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Figure 9. Performance of position control in the worst case (ϕmax = 10° and v = 2.0 m/s) . The solid gray lines are MC 
realizations; the dashed red lines are the position constraints; the solid black line are the position commands; the solid red 
lines are the sample means; the solid blue lines are the sample means plus/minus the standard deviations.

Figure 11. Performance of position control in the best case (ϕmax = 30° and v  = 0.5 m/s). The solid gray lines are MC 
realizations; the dashed red lines are the position constraints; the solid black lines are the position commands; the solid red 
lines are the sample means; the solid blue lines are the sample means plus/minus the standard deviations.
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Figure 10. Inclination angle ϕ and thrust magnitude fc in the best case (ϕmax = 30° and v = 0.5 m/s). The gray lines are the MC 
realizations; the dashed red lines are the constraints.
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CONCLUSIONS

This study tackled the problem of controlling the position 
of a MAV subjected to constraints on the inclination of 
the rotor plane, on the total thrust magnitude, and on the 
position. The problem was solved using a conventional 
linear-quadratic state-space MPC formulation, which became 

possible thanks to the replacement of the original conic 
constraint space on the total thrust vector by an inscribed 
pyramid.

The method was evaluated by computational simulations 
considering that the vehicle was subjected to a Gaussian 
disturbance force. The proposed method showed able 
to control the vehicle’s position, even under disturbance 
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The Δ-input MPC formulation used in this study appears 
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at each update time, a drawback of this strategy is its high 
computational burden compared with traditional controllers 
such as the classic PID.
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