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Abstract:  This paper investigates a distributed time-varying optimization problem for Euler-Lagrange swarm intelli-
gent systems over unbalanced directed communication topologies. Consider a swarm intelligent system composed of multi-
ple agents with Euler-Lagrange dynamics, where information exchange is modeled as a strongly connected and unbalanced
directed graph, and each agent possesses its own private local time-varying cost function. The objective is to design control
inputs for each agent such that all agents’ real-time states achieve consensus and collectively converge to the time-varying
optimal solution of the global cost function. In practical applications, the coupling of weighted consensus bias caused by un-
balanced communication topologies, solution drift induced by time-varying cost functions, and inherent system nonlineari-

ties and parameter uncertainties presents severe theoretical challenges for the design of distributed optimization algorithms.
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To overcome the aforementioned challenges, this paper proposes a novel dual-layer algorithm framework that integrates a
distributed optimizer and an adaptive controller. In the optimization layer, a distributed optimizer tailored for unbalanced di-
rected graphs is designed. It eliminates the impact of communication topology imbalance by online estimation of the left ei-
genvector associated with the zero eigenvalue of the Laplacian matrix, while introducing a time-varying gradient prediction
compensation term to dynamically correct the optimal trajectory drift, thus generating a reference velocity signal. In the con-
trol layer, a tracking controller with a system parameter adaptation law is designed for each agent. Utilizing the linear pa-
rameterization property of Euler-Lagrange systems, it updates estimates of unknown parameters online, enabling the agents’
actual velocities to accurately track the reference velocity, thus mitigating the impact of model uncertainties on tracking per-
formance. To analyze the convergence of the proposed algorithm, first, the input-to-state stability theory is utilized to ana-
lyze the optimizer dynamics, demonstrating that the states of agents achieve consensus when the tracking error is bounded
and convergent. Second, a Lyapunov function is constructed to analyze the optimal tracking step, and Barbalat’s lemma is
applied to prove that the sum of global gradients asymptotically approaches zero. Consequently, it is rigorously proven that
the real-time states of all agents globally and asymptotically converge to the time-varying optimal trajectory provided the
controller parameters satisfy the certain inequality conditions. Finally, the effectiveness of the proposed algorithm is validat-

ed through numerical simulations involving ten two-link manipulators. The results demonstrate that the joint angle trajecto-

ries of all agents can accurately track the optimal trajectory.
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