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Abstract.	 Laser	 scanning	 has	 been	 used	 for	 a	 number	 of	 years	 as	 a	 method	 of	
surveying	 in	 extremely	 complex	 projects	 demanding	 high	 level	 of	 precision	 and	
detail	coverage.	The	most	prominent	sector	utilizing	these	types	of	surveys	is	the	
energy	 production	 and	 distribution.	 The	 emphasis	 is	 laid	 upon	 various	 facilities	
ranging	 from	 oil	 platforms	 and	 refineries,	 measurement	 and	 control	 stations	 of	
petrol	and	gas	lines,	water	and	electricity	distribution	facilities	all	the	way	down	to	
distribution	 networks	 of	 such	 energy	 systems.	 Historically	 speaking,	 surveyors	
were	initially	introduced	to	laser	scanning	systems	through	those	designed	for	the	
data	 acquisition	 of	 the	 terrain	 form	 and	 modelling	 employing	 Airborne	 Laser	
scanning	Systems	 ALS .	However,	due	to	technological	revolution,	both	IT	and	laser	
systems,	the	applications	have	proliferated	to	a	myriad	of	other	areas.	The	ability	of	
these	systems	to	provide	global	instead	of	sparse	and	discrete	coverage	of	objects	of	
interest,	 to	 collect	 3D	 information	 directly	 in	 poor	 or	 even	 completely	 dark	
conditions,	and	many	other	benefits	contributed	to	significant	proliferation	of	laser	
systems.	

This	 paper	 will	 describe	 an	 application	 of	 laser	 scanning	 for	 the	 purposes	 of	
industrial	survey	on	the	example	of	an	atmospheric	column	321‐C‐001	of	the	section	
321‐topping	3	 for	atmospheric	distillation	 in	 the	Oil	refinery	Rijeka.	This	specific	
project	had	a	task	of	conducting	deformation	analysis	of	a	column	envelope	for	the	
purpose	of	the	recovery	project	design.	Due	to	the	survey	conditions,	the	requested	
precision	levels,	as	well	as	density	of	data	that	needed	to	be	presented	in	the	results,	
laser	scanning	was	employed	as	the	only	method	that	met	all	the	requirements.	
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1. Introduction	

INA‐Industrija	nafte,	d.d.	 INA,	d.d. 	is	a	medium‐sized	European	oil	company.	
INA	Group	has	a	leading	role	in	the	Croatian	oil	business	and	a	strong	position	in	the	
region	in	the	oil	and	gas	exploration	and	production,	oil	processing,	and	oil	products	
distribution	activities.	

One	 of	 the	 company’s	 facilities	 is	 Rijeka	 oil	 refinery,	 Urinj	 located	 at	 the	
northern	part	of	the	Adriatic	Sea,	occupying	3.5	square	kilometres	of	coastal	area	of	
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Kostrena	and	Bakar,	12	kilometres	to	the	south	of	Rijeka.	It	is	the	shortest	and	most	
convenient	connection	with	Central	Europe	and	with	the	Mediterranean.	In	Rijeka,	
INA	 has	 a	 road,	 railway,	 marine	 and	 pipeline	 infrastructure	 for	 the	 supply	 and	
shipment	of	goods,	crude	oil	and	petroleum	derivates.	

The	 business	 activities	 of	 INA’s	 refineries	 are	 in	 accordance	 with	 the	
requirements	of	the	international	standards	of	the	Quality	Management	System	ISO	
9001:2000,	Environmental	Management	Systems	ISO	14001:1996	and	Health	and	
Safety	 Management	 System	 OHSAS	 18001:1999	 that	 have	 been	 certified	 by	 the	
awarded	certificates.	Quality	 control	of	 INA’s	products	 is	 carried	out	by	applying	
modern	 testing	 methods	 in	 the	 refinery’s	 laboratories	 in	 accordance	 with	 the	
Authorization	based	on	the	standard	HRN	EN	ISO/IEC	17025:2000	that	was	granted	
by	the	Croatian	State	Bureau	of	Standards	and	Metrology.	

The	production	program	of	INA’s	refineries	includes:	Liquefied	Petroleum	Gas,	
virgin	naphtha,	motor	gasoline,	kerosene,	aviation	turbine	fuel,	diesel	fuels,	fuel	oil,	
bunkers	and	liquid	sulphur.	The	quality	of	products	is	regulated	by	INA’s,	Croatian	
and	European	standards,	and	the	production	according	to	buyers’	special	requests,	
stipulated	in	contracts,	is	also	an	option	 URL	1 .	

To	meet	all	the	above	mentioned	operation	and	safety	standards	and	to	achieve	
corresponding	 product	 quality	 levels,	 regular	 maintenance	 and	 revitalization	
projects	are	necessary.	For	that	reason,	inspections	and	surveys	have	to	be	carried	
out	 to	 ascertain	 which	 elements,	 objects	 or	 even	 entire	 sections	 are	 in	 need	 of	
revitalization.	

