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Par?cipa?ng	Graduate	Students	



•  More	than	60	Million	people	live	in	rural	area	
•  Doctor:paUent	raUo		

Ø metropolitan	area	=	1:330	
Ø rural	area	=	1:	2,000	

•  1	in	10	paUents	experience	an	adverse	event	(AE)	in	
ambulance	care	

•  Computerizing	medical	best	pracUce	protocol	has	reduced	
death	rate	for	sepsis	paUents	by	17%	

Some	Factual	Data	



EMBG	System	---	A	Medical	GPS	



Ensure	end-to-end	safety	and	effec?veness	of	emergency	pa?ent	care	under	
distributed	and	mobile	environment:	
1.  Executable	pathophysiology	and	medical	best	pracUce	models	
2.  Model	design	for	validaUon	and	verificaUon	
3.  Specify,	validate	and	trace	assumpUons	in	system	design	and	evoluUon	
4.  Dynamic	paUent	condiUon	monitoring	in	ambulance	under	limited	and	

variable	bandwidth		
5.  Ensure	end-to-end	traceability	from	clinical	and	system	requirements,	

safety	analysis,	to	design	and	implementaUon		
6.  Clinical	evaluaUons	for	transiUoning	research	results	into	medical	pracUces	

Challenges	



EMBG	System	Overview	



hVp://publish.illinois.edu/cpsintegraUonlab/people/701-2-2/		

Computa?onal	Organ-Centric	Disease	Model	



hVp://gauss.cs.iit.edu/~code/student_chunhui.html		

Model	Design	for	Valida?on	and	Verifica?on	



FDA	Medical	Device	Class	I	Recall:	Dräger	Evita	V500	Ven?lators,	12/2015		
hVp://www.fda.gov/MedicalDevices/Safety/ListofRecalls/ucm480135.htm		
•  VenUlators	shut	down	without	low	baVery	alarm.	This	could	cause	paUent	injury	or	death.	

BaVery	Impactors:	
•  Temperature	(Physical	Environment)	
•  Frequent	restarUng	of	venUlators	(Human	Environment)	

Implicit	assump?ons:	
•  VenUlators	are	installed	in	temperature	controlled	areas	
•  VenUlators	should	not	restart	within	3	minutes	

Danger	of	Implicit	Assump?ons	



M-CPS	Environment	Space	



hVp://gauss.cs.iit.edu/~code/student_fzhicheng.html		

M-CPS	Environment	Assump?on	Management	



hVp://web.engr.illinois.edu/~shossen2/		

Pathophysiology-Based	Communica?on	Protocol	



hVp://www.yzou.cc/		

Traceability,	Requirements	and	Safety	Analysis	



•  Organ-centric	medical	best	pracUce	guidance	system	prototypes	(UIUC,	Carle,	OHSU)	
•  Pathophysiological	model-driven	communicaUon	(UIUC,	Carle	EMS)	
•  Verifiable	and	validatable	statecharts	for	disease	and	treatment	models	(IIT)	
•  Statechart	model	paVerns	for	modeling	medical	guidelines	(IIT)	
•  Modeling	and	integraUng	implicit	assumpUons	into	M-CPS	design	(IIT)	
•  End-to-end	 traceability	 from	 clinical	 and	 system	 requirements,	 safety	 analysis,	 to	 design	

and	implementaUon	(UIUC	&	IIT)	
•  Completed	pre-clinical	validaUon	of	the	guidance	system	prototypes	with	Carle	and	OHSU	

medical	 center	 on	 high-impact	 diseases,	 e.g.	 sepsis	 and	 heart	 transplant	 peri-operaUve	
(UIUC,	Carle,	OHSU),	current	waiUng	for	FDA	approval	for	clinic	trial	

Accomplishments	



•  ComputaUonal	pathophysiology	[1]		
•  Bayesian	network	for	early	sepsis	

detecUon[2]		
•  Mental	workload	reducUon	system	

designs	for	medical	staff	[3]	
•  Pathophysiology-driven	and	bandwidth-

compliant	communicaUon	protocols	[4]	
•  Verifiable	medical	guideline	models		[5][6]	
•  Statechart	model	paVerns	[6][7]	
•  Physical	environment	assumpUon	

management	[8]	

Scien?fic	Impact	



•  The	project	improves	emergency	care	for	
people	in	rural	areas.	

•  The	validated	and	verified	system	will	
serve	at	central	and	southern	Illinois	with	
1.2	million	people.	

•  Successful	pre-clinical	evaluaUons	are	
recommended	for	clinical	trial.		

•  The	cardiac	arrest	guidance	system	is	
submiVed	to	FDA	for	the	(pre-)	approval	
process.		

Broader	Impact		



Where	We	Are	and	What’s	Next?		
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Thank	You	

Q&A	



Engineering	Strategy:	Simplifica?on	and	Automa?on	



Model	and	Integrate	Implicit	Assump?ons	in	M-CPS	Design	and	
Implementa?on		


