectors;

• To provide education and training courses, in addressing the 

lack of knowledge and technology within the current industry;
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Collaboration with GMU, NUS, IHPC + International Maritime Partners



Deliverables
• General model for complex industrial systems operations and 

processes that relates to their environment and infrastructure

• Systematic report of methods for safety and reliability that 

includes an evaluation of current complex industrial systems

• Statistical report of current complex systems to evaluate 

unknown parameters of models using data mining techniques

• Web-based program package and its description

• User-friendly guidebooks for practitioners, which includes 

methods, procedures, descriptions, and applications, etc

• An Integrated Safety and Reliability Decision Support System 

for Maritime and Coastal Transport model



Potential for future 

commercialization 

• To improve, on the basis of reliability criteria, the maintenance 

planning applied on the industrial systems and processes

• To define the maintenance planning on the industrial systems 

and processes in order to improve their competitiveness

• To support the application of a suitable quality assurance 

program for complex industrial systems and processes

• To perform suitable reliability analyses and risk assessment 

studies which includes improvements to existing industrial 

systems and processes

• To allow the adaptation of the industrial activity to the market 

request and improve it

The outcome from the developed methods and software can be 

profitably applied:



Announcement

• 2008 Asian Workshop on Advanced Reliability Modeling 
(AIWARM2008), 

• Taichung, Taiwan, 23-25 October, 2008;  

• http://aiwarm2008.iem.cyut.edu.tw/
Submission deadline 31 May

• IEEE International Conference on Industrial Engineering 
and Engineering Management (IEEM2008)

• Singapore, 8-11 December, 2008; 

• www.IEEM2008.org
Submission deadline 1 June
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1. 1. IntroductionIntroduction

�� TTrransportation systemansportation systems are complex, s are complex, 
with high reliability requirement;with high reliability requirement;

�� MMultiulti--state system state system reliabilityreliability modeling modeling 
framework is taken to describe the framework is taken to describe the 
system;system;

�� SSemiemi--MMarkov processes arkov processes are used to are used to 
model the model the system operation process;system operation process;

�� Proposal: To liProposal: To link these two approaches nk these two approaches 
into a general joint multiinto a general joint multi--state state reliabilityreliability
modelmodel of a system of a system under differentunder different
operationoperation conditions.conditions.



2. MSS2. MSS ReliabilityReliability

�� MSS MSS systems systems definition definition 

�� A component based system A component based system with degradingwith degrading

components thatcomponents that satisfy the following rulessatisfy the following rules

--  EEiijj,,  ii  ==  11,,22,,......,,kknn,,  jj  ==11,,22,,……llii  aarree  ccoommppoonneennttss    

ooff  aa  ssyysstteemm,,    

--  aallll  ccoommppoonneennttss  aanndd  aa  ssyysstteemm  uunnddeerr  

    ccoonnssiiddeerraattiioonn  hhaavvee  tthhee  rreelliiaabbiilliittyy    

    ssttaattee  sseett  {{00,,11,,......,,zz}},,  ,1≥z   



--  tthhee    ssttaattee  iinnddeexxeess  aarree  oorrddeerreedd,,  tthhee  ssttaattee      

    00  iiss  tthhee  wwoorrsstt  aanndd  tthhee  ssttaattee  z  iiss  tthhee  bbeesstt,,    

- Tij(u),  i = 1,2,...,kn, j = 1,2,…,li  aarree    

    iinnddeeppeennddeenntt  rraannddoomm  vvaarriiaabblleess  rreepprree--  

    sseennttiinngg  tthhee  lliiffeettiimmeess  ooff  ccoommppoonneennttss Eij  
  iinn    tthhee  rreelliiaabbiilliittyy  ssttaattee  ssuubbsseett    

  {u,u+1,...,z}, wwhhiillee  tthheeyy  wweerree  iinn  tthhee  rree--  

    lliiaabbiilliittyy  ssttaattee  z aatt  tthhee    mmoommeenntt t = 0,   



--  T(u) iiss  aa  rraannddoomm  vvaarriiaabbllee  rreepprreesseennttiinngg  

    tthhee  lliiffeettiimmee  ooff  aa  ssyysstteemm  iinn  tthhee  rreelliiaabbiilliittyy  

    ssttaattee  ssuubbsseett   {u,u+1,...,z} wwhhiillee  iitt  wwaass  iinn    

    tthhee  rreelliiaabbiilliittyy  ssttaattee  z aatt  tthhee  mmoommeenntt t = 0, 

--  tthhee  ssyysstteemm  rreelliiaabbiilliittyy  ssttaattee  ddeeggrraaddeess  

    wwiitthh  ttiimmee  t wwiitthhoouutt  rreeppaaiirr,, 



- Eij(t) iiss  aa  ccoommppoonneenntt Eij rreelliiaabbiilliittyy  ssttaattee    

    aatt  tthhee  mmoommeenntt t, ,0≥t  ggiivveenn  tthhaatt  iitt  

    wwaass  iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee z  aatt  tthhee  mmoo--    

    mmeenntt  t = 0,   

- S(t) iiss  aa  ssyysstteemm  rreelliiaabbiilliittyy  ssttaattee  aatt  tthhee  

    mmoommeenntt t, ,0≥t  ggiivveenn  tthhaatt  iitt  wwaass  

    iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee z aatt  tthhee  mmoo--  

    mmeenntt  t = 0. 



