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Ground	 Penetrating	 Radar	 (GPR)	 is	 a	 technology	 using	 high	 frequency	 electromagnetic	 waves	

transmitted	into	the	ground	while	reflected	signals	are	returned	to	the	receiver.	The	time	required	for	the	
pulse	to	travel	to	and	from	the	target		is	measured	thus	indicating	its	depth	and	location.	The	reflected	signals	
are	interpreted	by	the	system	and	displayed.	The	applications	of	GPR	technology	are	manifold,	from	civil	
engineering	and	archeology	 to	phorensics	and	mine	detection.	 In	 the	period	 from	April	2013	to	October	
2017,	 COST	 (European	 Cooperation	 in	 Science	 and	 Technology)	 Action	 TU1208	 (www.cost.eu,	
www.GPRadar.eu)	was	focused	on	the	exchange	of	scientific-technical	knowledge	and	experience	of	Ground	
Penetrating	 Radar	 (GPR)	 techniques	 in	 civil	 engineering,	 aiming	 as	well	 at	 promoting	 a	wider	 and	more	
effective	use	of	this	inspection	method	throughout	the	Europe.	This	COST	Action	was	recognised	among	the	
running	Actions	as	 a	 “COST	Success	 Story”	with	 the	 the	 following	 statement:	 “TU1208	 ‘Civil	 engineering	
applications	 of	 Ground	 Penetrating	 Radar’	 (Chair:	 Lara	 Pajewski,	 Roma	 Tre	 University,	 IT)	 is	 an	
interdisciplinary	Action	and	represents	a	milestone	in	GPR	research,	being	the	first	European	network	ever	
existed	in	this	field,	in	line	with	the	spirit	and	goals	of	the	ERA.”		
As	a	post	activity	of	COST	TU1208	and	 in	 continuation	of	 the	 research	 in	GPR	area	 the	objective	of	 this	
workshop	is	to	bring	together	engineers	and	scientists	from	various	disciplines	and	sectors	to	discuss	and	
exchange	best	practices	in	in	the	area	of	ground	penetrating	radar	(GPR)	on-going	research	and	applications.	
For	the	workshop,	we	are	inviting	authors	to	submit	papers	in	the	given	topics.	Accepted	papers	will	be	sent	
for	inclusion	in	IEEE	Xplore	and	other	indexing	and	abstracting	databases.	
	
Workshop	topics:	
	
·						Applications	of	GPR	in	civil	engineering,	archaeology,	cultural	heritage		
·						Science	management	in	GPR	
·						Innovative	GPR	equipment,	testing	and	optimization		
·						Electromagnetic	modeling	for	GPR	systems	and	environment	
	

Important	dates	
	

Paper	submission	due	
March	20,	2018	

	
Notification	of	acceptance	

May	01,	2018	
	

Final	papers	submission	
May	20,	2018	

	
Workshop	dates	
June	26-29,	2018	
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Tutorial:	Ground	Penetrating	Radar	for	discovering,	protecting	and	preserving	cultural	
heritage	

