The use of dynamic model
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Notation

Position w.r.t {U}

Velocity w.r.t {B}

\ Kinematic relation
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Actuation system
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Dynamic Model

q (pitch)
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v (sway) U F,

u (surge)
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Actuation System Model
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Actuation System Model
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Dynamic Simulation
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Integration has to be performed in
the fixed (gallilean) frame !
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Control as an inverse problem
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Simulator

A4
The ‘computed torque’ solution : 1) =1],

Everything works fine in simulation...



Closed loop indentification

e Station keeping test (null velocity stabilisation)
— Station keeping around 7,
— Once static regime is achieved, for y : v=0

F, = Xoxd+Xomarau| + Xogsweg + Xor—sar + Xo(1)

Fo = Yo~ Vopaly] + Vor—ucr + Yogaip + Ve (n)

F, = N+WI+YN+ vp—ap + Zg(n)

T, = Rpud+ Koprnalpl + Korder + Fu+ T + Ko(n)
Ty = Mg+ Momrgelal + Mympar + Moy + Mo + Mo ()
L, = Mg+ Nopeealr + Npgmpeg ot Mt Mom2t No(n)

F,=M(")=[ X;n,) Y;n,) Z;m,) K;m,) M;n,) N;m,) 1



Closed loop indentification

Independant velocity tests (along each DOF)
— Control u to u,. Once static regime is achieved,
—forX": v=[u, 0 0 0 0 OF

F, = h\u+X ul - U+ g+ Xor—er + Xa(1)

F, = N+ v +71>~u\+m+ Ya(n)

F, = N+M|+ i g + Zog—eep + Z(n)

r, = N+W+M+M+M+Kc(n)
Ty = Mg+ Momrgelal + Myrper + My - u + Mo + Mo ()
I, = N+ Nopsalr| + Npg=pegt Ny - u+ Nt Ne(n)



Closed loop indentification

Independant velocity tests (along each DOF)

— Control v to v,. Once static regime is achieved,
—forX : v=[0 v, 00 0 OF

Fo = Xoxd+ Xy - |u|+ Xogseg + Xor—sar + Xo(1)

Fy = Yot Yo v o]+ Vormser + Yogeaiop + Yo (1)

Fo = N+W'I+'ZN+ v+ Za(n)

r, = N+W+M+KU-U+M+KG(U)
Ty = Mg+ Momrgelal + Myrper + My - u + Mo + Mo ()
r, = r-f’+m+m+Nu-u+Nv-'v+NG(77)



Closed loop indentification

Independant velocity tests (along each DOF)

— Control w to w,. Once static regime is achieved,
—forX :v=[0 0 w, 00 07

Fo = Xoxd+ Xy - |u|+ Xogseg + Xor—sar + Xo(1)

Fy = Yot Yo v o]+ Vormser + Yogeaiop + Yo (1)

Fo = 2000+ Zuju) - - 0] + Zigmate g + Zogtep + Za(n)

T, = Kpep+ Koprprolpl + Korger+ K, v+ Ky - w+ Ko()
Ty = Mg+ Momrgelal + Myrper + My - u+ My - w + Mo()
r, = ,.-7"+W+m+Nu-u+Nv-'v+Ng(17)



Closed loop indentification

Independant velocity tests (along each DOF)
— Control p to p,. Once static regime is achieved,
—forX : v=[0 0 0 p, 0 O

Fo = Xoxd+ Xy - |u|+ Xogseg + Xor—sar + Xo(1)

Fy = Yot Yo v o]+ Vormser + Yogeaiop + Yo (1)

Fo = 2000+ Zuju) - - 0] + Zigmate g + Zogtep + Za(n)

T, = Kpsp+ Ky -pIpl+ Korgur+ K, v+ Ky - w+ K1)
Ty = Mg+ Momrgelal + Mympar + My - u+ My - w + Mo()
r, = r-f’+m+m+]\fu-u+Nv-'v+NG(17)



Closed loop indentification

Independant velocity tests (along each DOF)
— Control g to g,. Once static regime is achieved,
—for X : v=[0 0 0 0 g, OF

Fo = Xoxd+ Xy - |u|+ Xogseg + Xor—sar + Xo(1)

