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NEW	ON	THE	MOVE	APPROACH	OF
CALIBRATION	FOR	VESSEL	NAVIGATION
SENSORS

Dynamic	Calibration	of	Â​-
Navigation	Sensors	Using
GNSS	Technology

Over	the	years	there	has	been	a
requirement	to	calibrate	navigation
(heading	and	motion)	sensors	and	verify
DGNSS	systems	on	vessels	working	in
the	offshore	oil	industry.	These
calibrations	are	a	requirement	of	oil
companies	and	need	to	be	undertaken
prior	to	commencement	of	a	project
and/or	at	regular	intervals	throughout	a
project.	This	article	covers	the	techniques

and	accuracies	related	to	applying	GNSS	technology	to	vessel	sensor	calibration	and	verification.

Historically,	vessel	sensor	calibrations	have	been	undertaken	in	port	using	traditional	land	survey	techniques,	where	the	vessel	is	moored
alongside	a	quay.	The	current	advances	made	in	GNSS	technology	and	software	over	the	past	few	years	has	led	to	newer	streamlined
dynamic	techniques.	These	dynamic	calibrations	have	a	number	of	advantages	over	traditional	land	survey	techniques:

The	calibrations	can	be	undertaken	anywhere	and	at	any	time;	in	port,	in	transit	between	projects	or	even	during	production.
They	are	cost	effective	as	there	is	no	longer	a	requirement	for	the	vessel	to	berth	alongside	a	quay.
They	are	‘environmentally	friendly’	as	the	requirement	for	an	extra	person	and	equipment	to	be	sent	to	a	vessel	to	undertake	the
work	is	now	obsolete.

Vessel	Preparations
The	first	step	in	the	preparation	for	dynamic	calibrations	is	to	install	three	or	more	GNSS	antennae	(with	associated	receivers)	on	the
superstructure	of	the	vessel.	These	antennae	mounts	must	be	rigid	and	located	in	positions	that	optimally	define	the	vessel’s	heading,
pitch	and	roll	and	should	have	an	open	view	of	the	satellites	with	as	few	obstacles	as	possible.	Nominally,	one	is	mounted	in	the	bow	and
two	at	the	stern	(port	and	starboard	side)	as	indicated	in	Figure	1.

Once	installed,	these	antennae	positions	must	be	precisely	coordinated	within	the	vessel’s	local	coordinate	reference	system	to	an
accuracy	of	±	3mm	system	using	precise	dimensional	control	techniques.	This	is	normally	a	‘one	time’	task	as	the	antenna	and/or	brackets
are	left	in	place	on	the	vessel	between	calibrations.

Calibration	Data	Collection
In	order	to	collect	data	to	undertake	the	calibration,	GNSS	raw	code	and	carrier	data	are	data	logged	by	the	GNSS	receivers	at	these	three
antennae.	Based	on	our	current	experience,	4	hours	of	data	at	a	1Hz	update	rate	is	sufficient	to	produce	good	results.	Once	the	logging
session	is	complete,	the	logged	GNSS	data	is	transferred	from	the	receivers	and	converted	into	uncompressed	Rinex	format	and	is	then
ready	to	be	processed.

Simultaneously	with	the	raw	GNSS	logging,	data	from	the	vessel	sensors	(heading	sensors,	motion	sensors	and	DGNSS	Systems)	are
also	logged	at	1Hz	data	rate	time	tagged	in	UTC	such	that	it	can	be	matched	to	the	processed	GNSS	data	during	the	calibration
computations.	The	requirements	for	vessel	sensor	data	logging	is	as	follows:



The	heading	sensor	data	shall	include	UTC	time	and	uncorrected	heading	observations.
The	motion	sensor	data	shall	include	UTC	time	and	uncorrected	pitch	and	roll	observations.
The	DGNSS	System	data	shall	include	UTC	time	and	geographical	coordinates	referenced	to	WGS84	or	one	of	its	derivatives.

Upon	completion	of	the	vessel	data	logging,	the	calibration	and	verification	data	should	be	reviewed	and	converted	into	ACSII	files.