Lara	Pajewski	
	
Abstract	

The	European	Union	(EU)	has	made	2018	the	European	Year	of	Cultural	Heritage,	to	highlight	the	
diversity,	shared	past	and	rich	cultures	that	make	Europe	today.	Cultural	heritage	plays	an	important	role	in	
the	history	and	identity	of	Europe’s	countries	and	of	the	continent	as	a	whole.	It	is	a	vital	part	of	Europe’s	
economy	and	promoting	our	cultural	treasures	is	the	key	to	boost	growth	and	employment.	The	promotion	
of	the	value	of	cultural	heritage	is	also	a	direct	response	to	the	deliberate	destruction	of	cultural	treasures	
in	the	Middle	East	of	late.	
In	this	framework,	the	main	purpose	of	this	tutorial	is	to	offer	an	overview	on	the	most	interesting	activities	
fulfilled	by	the	Members	of	the	EU-funded	COST	Action	TU1208	in	the	2013-2017	period,	concerning	the	use	
of	Ground	Penetrating	Radar	(GPR)	and	complementary	testing	methods	 in	archaeology	and	for	cultural-
heritage	diagnostics.		
GPR	 is	a	 safe,	effective	and	non-destructive	 technique	 that	uses	electromagnetic	waves	 to	provide	high-
resolution	images	of	the	subsurface,	or	to	assess	the	inner	status	of	a	structure.	In	archaeological	studies,	
and	more	in	general	in	the	management	of	cultural-heritage,	GPR	is	especially	useful.	It	can	be	successfully	
employed	to	discover	and	map	buried	archaeological	artifacts,	to	inspect	ancient	buildings,	bridges,	columns	
and	statues,	to	investigate	frescoes,	mosaics	and	decorations;	and	to	study	the	internal	conditions	of	several	
other	objects	of	historical	value.	The	use	of	GPR	is	not	limited	to	the	investigation	of	man-made	structures:	
this	 technique	 can	 also	 be	 exploited	 for	 the	 inspection	 of	 natural	 structures	 of	 geological,	 biological	 or	
landscape-conservation	value,	which	are	part	of	our	cultural	heritage	as	well,	such	as	trunks	and	roots	of	
veteran	trees,	glaciers,	caverns,	fossil	beds,	sand	dunes,	and	more.	
In	most	cases,	archaeology	exploits	the	great	potential	offered	by	the	GPR	technique	in	limited	areas	and	
without	 complementing	 it	 with	 other	 approaches,	 whereas	 the	 combined	 application	 of	 multiple	 high-
resolution	 prospection	 methods	 at	 the	 scale	 of	 landscapes	 and	 their	 integrated	 interpretation	 are	 still	
uncommon.	Therefore,	after	a	brief	introduction	to	the	topics	of	the	tutorial,	two	large-scale	GPR	inspections	
are	 mentioned,	 where	 extraordinary	 results	 were	 obtained.	 The	 tutorial	 continues	 with	 a	 review	 of	 a	
selection	of	cutting-edge	case	studies	where	GPR,	eventually	combined	with	other	non-invasive	techniques,	
was	used	to	investigate	archaeological	sites	and	other	structures	of	high	historical	value	realised	in	different	
ages,	 ranging	 from	 the	 13th	 century	 BC	 to	 the	 modernist	 period	 and	 including	 tombs,	 monuments,	
cathedrals,	buildings,	bridges	and	statues.	A	few	examples	of	GPR	use	for	the	inspection	of	natural	structures	
of	historical	value	are	given,	too.		
A	further	aim	of	this	tutorial	is	to	underline	the	huge	importance,	in	all	GPR	areas	of	application,	of	modelling	
methods	for	the	electromagnetic	simulation	of	complex	scenarios.	Radargrams	usually	do	not	have	a	direct	
resemblance	to	the	subsurface	or	to	the	objects	over	which	GPR	is	used:	various	factors,	including	the	innate	
design	 of	 the	 survey	 equipment	 and	 the	 complexity	 of	 electromagnetic	 propagation	 and	 scattering,	 can	
disguise	complex	structures	recorded	on	GPR	profiles.	In	that	respect,	electromagnetic	models	significantly	
aid	in	the	interpretation	of	experimental	data	sets,	facilitate	object	localisation,	shape-reconstruction	and	
estimation	of	geophysical	parameters;	they	can	also	be	employed	before	a	survey,	to	support	the	choice	of	
the	most	proper	GPR	equipment.	TU1208	Members	have	released	interesting	open	source	or	freeware	tools	
for	the	electromagnetic	modelling	of	GPR	scenarios,	which	main	features	are	shortly	presented	during	this	
contribution	along	with	examples	of	use	in	the	cultural-heritage	field.	
Finally,	the	tutorial	is	concluded	with	a	short	resume	of	the	main	outcomes	of	the	COST	Connect	workshop	
on	“Cultural	Heritage	in	the	Digital	Era,”	held	at	the	COST	premises	in	October	2017.	This	was	an	open	space	
for	participants	to	identify	and	discuss	how	they	could	best	contribute	to	structuring	this	field	of	cooperation	
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that	has	shown	high	potential	to	create	societal	impact	in	Europe.	The	event	brought	together	a	selection	of	
COST	Action	representatives,	experts	from	other	EU-funded	research	projects,	relevant	representatives	of	
the	European	Institutions,	end-users	and	partners	from	the	private	sector.		
	
