
Design	&	Plan	for	Maintenance:	
A	STAMP-based	Dissimilarity	Indicator	

for	Railways	

a	Dr	Maria	Mikela	Chatzimichailidou	
a	Dr	Arnab	Majumdar	
b	Dr	Alberto	MarDneE	
b,c	Prof	Leo	Van	Dongen	
	

a	Imperial	College	London,	UK,	Dep	of	Civil	&	Env	Eng,	LRF	Transport	Risk	Management	Centre	
b	University	of	Twente,	NL,	Dep	of	Design,	ProducDon	&	Management,	Maintenance	Eng	
c	NS-NedTrain,	NL	

Imperial	College	London	&	Lloyd’s	Register	FoundaDon	



The	Project	
§  Partners	
-  Imperial	College	London,	UK	
-  University	of	Twente,	NL	
-  Lulea	Technical	University,	SE	

§  DuraDon:	October	2016	-	June	2018	

§  1st	project	meeDng:	March	2017	
	

ICL&LRF	

Mikela	-		m.chatzimichailidou@imperial.ac.uk	 March	‘17	– MIT	STAMP	WS	



Importance	of	Maintenance	
§  Inadequate	maintenance	à	disastrous	consequences	for	life	&	

property	(Zerbst	et	al,	2005)	

§  Lifecycle	costs	of	rolling	stock:	highest	costs	for	maintenance	≈	1.5	
Dmes	>	new	building	car	(Van	Dongen,	2016)	

§  Why	so	high?	Withdrawal	of	coaches	causes	high	cost,	complaints	&	
displeasure	[Ex.	London	Underground,	3rd	Dec	2016]	
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§  (a)	Fragmented	(e.g.	rolling	stock,	depots	&	tools;	wide-spread);	(b)	
highly	(if	not	enDrely)	dependent	on	human	experts		

§  (a)	No	design	focus	on	maintainability;	(b)	no	criDcal	&	frequent	
quality	checks	on	product	

§  End-user	does	not	parDcipate	in	the	design	&	producDon	process	
§  RetrospecDve	measures:	no	desired	project	results	à	make	changes		
§  UnderesDmated	impact	of	maintainer	&	operator	in	design	&	

producDon	process	
Ø  Late	maintenance	à	high	costs;	long	lead	Dmes	of	repairs;	safety			

Maintenance	as-is	
ICL&LRF	
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Railway	ObjecDves	
§  Design	&	plan	for	maintenance	

§  Dynamic	maintenance	planning;	constant	ajenDon	VS	iniDal	investment	

§  Use	warning	indicators;	diagnose	symptoms	&	failures;		real-Dme	
monitoring	(i.e.	GOTCHA	system)	

§  Maintenance	management	shall	understand	various	“error”	
producing	condiDons	&	serve	as	an	input	to	modify	policies	&	develop	
bejer	guidelines	for	railway	maintenance	tasks	
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“The	core	value	of	
maintenance	decision	
making	is	the	determina5on	
of	the		values	of	all	op5ons	
the	decision	maker	has	to	
make	good	trade-offs	
between	the	available	
op5ons”	(Tiddens	et	al,	2015)		

“Advanced	maintenance	techniques	are	prac5ces	that	can	
support	maintenance	decision	making	by	taking	the	current	
and	future	state	of	assets	into	account”	(Tiddens	et	al,	2015)			

“Uncertain5es	in	the	technique	and	uncertain5es	in	the	input	
data	lead	to	uncertain5es	in	the	predic5on”	(Bo	et	al.,	2010)		

“results	from	the	technique,	namely	detec5on,	
diagnosis	and	prognosis	can	be	used	to	op5mise	
maintenance	decisions”	(Tiddens	et	al,	2015)		

“predic5ons	are	especially	useful	when	the	system	deteriora5on	varies	between	the	various	
opera5onal	situa5ons	the	asset	is	exposed	to”	(Tiddens	et	al,	2015)		

“Degrada5on-based	predic5ons	offer	the	opportunity	to	assess	the	current	state	of	the	
equipment	and,	based	on	the	trending	of	the	prognos5c	parameter,	make	es5ma5ons	of	the	
remaining	life”	(Tiddens	et	al,	2015)		

