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Abstract. Rearranging objects on a planar surface arises in a variety of
robotic applications, such as product packaging. Using two arms can improve efficiency but introduces new computational challenges. This paper
studies the structure of dual-arm rearrangement for synchronous, monotone tabletop setups and develops an optimal mixed integer model. It
then describes an efficient and scalable algorithm, which first minimizes
the cost of object transfers and then of moves between objects. This is
motivated by the fact that, asymptotically, object transfers dominate
the cost of solutions. Moreover, a lazy strategy minimizes the number
of motion planning calls and results in significant speedups. Theoretical arguments support the benefits of using two arms and indicate that
synchronous execution, in which the two arms perform together either
transfers or moves, introduces only a small overhead. Experiments support these points and show that the scalable method can quickly compute
solutions close to the optimal for the considered setup.
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Introduction

Automation tasks in industrial and service robotics, such as product packing or
sorting, often require sets of objects to be arranged in specific poses on a planar
surface. Efficient and high-quality single-arm solutions have been proposed for
such setups [18]. The proliferation of robot arms, however, including dual-arm
setups, implies that industrial settings can utilize multiple robots in the same
workspace (Fig 1). This work explores a) the benefits of coordinated dual-arm
rearrangement versus single-arm, b) the combinatorial challenges involved and
c) computationally efficient, high-quality and scalable methods.
A motivating point is that the coordinated use of multiple arms can result in
significant improvements in efficiency. This arises from the following argument.
Lemma 1. There are classes of tabletop rearrangement problems, where a karm (k ≥ 2) solution can be arbitrarily better than the optimal single-arm one.
For instance, assume two arms that have full (overhand) access to a unit
square planar tabletop. There are n objects on the table, divided into two groups
of n2 each. Objects in each group are ε-close to each other and to their goals. Let
the distance between the two groups be on the order of 1, i.e., the two groups are
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