Bio	

Lara	Pajewski	received	the	Laurea	degree	in	Electronic	Engineering	'cum	laude'	
from	Roma	Tre	University,	Rome,	Italy,	and	the	PhD	in	Applied	Electromagnetics	
and	 Electrophysics	 Sciences	 from	 Sapienza	 University,	 Rome,	 Italy.	 Since	
November	 2016,	 she	 is	 a	 Professor	 of	 Electromagnetic	 Fields	 in	 Sapienza	
University,	 Department	 of	 Information	 Engineering,	 Electronics	 and	
Telecommunications.	She	was	recruited	in	this	position	via	a	special	procedure	
for	winners	of	high-level	EU	projects	('chiamata	diretta').	
From	April	2013	to	October	2017,	Lara	Pajewski	was	the	Chair,	Grant	Holder	
scientific	 representative	 and	 administrator	 of	 COST	 Action	 TU1208	 “Civil	

Engineering	Applications	of	Ground	Penetrating	Radar,”	involving	more	than	three	hundreds	experts	from	
academia	 and	 industry,	 from	 28	 COST	 Countries	 (Austria,	 Belgium,	 Croatia,	 Czech	 Republic,	 Denmark,	
Estonia,	 Finland,	 France,	 Germany,	 Greece,	 Ireland,	 Italy,	 Latvia,	 Malta,	 Macedonia,	 The	 Netherlands,	
Norway,	Poland,	Portugal,	Romania,	Serbia,	Slovakia,	Slovenia,	Spain,	Sweden,	Switzerland,	Turkey,	United	
Kingdom)	and	 from	Albania,	Armenia,	Australia,	 Colombia,	 Egypt,	Hong	Kong,	 Jordan,	 Israel,	 Philippines,	
Russia,	Rwanda,	Ukraine,	and	United	States	of	America	(www.GPRadar.eu).		
As	of	September	2017,	Lara	Pajewski	is	the	President	of	TU1208	GPR	Association,	a	no-profit	international	
association	founded	as	a	follow	up	of	COST	Action	TU1208	(www.GPRadar.eu/tu1208),	and	the	Editor-in-
chief	 of	 Ground	 Penetrating	 Radar	 (www.GPRadar.eu/journal),	 the	 first	 peer-reviewed	 scientific	 journal	
dedicated	to	the	Ground	Penetrating	Radar	(GPR)	technique.	Moreover,	in	November	2017	she	was	elected	
as	the	next	President	of	the	European	Geosciences	Union	(EGU)	division	"Geosciences	Instrumentation	and	
Data	System"	(GI).	Lara	Pajewski	is	the	Chair	of	the	forthcoming	10th	International	Workshop	on	Advanced	
Ground	Penetrating	Radar"	(Rome,	Italy,	3-5	July	2019).	
Her	main	research	interests	are	in	GPR	technology,	methodology	and	applications;	integration	of	GPR	with	
complementary	 inspection	 methods;	 development	 of	 full-wave	 techniques	 for	 the	 electromagnetic	
modelling	of	complex	scenarios.	At	Sapienza	University,	Lara	Pajewski	holds	the	"Antennas"	course	for	the	
Laurea	in	Information	Engineering	(Bachelor's	Degree)	and	the	“Ground	Penetrating	Radar”	course	for	the	
Laurea	Magistrale	in	Electronic	Engineering	(Master	Degree).		

