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HIGHLIGHTS

GRAPHICAL ABSTRACT

o The stability of the vehicle is achieved
under the robust adaptive controller in
the presence of fault,
uncertain dynamics, and external
disturbance.

actuator

e The actuator fault is a combination of
weakened control effort and actuator
disturbance.

e The backstepping approach is utilized
to construct the Lyapunov function.
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This paper deals with the robust-adaptive backstepping control of
heterogeneous self-driving vehicle groups in the presence of actuator fault,
model uncertainty, and external disturbance concerning group speed
constraints. The actuator fault is a combination of descending control law and
the actuator disturbance. A third-order dynamical model is utilized to
describe the longitudinal motion of each vehicle in which the engine time
constant is unknown and the external disturbance is considered. The
communication structure is assumed to be bi-directional leader-following.
The control design is performed in three levels: speed level, acceleration level,
and the final level. At the first level, the error is defined as the difference
between the actual position and the desired position of each following vehicle.
After that, by employing the Lyapunov theorem, a virtual control law is
introduced to make the tracking error bounded. In the second and third levels,
the error respectively is defined as the difference between speed and
acceleration and the virtual control law of the previous level. Finally, a
Lyapunov function involving the state errors of all levels and the estimation
errors of the third level is defined and an adaptive control is introduced such
that the tracking error and the estimation errors will be bounded. Numerical
results are provided to show the merits of this method.
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11 Decentralized

12 Multi-agent systems

13 Fault

14 Failure

15 Cyber attacks

16 Distributed cooperative controller
17 Feedback linearization

18 Adaptive

19 Partially constant

20 Finite time stability
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1 Intelligent transportation systems (ITS)
2 Autonomous vehicles

3 Following vehicles

4 Leading vehicle

5 VANET

6 Onboard sensors

7 Uni-directional

8 Bi-directional

9 Multi-predecessors

10 Centralized
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