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Flight Mechanics Laboratory

Research work focused on RPAS:

• Modelling

• Preliminary sizing

• Detail project

• Avionics

• Flight testing 

• Control laws development



The use of RPASs for civil operations is 
growing; multirotor vehicles represent the 
most popular category into the market.

Ph.D. research activities

Research topics:

• RPAS modelling and simulation

• Flight management software 

development

• Single and multi-agent motion planning 

& control



Research activities:                              
RPAS modelling & simulation

Mathematical modelling for different vehicle configurations.

Model parameters can be obtained via experimental identification, calculations or 
the combination of both ways.



RPAS control design:

Automatic code generation:

Research activities:                             
Flight management software development



Research activities:                             
Flight management software development

Experimental firmwares for different vehicle configurations.



RPAS motion planning & control

RPASs need autonomous navigation to complete their tasks safely and efficiently.
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Minimize
𝑞 ∙
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(𝑗)

,  𝑗 ∈ 0,… , 𝑟 ,

𝑞(𝑗) 𝑇 = 𝑞𝑇
(𝑗)

,  𝑗 ∈ 0,… , 𝑟 ,

ℎ 𝑞, 𝑡 ≥ 0 ,  ∀𝑡 ∈ 0, 𝑇 ,

ො𝑞 𝑡 =

𝑙=1

𝑛
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ො𝑞 𝑡 =

𝑙=1

𝑛

𝑐𝑙 𝑏𝑙 𝑡 = 𝑐𝑇𝑏(𝑡)

𝑐 ≥ 0 → ො𝑞 𝑡 ≥ 0, ∀𝑡 ∈ 0, 𝑇

B-spline parameterization:

Convex hull property of B-spline:

𝑐𝑖−2

𝑐𝑖−1

𝑐𝑖

Bounds on a spline function can be 
enforced by imposing them on the 
coefficients.

−𝑎 𝑡 𝑇𝑞 𝑡 + 𝑏 𝑡 ≥ 𝑟 ,

𝑎 𝑡 𝑇𝑤𝑖 𝑡 − 𝑏 𝑡 ≥ 0 ,

𝑎𝑖 𝑡
𝑇𝑎𝑖 𝑡 ≤ 1 .

∀𝑖 ∈ 1,… , 𝑛𝑤𝑖
,

Obstacle avoidance:
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B-splines



𝑢1 = 𝑓 = ൗ𝐹𝑡𝑜𝑡
𝑚

𝑢2 = ሶ𝜙 = 𝜔𝑟

𝑢3 = ሶ𝜃 = 𝜔𝑝

Inputs:

ሷ𝑥 = cos𝜙 sin 𝜃
𝐹𝑡𝑜𝑡
𝑚

ሷ𝑦 = −sin𝜙
𝐹𝑡𝑜𝑡
𝑚

ሷ𝑧 = −cos𝜙 cos 𝜃
𝐹𝑡𝑜𝑡
𝑚

+ 𝑔

ሷ𝜙 =
1

𝐽𝑥
𝜏𝜙

ሷ𝜃 =
1

𝐽𝑦
𝜏𝜃

Dynamic 
model:

𝑓𝑚𝑖𝑛 ≤ 𝑓 ≤ 𝑓𝑚𝑎𝑥

𝜙𝑚𝑖𝑛 ≤ 𝜙 ≤ 𝜙𝑚𝑎𝑥

ሶ𝜙𝑚𝑖𝑛 ≤ ሶ𝜙 ≤ ሶ𝜙𝑚𝑎𝑥

𝜃𝑚𝑖𝑛 ≤ 𝜃 ≤ 𝜃𝑚𝑎𝑥

ሶ𝜃𝑚𝑖𝑛 ≤ ሶ𝜃 ≤ ሶ𝜃𝑚𝑎𝑥

Model 
constraints:
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Vehicle constraints



Toolbox for modeling, simulating and embedding motion planning problems.
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omg-tools
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Model predictive control

Flight controllerTrajectory planner RPAS model

The motion planning is performed repeatedly in receding horizon.
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example

Model sample time = 0.01 s

Trajectory average solving time = 0.2 s

Trajectory update time = 0.25 s



Extension to formation of multiple 

quadrotors - 1

(State, input, environment 

constraints)

(Formation constraints)

𝜀 ∶ SOFT-FORMATION DEVIATION 

(variable)

𝑤 ∶ SOFT-FORMATION WEIGHT 

(parameter)



Extension to formation of multiple 

quadrotors - 2

Examples:



Extension to formation of multiple 

quadrotors - 2

Trajectory update time: 0.1 sec

Horizon time: 10 sec

Update rate improves MPC 
performance but also 
increases computational load



Fast hardware companion for 
onboard computing capabilities

Experimental validation:

Current work
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Papers:

• E. L. de Angelis, F. Giulietti, G. Rossetti, “Multirotor Aircraft Formation Flight

Control with Collision Avoidance Capability”, submitted for revision to

Aerospace Science and Technology.

• F. Giulietti, G. Pipeleers, G. Rossetti, R. Van Parys, “Optimal Autonomous

Quadrotor Navigation in an Obstructed Space”, RED UAS 2017 International

Conference, Research, Education and Development of Unmanned Aerial

Systems, 3 – 5 Oct 2017.
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Thank you.


