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(a) (b)

Figure: (a) Single propeller kinematic chain, (b) DRAGAN Robot
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(a) (b)

Figure: (a) 4 UAVs transportation, (b) Flying parallel robot
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Figure: Single link system 2D representation

Where m1 = m2 = m0 is the mass of the vehicles, ma the mass of the link,
I1 = I2 = I0 the moment of inertial of the quadrotors and, finally, Ia that of the
link.
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Let the vector of generalized coordinates be ql1 = [x z θ]T , by applying the
Euler Lagrange formalism, the dynamics of the system can be expressed as:

Ml1q̈l1 + Gl1 = τl1

with

Ml1 =

2m0 + ma 0 0
0 2m0 + ma 0
0 0 m0l2

2 + Ia

 Gl1 =

 0
(2m0 + ma)g

0



τl1 =

Sθ+β1 f1 + Sθ+β2 f2
Cθ+β1 f1 + Cθ+β2 f2
l
2 (Cβ1 f1 − Cβ2 f2)


The quadrotor’s rotational dynamics are described by I0θ̈i = τi where i = 1,2.
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For control purposes, we consider β1 = β2 = β which allows us to establish
the relations

f1 + f2 =

√
u2

x + u2
z

θ + β = tan−1
(

ux

uz

)
Moreover, to determinate each force, we find[

f1
f2

]
=

1
2

[
1 1
1 −1

] [ √
u2

x + u2
z

(2uθ) / (lCβ)

]
where ux ,uz and uθ are the control inputs given by PD controllers in the form:

u = Kpep + Kv ev + Gd
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Figure: Two links system 2D representation
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As in the previous case we consider:

m0 the mass of the vehicles
ma the mass of the links
I0 the moment of inertia of the quadrotors
Ia the moment of inertia of the links
l the length of the links

To apply the Euler Lagrange formalism, let ql2 = [x z θa θb]
T be the vector of

generalized coordinates which leads to the equation:

Ml2q̈l2 + Cl2q̇l2 + Gl2 = τl2
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Where:

Ml2 =


3m0 + 2ma 0 l (m0 + 0.5ma)Sθa −l (m0 + 0.5ma)Sθb

3m0 + 2ma l (m0 + 0.5ma)Cθa −l (m0 + 0.5ma)Cθb

m0l2 + ma l2
4 + Ia 0

Symmetry m0l2 + ma l2
4 + Ia



Cl2q̇l2 =


l (m0 + 0.5ma)

(
Cθa θ̇

2
a − Cθb θ̇

2
b

)
−l (m0 + 0.5ma)

(
Sθa θ̇

2
a − Sθb θ̇

2
b

)
0
0



Gl2 =


0

(3m0 + 2ma)g
gl (m0 + 0.5ma)Cθa

−gl (m0 + 0.5ma)Cθb

 ; τl2 =


Sθ1 f1 + Sθ2 f2 + Sθ3 f3
Cθ1 f1 + Cθ2 f2 + Cθ3 f3

l
2 (Cθa−θ1 f1 − Cθa−θ2f2)
l
2 (Cθb−θ1 f2 − Cθb−θ2f3)


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For control purposes, we consider θ1 = θ2 = θ3 = γ which allows us to
establish the relations

f1 + f2 + f3 =

√
u2

x + u2
z

γ = tan−1
(

ux

uz

)
Moreover, to determinate each force, we findf1

f2
f3

 =
1
3

1 2 1
1 −1 1
1 −1 −2


√

u2
x + u2

z
(2uθa) / (lCθa−γ)(
2uθb

)
/
(
lCθb−γ

)


where ux ,uz ,uθa and uθb are the control inputs given by PD controllers
previously described.
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Figure: Translational behavior of the Single Link System
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Figure: Rotational behavior of the Single Link System
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Figure: Translational behavior of the Two Links System
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Figure: Rotational behavior of the Two Links System
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• Study of systems with more links in 2D
• 3D Modeling
• Implementation of a Convertible UAV
• Formation stability control
• Trajectory tracking control
• Implementation of Time-delay systems control theory
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Figure: Proposed convertible aircraft
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