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The	Team
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Collaborations:

Prof.	L.	Bianchi	(Neuroscience)
Prof.	C.	Di	Natale (Sensors)
Prof.	A.	Meda (Materials	Tests)
Prof.	P.	Valentini (Biomechanics)
Prof.	A.	Bianco (Biomaterials)

Prof.	J.M	Laheurte (Univ.	Paris	E.)
Prof.	J.	Batchelor (Univ.	Kent)
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ESA	Nanosat (2010) Plug&Play Satellite	Avionics
(2013)

Classic	Background	
Naval,	Satellite	and	Avionic RF	Systems
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Expanding the power and 
pervasivity of RFID Tech. beyond 
Identification

RFID-Sensors

Positive interaction of classic 
Electromagnetics with Materials 
Science, Data Science, Sensors, 
Medicine, Mechanics and 
Electronics ELECTRONICS

MECHANICS

DATA
SCIENCE

MATERIALS

PERVASIVE
ELECTROMAGNETICS
Antenna	modeling	&	

design
Propagation	&	

Planning

SIGNAL
PROCESSING

STRUCTURES

Short	Range	Sensing	for	IoT
A	Multi-disciplinary	Vision
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Radiofrequency	Identification	Research
where/when	we	started
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Courtesy	P.	Nikitin

Papers from IEEEXplore with “RFID” in title

We	started	
here
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Radiofrequency	Identification	Research
where/when	we	started

7
Courtesy	P.	Nikitin

Papers from IEEEXplore with “RFID” in title

Citations	:	256		(2017.11)

We	started	
here
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RFID	Research	Visibility
Achievement	1:	Systematization	of	RFID	Antenna	design
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RFID	Research	Visibility	
Achievement	2:	Wearable	RFID	sensors
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RFID	Research	Visibility	
Achievement	3:	RFID	IOT
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RFID	Research	Visibility	
Achievement	4:	RFID	Sensor
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RFID	Research	Visibility	
Achievement	5:	RFID	Implanted
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RFID	research	Timeline

2003	=======
• Miniaturization		of	

UHF	RFID	tag

2007	========
• UHF	RFID	tag	over	

human	body

2008	========
• Multi-port	RFID	

sensing
• Multi-band	

systems
2009	========
• RFID	propagation	

models

2010	============
• RFID	for	monitoring	of	

sleep	diseases
• Textile	wearable RFID	

tags
• RFID	Network	planning	

by	stochastic	methods
• Pervasive	

electromagnetics

2011	==========
• RFID	GRIDS
• RFID	Strain	gauge
• Ammonia	Sensor	by	

Carbon	Nanotube
• Threshold	temperature	

sensor	by Shape	memory	
alloys

2012	================
• Tag	to	Tag	communication
• Humidity	sensing	by	conductive	

polymers
• The	STENTag for	vascular	

monitoring
• Passive	Bodycentric Networks
• Tunable	wearable	tags 2013	==========

• Systematization	of	
RFID	Sensing

• Automatic	design	of	
passive	Sensor	tags

• RADIO6ENSE	
Foundation

RADIO6ENSE

2014	=============
• Sub-mm	displacement	sensing
• RFID	technology	for	IOT	and	

Smart	Spaces
• The	NIGHTcare System	for	

overnight	monitoring
• Implanted	sensors	into	

prosthesis
• Wireless	chemical	Sensor	

arrays
• Body	motion	tracking	by	RFID	

and	BCI
• Crack	Monitoring

2015	-

• Epidermal	Electronics
• Sensorial	Ultrability
• RFID	Drones
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Pervasive	Electromagnetics	Lab	
passive	sensing	research



Tor Vergata 

Università 
di Roma

Pervasive Electromagnetics Lab

RFID	Sensing	of	Volatile	Compounds

1 2

43

PDAC
Doped PSS
SWCNT
Pedot:PSS

2012 IEEE	MTT-S/AP-S	Award	- central-south	Italy
S.Manzari,	C.	Occhiuzzi,	S.	Nawale,	A.	Catini,	C.	Di	Natale,	“G.	Marrocco,	Humidity	Sensing	by	Polymer-loaded	UHF	RFID	

