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Problem Description
A thrust allocation system takes force and moment commands from
a high level control system such as a dynamic positioning or joystick
system and computes the settings of each thruster. Advanced vessels
have redundant thrusters, power generation and power distribution
that should be optimally coordinated by the thrust allocation in order
to provide the required forces and moment in addition to minimize
fuel consumption, tear and wear of thrusters, avoid overloading the
power system, and taking into account forbidden sectors and actuator
rate constraints.

1. Formulate a model predictive control (MPC) formulation of the
thrust allocation problem for marine vessels.
2. Implement an online numerical solution to run in real time and
demonstrate its performance on the CyberRig I in the NTNU basin.
3. Evaluate the results and compare with an existing (quasi-)static
optimization-based thrust allocation method.
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ẋ(t) = f(x(t), u(t)), x(0) = x0,

u(t) ∈ U, ∀t ≥ 0,

x(t) ∈ X, ∀t ≥ 0.



u(t) ∈ Rm x(t) ∈ Rn

U X

U := u ∈ Rm |umin ≤ u ≤ umax,

X := x ∈ Rn |xmin ≤ x ≤ xmax,

umin umax xmin xmax

min
u(·)

J(x(t), u(·)) = min
u(·)

∫ t+Tp

t
F (x(τ), u(τ))dτ

ẋ = f(x(τ), u(τ)), x(t) = x(t),
u(τ),∀τ ∈ [t, t + Tc] ,

u(τ) = u(t + Tc),∀τ ∈ [t + Tc, t + Tc] ,
x(τ) ∈ X,∀τ ∈ [t, t + Tp]



Tp Tc u
x

u J
F (·)

(xop, uop)

F (x, u) = (x − xop)T Q(x − xop) + (u − uop)T R(u − uop)

Q R
F

u∗(t0; x0) = u∗
0

u(t) = u∗(t0, x0) = u∗
0.

u∗ x(t)

V (x) = J(x(t), u∗(t; x(t)).

u = κ(x)

u0(·; x) κ(x) = u0(0; x)
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alpha_b

SC_Console

A(J)x + B(J) = 0, J = 1, . . . , ME

A(J)x + B(J) ≥ 0, J = ME + 1, . . . , M

xl ≤ x ≤ xu

C = H D = f xl = lb xu = ub

−Meqx + neq = 0
−Mx + n ≥ 0

A(J) = −Meq, B(J) = neq, J = 1, . . . , ME

A(J) = −M, B(J) = n, J = ME + 1, . . . , M
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1 2 3
4 5 6

]
⇒ row major order −→ 1 2 3 4 5 6

column major order −→ 1 4 2 5 3 6
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