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a) Representation Formalism



Representation Formalism

 Position

{U}:(0,x,y,2)
{B}: Xg,u,v,w)
X=[x v 2|’




Representation Formalism

* Attitude, Orientation : Euler angles
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Representation Formalism

* Attitude, Orientation : Euler angles
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Representation Formalism

o Attitude, Orientation : Rotation Matrix

n=["% My 7] |n| =1

R=P+cosa-(I—P)+sina-Q

with : P =n-n7,Q =A (n)

0 -n, n,
Q=| n, 0 -n,
—n, Ny 0



Representation Formalism

o Attitude, Orientation : Quaternion




Representation Formalism
o Attitude, Orientation : Rot mat. vs Quaternion

R=P+cosa-(I—P)+sina-Q

with : P=n-n’,Q =A (n)
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Quaternion, basic relations

Any rotation of an angle a around a unitary vector n can be expressed by the unitary quaternion :

Q=[cos(2) w7 -sin(£)], Il =1 - Qi =1

The composition of 2 rotations, Q, and Q, can be expressed using the (non commutative) quaternionic
multiplication, resulting in the Q3 quaternion such that :

QQw=Q;®Q

The conjugate of a quaternion Q is denoted Q* and exhibits the following properties:

Q®Q)"=Q;RXQ71;

Q® Q" =11Qll - 1o, where 1¢ = [1,0,0,0]" is called identity quaternion

A vector v € R3 can be expressed as a pure imaginary (non unitary) quaternion as:

Vv =/[0,vT]T
The rotation Q applied on a vector v; € R3 results in a vector v, expressed as:

V,=QQ®V; ® Q', where V; = [0,v]] and V, =[0,v]]"



Quaternion, basic relations

An object, onto which a frame {B}: (Xg, u, v, w) is rigidly attached, in rotation w.r.t an intertial frame
{U}: (0,x,y,z), has an angular velocity vector denoted w. The orientation of {B} w.r.t {U} is denoted with
quaternion Q. Hence the following relations hold :

0;=2-Q"® Q, where Q5 = [0,w5]” and wgz = [p, q,7]7 is w expressed in {B}, and
Q,=2-Q® Q*, where Q, = [0, w}]” and w, is w expressed in {U}

The left-multiplication of previous relation by Q yields the kinematic rotational model of the moving
object as:

Q=300 9;,

where Q5 = [0, 03]", wp = [p,q,7]"
and p, g and r denote the object rotational velocities expressed in its own {B} frame, as described in the
sequel.




Representation Formalism

* Velocities

(U x (North)




Representation Formalism

Euler angles Quaternions Rotation Matrix
Position X=[x y 2]
Attitude @'=[¢p 6 Y] Q R
Velocities Vg=[u v wl',wg=[p q 7"
- X - - _ X .
n= Lbeul] n= [Q]
State X = v, X= VB] x= {X,R,Vz wg}
v=|.7] v =
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. . (
Kinematic X=0Q®[0,V] T ® Q' '

Model X ]:Reul. VB] < ) [ B] X=R-Vg
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b) Kinematic Model



Kinematic Model

o 2D, Cartesian, no constraint
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Kinematic Model

o 2D, Surface Craft, Cartesian, no constraint
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Kinematic Model

o 2D, Surface Craft, Cartesian, no constraint
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Kinematic Model

o 2D, Cartesian, the Wheel, nonholonomic
constraint:v=x-cosy+y-sinyp =0
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Kinematic Model

o 2D, Cartesian, the Wheel, nonholonomic
constraint:v=x-cosy+y-sinyp =0




Kinematic Model

» 2D, Cartesian, the Unicycle, nonholonomic
constraint:v=x-cosy+y-sinyp =0




Kinematic Model

o 2D, Cartesian, the Car, nonholonomic
constraint:v=x-cosy+y-sinyp =0
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c) Actuation Model



Actuation Model
» 2D, the Unicycle




Actuation Model
e 2D, the Car

differential drive (Ky)

- v=A(U)




Actuation Model

« 2D, the Car, non-sliding contraints

~. 0
~. OR -
\~ '\
. ~. S
o
S N, AR
.. ~ SL0N
. ~ ~.
. .