Antennas
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Short Range Sensing for IoT
Bodycentric Wireless Sensors (Wearable IoT)

16

Wearable Epidermal Implantable

https://www.youtube.com/watch?v=cEbpfayG38
c 

https://www.youtube.com/watch?v=DGUkYqmt-5Q
https://www.youtube.com/watch?v=6quuuEiNEBs
https://www.youtube.com/watch?v=tJD9xzpsI7U

https://www.youtube.com/watch?v=0Yhy03tqRHI
https://www.youtube.com/watch?v=ITJsxL4xoxY
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RFID-assisted
Human	Motion	

Detection
Wearable	RFID	tag
Data	Science	(Support	Vector	Machine)
Detection	and	Classification	of	Gestures

https://www.youtube.com/watch?v=0Yhy03tqRHI

https://www.youtube.com/watch?v=ITJsxL4xoxY
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Implantable	tags:		Smart	Prosthesis

Phd Thesis	Awards	at	RFID	Journal	Live	2012,	Orlando
C.	Occhiuzzi,	"Wearable	and	Implantable	RFID	Technology	for	Pervasive	Healthcare"

stenTAG
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Bio-integrated	RFID	Temperature	Sensors
Lab	on	tag

Best	Paper	Award
2017	IEEE		International	Conference	on	Wearable	and	Implantable	Body	Sensor	Networks	(BSN2017),	
Eindhoven	(The	Netherlands)

https://www.youtube.com/watch?v=5PtpgRisPZo
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Breath	monitoring	by	graphene-powered	
epidermal	RFID	sensors	

Best	Student	Paper	Award	
2017	European	Conference	on	
Antennas	and	Propagation,	Paris

video

Best	Paper	Award	
2017	IEEE	RFID	Technology	&	
Applications
Warsaw,	2017

https://www.youtube.com/watch?v=cEbpfayG38c
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Finger-augmented	Device
to	restore	lost	senses	in	impaired	people

Epidermal	RFID	temperature	
sensors	onto	finger	tip

Wrist-mounted	reader

Smart-watch(phone)	haptic

Best	Paper	Award	Finalist
2017	RFID	Virtual	Journal	/	IEEE	RFID

https://www.youtube.com/watch?v=DGUkYqmt-5Q
https://www.youtube.com/watch?v=6quuuEiNEBs
https://www.youtube.com/watch?v=tJD9xzpsI7U
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RFID+DRONEs	
for	Structural	Health	Monitoring

Structural Health Monitoring
(Tags-on-surface)

Precision	Farming
(Spaced-tags)

RFID 
tag

Reader-
Drone

Reader-
Drone

Avery Dennison AD-843 dipole

M.	Longhi,	G.	Casati,	D.	Latini,	F.	Carbone,	F.	Del	Frate,	G.	Marrocco,	“RFIDrone:	Preliminary	Experiments	and	Electromagnetic	Models,”	URSI	International	Symposium	on	
Electromagnetic	Theory	(EMTS),	Espoo,	Finland,	Aug.	2016.	DOI:	10.1109/URSI-EMTS.2016.7571423
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Ubiquitous	Flying	Sensors
Nanocopters +		RFID	datalogger

• Volumetric	Scanners	(swarm)
• Self-relocating	and	re-usable	data-

loggers
• Self-positioned	disposable	data	logger

https://www.youtube.com/watch?v=X_30lxImjb4
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Worldwide	Positioning
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Research	Spin-off
RADIO6ENSE (2013)

MARKET

Research,
Prototypes,
Papers,
Patents

Technology 
Development,
Services

Challenges

www.pervasive.ing.uniroma2.it

www.radio6ense.com

26

Research	outcomes