DefinitionDefinition 1.1. Component RComponent R--VVectorector

 

Rij(t ⋅, )=[Rij(t,0),Rij(t,1),..., Rij(t,z)], ),,( ∞−∞∈t  
  

wwhheerree        
  

Rij(t,u)=P(Eij(t)≥≥≥≥u||||Eij(0) = z)=P(Tij(u) > t), ),,( ∞−∞∈t   
 

u = 0,1,...,z, i = 1,2,...,kn, j = 1,2,...,li,  
 

iiss  tthhee  pprroobbaabbiilliittyy  tthhaatt  tthhee  ccoommppoonneenntt Eij iiss  iinn  tthhee

rreelliiaabbiilliittyy  ssttaattee  ssuubbsseett  },...,1,{ zuu +  aatt  tthhee

mmoommeenntt t, wwhhiillee  iitt  wwaass  iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee z aatt

tthhee  mmoommeenntt  t = 0, iiss  ccaalllleedd  tthhee  mmuullttii--ssttaattee

rreelliiaabbiilliittyy  ffuunnccttiioonn  ooff  aa  ccoommppoonneenntt  Eij.  



DefinitionDefinition 2.2. System RSystem R--vectorvector

R
n
(t ⋅, ) = [1, R

n
(t,1),...,R

n
(t,z)],                

wwhheerree      

R
n
(t,u) = P(S(t) ≥ u | S(0) = z) = P(T(u) > t),         

ffoorr  ,0≥t  u = 0,1,...,z, iiss  tthhee  pprroobbaabbiilliittyy

tthhaatt  tthhee  ssyysstteemm  iiss  iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee

ssuubbsseett  },...,1,{ zuu +  aatt  tthhee  mmoommeenntt t, 

,0≥t  wwhhiillee  iitt  wwaass  iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee z

aatt  tthhee  mmoommeenntt t = 0, iiss  ccaalllleedd  tthhee  mmuullttii--

ssttaattee  rreelliiaabbiilliittyy  ffuunnccttiioonn  ooff  aa  ssyysstteemm..    



DefinitionDefinition 3.3. RiskRisk--FucntionFucntion

r(t) = P(S(t) < r | S(0) = z) = P(T(r) ≤ t), ,0≥t  
 

tthhaatt  tthhee  ssyysstteemm  iiss  iinn  tthhee  ssuubbsseett  ooff  ssttaatteess

wwoorrssee  tthhaann  tthhee  ccrriittiiccaall  ssttaattee  r, r ∈{1,...,z} 
wwhhiillee  iitt  wwaass  iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee  z aatt

tthhee  mmoommeenntt t = 0 iiss  ccaalllleedd  aa  rriisskk  ffuunnccttiioonn

ooff  tthhee  mmuullttii--ssttaattee  ssyysstteemm..   

A A probabilityprobability



),,(1)( rtt
n
Rr −=  ,0≥t                                          

aanndd  iiff τ iiss  tthhee  mmoommeenntt  wwhheenn  tthhee  ssyysstteemm

rriisskk  ffuunnccttiioonn  eexxcceeeeddss  aa  ppeerrmmiitttteedd  lleevveell δ, 
tthheenn    

=τ r ),(1 δ−
                                                               

wwhheerree r )(1 t−
, iiff  iitt  eexxiissttss,,  iiss  tthhee  iinnvveerrssee

ffuunnccttiioonn  ooff  tthhee  rriisskk  ffuunnccttiioonn  r(t).  



33. . MSSPS ReliabilityMSSPS Reliability

AA  mmuullttii--ssttaattee  ssyysstteemm  iiss  ccaalllleedd  sseerriieess--

ppaarraalllleell  iiff  iittss  lliiffeettiimmee  T(u) iinn  tthhee  ssttaattee

ssuubbsseett },...,1,{ zuu +  iiss  ggiivveenn  bbyy   
 

T(u) = )}({min{max
11

uT
ij

iljnki ≤≤≤≤
, u = 1,2,...,z. 

