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Abstract—Multiagent systems have been widely researched
and deployed in the industry for their potential to collectively
achieve goals by distributing tasks to individual agents [1]-[4].
Formation control, one of the many applications of multiagent
systems, aims at steering agents into a stable geometric pattern
in space [3], [4]. There has been a variety of crafted distributed
controllers in literature based on different dynamics that agents
follow, and different variables that agents sense and control [5].
Affine formation control is brought to the spotlight where N
agents in R” converge to the target formation up to an affine
transformation [6]. A more general scenario of affine formation
control is the dynamic formation maneuvering problem where
the target configuration is time-varying and the agents need to
not only converge to the desired formation but also track the
maneuvering pattern. This problem is addressed in [7] where
a series of controller designs are introduced depending on the
dynamics of the agents.

One of the practical challenge for affine formation control is
the awareness of relative positions of the neighbouring nodes,
which may not be always available due to e.g. sensor malfunc-
tioning and environmental interference. Missing relative positions
entail an adverse impact on the control, which leads to a
suboptimal or even unstable formation. In this work, we present
relative affine localization (RAL) to estimate unavailable relative
positions from the known ones in dynamic affine formation
control settings. It is found that the global affine transformation
parameters over the network can be locally estimated through a
set of linear equations. As such, the missing relative positions of
the neighboring agents can also be localized and then employed
by the controller. We also conclude that in R”, D relative
positions for each agent are sufficient for localization in general.
Furthermore, a sequential Least Squares (SLS)-based adaptive
filter across time is also implemented on top of RAL to track the
underlying affine parameters and improve the performance. Fig.
1 shows the improvements in tracking error ¢(¢) when using RAL
and SLS-based filtering. We also study two practical scenarios
where the system is subject to a percentage of loss of relative
positions and out-of-service agents, respectively. As a result, RAL
is robust to these cases in terms of convergence and optimality. It
is worth mentioning that this method applies to all the controllers
introduced in [7] since they involve relative positions.

Index Terms—affine formation control, missing observations,
sequential Least Squares
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Fig. 1. (a) is the graph representation of formation where the vertices denote
mobile agents and edges denote relative measurements. The time-varying
target formation will be an affine transformation of the spatial locations of
the vertices. (b) shows the mean tracking error 6(¢) (difference of actual and
target positions) across time ¢ in seconds when only 3 relative positions are
available per agent. The “reference” case is when all relative positions are
available. This figure shows that without RAL the formation only converges
suboptimally, but with RAL and SLS-based filtering the performance is much
improved.
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