	
Figure	1	Column	321‐C‐001	in	Oil	Refinery	Rijeka	

Thus,	when	the	inspection	findings	indicated	that	the	column	321‐C‐001	might	
be	in	need	of	revitalization	 Figure	1 ,	a	survey	was	requested	to	establish	the	extent	
of	 observed	 deformations	 and	 produce	 a	 sound	 and	 comprehensive	 basis	 for	 a	
revitalization	 project.	 Since	 the	 deformations	 of	 the	 column’s	 envelope	 are	 not	
uniform	 and	 equally	 distributed,	 a	 detailed	 survey	 was	 necessary.	 Such	 level	 of	
detail	is	difficult	if	not	impossible	to	achieve	using	traditional	methods,	as	will	be	
clarified	 later	on.	On	the	other	hand,	the	ability	of	a	 laser	scanning	 instrument	to	
collect	 high‐resolution	 data	 over	 an	 object	 or	 a	 surface	 is	 an	 advantage	 over	
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traditional	 surveying	 techniques	 such	 as	 total	 station	 or	 GPS ,	 especially	 for	
monitoring	of	deformed	surfaces.	Global	coverage	is	acquired	rather	than	a	sparse	
network	of	discrete	points.	The	points	clouds	may	be	quickly	modeled	into	regular	
gridded	 or	 triangulated	 surfaces	 permitting	 local	 deformation	 trends	 to	 be	
identified,	which	 otherwise	may	 have	 been	missed	 by	 the	 traditional	 techniques	
Gordon	et	al.	2001 .	

2. Field	work	and	data	acquisition	

The	survey	of	the	column’s	envelope	section	was	done	from	the	inside	of	the	
column.	The	section	surveyed	has	a	5,6	m	internal	radius	and	is	9,86	m	high,	but	only	
the	 top	 8,5‐meter	 segment	 is	 the	 envelope,	while	 the	 bottom	 segment	 serves	 as	
separation	from	lower	parts	of	the	column.	One	of	the	primary	reasons	for	this	is	a	
much	lower	number	of	scan	positons	required,	and	the	reduction	of	errors	in	scan	
registration	 that	would	 result	 from	going	all	 around	and	a	 few	stories	up	on	 the	
scaffolding	 which	 doesn’t	 provide	 firm	 footing	 which	 would	 result	 in	 causing	
additional	 errors.	 The	 chosen	 method	 of	 scanning	 provided	 higher	 efficiency,	
precision	 and	 overall	 reliability	 of	 the	 survey.	 But	 this	 decision	 also	 creates	
challenges	in	the	survey	process.	The	first	one	was	in	the	form	of	accessibility,	where	
the	surveyor	with	all	the	equipment	had	to	enter	through	a	relatively	small	hatch	on	
the	side	of	 the	column	 Figure	2 .	The	second	challenge	was	related	to	 the	safety	
regulations	and	procedures	that	had	to	be	followed	to	ensure	that	human	life	would	
not	be	in	danger.	It	made	the	survey	process	last	longer,	but	still	not	nearly	as	long	
as	it	would	last	when	performed	from	the	outside.	

	
Figure	2	Access	hach	to	the	inside	of	the	column’s	section	

The	third	challenge	was	related	to	the	accuracy	to	be	obtained	in	the	surveying	
of	an	8,5‐meter‐high	envelope	section	made	only	about	1‐1,5	meters	away	from	the	
envelope	 itself.	 This	 was	 due	 to	 a	 sizable	 segment	 hanging	 from	 the	 middle,	
obstructing	the	view	of	the	top	of	the	envelope	from	a	distance.	This	was	also,	the	
reason	 why	 multiple	 scan	 positions	 were	 necessary	 to	 have	 the	 whole	 object	
captured	with	as	 little	shadows	 areas	with	no	data 	as	possible.	However,	 these	
multiple	 stations	 provided	 enough	 overlap	 and	 scans	 from	 “the	 side”	 of	 the	 top	
segment	 thanks	 to	 its	 cylindrical	 shape 	 allowing	 for	 a	 smaller	 laser	 beam	
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inclination	 angle	 in	 order	 to	 provide	 adequate	 accuracy	 assessment	 and	 data	
reconciliation.	

