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SUMMARY		
The	emergence	of	Digital	Twin	(DT)	technologies	has	profoundly	transformed	industrial	production	by	
enabling	high-fidelity	virtual	replicas	of	physical	systems.	According	to	the	recent	report	of	the	Alliance	
Industrie	 du	 Futur	 (AIF),	 a	 Digital	 Twin	 is	 defined	 as	 an	 organized	 ensemble	 of	 digital	 models,	
continuously	 updated	 with	 respect	 to	 reality	 and	 equipped	 with	 advanced	 computational	 and	
operational	tools.	In	the	context	of	production	equipment,	achieving	and	maintaining	calibration	and	
synchronization	between	 the	Digital	 Twin	 and	 its	 Physical	Twin	 remains	 a	 significant	 scientific	 and	
industrial	challenge,	particularly	during	commissioning	and	throughout	operational	use.	
The	current	industrial	strategy	to	improve	observability	relies	heavily	on	industrial	IoT	technologies.	
This	generally	leads	to	an	“over-instrumentation”	of	the	physical	system,	increasing	costs,	complexity,	
and	potential	 reliability	 issues.	 In	 contrast,	 industrial	vision	 technologies—now	widely	deployed	 for	
product	quality	inspection	and	robotic	guidance—have	recently	benefited	from	major	breakthroughs,	
including	 3D	 imaging	 and	 embedded	machine-learning	 capabilities.	 Despite	 this	 progress,	 their	 use	
remains	largely	restricted	to	product-centric	tasks	rather	than	system-centric	observation.	
	
The	proposed	research	internship	addresses	this	gap	by	exploring	the	use	of	neuromorphic	vision	as	an	
alternative	high-performance	 sensing	modality	 for	 the	 automatic	 calibration	 and	 synchronization	of	
Digital	Twins	of	production	equipment.	Neuromorphic	cameras,	based	on	event-driven	asynchronous	
sensing,	 provide	 high	 temporal	 resolution	 and	 low	 latency,	 making	 them	 particularly	 suited	 for	
observing	dynamic	behaviors	in	automated	systems.	Early	work	conducted	in	2024	has	demonstrated	
the	feasibility	of	characterizing	the	mechanical	behaviour	of	a	pneumatic	cylinder	using	event-based	
vision.	The	next	steps,	which	constitute	the	core	objectives	of	this	internship,	include:	

• Simultaneous	 observation	 and	 behavioural	 characterization	 of	 multiple	 actuators	 using	 a	
neuromorphic	camera.	

• Identification	 of	 sensor	 and	 actuator	 behaviour	 (including	 distributors	 and	 end-effectors)	
through	correlation	between	camera-detected	events	and	PLC	I/O	transitions.	

• Integration	 of	 energy	 consumption	 data	 (electrical	 and	 pneumatic)	 to	 enrich	 multi-modal	
behavioural	modelling.	

Ultimately,	 the	aggregation	of	 these	component-level	behavioural	models	will	support	 the	automatic	
construction	 and	 calibration	of	 a	Digital	 Twin	of	 production	 equipment,	 grounded	 in	 discrete	 event	
system	(DES)	theory.	
	
DETAILED	SUBJECT	
The	concept	of	Cyber-Physical	Systems	(CPS),	 formalized	 in	early	NSF	reports	 (notably	 [1],	 [2]),	has	
become	central	to	contemporary	research	in	systems	engineering	and	intelligent	manufacturing.	A	CPS	
is	typically	characterized	by:	

(i)	multi-scale	temporal	and	spatial	dynamics,	
(ii)	high	degrees	of	automation,	connectivity,	and	embedded	intelligence,	and	
(iii)	the	capacity	for	dynamic	reconfiguration	in	response	to	failures	or	functional	modifications.	

	



This	internship	focuses	more	specifically	on	Cyber-Physical	Production	Systems	(CPPS)	within	the	class	
of	Reconfigurable	Manufacturing	Systems	(RMS).	In	this	context,	the	definition	of	the	Digital	Twin	aligns	
with	the	viewpoint	of	industrial	systems	engineers.	The	recent	AIF	report	[3]	describes	a	DT	as:	

• an	organized	collection	of	models	representing	a	real-world	entity	for	specific	uses;	
• updated	at	a	frequency	and	fidelity	adapted	to	its	purpose;	
• equipped	with	advanced	tools	enabling	understanding,	analysis,	prediction,	and	optimization	of	

the	real	system.	
The	scientific	objective	of	this	project	is	to	investigate	the	dynamic	updating	problem,	i.e.,	the	calibration	
and	 synchronization	 of	 the	 Digital	 Twin	 relative	 to	 its	 physical	 counterpart.	 Traditional	 calibration	
strategies	 rely	 on	 (i)	 observable	 states	 from	 the	 control	 system	 and	 (ii)	 additional	 sensors	 from	
industrial	 IoT.	While	 effective,	 such	 approaches	 result	 in	 substantial	 instrumentation	 requirements,	
with	direct	consequences	for	cost,	robustness,	and	maintainability.	
	
