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Abstract

O In this study, we solve the finite-time leader-follower consensus
problem of discrete-time second-order multi-agent systems
(MASS) under the constraints of external disturbances. First, a
novel consensus scheme is designed using a novel adaptive
sliding mode control theory. Our adaptive controller is designed
using the traditional sliding mode reaching law, and its
advantages are chatter reduction and invariance to disturbances.
In addition, the finite-time stability is demonstrated by presenting
a discrete Lyapunov function. Finally, simulation results are
presented to prove the validity of our theoretical results.



Main idea

O Aiming at the second-order MASs over a directed graph, based
on the traditional sliding mode control (SMC) method, we propose
a new adaptive discrete sliding mode controller that leads the
followers to achieve finite-time tracking control of the single
leader’s position and velocity information in a discrete-time MAS.

O The existence and reachability of discrete sliding mode are
discussed in our research. Using the method of finite-time stability
by constructing a discrete Lyapunov function in a discrete system,
It is demonstrated that the presented control algorithm can ensure
the stability of the discrete MASs in finite time. Furthermore, the
stability is not affected by variation of the discrete sampling time.



Main idea

O Compared with the existing discrete SMC method, the adaptive
discrete sliding mode controller can adjust the time-varying
parameter € to decrease the inherent chattering of traditional SMC.
Meanwhile, the speed at which the sliding mode switching surface
IS reached is not affected. Using the saturation function sat(-), and
substituting the signum function sgn(-), which is widely used in the
ideal SMC, the advantage of the proposed controller in our
research is used to the greatest extent to create robustness and
Invariance to internal system perturbation and external
disturbances.



Leader-follower discrete-time
second-order MAS

O Leader dynamic model

’Uo(]f -+ 1) = ’Uo(k‘)

O Follower dynamic model



Finite-time consensus

O Finite-time consensus in discrete-time second-order MAS

lim [z (k) — 2o (k)] = 0

vi(k) =wvo(k), VkE>T, i€l,...n



Control law

wi(k) = [1 (L + b;) CeB] ™" {[eTM; sat (S;(k))
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O The control law can make the MAS reach finite-time consensus.

O The control law can solve the SMC high-frequency chattering
problem.



Simulation results
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O The position and velocity state of finite-time leader-follower
consensus with disturbances



Simulation results
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O The control law and sliding surface state of finite-time
leader-follower consensus with disturbances
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