The	 surveys	 were	 conducted	 in	 two	 sessions	 in	 the	 period	 of	 one	 year,	 in	
January	and	again	in	December.	Thus,	the	analysis	of	deformation	progress	could	be	
made,	 i.e.	whether	or	not	there	has	been	any	further	deterioration.	This	required	
having	both	data	sets	in	the	same	coordinate	system.	That	is	an	easy	task	for	laser	
scanning	data	because	the	data	matching	can	be	done	using	cloud	to	cloud	matching,	
which	 doesn’t	 require	 any	 pre‐established	 reference	 system	 but	 relies	 on	
corresponding	 feature	 identification.	With	enough	overlap	 this	 is	 a	method	often	
used	when	conducting	many	different	types	of	laser	scanning	surveys.	Nevertheless,	
the	sphere	targets	were	used	for	cloud	registration	in	this	project,	both	for	faster	
data	processing,	and	because	all	the	stations	registered	exactly	the	same	spheres,	
with	 high	 resolution	 and	 at	 small	 distance,	 providing	 thus	 high	 accuracy	 of	
subsequent	registration	process.	

	
Figure	3	Panoramic	views	from	scanner	 January	2015	top,	December	2015	bottom 	
This	 brings	 us	 to	 the	 last	 challenge.	 During	 the	 first	 survey	 the	 scanning	

conditions	 inside	the	column	were	optimal.	The	column	was	dry,	no	obstructions	
other	than	the	structural	elements	were	in	the	way	 Figure	3	top .	But,	before	and	
during	 the	 second	 survey,	 there	 were	 higher	 levels	 of	 fire	 danger	 indicators	
recorded,	and	there	was	an	explosion	when	the	gasses	from	the	waste	drains	near	
the	column	caught	fire,	which	is	why	the	survey	had	to	be	postponed	and	the	column	
doused	 in	 water	 for	 prevention.	 The	 scanning	 conditions	 were	 therefore	 rather	
poor,	as	everything	was	wet	or	moist,	and	the	water	was	dripping	heavily	from	the	
hanging	central	segment.	The	scaffolding	had	to	be	placed	in	the	section	to	provide	
footing	for	the	scanner	away	from	the	dripping.	Because	of	the	restricted	number	of	
possible	scan	positions,	the	scanner	was	placed	even	closer	to	the	envelope	that	was	
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not	as	stable	and	as	free	of	vibration	as	during	the	first	session,	and	due	to	moisture,	
there	were	generally	poorer	conditions	provided	 Figure	3	bottom .	Even	though	the	
investors	were	warned	of	these	conditions,	they	insisted	on	the	performance	of	the	
survey.	The	resulting	point	cloud	was,	accordingly,	not	as	precise	as	the	first,	and	
contained	a	lot	of	noise.	

3. The	results	

The	 data	 in	 the	 form	 of	 point	 clouds	 obtained	 from	 two	 surveys	 were	
positioned	in	the	same	reference	coordinate	system	after	the	registration	of	each	
individual	data	set	using	the	first	set	of	data	obtained	from	the	survey	in	January	as	
a	reference,	and	then	matching	the	December	point	cloud	set	to	it.	Considering	the	
fact	 that	 there	 were	 enough	 distinguishable	 features	 for	 registration	 to	 be	
successful,	the	two	point	clouds	were	aligned	with	a	two	centimetre	accuracy.	This	
level	was	sufficient,	but	also	the	best	to	be	expected	considering	the	conditions	in	
which	 the	 second	 survey	 was	 performed,	 and	 the	 fact	 that	 the	 atmospheric	
conditions	also	influenced	the	behaviour	of	the	envelope.	It	is	well	known	that	metal	
contracts	in	colder	weather,	and	vice	versa.	

	
Figure	4	Comparison	of	two	sets	of	data	from	diferent	survey	sesions	

After	 they	 were	 properly	 positioned	 and	 oriented,	 the	 relevant	 data	 were	
compared	in	order	to	determine	any	major	discrepancies	between	them	 Figure	4 .	
The	relevant	data	mentioned	refer	to	the	envelop	portion	of	the	point	clouds,	since	
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the	other	data	represent	the	elements	of	no	interest	for	the	rehabilitation	project.	
This	was	an	initial	analysis	made	for	the	purpose	of	submitting	fast	reports	about	
the	 results	 to	 the	 investors,	 so	 they	would	 know	what	 preparations	 to	make	 for	
further	operations.	

The	 final	 report	 comprised	 the	 detailed	 Inspection	 map	 representations,	
horizontal	and	vertical	cross	sections.	Inspection	map	is	a	representation	made	by	
comparing	 the	point	 cloud	 to	 an	 idealized	model,	 in	 this	 case	a	 vertical	 cylinder.	
Figure	5 	shows	the	two	inspection	maps	made,	where	it	is	clearly	visible	that	the	
first	data	set	is	much	smoother	because	of	the	better	quality	of	the	data	obtained,	
but	 when	 compared	 to	 the	 second	 one,	 similar	 or	 even	 same	 deviations	 can	 be	
observed,	allowing	thus	for	an	easy	visual	inspection	of	the	envelope.	