All	the	logged	data	can	be	transferred	from	the	vessel	to	Fugro	Survey	by	use	of	a	secure	FTP	Site.	In	addition	to	the	logged	data,	vessel
metadata	is	also	received.	This	includes:

Vessel	Name,	Survey	Date,	Location	and	Timings.
Precise	offsets	within	the	vessel	reference	frame	for	the	GNSS	logging	antennae.
Precise	offsets	within	the	vessel	reference	frame	for	the	vessel’	DGNSS	antennae.
Start	and	stop	times	for	the	logging	sessions.
A	list	of	system	names	along	with	manufacturer	and	serial	numbers.

GNSS	Processing
Upon	receipt	of	the	data	by	Fugro	Survey	an	initial	quality	control	process	will	be	undertaken	to	ensure	all	the	required	data	and	metadata
have	been	received.

Once	the	data	has	been	checked,	the	raw	GNSS	Rinex	data	from	the	reference	receivers	is	processed	in	two	stages:

1.	 RTK	Processing	–	The	derivation	of	the	relative	antennae	positions	at	1	second	epochs	using	software	that	allows	processing	of	data
logged	on	a	moving	platform.	The	technique	of	processing	directly	between	two	moving	kinematic	objects,	improves	significantly	the
accuracy	of	the	relative	trajectory.	The	results	of	the	RTK	processing	(in	combination	with	the	precise	vessel	offsets)	are	used	to
determine	the	values	used	for	the	vessel	heading,	pitch	and	roll	calibrations	(ref.	Figure	2).	These	computed	values	are	matched	with
vessel	heading	and	motion	sensor	observations	to	derive	corrections	to	be	applied	to	the	systems.

2.	 PPP	Processing	–	The	technique	for	the	Precise	Point	Positioning	(PPP)	solutions	is	capable	of	computing	accurate	positions
without	the	use	of	Reference	Stations	data	or	DGPS	services.	Reference	stations	are	made	obsolete	by	employing	precise	satellite
orbits	and	satellite	clock	corrections	coupled	with	state	of	the	art	error	modelling.	For	this	process,	the	IGS	(International	GNSS
Service)	rapid	orbits	data	is	obtained	via	the	internet	and	used	in	the	computation.	The	results	from	the	PPP	processing	(in
combination	with	the	RTK	results	and	precise	vessel	offsets)	are	used	to	verify	the	DGNSS	Positioning	Systems.

As	Fugro	Survey	can	also	deliver	DGNSS	systems	to	a	number	of	our	dynamic	calibration	customers,	which	also	require	verification,	all
the	GNSS	processing	is	undertaken	using	third	party	software.	No	Fugro	algorithms	are	used	in	the	computational	process,	which	ensures
the	independency	of	the	results	obtained.

Correction	Calculations
Data	synchronisation	of	the	GNSS	processing	and	the	logged	vessel	sensors	are	undertaken	and	as	described	the	relative	vectors	from
the	RTK	processing	are	used	to	derive	the	vessel’s	heading,	pitch	and	roll	values	which	are	compared	with	the	vessel’s	sensor
observations	and	correction	values	with	statistics	derived	for	each	vessel	sensor	of	interest.	Similarly,	the	absolute	positions	derived	from
the	PPP	processing	are	used	to	verify	all	the	DGNSS	Systems	of	interest.

Quality	Considerations	and	Results
To	ensure	the	quality	and	accuracy	of	this	technique,	it	is	essential	to	ensure	an	optimal	installation	of	the	GNSS	reference	antennae.	The
following	points	must	be	adhered	to:

A	clear	view	of	the	satellites,	down	to	a	satellite	elevation	angle	of	10	degrees.	It	is	very	important	to	minimise	the	location’s
surrounding	obstructions
Precise	offsets	for	the	antennae	in	the	vessel’s	local	coordinate	system	(X,	Y,	Z).	This	is	obtained	through	an	accurate	offset	survey
of	the	three	antennae.
Longest	possible	baselines	to	optimise	the	accuracy	of	the	RTK	processing.
Firm	and	horizontal	antennae	mountings.
Designated	and	well-defined	antennae	locations.
Well-defined	vessel	Metadata.

