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Nota:on	
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Posi:on	w.r.t	{U}	

Velocity	w.r.t	{B}	

Kinema:c	rela:on	

Dynamic	rela:on	

Actua:on	system	
FB = A ⋅Fm

[ ]T ...zvu mmm=P

!η = R η( ) ⋅υ

 FB = fDyn ( !ν ,ν ,η,P)

Actuators	model	
Fm =M χ( )
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Kinema:c	Model	
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Dynamic	Model	

 

Fu
Fv
Fw
Γ p

Γq

Γ r

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

FB
!"# $#  

!u
!v
!w
!p
!q
!r

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥

!ν
"#$u (surge) 

w (heave) 

v (sway) 

q (pitch) 

r (yaw) 

p (roll) 

{B} 

. 

. 

. 

. 

. 

. 

Fu Fv 

Fw 

Γp Γr 

Γq 

 FB = fDyn ( !ν ,ν ,η,P)



Actua:on	System	Model	
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Actua:on	System	Model	
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Actuators	Model	
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Dynamic	Simula:on	

Fm	 FB	M χ( ) A fDyn R	

Integra:on	has	to	be	performed	in	
the	fixed	(gallilean)	frame	!	



Control	as	an	inverse	problem	

Fm,d	FB,d	 M−1 χ( )A−1fDynR-1	d	 d	 -1	

The	‘computed	torque’	solu:on	:	

Fm	 FB	M χ( ) A fDyn R	

Simulator	

 !!η = !!ηd

Everything	works	fine	in	simula5on…	



Closed	loop	inden:fica:on	

•  Sta:on	keeping	test	(null	velocity	stabilisa:on)	
– Sta:on	keeping	around		
– Once	sta:c	regime	is	achieved,	for							:		ν = 0χ∞

FB
∞ =M(χ∞ ) = [ XG (ηd ) YG (ηd ) ZG (ηd ) KG (ηd ) MG (ηd ) NG (ηd ) ]

T

ηd



Closed	loop	inden:fica:on	

•  Independant	velocity	tests	(along	each	DOF)	
–  	Control	u	to	ud.	Once	sta:c	regime	is	achieved,		
–  for							:		ν = [ ud 0 0 0 0 0 ]Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  Independant	velocity	tests	(along	each	DOF)	
–  	Control	v	to	vd.	Once	sta:c	regime	is	achieved,		
–  for							:		ν = [ 0 vd 0 0 0 0 ]Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  Independant	velocity	tests	(along	each	DOF)	
–  	Control	w	to	wd.	Once	sta:c	regime	is	achieved,		
–  for							:		ν = [ 0 0 wd 0 0 0 ]Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  Independant	velocity	tests	(along	each	DOF)	
–  	Control	p	to	pd.	Once	sta:c	regime	is	achieved,		
–  for							:		ν = [ 0 0 0 pd 0 0 ]Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  Independant	velocity	tests	(along	each	DOF)	
–  	Control	q	to	qd.	Once	sta:c	regime	is	achieved,		
–  for							:		ν = [ 0 0 0 0 qd 0 ]Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  Independant	velocity	tests	(along	each	DOF)	
–  	Control	r	to	rd.	Once	sta:c	regime	is	achieved,		
–  for							:		 ν = [ 0 0 0 0 0 rd ]

Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	u	to	ud		and	r	to	rd.	Once	sta:c	reg.	is	achieved,		
–  for							:		ν = [ ud 0 0 0 0 rd ]

Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	v	to	vd		and	r	to	rd.	Once	sta:c	reg.	is	achieved,		
–  for							:		ν = [ 0 vd 0 0 0 rd ]

Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	w	to	wd		and	q	to	qd.	Once	sta:c	reg.	is	ach.,		
–  for							:		ν = [ 0 0 wd 0 qd 0 ]Tχ∞
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Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	w	to	wd		and	p	to	pd.	Once	sta:c	reg.	is	ach.,		
–  for							:		ν = [ 0 0 wd pd 0 0 ]Tχ∞
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Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
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–  for							:		ν = [ 0 vd 0 pd 0 0 ]Tχ∞
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Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	u	to	ud		and	q	to	qd.	Once	sta:c	reg.	is	ach.,		
–  for							:		ν = [ ud 0 0 0 qd 0 ]Tχ∞

FB
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Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	q	to	qd		and	r	to	rd.	Once	sta:c	reg.	is	ach.,		
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Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
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Closed	loop	inden:fica:on	

•  cross	velocity	tests	(along	each	DOF)	
– Control	p	to	pd		and	q	to	qd.	Once	sta:c	reg.	is	ach.,		
–  for							:		ν = [ 0 0 0 pd qq 0 ]Tχ∞

FB
∞ =M(χ∞ ) = ...



Closed	loop	inden:fica:on	

•  Added	mass	(along	each	DOF)	
– Requires	an	accelera:on	control	
– Simpler	to	rely	on	theore:cal	models…	

Theore:cal	models	
->	16	experimenta:ons	!		

Simplify	the	problem	considering	system	symmetry	



Simula:on	

Fm	 FB	M χ( ) A fDyn R	

Simulator	
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Actua:on	
	inputs	

Sensors	
	outputs	
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Open	issue	:	Discrete	Control	Problem	