In	parallel,	industrial	vision	has	become	pervasive	in	manufacturing	for	tasks	such	as	quality	inspection	
and	robotic	handling.	Modern	vision	systems	(e.g.,	Cognex,	Keyence,	Sensopart)	increasingly	integrate	
3D	capabilities	and	machine	learning	algorithms.	However,	their	usage	remains	highly	product-centric.	
The	 proposed	 research	 aims	 to	 shift	 this	 paradigm	 by	 exploiting	 neuromorphic	 vision	 as	 a	 holistic	
observation	tool	 for	system-level	behaviour	characterization.	Earlier	research	[6]	demonstrated	that	
event-based	 vision	 from	 a	 neuromorphic	 camera	 can	 identify	 characteristic	 mechanical	 states	 of	 a	
pneumatic	 actuator	 and	 reconstruct	 its	 behaviour	using	discrete	 event	models.	Building	upon	 these	
results,	the	internship	will	address	three	research	challenges:	
	
1.	Multi-Actuator	Behaviour	Observation	

Develop	 methods	 to	 observe,	 discriminate,	 and	 model	 the	 behaviour	 of	 multiple	 actuators	
simultaneously	from	event-based	visual	streams.	

2.	Cross-Modal	Correlation	between	Camera	Events	and	PLC	I/O	Signals	
Characterize	additional	system	components—sensors,	distributors,	logic-controlled	modules—
by	correlating	event	streams	with	transitions	recorded	by	the	programmable	logic	controller.	

3.	Integration	of	Energy-Related	Observables	
Incorporate	electrical	and	pneumatic	energy	consumption	signals	into	behaviour	modelling	for	
richer,	multi-modal	Digital	Twin	construction.	

The	 resulting	behavioural	models	will	 be	 aggregated	 through	discrete	 event	 system	 (DES)	 theory—
potentially	using	chronicles,	timed	automata,	or	other	temporal	formalisms—to	generate	an	executable,	
dynamically	updated	Digital	Twin	of	the	production	equipment.	
	
EXPECTED	DELIVERABLES	

• A	comprehensive	state	of	the	art	on	neuromorphic	sensing	in	industrial	environments,	temporal	
modelling	 techniques	 for	 discrete	 event	 systems	 (including	 chronicles),	 and	 behaviour	
identification	methods.	

• A	methodology	 for	 automatic	 behavioural	 identification	 of	 the	 physical	 twin	 from	 observed	
multimodal	events,	and	automatic	generation	of	DES-based	models.	

• A	functional	demonstrator	using	a	Prophesee	event-based	camera	to	detect,	segment,	and	model	
behaviours	on	an	industrial	production	machine	(e.g.,	bottle-packaging	line).	

• A	 scientific	 publication	 (conference	 or	 journal	 submission)	 presenting	 the	 methodological	
contributions	and	experimental	results.	

	
 
Working	environment	
The	 DISP	 (Decision	 and	 Information	 Systems	 for	 Production	 system,	 UR4570)	 laboratory	 brings	
together	 researchers	 and	 teacher-researchers	 from	 the	 University	 of	 Lyon,	 with	 dual	 expertise	 in	
Industrial	Engineering	and	Business	Information	Systems.	In	response	to	the	scientific	challenges	posed	
by	 changes	 in	 the	 socio-economic	 world,	 it	 conducts	 research	 into	 the	 design	 and	 deployment	 of	
decision-support	methods	and	information	systems	to	improve	the	performance,	agility	and	resilience	
of	goods	and	services	production	systems	and	global	supply	chains.	Its	dual	expertise,	drawing	on	skills	
in	Modeling,	Operations	Research,	Simulation,	Software	Engineering,	Artificial	 Intelligence,	Planning,	
Scheduling	 and	 Decision	 Support,	 enables	 it	 to	 consider	 these	 complex	 systems	 in	 their	 technical,	



structural,	 organizational	 and	 human	 dimensions	 simultaneously.	 Its	members	 are	 spread	 across	 4	
institutions	of	 the	University	 of	 Lyon:	 INSA	Lyon,	Université	 Lumière	Lyon	2	 and	Université	Claude	
Bernard	Lyon	1,	as	the	parent	institutions,	and	Université	Jean	Monnet	de	Saint	Etienne	as	a	partner	
institution.	
	
Application	
 
The application must include :  

• A	detailed	CV		
• A	cover	letter	outlining	your	motivation	for	the	master.	
• Grades	 from	Master's	 program	 (M1,	M2)	 or	 engineering	 school	 (L3,	M1,	M2)	 and	 any	 other	

documents	deemed	useful	(letters	of	recommendation,	for	example)	
After an initial selection process based on applications, the selected candidates will be interviewed by the 
master supervisors. 
The master is scheduled to start in February 2026. The gross monthly financement is 600 euros. 
 
Applications should be sent by email to Sébastien HENRY and Jesus Vital KOMBAYA TOUCKIA JESUS : 
jesus.kombaya-touckia@univ-lyon1.fr, sebastien.henry@univ-lyon1.fr.  
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