	
Keynote	Talk	1	(Part	1):	GPR	in	Transport	Infrastructures	management	

Simona	Fontul	
	
Abstract	

Nowadays,	in	Europe	a	crucial	challenge	is	the	management	of	the	existing	transport	infrastructures.	
An	efficient	rehabilitation	has	to	be	performed	and	the	planning	of	the	interventions	prioritised	in	order	to	
be	technically	and	economically	efficient,	with	reduced	impact	on	the	users.			
Maintenance	 actions	 are	 significant	 for	 transport	 infrastructures.	 A	 proper	 quality	 control	 since	 the	
construction	phase	is	a	key	factor	for	a	long	life	cycle	and	for	a	good	economy	policy.	For	this	reason,	suitable	
techniques	have	to	be	chosen	and	non-destructive	 tests	 represent	an	efficient	solution,	as	 they	allow	to	
evaluate	 infrastructure	 characteristics	 in	 a	 continuous	 or	 quasi-continuous	 way,	 saving	 time	 and	 costs,	
enabling	to	make	changes	if	tests	results	do	not	comply	with	the	project	requirements.		
Ground	Penetrating	Radar	(GPR)	is	a	quick	and	effective	technique	to	evaluate	infrastructure	condition	in	a	
continuous	manner,	replacing	or	reducing	the	use	of	traditional	drilling	method.		
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GPR	application	to	roads	and	railways	infrastructures,	during	construction	and	monitoring	phase,	is	based	
mainly	 on	 the	measuring	 of	 layers	 thicknesses	 and	 detection	 of	 structural	 changes.	 It	 also	 enables	 the	
assessment	of	materials	properties	 that	constitute	 the	 infrastructure	and	 the	evaluation	of	 the	different	
types	 of	 defects	 such	 as	 poor	 drainage,	 settlements,	 ballast	 pockets,	 fouled	 ballast	 etc..	Moreover,	 the	
development	of	new	GPR	systems	with	higher	antenna	frequencies,	better	data	acquisition	systems,	more	
user	friendly	software	and	new	algorithms	for	calculation	of	materials	properties	can	lead	to	a	regular	use	
of	GPR.		
This	 study	presents	 the	 joint	 interpretation	of	GPR	and	other	non-destructive	 tests	 for	establishment	of	
performance	indexes	of	transport	infrastructures.	 	The	development	of	performance	indexes	allows	for	a	
better	 planning	 of	 rehabilitation	 and	 consequently	 for	 a	 more	 efficient	 management	 of	 transport	
infrastructures.	
	
Keynote	Talk	1	(Part	2)	Science	management	in	African	countries	-	Influence	of	GPR	use	
for	regional	cooperation		

Simona	Fontul	
	
Abstract	

The	infrastructures	development	is	crucial	in	many	African	countries.	The	use	of	Ground	Penetrating	
Radar	 promote	 a	 feasible	 detection	 and	 evaluation	 of	 existing	 infrastructures	 and	 a	 tool	 for	 the	 quality	
control	of	the	new	constructions	or	rehabilitations	performed.		
It	is	important	that	the	use	of	this	equipment	is	integrated	in	the	higher	education	level.	The	application	can	
be	 in	 Civil	 Engineering,	 such	 as	 buildings,	 roads,	 railways,	 bridges,	 utilities	 as	 well	 as	 geology,	 water	
contamination	etc.		
The	 use	 of	 this	 equipment,	 together	with	 other	 evaluation	methods	 can	 contribute	 to	 the	 fulfilment	 of	
strategic	objectives	 from	the	2030	Agenda	for	Sustainable	Development.	Examples	of	GPR	application	to	
improve	the	evaluation	of	existing	infrastructures	are	presented.	
The	 main	 financing	 opportunities	 regarding	 the	 African	 counties	 are	 referred	 in	 this	 presentation	 and	
possible	application	of	GPR	in	the	scenario	of	good	governance	and	sustainable	regional	development.				
	