In	addition	to	the	importance	of	optimal	antennae	locations,	the	processing	software	is	vital	to	the	success	of	this	technique	and	the	result
example	presented	below	are	a	verification	of	the	effectiveness	of	the	‘state	of	the	art’	software	used	by	Fugro	Survey.

The	relative	vectors	between	the	GNSS	antennae	need	to	be	of	high	quality	in	order	to	obtain	a	good	calibration.	In	the	software,	the
vectors	are	processed	both	in	the	forward	and	reverse	directions	and	the	solutions	combined.	As	an	example	of	the	precision	of	this
method	data	processed	from	a	4	hour	set	acquired	in	transit	offshore	had	a	standard	deviation	of	the	vector	between	the	two	antennae	on
each	end	of	a	27.7m	baseline	of	0.005m.

As	a	verification	of	these	accuracies,	the	following	tables	present	the	results	for	one	vessel	calibrated	/	verified	on	three	occasions	during	a
one	month	period	in	2010.	As	a	reference,	the	results	from	a	traditional	land	survey	calibration	have	also	been	included.
Location Technique PosMV Gyro	#1 Gyro	#2
Indonesia In	Transit -0.13° +0.05° +1.05°
Romania In	Transit -0.11° +0.10° +0.72°
Australia In	Port -0.14° +0.00° +0.81°
Romania Traditional -0.13° +0.08° +1.00°



Table	1:	Heading	C-O	Comparisons	–	from	2010.
Location Technique Pitch Roll
Indonesia In	Transit -0.03° +0.28°
Romania In	Transit -0.04° +0.26°
Australia In	Port -0.05° +0.25°
Romania Traditional -0.02° +0.28°

	Table	2:	Motion	C-O	Comparisons	–	from	2010.
Location Technique Easting Northing
Indonesia In	Transit -0.06	m +0.01	m
Romania In	Transit -0.01	m -0.06	m
Australia In	Port -0.04	m +0.03	m
Romania Traditional +0.01	m +0.09	m

Table	3:	DGNSS	Comparisons	–	from	2010.

Additionally,	the	accuracies	are	confirmed	from	a	later	survey	in	2012,	again	with	a	comparison	to	a	traditional	land	survey	calibration	take
at	the	same	time.
Heading Seapath* Octans
Traditional -30.25° +1.13°
Dynamic -30.23° +0.96°

Table	4:	Heading	C-O	Comparisons	–	from	2012.

The	reason	for	the	apparently	large	C-O	value	is	due	to	the	Seapath	being	installed	with	its	heading	alignment	approximately	30°	to	the
vessel’s	heading.
Motion System Pitch Roll
Traditional Seapath -0.29° +0.01°
Dynamic Seapath -0.30° +0.03°
Traditional Octans -0.24° +0.10°
Dynamic Octans -0.26° +0.13°

Table	5:	Motion	C-O	Comparisons	–	from	2012.

	
DGNSS System Diff	E Diff	N
Traditional Starfix.G2 -0.01	m -0.04	m
Dynamic Starfix.G2 +0.01	m -0.01	m
Traditional Starfix.G2 +0.03	m -0.04	m
Dynamic Starfix.G2 0.00	m -0.04	m

Table	6:	DGNSS	Comparisons	–	from	2013

Conclusions
From	the	information	presented	here,	it	is	clear	that	the	accuracy	of	undertaking	the	calibration	and	verification	of	navigation	sensors	has
been	proven	to	equal	that	obtained	when	calibrating	by	traditional	methods.	The	technique	is	flexible	and	the	constraints	imposed	by	the
traditional	land	survey	methodology	are	removed.

The	technique	has	a	growing	interest	amongst	our	customers	and	to	date	we	have	undertaken	around	55	calibrations	for	6	different
customers.	Additionally,	this	technique	has	gained	approval	from	a	number	of	major	oil	companies	with	a	total	of	10	different	oil	companies
amongst	the	end	customer	to	our	customers	listed	above.
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