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Introduction - Autonomous Surface Vehicle

(a) ASV model (b) Panel orientation model

Figure 1: ASV model and panel orientation
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System Descriptions - Simple model
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Figure 2: Preliminary ASV model



System Descriptions - Control diagram
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Figure 3: Control diagram



System Descriptions - Power flow diagram
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Figure 4: Power flow diagram



Solar models
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Figure 6: Solar module model

Figure 5: Photovoltaic cell



Solar simple model

+0

—)
Jra—
o
-~

|y =lon—1Ip (1)
C)Iph AV Y = lpn — /o[eXP(NKT) —1] (2)
— [lso + Ki(T — 298)

Vv
. 10Aoo ’O[eXp(%) —1]
(3)

Figure 7: Photovoltaic cell



Sailing model

NED-frame

Figure 8: True wind velocity, sailboat velocity, and
apparent wind velocity

Figure 9: Sailing model analysis



Sailing model

The relation between true and apparent winds:

Vawu = Viw cos(amw — V) — U (4)
Vaww = Viw sin(agw — ) — v (5)

The force and torque elements in body-frame:

I:s = Fsv (6)

Lssin agy — Dg cos gy
= Ls cosagy + Dgsinagy
| —(Lssin cvaw — Ds cos ataw)Xsmsin 0s + (Ls cos cvaw + Ds sin caw)(Xm — Xsm €os 6s)

(7)




Battery model

The charging capability of a battery is given:

tcut—off
Cec = / lot (8)
0

where [ is the input current of a battery, t,,;_ o is the charging time of the battery.



Propulsion model

Power (W)

Reverse Thrust (Kg f) Forward

Figure 10: Power and thrust - T200

Py = f(Fr) = kF2
or
Pr = f(Fr) = k.sign(Fr)|Fr| (en-

*ergy consumption and production)



Sailboat model

Dynamic model: Kinematic model:
Fu=myuu 9) X = ucos(v)) — vsin(z)) (12)
Fy =myv (10) y = usin(y) + veos(y)  (13)
M= It (11) v=r (14)
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Problem formulation
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Figure 11: Problem formulation



Problem solution

A Wind
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Figure 12: Problem solution



Problem solution

The objective function:
E(ds, Fr) = wy. || Fg — Fy |2 +w2.k.sign(F).|Fr| — ws. V.1 (15)

where wy, Ww», wjs are scalar weights.
The problem is formulated as:

mxinE((Ss, Fr) (16)
st xekX (17)

where x = [§s  F7]" is decision variable, X is the feasible set. The constraints of J5 are
mechanical limitations and constraint of Fr is the saturation of thruster.
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Preliminary simulations - Parameters

Lift and drag coefficients of sail

Table 1: Parameters of sailboat for simulations 1
Notations | Value | Unit 2 °°

my 25900 kg § 0

my 25900 kg -05
Iy 24760 | kg.m? s
P 1.2 kg/m® 1200 -100 0 100 200
A 170 m2 angle of attack(deg)

Xsm 0.6 m Figure 13: Lift and drag coefficients
Xm 0.3 m

Viw 5 m/ S

Oty 180 deg 55 c [7900 900]

Fr € [-500 500](N)



Preliminary simulations - Solar current assumption

Output current of solar panel
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Figure 14: Output current of solar panel



Preliminary simulations - Results - Case 1
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Figure 15: Case 1 - simulation



Preliminary simulations - Results - Case 1
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Figure 16: Optimal solar-sail angle and thruster force w.r.t sun angle



Preliminary simulations - Results - Case 2
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Figure 17: Case 2 - simulation



Preliminary simulations - Results - Case 2
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Figure 18: Optimal solar-sail angle and thruster force w.r.t sun angle
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Conclusions and Future works

Optimization problem has been formulated and has potential results. Future works
are listed as follows:

Take into account sea current and obstacle avoidance.
Take into account effects of foils of sailboat.

Energy optimization in real case of solar energy.
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