“the	quality	of	the	predic5on	has	to	be	very-high.”	(Tiddens	et	al,	2015)		



x	Difference	between	
the	system	as-imagined	&	

	.	
	.	
	.	

the	system	as-done	

Problem	Statement		
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Design		&	
Maintenance		

x	Addressing	maintenance	
retrospecDvely		
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Maintenance	

Safety	OperaDonal	
excellence	Design	

DESIGN	FOR	SAFETY	
ICL&LRF	

“Maintenance	Engineering	makes	
connec5ons”	(Van	Dongen,	2016)	



The	Need	
An	indicaDon	of	the	deviaDons,	variability	&	the	
differences	between	the	system	states/	versions	
aiming	to	update	operators’	(mental)	models,	adjust	

the	system	processes	&	composiDon	
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by	‘dragging’	maintenance	&	system	modificaDons	
closer	to	the	design	phase	

à	proac/ve	maintenance-oriented	methodology	



Maintenance	as	a	Driver	

§  Maintenance-driven	(re)design	with	STAMP	

§  	QuanDfy	the	system	states	for	the	enDre	system’s	
life-cycle	
§  Define	the	desired	system	state	to	compare	with	the	
actual	

§  STPA	&	tools,	e.g.	if	unacceptable	event	à	CAST	
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IndicaDon	of	Dissimilarity	

DisIn1	
DisIn3	

DisIn4	

DisIn2	

ICL&LRF	

(Van	Dongen,	2016)	
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*Designers	&	
Engineers	

pool	of	requirements	

*Operators	
*Passengers	 *Suppliers	&	

Tech	availability	

*Maintenance	
(STPA,	CAST)	

*Safety	&	
Security	(STPA,	

STPA-sec)	

*Human	factors	(EWaSAP,	
Dokas	et	al,	2013)	

*Business	analysts	&	
Lawers	
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Next	Steps	
1.	Define	the	statuses	to	be	compared	

§  The	desired	system	
-  STPA	&	tools	list	safety,	security,	maintenance,	human	factors	

requirements	
-  List	other	requirements	(e.g.	stakeholders,	designers	&	engineers,	

analysts	&	lawyers)	à	bring	asap	all	interested	parDes	to	the	table	

§  The	system	as-is:	match	it	to	the	desired	one	
2.	Calculate	the	DisInd(s)	
3.	Interpret	the	values	
4.	Develop	a	strategy	to	respond	to	distant	system	statuses	
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About	this	Work	
§  Preparatory	&	exploratory;	not	another	applicaDon,	but	a	suggesDon	of	a	

STAMP-based	strategy	&	indicator	for	railway	maintenance	

§  DisIn	follows	the	RiskSOAP*	logic;	validaDon	of	the	raDonale	made	

§  DisIn	between	different	system	statuses	as	a	measurement	of	the	deviaDon	of	
the	one	status	(e.g.	as-designed)	from	the	other	(e.g.	as-built)	

§  DisIn	successive	values	as	an	indicaDon	of	the	system’s	performance,	i.e.	
enhancement	or	degradaDon	of	system	properDes	throughout	its	life	

*Introducing	RiskSOAP	to	communicate	the	distributed	situaDon	awareness	of	a	system	about	safety	issues:	an	applicaDon	to	a	
roboDc	system	(Chatzimichailidou	and	Dokas,	Ergonomics,	2015)	
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Added	Value	for	Industries	
Make	the	Management	happy!	Distance	of	system	versions	from	their	
benchmark	in	a	single	number;	improvement	&	maintenance	strategy	
§  DisIn	as	a:	
-  selecDon	criterion	between	alternaDve	versions	of	the	same	system	
-  decision-making	tool	when	evaluaDng	system	changes	with	reference	to	

the	benchmark	system	
-  tool	to	plan	system	composiDon	modificaDons	to	shorten	the	distance	

between	compared	system	states/	versions		
-  criterion	for	evaluaDng	modificaDons	that	might	affect	the	minimum	

acceptable	performance	level	of	the	system	under	consideraDon	
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Thank	you	
quesDons	&	suggesDons	

Dr	Mikela	Chatzimichailidou	
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