
Cyber-physical	System	
1 

•  	Cyber-Physical	system	coupling	bio-sensors	on	people	and	
wireless	networks		

•  	Goals:		provide	real-;me	monitoring	of	health	and	behavior,	
enable	feedback	via	adap;ve	and	personalized	interven;ons	

•  	New	decision-making	
problems		
•  sensing,	communica;on,	control	

•  	Challenges:		sensor	&	data	
heterogeneity;	sensor	&	
coordinator	energy	constraints;	
sensing	&	communica;on	are	
state	dependent;	decentralized	
decision-making	



Wireless	body	area	sensing	network	
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Jovanov et al. Journal of 
NeuroEngineering and 
Rehabilitation 2005 
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•  What	physical	state	are	you	in?	
•  Walking,	running,	siEng	

•  Heterogeneous	on-body	sensors	
•  The	challenge	

•  Mobile	phone	is	energy	bo;leneck 		
•  Sensors	are	heterogeneous	in	cost	
•  Fidelity	is	state/sensor	dependent	



sensor 
fusion center 

Running  high frequency Walking  low frequency 

•  To	demodulate	signals	
from	different	sensors	
need	channel	state	
informa;on	(CSI)	

•  CSI	is	system/state	
dependent	

•  à	CSI	carries	informa;on	
about	system	state	

•  Cost	versus	es;ma;on	
error	

•  CSI	does	not	add	to	cost	
•  Strongly	improves	error	
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Improved	Ac;ve	Tracking	–	Sensor	Alloca;on	

standard 
measurements 
 and channel 

only 
 standard 
measurement
s MSE 

C
os

ts
 



•  Problem	originally	posed	as	Par;ally	Observable	Markov	Decision	Process	
problem	

•  Discre;ze,	convert	to	MDP	

•  Can	convert	mul;dimensional	op;miza;on	in	mul;ple	single	dimensional	
op;miza;ons	via	par;al	belief	computa;on	

•  No	loss	in	performance/op;mal	
•  Lower	complexity	

•  Can	show	convexity	of	cost-to-go	func;on	
•  Enables	deriva;on	of	;ght	lower	bound	
•  Only	a	subset	of	condi;onal	beliefs	needed	to	compute	lower	bound	
•  Suggests	new	(lower	complexity)	probabilis;c	strategy	

•  Closed	form	expression	for	lower	complexity	belief	update	
•  ISIT	2016,	full	paper	submiZed	to	IEEE	Transac;ons	on	Signal	Processing	
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Technical	Contribu;ons	



Convexity	and	Associated	Bounds	
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•  Consider	a	basis	of	beliefs	

•  Convexity	enables	bound:	

	
•  Only	compute	cost	for	some	
condi;onal	beliefs,	else	use	bound	
•  à	Tight	bounds	
•  New	probabilis;c	strategy	Belief 
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Min-max	es;ma;on	with	signaling	

•  Key	objec@ves:	Keep	the	worst	possible	es;ma;on	error	small	at	all	;me	
instants.		

•  Minimize	the	worst	case	instantaneous	es;ma;on	cost	
																																					
•  The	sensor	has	a	hard	constraint	on	number	of	transmission	allowed.	
•  Op;mal	trade-off	between	energy	u;liza;on	and	es;ma;on	quality	
•  Possibility	of	signaling/implicit	communica;on:	No	transmission	

conveys	informa;on	to	the	es;mator.	
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Min-max	es;ma;on	with	signaling	

	

•  Main	results:		Under	certain	symmetry	proper;es	about	the	source	
uncertainty:	

•  The	globally	op;mal	es;mate	is	the	most	recently	received	source	value.	

•  The	globally	op;mal	transmission	strategy	is	an	energy-based	threshold		
rule:	
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⇢
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Don

0
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Es;ma;on	over	the	collision	channel	

	

•  Limited	energy	sensors	sharing	a	communica;on	channel.	
•  Simultaneous	transmissions	cause	collision.	
•  Trade-offs	between	energy	u;liza;on,	channel	u;liza;on	and	

es;ma;on	quali;es	of	the	two	measurements.	
•  Problem	of	decentralized	dynamic	resource	sharing.	
•  Ini;al	observa;ons:	From	one	sensor’s	perspec;ve,	the	problem	

resembles	communica;on	over	a	packet-drop	channel.	
•  Ongoing	work:	Characteriza;on	of	op;mal	transmission	strategies.		
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Real-;me	communica;on	and	
coordina;on	

•  How	can	we	characterize	source	and	channel	models	that	allow	for	zero-
error	communica;on	in	real	;me?	

•  Related	to	a	coordina;on	problem:	How	can	two	agents	communica;ng	
over	an	imperfect	channel	agree	on	a	common	decision?	

•  A	simple	sufficient	condi;on	for	zero	error	communica;on/coordina;on	
with	Markov	or	IID	sources	over	memoryless	channels:	Fewer	possible	
source/decision	values	than	the	single-shot	zero-error	capacity.		

•  The	above	condi;on	is	necessary	for	sources	that	are	condi;onally	IID	
given	the	common	informa;on	at	the	encoder	and	the	decoder.	
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