Bio	

Born	 in	 Bucharest,	 Romania,	 in	 1971,	 Simona	 Fontul	 graduated	 in	 1994	 in	 Civil	
Engineering,	specialisation	on	Roads,	Railways	and	Bridges,	and	obtained	a	Master	
of	 Science	 degree	 in	 Transport	 Infrastructure	 Management	 in	 1997,	 both	 by	
Technical	University	of	Cluj-Napoca,	Romania.	In	2005	she	obtained	a	Ph.D.	degree	
in	 Civil	 Engineering,	 in	 the	 field	 of	 Urbanism,	 Planning	 and	 Transportation	 by	
University	 of	 Coimbra,	 Portugal.	 She	 is	 a	 researcher	 in	 the	 Transportation	
Department	of	National	 Laboratory	 for	Civil	 Engineering	 (LNEC),	 Lisbon,	Portugal,	
and	invited	assistant	professor	at	Civil	Engineering	Department	of	Nova	University	
of	Lisbon,	Portugal.	She	is	expert	in	functional	and	structural	evaluation	of	transport	
infrastructures,	 including	 Ground	 Penetrating	 Radar	 and	 other	 Non-Destructive	

Testing	 applications	 to	 roads,	 airfields	 and	 railways.	 She	was	 an	 active	member	 of	 COST	Action	 TU1208	
representing	Portugal.	She	is	vice	chair	of	the	Coordination	Team	for	Cooperation	with	Portuguese-speaking	
African	Countries	at	LNEC.	She	is	the	author	of	more	than	140	publications,	including	book	chapters,	articles,	
papers	 in	 conference	 proceedings,	 technical	 reports.	 She	 is	 also	 a	 reviewer	 of	 papers	 submitted	 for	
publication	on	international	journals.	
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Keynote	Talk	2:	GPR	application	in	Structural	Engineering	

Damir	Varevac	
	
Abstract	

Nondestructive	techniques	are	very	important	tool	for	evaluation	of	the	existing	structures.	This	wide	
group	of	techniques	helps	us	to	determine	many	properties	of	structural	elements	and	their	material	without	
generating	any	damage.	Some	of	the	most	frequently	used	are	based	on	ultrasound,	ambiental	vibration	
and,	 of	 course,	 electromagnetic	 radiation.	 Each	 of	 these	 procedures	 gives	 us	 some	 insight	 in	 specific	
property.	 Ground	 Penetrating	 Radar	 is	 a	 tool	 that	 we	 can	 use	 to	 obtain	 visual	 representation	 of	 the	
inaccessible	interior	of	the	structure.	Detection	of	the	reinforcement	steel	bars	inside	the	concrete	body,	
cracks	and	voids	are	common	tasks	for	GPR,	but	this	technique	we	can	use	in	many	other	ways.	This	paper	
gives	insight	into	possibilities	of	usage	in	concrete,	timber	and	masonry	structures	and	also	its	limitations.	
	
Bio	

Damir	Varevac	was	born	in	Osijek,	Croatia,	in	1967.	He	graduated	in	1993.	with	the	
specialization	on	Structural	engineering.	In	1999	he	received	his	Master	of	Science	
degree	in	Structural	Analysis	of	Bridges,	and	in	2005.	obtained	PhD	degree	in	the	field	
of	Earthquake	Engineering.	Since	1993.	he	works	at	University	of	Osijek,	Faculty	of	
Civil	 Engineering,	 at	 first	 as	 teaching	 and	 research	 assistant	 and	now	as	 associate	
professor	 and	 Dean	 of	 the	 Faculty.	 His	 research	 fields	 are	 dynamics	 of	 bridges,	
concrete	 and	prestressed	 structures,	 in	 –	 situ	 testing	 of	 the	 structures,	 impact	 of	
explosions	on	engineering	structures,	nondestructive	testing	of	structures,	including	
Ground	penetrating	Radar.	He	is	active	member	of	Croatian	Standards	Insitute	and	

national	expert	at	CEN	for	the	design	and	retrofit	of	bridges.	
	
