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Context and Motivation
Objectives

§ An	orbital	collision	typically	produces	approximately	10,000	
fragments	of	space	debris,	each	posing	a	significant	threat	to	other	
operational	satellites.

§ Space	agencies	employ	the	Maximum	Probability	metric	to	assess	
spacecraft	collision	risks;	however,	its	validity	is	limited	to	short-
term	events.

§ Crucial	to:
‣ Use Continuous-time	Imprecise	Markov	Chain	to	model	the	cloud	

of	space	debris		together	with	high	fidelity	orbital	propagation	models.
‣ Use	Upper	expected	time	averages	to	express	maximum	number	of	

collisions.
‣ Weak	Ergodicity	is	about	convergence	of	Upper	expected	time	

averages,	and	we	need	a	Graph-theoretic	characterization	of	this	
property.	

§ Solutions:
‣ Definition	of	a	Graph	by	the	upper	rate	operator	associated	to

the	imprecise	Markov	chain,	with	the	notion	of	absorbing	top	class.
‣ An	imprecise	Markov	chain	is	Weak	Ergodic	if	and	only	if	its	graph	has	

an	absorbing	top	class.
‣ Graph	conditions	 converted	into	orbital	model	conditions

§ Need	a	robust	model	adapted	to	assess	
long-term	collision	risks	induced	by	an	
orbital	breakup.
‣ High	fidelity	propagation	model
‣ Maximum	number	of	collisions	over	

future	decades

Maximum Expected collision number between the cloud of debris and different Satellites

Imprecise Markov Chains
Result & Analysis