Fy = Yot Yo v o]+ Vormser + Yogeaiop + Yo (1)

Fo = 2000+ Zuju) - - 0] + Zigmate g + Zogtep + Za(n)

r, = N+Kp_|p|-p-|p|+M+KU-v+Kw-w+KG(n)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
I, = r'f’+m+m+Nu-u+Nv-'v+Ng(17)



Closed loop indentification

Independant velocity tests (along each DOF)

— Control r to r,. Once static regime is achieved,
—forX": v=[0 0 0 0 0 r, T

Fo = Xoxd+ Xy - |u|+ Xogseg + Xor—sar + Xo(1)

Fy = Yot Yo v o]+ Vormser + Yogeaiop + Yo (1)

Fo = 2000+ Zuju) - - 0] + Zigmate g + Zogtep + Za(n)

T, = Kpsp+ Ky -pIpl+ Korgur+ K, v+ Ky - w+ K1)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
T, = Wt +Nopy -7 || + Npgepegt Nu - u+ N, - v+ No(n)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control u to u, and r to r,. Once static reg. is achieved,
—for X :v=[u, 0 0 0 0 r, 7T

Fo = Xoxd+ Xy - |u|+ Xogseg + Xor—sar + Xo(1)

F, = N+ Yoo -v-|v|+Yur-u- 7’+YMR+ Ya(n)

Fo = 200+ Zuju) - - 0] + Zigease g + Zogtep + Za(n)

r, = N+Kp_|p|-p-|p|+M+KU-v+Kw-w+KG(n)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
T, = Wt +Nopy -7 || + Npgepegt Nu - u+ N, - v+ No(n)



Closed loop indentification

* cross velocity tests (along each DOF)
— Control vto v, and r to r,. Once static reg. is achieved,
—for X : v=[0 v, 0 0 0 r, 7

Fo = Xoxd+ Xy - |u|+ Xog=sag+ Xor v 7+ Xo(n)

F, = N+ Yoo -v-|v|+Yur-u- 7’+YMR+ Ya(n)

Fo = 200+ Zuju) - - 0] + Zigease g + Zogtep + Za(n)

T, = Kpsp+ Ky -pIpl+ Korgur+ K, v+ Ky - w+ K1)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
T, = Wt +Nopy -7 || + Npgepegt Nu - u+ N, - v+ No(n)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control w to w, and g to q, Once static reg. is ach.,
—forxoo: v=[0 O W, 0 q, 0 ]T

F, = U+ Xy - u| + Xpg-w-q+ Xy -v -1+ X(n)

F, N+Y qol "V ||+ Yo u- T+W+Yg(7])

Fo = 200+ Zuju) - - 0] + Zigease g + Zogtep + Za(n)

T, = Kpsp+ Ky -pIpl+ Korgur+ K, v+ Ky - w+ K1)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
T, = Wt +Nopy -7 || + Npgepegt Nu - u+ N, - v+ No(n)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control w to w, and p to p,. Once static reg. is ach.,
—for X :v=[0 0 w, p, 0 OF

F, = N+Xu.|u|'u-|u|+Xw.q'w'Q+XU.r-v-7‘+XG(77)

F, = N+ Yoo v |+ Yur-u-r4+Yyp-w-p+Ye(n)

Fo = 200+ Zuju) - - 0] + Zigmase g + Zogtep + Za(n)

T, = Kpsp+ Ky -pIpl+ Korgur+ K, v+ Ky - w+ K1)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
I, = N+N,..|r|-~r-|vr|+m+Nu-u+Nv-'v+NG(77)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control vto v, and p to p,. Once static reg. is ach.,
—forxoo: v=[ 0 Vi 0 Py 0 0 ]T

F, = N+Xu.|u| - |uf + Xypg - w- g+ Xor - v -7+ Xe(1)

F, = N+ Yoo -0 0| + Yoy -u-r+ Yy, -w-p+Ya(n)

F, = N + Z.jw) - W - |w| + Zags g+ Zyp - v-p+ Za(n)