DefinitionDefinition 4.4.
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SeriesSeries--Parallel SystemParallel System



R klllk ,...,,; 21 (t ⋅, ) = [1, R klllk ,...,,; 21 (t,1),...,R klllk ,...,,; 21 (t,z)], 

where   

R klllk ,...,,; 21 (t,u) = P(S(t) ≥ u | S(0) = z) = P(T(u) > t), 

for ,0≥t  u = 0,1,...,z, is the probability  that the 

system is in the reliability state subset },...,1,{ zuu +  at 

the moment t, ,0≥t  while it was in the reliability state 

z at the moment t = 0, is called the multi-state 

reliability function of a system 
 



----Mean lifetime of the system in the state subset 

},,...,1,{ zuu +  

M(u) = )]([ uTE = ,),(
0

,...,,; 21
dtut

klllk∫
∞

R u = 1,2,...,z, 

----Standard deviation of the system lifetime in the state 

subset },...,1,{ zuu +  

2)]([)()]([)( uMuNuTDu −==σ , u = 1,2,...,z, 

----Mean lifetime of the system in the state u  

M (u) = ∫
∞

0

,),( dtutp  u = 1,2,...,z, 
 



4. 4. MSSPS MSSPS inin OOperationperationss

We assume that the system during itsWe assume that the system during its

operation process has operation process has vv differentdifferent

operation states. Thus we can defineoperation states. Thus we can define ZZ((tt))

asas the system operation process withthe system operation process with

discrete states from the setdiscrete states from the set

 
}..,..,,{

21 v
zzzZ =



IInn  pprraaccttiiccee  aa  ccoonnvveenniieenntt  aassssuummppttiioonn  iiss  

tthhaatt Z(t) iiss  aa  sseemmii--mmaarrkkoovv  pprroocceessss wwiitthh  

iittss  ccoonnddiittiioonnaall  ssoojjoouurrnn  ttiimmeess bl
θ  aatt  tthhee  

ooppeerraattiioonn  ssttaattee b
z  wwhheenn  iittss  nneexxtt  

ooppeerraattiioonn  ssttaattee  iiss ,
l
z  ,,...,2,1, vlb =  .lb ≠  



--  tthhee  vveeccttoorr  ooff  pprroobbaabbiilliittiieess  ooff  tthhee  iinniittiiaall    

    ooppeerraattiioonn  ssttaatteess  ,)]0([
1 νxb

p   

--  tthhee  mmaattrriixx  ooff  tthhee  pprroobbaabbiilliittiieess  ooff  iittss        

    ttrraannssiittiioonnss  bbeettwweeeenn  tthhee  ssttaatteess ννxbl
p ][ , 

--  tthhee  mmaattrriixx  ooff  tthhee  ccoonnddiittiioonnaall  ddiissttrriibbuuttiioonn  

    ffuunnccttiioonnss  ννxbl
tH )]([  ooff  tthhee  ssoojjoouurrnn  ttiimmeess   

    ,
bl
θ  ,lb ≠   



UnderUnder these assumptions, the following these assumptions, the following 

characteristics can be found:characteristics can be found:

--  TThhee  mmeeaann  vvaalluueess bl
M   ooff  tthhee  ccoonnddiittiioonnaall      

      ssoojjoouurrnn  ttiimmeess blθ ,  

--  TThhee  uunnccoonnddiittiioonnaall  ddiissttrriibbuuttiioonn  ffuunnccttiioonnss  

   )(tHb  ooff  tthhee  ssoojjoouurrnn  ttiimmeess  bθ  ooff  tthhee      

      pprroocceessss )(tZ  aatt  tthhee  ssttaatteess  ,
b
z  



--  TThhee  mmeeaann  vvaalluueess b
M  ooff  tthhee  uunnccoonnddiittiioonnaall  

      ssoojjoouurrnn  ttiimmeess b
θ ,    

--  TThhee  lliimmiitt  vvaalluueess  b
p  ooff  tthhee  ttrraannssiieenntt        

      pprroobbaabbiilliittiieess  aatt  tthhee  ssttaatteess..                



We assume that the changes of theWe assume that the changes of the

process process ZZ((tt) states have an influence on) states have an influence on

the system componentsthe system components EEijij reliability andreliability and

on the system reliability structure as well. on the system reliability structure as well. 



TThhee  mmeeaann  vvaalluueess  aanndd  vvaarriiaanncceess  ooff  tthhee  sseerriieess--ppaarraalllleell

ssyysstteemm  lliiffeettiimmeess  iinn  tthhee  rreelliiaabbiilliittyy  ssttaattee  ssuubbsseett

},...,1,{ zuu +  aarree    

,)()(
1

∑≅
=

ν

b
bb
uMpuM ,,...,2,1 zu =                          

∫ −=
∞

0

2)()( )]([)],([2)]([ uMdtuttuTD
b

b

nlnk

b
R   

 

),1()()( +−= uMuMuM ,1,...,2,1 −= zu    

         

).()( zMzM =   



55. . ApplicationsApplications

� Please refer to the paper…



6. 6. ConclusionsConclusions

The paper proposes an approach to theThe paper proposes an approach to the

solution of practically very importantsolution of practically very important

problem of linking the systemsproblem of linking the systems’’ reliabilityreliability

and their operation processes.and their operation processes.

Application of the proposed method isApplication of the proposed method is

illustrated in the reliability, risk andillustrated in the reliability, risk and

selected availability characteristicsselected availability characteristics

evaluation of one of the subsystems ofevaluation of one of the subsystems of

the port grain transportation system.the port grain transportation system.
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