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Topics of this presentation

Objectives

= Compare different control strategies for the stabilization of a micro
quadri-rotor UAV

= Design and implement the most suitable control law

Outline

|. System modeling

2. Attitude controller
3. Position controller
4. Experimental results

5. Conclusion , ,
micro Quadri-rotor UAV
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System modeling

® Configuration vectors
[z, y, 2]*
n=[0,0, VU Oy TRg

CoCy SpSeCy — CpSy CpSeCy + SoSy
R=|CoeSy S3SeSy + CsCy CpSeSy — SsCy
_ S S6Co CoCo

® Velocity decoupling matrix

1 0 —5Se
0 Co SsCe Q=W(n)n
0 —Sp CyCo
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System modeling

® Forces distribution:
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System modeling

® Dynamic equations (Euler-Lagrange):
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® Analytical model (with small angles simplification):
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Model abstraction:
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Control strategies

® [wo sub-controllers:

- Attitude stabilization

- Position stabilization

® Different control strategies for Attitude Stabilization

= Quaternion based linear feedback controller [Tayebi2006]
- Non-linear backstepping controller [Bouabdallah2005]

- Non-linear sliding-mode controller

® Backstepping controller for Position Stabilization
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Control strategies
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control
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Attitude control: Linear feedback controller

Feedback controller, angles

® Quaternion based controller

R

- Reduced quaternion vector:

®, 6, ¥ [deq)

q = [q1,¢,qs)

= Linear feedback law:

ctrl __

T =l (q — qd) — 1, §2

u"b‘ 1 O 0

ty >0 m,=\| 0 py O
0 0 pu,

= Controller globally asymptotically stable [Tayebi2005]
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Attitude control: Backstepping controller

Backstepping controller, angles

Define non-linear control law
based on Lyapunov fonctions

@, O, ¥ [deg)
ALV o388

State vector: x=[®, &, 6, 6, U, U]*

Transform dynamic state vector: x — z 5 1 15 2 25 3 35 4

Time [s]

21 — &1 — j"l = 29 + al(zl)

— d
{21—.’171—1:1 . . d

2 =T — ¢ — ai(21)

Choose Lyapunov candidate function:

1 1 .
Vi= izf and Vs = 5 (27 + 25) Vo <0 — ay(2)

Control law :

a1 az—1 0 0 al1+as 0 0
—I ( 0 a3z aqs—1 0 ) (‘T’ — T’d) — I ( 0 a3-+a4 0 ) Q
0 0 as ag—1 0 0 as+ag

Tctrl _
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Attitude control: Sliding mode controller

Sliding mode controller, angles

N

State vector: x = [n,n|"

System dynamic model: x = f(x) + B(x)u

®, ©, ¥ [deg]
288833888

Switching or sliding manifold:

S={:DER6|8(:B)=0} 0 05 1 15 2 25 3 35 4

Time [s]

=Cie+C "’
S(x) = e e . : : :
() 1 2 { nd 7

Sliding-mode control law:

u"(x) = —K sign (s(x)) = {u*(m), s(z) >0

u_(x), s(x) <0

"= Proof of control law stability (Lyapunov approach): see paper
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Attitude control: analysis and comparison

Feedback controller, angles Backstepping controller, angles Sliding mode controller, angles

‘-\
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Attitude control: analysis and comparison

®, O, ¥ [deg)

Feedback controller, angles

n? = [30°,20°, —45°])7

Backstepping controller, angles
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Sliding mode controller, angles

L
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Position control: Backstepping controller

/] d

o tr UAV
" ctr : cLr
Position . Aty.tudt.a » system
controller trl ‘stablllzatlon dynamics

A T A 5 Q

ed

Inertial- |

¢ Q ) ,,:, Sensor

Using same approach based on Lyapunov function:

T=r = (1+blbg)($—$d)+(bl+b2)$
g=ry = (L+b3bs)(y—y?)+ (bs+bs1)y
Z=ry = (1+bsbs)(z—2%) + (bs+bs) 2

Dynamic model based position controller:
4 ctrl __  Myay
F = csco (r3 +9)
o'l — aresin (% (71 Sga — T2 C\pd))

netrl - Mauay
\ e arcsin ( Fetrl e (r1cga + 12 Sxyd)>
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Position control: Backstepping controller

® Simulation results

Position over time
Desired and real trajectories (in meters)

Desired trajectory
| Real rajectory -
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Position over time
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First experiments: attitude stabilization

Angles

6
Time [s]

Control torques (backstepping) Angular velocity (from sensors)
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= i
L:i : 3 I

2

Time [s]

21/09/07 - EMAV2007 - European Micro Air Vehicle Conference and Flight Competition




Conclusions

® Developed a simplified dynamic model for a quadri-rotor

® Analyzed different control strategies for the attitude control

- Linear feedback law, backstepping, sliding-mode controller
® Proposed a backstepping controller for position stabilization

® Evaluated and tuned the controller using numerical
simulations

® First test on a real prototype of quadri-rotor UAV
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