
Cognitive	Cyber-Physical	
System



Physical	to	Cyber-Physical

• The	emergence	of	non-trivial	embedded	sensor	units,	networked	
embedded	systems	and	sensor/actuator	networks	has	made	possible	
the	design	and	implementation	of	several	sophisticated	applications

• Main	characteristic:	large	amounts	of	real-ÿtime data	are	collected	to	
constitute	a	big	data	picture	as	time	passes.

• Acquired	data	are	then	processed	at	local,	cluster-of-units	or	at	server	
level	to	take	the	appropriate	actions	or	make	the	most	appropriate	
decision.



Cyber-Physical	
Embedded	
Systems



CHALLENGES



Applications









Environmental	Monitoring
A clinometer
or inclinomet
er is an 
instrument for 
measuring 
angles 
of slope (or 
tilt), elevation
or depression
of an object 

with respect 
to gravity.

pluviometer -
gauge consisting of an i

nstrument to 
measure the quantity of
precipitation

Rock collapse forecasting



Measurement



Properties



Measurement	Chain



Transducer



Transduction



Conditioning	Circuit



ADC





Data	Estimation	Module





Estimation	Scheme





Abstracting	Measurement	Chain



Modeling	the	measurement	process:
the	additive	or	“signal	plus	noise”	model



Multiplicative	Model





Accuracy



How	to	remove	bias?



Sensor	Calibration



Precision



Example	of	Precision



Precision:	Unknown	Distribution



Unknown	Distribution



Resolution



Resolution



Example	Sensor


