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Abstract
The demand for advanced coordination schemes in multi-agent systems (MAS) has signifi-

cantly increased in recent years, driven by applications such as vehicle platooning in autonomous
driving [1], drone swarm coordination for surveillance [2], and coordination of satellite constel-
lations for efficient communication relays [3]. While traditional centralized coordination schemes
have been widely used for such tasks, they are prone to vulnerability and scalability issues,
motivating the exploration of decentralized approaches relying on local sensing and interactions
among agents.

This work addresses distance-constrained formation control, a decentralized strategy that
enforces desired formations by maintaining specified relative positions and distances between
agents. A key challenge in implementing this strategy is achieving a balance between communi-
cation requirements and performance constraints. Rigidity theory provides a robust framework
for understanding and addressing this trade-off by modeling the decentralized interactions and
geometric constraints. Distance constrained rigid frameworks ensure the desired formations by
maintaining specific inter-agent distances. Among these, minimal infinitesimal rigid (MIR) frame-
works are known to be the minimal architectural requirement that ensures the ensemble converges
to the correct shape [4]. In the Euclidean space R2, MIR translates to having at least (2n − 3)
communication constraints, where n is the number of agents.

Recent advancements in the theory of symmetry-forced rigidity provided a novel approach
that demonstrates the potential of symmetry constrained frameworks as a promising alternative
for MIR frameworks [5]. By exploiting specified symmetric constraints found in the formation,
this approach notably reduces the required interaction constrains to (1+ 1/|Γ|)n, where n is the
number of agents and Γ is the underlying symmetry group of the formation. Since symmetry forced
formations by definition have point-group symmetries defined with respect to some fixed inertial
point, preserving symmetric relationships during motion requires additional considerations.

A key contribution of this work is a modification of the augmented control strategy presented
in [5]. This modification introduces a virtual state for each agent to ensure convergence with
respect to any arbitrary time-varying centroid, enabling the MAS to achieve and maintain
the required spatial pattern during maneuvering. Specifically, consider a network of n agents,
described by the gradient-based dynamics:
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where O is the orbit rigidity matrix describing the symmetric infinitesimal rigidity properties of
the formation, Q is the symmetry-forcing term, and c̄(t) =

[
cT0 (t) cTf (t)

]T
= P (p(t) − r(t)) is

the shifted state of the formation according to the virtual state r(t) (see [5]).
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By introducing a reference velocity command vref (t) to the cascade system (1), the system
achieves the required formation, rendering the error dynamics exponentially stable while the
agents move cohesively according to vref (t). Fig. 1 illustrates an example of the resulting
trajectories when running the implemented control law for n = 6 agents. The formation achieves
zero steady-state error, as shown in Fig. 2.

Additional results show that by implementing a PI controller in a consensus version of the
virtual state, a single leader agent with access to the reference velocity command is sufficient to
distributively guide the entire formation while preserving its integrity. Numerical simulations are
shown to illustrate the main results.

Fig. 1. Maneuvering of a hex-shaped forced symmetric
formation according to a reference velocity command
vref (t) = [1, π/4 · sin(π/8 · t)]T .

Fig. 2. Error signals ∥pi − pj∥2 − d2ij where dij is the
set of desired inter-agent distances.
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