Keynote	Talk	3:	Electromagnetic	Field	of	the	GPR	Dipole	Antenna	–	Frequency	and	Time	
Domain	Analysis		

Dragan	Poljak	
	
Abstract	

The	goal	of	the	Lecture	is	to	review	the	methods	for	the	assessment	of	the	transient	field	radiated	by	
the	ground	penetrating	radar	(GPR)	dipole	antenna	above	a	lossy	ground.	The	analysis	of	the	field	reflected	
from	the	interface,	and	the	field	transmitted	into	the	lossy	ground		is	carried	out	in	the	frequency	and	time	
domain,	 respectively.	 The	 frequency	 domain	 (FD)	 formulation	 is	 based	 on	 the	 Pocklington	 integro-
differential	equation	while	the	direct	time	domain	(TD)	approach	is	based	on	the	Hallen	integral	equation	
approach.	The	corresponding	integral	equations	for	the	current	distribution	along	the	wire	are	numerically	
solved	by	means	of	the	FD	and	TD	variant	of	the	Galerkin-Bubnov	scheme	of	the	Indirect	Boundary	Element	
Method	 (GB-IBEM),	 respectively.	 Provided	 that	 the	 current	 distribution	 along	 the	 dipole	 is	 known,	 the	
related	reflected/transmitted	electric	fields	are	computed	from	certain	integral	formulas	by	using	the	FD	and	
TD	 boundary	 element	 procedures,	 as	 well.	 Some	 illustrative	 computational	 examples	 are	 presented	
throughout	the	lecture.		
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Bio	

Dragan	Poljak	was	born	on	10	October	1965.	He	received	his	BSc	in	1990,	his	MSc	in	1994	
and	PhD	in	electrical	engineering	in	1996	from	the	University	of	Split,	Croatia.	He	is	the	
Full	Professor	at	Department	of	Electronics,	Faculty	of	electrical	engineering,	mechanical	
engineering	 and	 naval	 architecture	 at	 the	 University	 of	 Split,	 and	 he	 is	 also	 Adjunct	
Professor	at	Wessex	Institute	of	Technology.	His	research	interests	include	frequency	and	
time	domain	computational	methods	 in	electromagnetics,	particularly	 in	the	numerical	
modelling	of	wire	antenna	structures,	and	numerical	modelling	applied	to	environmental	
aspects	 of	 electromagnetic	 fields.	 To	 date	 Professor	 Poljak	 has	 published	 nearly	 200	
journal	 and	 conference	 papers	 in	 the	 area	 of	 computational	 electromagnetics,	 seven	

authored	books	and	one	edited	book,	by	WIT	Press,	Southampton-Boston,	and	one	book	by	Wiley,	New	Jersey.	
Professor	Poljak	is	a	member	of	IEEE,	a	member	of	the	Editorial	Board	of	the	journal	Engineering	Analysis	with	
Boundary	Elements,	and	co-chairman	of	many	WIT	International	Conferences.	He	is	also	editor	of	the	WIT	Press	
Series	Advances	in	Electrical	Engineering	and	Electromagnetics.	He	was	awarded	by	several	prizes	for	his	carrier	
achievements,	such	as	National	Prize	for	Science	(2004),	Croation	section	of	IEEE	annual	Award	(2016).	In	2011	
professor	Poljak	became	a	member	of	WIT	Bord	of	Directors.	From	2011	to	2015	he	was	the	Vice-dean	for	
research	at	the	Faculty	of	electrical	engineering,	mechanical	engineering	and	naval	architecture.	In	June	2013	
professor	Poljak	became	a	member	of	the	board	of	the	Croatian	Science	Foundation.	He	is	currently	involved	
in	3	COST	projects,	ITER	physics	EUROfusion	collaboration	and	one	national	center	for	excellence	in	research	
for	 technical	 sciences.	 He	 is	 a	 co-chair	 of	 Working	 Group	 2	 of	 IEEE/International	 Committee	 on	
Electromagnetic	Safety	(ICES)	Technical	Committee	95	SC6	EMF	Dosimetry	Modeling.	

	
	


