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QS Introduction

li’t » Purpose : elaboration of controllers for hovering &
flight and vertical landing of a VTOL UAV above a awt

textured target. e

» We use optical flow
v' Computation of the translational optical flow

» Stabilization of the hovering flight with a PI-
type controller.

» A non-linear controller for a smooth vertical
landing.

» Experimentations on a quad-rotor UAV.
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¢S Modeling of the « X4-flyer »

Ii’t The system is nonlinear and under actuated.

Definition of used frames. !
v' | : Inertial frame attached to the
earth,
v' B : body-fixed frame attached to the :
vehicle’s center of mass.
Vehicle state:
vé: position of the center of mass in |
v'V: speed of the center of mass in B
vR: orientation matrix from B to |
vQ: rotational velocity in B Dynamic Model used :
Inputs: I — F=f(T.R)
vT: Global thrust in B rrangations | &=V
v'[": Control torque in B dynamics -~ g — Constan

/forus—
Rotational wy m’U — F —+ A

Dynamics [roe T s ase Ny
. . / Already controlled
High gain controller
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=9 Kinematics of an image point under
spherical projection

list

Optical flow from an image plane to a spherical ret  ina.

Q@(’ :(X Y ) Optical Flow
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Fig. 1: Image dynamics for rectilinear camera image geom- | PrOperty
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¢S Translational optical flow computation
list | .
Rotational term Translational term Known data :
\4 QV/ T n

Q= ”Nz p=-LQx7 _T Measured data :
Q=R (RAR'JR>0 P

A =diag(A,A,,A,) -

w=Y=RY - (RARR(p+ )

d d

|

=R

> d=-d(n' w)
%f):ex —_([</7' W>de
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¢S Stabilization of the hovering flight
list

For the hovering flight define the error term, VEW— =—
The goal is the regulation of  Yb zero : v-0

t
The control law  F =-k,v-k j\“/dr ensures the exponential
0

convergence of v to zero (PI controller)

=k, Ltk S50 4
dO 0
As a consequence d
Ct—’ Cto k_OA
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¢S Vertical landing control (1)

list
Consider that 7'=e, , thatis d E‘z‘ = ls the distance of the vehi cle
to the ground

Define for the control of the third component of th e dynamics the

error term, _ . h .
W=W,-w =-— ﬁﬂd /LSmooth vertical landing

Goal: W - 0:% =-o ={h=he“| and h{t)>0 foralltime

Proposition 1: Consider the control law F, = —mk(wZ —a)*) ,
then for all k>K,, itensuresthe exponential convergence of h
to zero while keeping  h(t)>0for all time.
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¢S Vertical landing control (2)
List

> Proof:

v Define a:w*+AZ and d=h+ah ,and L:1h2+i52
mk 2 2a

v The third component of the dynamics is: mh = —k(% +a]

Integrating this equation, it yields hexp{% (h_ ho)j =he™ =0

L=—-0h"-=|--a

v’ Differentiating L, it yields _ 1 (k )
e

a

v' Chosing k ;,, suchthat g >0 and (%—a}o

It ensures that his bounded. Consequently, hco  nverges to zero with @
as exponential decay constant.
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eSd Vertical landing control (3)
list

Proposition 2: Consider the following control law, t hen for all Ky, >k
it ensures the exponential convergence of tfhzer o with was
exponential decay constant while keeping h(t) >0 for all ti me.

z

F =—kF,(wZ —a)*)—k, _t[(wZ —w*)jr
0
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Experimental setup

Camera:
-Focus: 2.1mm

Drone;
- Embeded attitude
control from IMU data
-running at 166Hz

Numerical transmission:
- Transmision of the
desired attitude to the
drone

- Transmission of IMU
data to the ground statio
- 70 ms are required for
the data transmission

Analogical transmission:
-Transmission at 2.4GHz

- Associate with an
acquisition card, a new
image is available each 50

Ground station:
Treatment of vision
algorithms at 60 ms

Textured ground
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¢S Experiments (1)
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Fig. 5: Vertical landing using the controller (16)
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¢S Experiments (2)
list
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¢S Conclusion
list

Computation of the translational optical flow over a textured
flat target plane.

Pl-type controller for the stabilization of the hov ering flight.

A rigorous non-linear controller for vertical landi ng.

The control approach has been experimented onaqua  d-
rotor UAV to demonstrate the performance of control lers.
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list
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