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Immersion and invariance adaptive control for
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Abstract: Considering the parametric uncertainties of a small-scaled unmanned helicopter, we develop a new adaptive
controller by the immersion and invariance (I&I) approach. The stability of the closed-loop system is proved by using the
Lyapunov based analysis and the LaSalle’s invariance theorem. The asymptotic convergence of the attitude tracking error
is also proved. Real-time experiments are performed on a helicopter attitude control testbed; and the results validate the

good performance of the proposed control scheme.
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unmanned helicopter’s dynamics)
2.1 AR &R 5E X (Coordinate system definition)
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Current body-fixed
frame B

Desired body-fixed
frame By

2, Inertial frame
K1 MRS N BTSSR =
Fig. 1 The coordinate system of a miniature unmanned

helicopter
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3 183151 (Controller design )

3.1 FFHiRE RS (Introducing the estimation
error dynamics )
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4 FarE kM (Stability analysis)
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5 SEEOEGAE (Experiment results)
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5.2 B MR8 W 525 (Attitude tracking control
experiment)
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Fig. 2 Adaptive tracking experiments: rotation angle and

pitching angle
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Fig. 3 Adaptive tracking experiments: yaw angle and its
tracking error
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Fig. 4 Adaptive tracking experiments: control inputs

5pcd

/()

of
3
-10F 0 M
720_ 72fvw -
. 100105 110 ]15 129
0 20 40 60 80 100 120 140

t/s

20F T T T T T T 3

10 b
N oL A N s ]
S —/\ T T T

“10F 0 v o] ]

20+ =5 1 1 I

1 1 1100 1068 110 115 120

0 20 40 60 80 100 120 140
t/s

K 6 PIDRRERSCIG: HEHE i S AR ik

Fig. 6 PID tracking experiments: rotation angle and

pitching angle
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Fig. 7 PID tracking experiments: yaw angle and its

tracking error
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Fig. 5 Adaptive tracking experiments: parameters estimation
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6 4518 (Conclusions)
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