~.o 0N .
L ‘N, ~edemal
. NS
z. ~. <l
RS ~ 7
RS
’

‘ (U}

If §, = 8z + 0, the constraints ‘
are not respected|
ICR is not properly defined




Actuation Model

o 2D, Cartesian, Omni-directional sweedish
wheels system
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Actuation Model

« 2D, Cartesian, Omni_directional Mecanum
Wheels system
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Actuation Model

e 2D, the Car, Pseudo-Omni-Directional
Wheeled Robots

Kinematic and Singularity Treat t of
Steerable Wheeled Mabile Robots with Joint Acceleration Limits

Mohamed SORQUR
Andrea CHERUBINI
Robin PASSAMA
Philippe FRAISSE

,17 IDH group, LIRMM, University of Montpeller, France.
t ~This video shows the behaviors of the propased model and of the smbedded controller of an

industrial mobile robat (Nesbotix-MPO700) while performing the proposed benchmarl. test,

- In the first two trajectories of the test, the canter of ratation paint (ICR)

follows a parabolic curve passing by and stopping at the kinematic singularity. The ICR point
can ba shown in a v-rep simulation of the developad model (bottom right)

- The kinematic singulanity occurs when the ICR point passes by one of tha steenng axes, in
this expenmant is tha second steer joint (pointed to by tha red arow at the begining of the
experimental videos and the thin steer joint in v-rep simulation video)

W=[ws wy wz Wy]T (W =f(v,r),subjectto Py(W) =0 ¥ B _r
A=[6; &, 63 64]7 '| A= g(ve, 1), subjectto P,(A) =0’ ICR] gy R

@ LIRMM



Simulation

 Kinematic simulation

Video sim Unicycle _ , _
Video sim Omni 3 roues

Video sim Car
Video sim Omni Mecanum



Actuation Model

« 2D, Cartesian, Propulsive actuation

Dynamic Model:
v=1fp(O,nv,)




Dynamic Model

E4 g (pitch) B}
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Hydro-dynamic phenomena (fluid/structure interaction) :
- Buoyancy
- Lift and Drag
- Added Mass

FB = fD(O, Vv, n, V)
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Dynamic Model
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Dynamic Model
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Dynamic Model
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A NONLINEAR UNIFIED STATE-SPACE MODEL FOR SHIP
MANEUVERING AND CONTROL IN A SEAWAY

THOR 1. FOSSEN
Department of Engineering Cybernetics
Norwegian University of Science and Technology
NO-7491 Trondheim, Norway
E-mail: fossen(@ieee.org

This article presents a unified state-space model for ship maneuvering, station-keeping, and control in a scaway. The
frequency-dependent potential and viscous damping terms, which in classic theory results in a convolution integral not
suited for real-time simulation, is compactly represented by using a state-space formulation. The separation of the vessel
model into a low-frequency model (represented by zero-frequency added mass and damping) and a wave-frequency model
(represented by motion transfer functions or RAOs), which is commonly used for simulation, is hence made superfluous.

Keywords: ship modelling, equations of motion, hydrodynamics, maneuvering, seakeeping, autopilots, dynamic positioning



Actuation Model

« 2D, Cartesian, Propulsive actuation, ASV
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Actuation Model

« 2D, Cartesian, Propulsive actuation, ASV
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Actuation Model

« 2D, Cartesian, Propulsive actuation, ASV
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Back to kinematics
» 2D, Cartesian, ASV vs Unicycle
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Back to kinematics
« 2D, Cartesian, ASV vs Unicycle

cosy, 0
y == [sml,bt O] [

Y, =1+ B, where § = atana
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‘& __________________________________ Covered by stern dominancy assumption

y (open-loop local stability)



Back to kinematics
« 2D, Cartesian, ASV, AUV vs Unicycle

Covered by stern dominancy assumption
(open-loop local stability)



Actuation Model

« 2D, Cartesian, Propulsive actuation, AUV
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Actuation Model
« 3D, Cartesian, Propulsive actuation, AUV
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Actuation Model

« 3D, Cartesian, Propulsive actuation, AUV
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Actuator characteristics

e Control surface

Cl v Alpha Cd v Alpha ~ CmvAlpha




e Control surface

Plot Airfoil
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Actuator characteristics
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Actuator characteristics
* Thruster (T200, BlueRobotics)

Thrust at 10-20 V -

Thrust (Kg f)

"ffooc—_ 20 0 40 2. 0 .2 4 € & 10

Current Draw at 10-20 V
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Thrust and Power at 10-20 V
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Actuator characteristics
* Thruster (T200, BlueRobotics)




Simulator

 Kinematics

* Dynamics




Simulation

« Kinematics
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