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Distributed continuous-time optimization: adaptivity and finite-time convergence
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Abstract

In this talk, a distributed optimization problem is studied for continuous-time multi-agent systems with
single integrator dynamics. The objective is for multiple agents to cooperatively optimize a team performance
function formed by a sum of convex local objective functions with only local interaction and information while
explicitly taking into account adaptivity and finite-time convergence. The continuous-time algorithms have
applications in motion coordination of multiagent systems. First, a distributed algorithm with a signum function
is introduced for a class of convex local objective functions. A corresponding condition is then given to
guarantee that all agents reach a consensus in finite time while minimizing the team performance function.
Second, an adaptive distributed algorithm is presented. It is shown that the interaction gain of each agent can be
adaptively adjusted according to the variation of the gradients of the convex local objective functions, and the
algorithm can deal with general differentiable convex local objective functions. Third, a distributed tracking
algorithm combined with a distributed estimation algorithm is proposed for a class of convex local objective
functions. It is shown that all agents reach a consensus while minimizing the team performance function in
finite time.

About the Speaker
Wei Ren is currently a Professor with the Department of Electrical and Computer Engineering, University
of California, Riverside. His research focuses on distributed control of multi-agent systems and autonomous
control of unmanned vehicles. He was a recipient of the National Science Foundation CAREER Award in 2008.
He is currently an Associate Editor for Automatica, Systems and Control Letters, and IEEE Transactions on
Control of Network Systems. He is an IEEE Fellow.
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Robustness of Linear Consensus Protocols over Uncertain Network Graphs
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Abstract

The network topology is without any question the central mechanism that enables multiple agents to
cooperate via information exchange over the network. In the literature, a directed or undirected graph,
commonly represented by a known, often constant matrix, is adopted to characterize the information flow
among the agents in a highly idealized manner. In practice, however, the information exchanges among agents
must be executed over a communication network consisting of various communication links, which cannot be
immune to transmission errors, channel noises, and system constraints. A realistic multi-agent model must
therefore account for the network communication errors and noises, and for it to be viable, the theory of
cooperative control of multi-agent systems must address the robustness against the noises and uncertainties of
the communication channels. The purpose of this lecture is to present our recent results on robustness of
multi-agent consensus coordinating over uncertain communication channels.
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Fully distributed strategies for second-order multi-agent systems
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Abstract

Coordination of multi-agent systems has attracted a considerable amount of attention in the last decade due
to its board applications in a variety of scenarios including sensor networks, robotic networks, and unmanned
aerial vehicles. In reality, a large class of mechanical systems are modeled by second-order dynamics. And
extension of consensus algorithms from first-order integrators to second-order integrators is, nonetheless,
nontrivial. In this talk, we will discuss the algorithms with fully distributed strategies, including the problmes
with gain adaptation, no global reference frame, or no communication.
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The Composite Laplacian Quadratics Function and Its Applications in Multi-Agent Systems
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Abstract

This talk introduces a non-quadratic function defined in terms of multiple Laplacian quadratics, called the
function of composite Laplacian quadratics (CLQs). We establish the one-level-set dissipation property of the
CLQs function, and derive the gradient of the function. We show that the optimal parameter of the function is
unique. A distributed computation approach is proposed to compute the optimal parameter. The CLQs function
is applied to solve the consensus problem of linear differential inclusions (LDIs), for which the robustness issue
of the optimal parameter is investigated. Numerical examples are included to show the validity of the
theoretical results.

About the Speaker

Fei Chen received his Ph.D. degree in Control Theory and Control Engineering from Nankai University,
Tianjin, China, in 2009. From August 2009 to August 2010, he was a Postdoctoral Researcher in the
Department of Computer and Electrical Engineering, Utah State University, Logan, UT. Since November 2010,
he has been with the Department of Automation, Xiamen University, Xiamen, China, where he is currently an
Associate Professor. He was selected as 2014 outstanding reviewer for IEEE Transactions on Control of
Network Systems, and awarded New Century Excellent Talents in Fujian Province University in 2015. He is a
Senior Member of the IEEE (2015).
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Some recent results on coordination of multi-agent systems
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Abstract

The study of multi-agent systems attracts much attention due to its scientific values and broad engineering
applications. In this talk, we will present some recent results on the coordination of multi-agent systems. In the
first place, motivated by the broad applications on economics, biology, sociology, and communication, we will
consider the stability problem of positive switched linear systems. A weak excitation condition was proposed to
guarantee the exponential stability of the system. In the second place, attitude coordinated control problem of
multiple underactuated spacecraft is studied. We proposed partial attitude coordination protocols and full
attitude coordination protocols such that the symmetry axes of all the spacecraft were shown to be aligned
under a general connectivity assumption. In the third place, motivated by the opinion dynamics over social
networks, we study behaviors of networks with antagonistic interactions and switching topologies. It was
proven that the limits of all agent states exist and reach a consensus in absolute values if the topology is
uniformly jointly strongly connected or infinitely jointly connected. Last but not the least, some general
thoughts are also provided on the future directions regarding the area of multi-agent systems.
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