Iy = N+Kp_|p|-p-|p|+M+KU-v+Kw-w+KG(n)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
I, = N+ Nyjpi -7 - 7| + Npg=psg+ Ny - u+ N, - v + Ng(n)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control u to u, and g to q,. Once static reg. is ach.,
—for X :v=[u, 00 0 g, OF

F, = N+Xu.|u| - |uf + Xypg - w- g+ Xor - v -7+ Xe(1)

F, = N+ Yoo -0 0| + Yoy -u-r+ Yy, -w-p+Ya(n)

Fy = 2ot +Zujw) W- 0]+ Zug - q+ Zop-v-p+ Za(n)

Iy = N+Kp_|p|-p-|p|+M+KU-v+Kw-w+KG(n)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
I, = N+N,..|r|-~r-|vr|+m+Nu-u+Nv-'v+NG(77)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control g to q, and r to r,. Once static reg. is ach.,
—forX :v=[0 0 0 O0 g, [

F, = N+Xu.|u| - |ul + Xyg - w-q+ Xy v -7+ Xa(n)

F, = N+ Yoo v |+ Yur-u-r4+Yyp-w-p+Ye(n)

Fy = 2ot +Zujw) W- 0]+ Zug - q+ Zop-v-p+ Za(n)

r, = N+Kp|p| p-lp|+Kqr-q-r+ K, - v+ Ky -w+ Kg(n)
Ty = Mg+ Myq-q-la| + Myrpar + My - u+ My - w + Mo()
| (8 N+N qr] T |T|+M+Nu u+ N, -v+ Ng(n)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control p to p, and r to r,. Once static reg. is ach.,
—for X" :v=[0 0 0 p, O r, T

Fo = Xoxd+Xogu - |u)+ Xog w0 g+ Xoyv-r+ Xo(n)

F, = N+ Yoo v |+ Yur-u-r4+Yyp-w-p+Ye(n)

Fy = 2ot +Zujw) W- 0]+ Zug - q+ Zop-v-p+ Za(n)

r, = N+Kp|p|-p-|p|+Kq,.-q-r+K v+ Ky -w+ Kg(n)
Ty = Mg+ Myq-q-la| + Mpr-p-r+My-u+ My - w+ Mcg(n)
I, N+N qr] T |r|+m+Nu u+ N, -v+ Ng(n)



Closed loop indentification

* cross velocity tests (along each DOF)

— Control p to p, and q to q,. Once static reg. is ach.,
—forX :v=[0 0 0 p, q OF

F, = N+Xu.|u|'u-|u|+Xw.q'w'Q+XU.r-v-'7‘+XG(77)

Fo = Vot Yo v o] + Y - r 4+ Vi - w- p+ Ya(n)

Fy = 2ot +Zujw) W- 0]+ Zug - q+ Zop-v-p+ Za(n)

T, = Rpp+Kpp -0 |pl+Kor-q-7+ Ky v+ Ky - w+ Ko()
Ty = Mg+ Myq-q-la| + Mpr-p-r+My-u+ My - w+ Mcg(n)
r, = N+ Nyjr -7 ||+ Npg-P-q+ Ny -u+ N, -v+ Nag(n)



Closed loop indentification

Added mass (along each DOF)

— Requires an acceleration control
— Simpler to rely on theoretical models...

Fo. = Xg-t+Xypu -vu-|u+Xpg-w-q+Xyr-v-r+ Xg(n)

F, = Y- 04Y, y-v-v|+Yur-u-r+Yy,-w-p+Ya(n)

Fo = Zy 0+ Zyjw - W- W+ Zyg-tu-q+Zyp-v-p+Zc(n)

Iy, = Ki-p+K,pp-lp|+Kgr-q-7+K,-v+Ky-w+ Kg(n)
Iy = Mg-G+Mgq-q-|qg+Mpr-p-7v+My-u+ My -w+ Mc(n)
I = Ni-7+Npjp-r-|r|+Npg-P-q+Ny,-u+N, v+ Ng(n)

Theoretical models
-> 16 experimentations !

Simplify the problem considering system symmetry



Simulation
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Simulation
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Open issue : Discrete Control Problem

» Automatique discréete non linéaire

( S=u-cosl+k 5
P . . T
1 r=d0-y -y, -u smo }m k-0 -&) > o :
uz=0
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