	
Figure	5	Inspection	maps	for	the	point	clouds	 January	left,	December	right 	

For	the	purpose	of	obtaining	the	results	that	are	more	precise	and	agreeable	
from	the	engineering	point	of	view,	the	cross	sections	were	made	in	the	horizontal	
and	vertical	plane.	The	horizontal	sections	were	made	every	25	cm	with	a	1°	division	
interval	of	deviation	values 	 Figure	6 ,	while	vertical	sections	were	each	10°	with	
a	1	cm	division	 Figure	7 .	

Such	 fine	 division	would	 have	 been	 impossible	 to	 achieve	 using	 traditional	
survey	methods.	However,	there	are	two	reasons	supporting	such	fine	depiction	of	
results.	 The	 first	 is	 obviously	 done	 for	 the	purpose	 of	 identifying	deviations	 and	
deviation	trends.	The	other	is,	however,	due	both	to	great	advantages	and	the	flaw	
of	 the	 laser	 scanners.	 As	 mentioned	 earlier,	 the	 laser	 scanners	 provide	 global	
coverage	 of	 the	 object,	 which	 provides	 many	 benefits,	 but	 it	 also	 means	 that	
irrelevant	data	are	captured	that	can	even	be	misleading	in	this	case.	Many	times,	
not	all	superfluous	data	can	be	removed	from	the	point	cloud	requiring	additional	
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information	about	whether	something	is	in	this	case	qualified	as	a	deformation	or	a	
structural	 element	 adjacent	 to	 the	 envelope.	 In	 case	of	 total	 station	 survey,	 such	
elements	can	be	avoided,	since	the	surveyor	himself/herself	chooses	the	point	on	
the	envelope	to	be	surveyed.	Still,	 the	results	of	a	classic	survey	would	hardly	be	
sufficient	for	such	a	detailed	analysis	of	deformations	and	trends	compared	to	those	
obtained	by	means	of	laser	scanning.	

	
Figure	6	Horizontal	crossections	of	the	envelope	

	
Figure	7	Vertical	crossections	of	the	envelope	
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4. Conclusion	

Out	of	many	aspects	of	applying	the	laser	scanning,	the	most	prominent	and	
effective	one	is	beyond	doubt	its	application	in	deformation	analysis.	Laser	scanning	
has	provided	 the	possibility	 for	surveyors	 to	 conduct	a	 comprehensive	survey	of	
objects	needed	for	the	analysis	of	deformation,	allowing	thus	a	thorough	inspection	
and	 ascertaining	 of	 all	 causes	 of	 deformations.	 In	 comparison	 to	 conventional	
surveying	techniques	and	methods,	this	method	presents	a	significant	progress	for	
all	professions	included	in	this	field.	Apart	from	making	the	analysis	process	more	
efficient,	accurate	and	comprehensive,	it	also	makes	it	more	cost	effective,	because	
all	relevant	analytical	procedures	can	be	done	from	the	same	data	set,	i.e.	the	point	
cloud	 Babić	et	al.	2014 .	

The	 proliferation	 of	 laser	 scanners,	 has	 not	 been	 so	 significant	 in	 Croatia	
because	of	its	initial	cost	and	complexity	of	operation.	Another	emerging	factor	in	
this	respect	is	the	current	UAV	infatuation	and	expansion.	UAV’s	do	provide	another	
great	 addition	 to	 surveyor’s	 resources	 but	 cannot	 replace	 traditional	 surveying	
methods,	or	compete	with	laser	scanning	when	dealing	with	the	projects	such	as	the	
one	 described	 here,	 or	many	 others	 as	well.	 The	 authors	 hope	 it	 is	 going	 to	 be	
recognized	by	more	surveyors	in	Croatia,	which	will	result	in	changing	the	current	
situation	characterized	by	the	fact	that	there	are	more	firms	not	involved	in	geodetic	
activities	that	use	laser	scanning	without	knowing	or	understanding	surveying,	or	
what	should	be	done	to	obtain	high	quality	and	true	value.	

The	best	example	of	why	this	should	be	so	has	been	shown	in	this	paper	where	
the	investors	were,	ultimately,	provided	with	a	very	detailed	analysis	of	the	object,	
all	their	demands	and	expectations	were	not	only	met	but	even	exceeded,	and	they	
expressed	 satisfaction	 with	 great	 value	 for	 money.	 All	 subsequent	 questions,	
inquiries	and	challenges	were,	also,	easy	to	resolve	as	all	the	data	was	so	detailed	
and	easy	to	use	for	settling	any	concerns.	Both	the	surveyor	and	investor	were,	thus,	
protected	 from	 possible	 misinterpretations	 and	 a	 sound	 basis	 for	 further	
cooperation	was	established.	
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