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Multi-Agent Path Finding With Heterogeneous
Geometric and Kinematic Constraints

in Continuous Space
Wenbo Lin , Wei Song , Qiuguo Zhu , and Shiqiang Zhu

Abstract—Multi-Agent Path Finding (MAPF) represents a piv-
otal area of research within multi-agent systems. Existing algo-
rithms typically discretize the movement space of agents into grid
or topology, neglecting agents’ geometric characteristics and kine-
matic constraints. This limitation hampers their applicability and
efficiency in practical industrial scenarios. In this paper, we pro-
pose a Priority-Based Search algorithm for heterogeneous mobile
robots working in continuous space, addressing both geometric and
kinematic constraints. This algorithm, named Continuous-space
Heterogeneous Priority-Based Search (CHPBS), employs a two-
level search structure and a priority tree for collision detection.
To expedite single-agent path finding in continuous space, we in-
troduce a Weighted Hybrid Safe Interval Path Planning algorithm
(WHSIPPd). Furthermore, we present three strategies to enhance
our algorithm, collectively termed Enhanced-CHPBS (ECHPBS):
Partial Expansion, Target Reasoning, and Adaptive Induced Pri-
ority. Comparative analysis against two baseline algorithms on
a specialized benchmark demonstrates that ECHPBS achieves a
success rate of 100% on a 100 m × 100 m map featuring 50 agents,
with an average runtime of under 1 s, and maintains the same 100%
success rate on a 300 m × 300 m map with 100 agents.

Index Terms—Multi-agent system, path finding, mobile robot.

I. INTRODUCTION

MULTI-Agent Path Finding (MAPF) is a problem in which
multiple agents must collaboratively determine paths

from their start locations to specified goals using known en-
vironmental information. During their movement, agents must
avoid colliding with obstacles and other agents. MAPF has
various applications, including autonomous warehouse pick-up
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and delivery [1], [2], automated aircraft ground handling [3],
automated container terminals [4], and strategic games [5].

MAPF has been shown to be NP-hard [6], [7]. Algorithms
for solving this problem are generally categorized as either
optimal or sub-optimal. Conflict-Based Search (CBS) [8], a
prominent optimal algorithm, uses two-level search: the high-
level maintains a constraint binary tree, while the low-level
employs a single-agent path finding algorithm to generate paths
that satisfy constraints. This method is worthy when the num-
ber of agents is relatively small. However, the state space
and computational costs grow exponentially with the num-
ber of agents, making many methods inefficient. Sub-optimal
algorithms, such as Enhanced-CBS (ECBS) [9], Explicit Es-
timation CBS (EECBS) [10], Hierarchical Multi-Agent Path
Planner (HMAPP) [11], Priority-Based Search (PBS) [12] and
MAPF-LNS2 based on large neighborhood search [13], trade
off optimality for efficiency. However, all of these algorithms
make several simplifying assumptions for MAPF. These include
discretizing the agents’ movement space into topological or grid
map and defining agents as points or discs occupying vertexes
or grid cells, which do not satisfy kinematic constraints.

In practical industrial scenarios, agents need to move in
continuous space with unique geometric characteristics and
kinematic constraints. Li et al. [14] introduced the Large Agent
MAPF (LA-MAPF), allowing agents to occupy more than one
grid cell, and proposed a Multi-Constraint CBS algorithm for
2D and 3D environments, though with limited action spaces.
Li et al. [15] addressed MAPF for multi-robot systems with
non-holonomic constraints by utilizing ECBS for a coarse
search and a back-end trajectory optimization module to produce
collision-free paths. However, this mathematical optimization
approach often requires significant computational costs. Solis
et al. [16] presented an efficient and scalable MAPF solver that
generalizes CBS to continuous space. Wen et al. [17] proposed
the CL-CBS algorithm to solve the Car-Like MAPF (CL-MAPF)
problem, where agents have vehicle-like rectangular features
and adhere to Ackermann kinematic constraints. The trajectory
produced by CL-CBS does not require secondary optimization
and can be directly applied to practical industrial scenarios.
McBeth et al. [18] proposed a topological guidance RRT planner
combined with CBS for deadlock resolution in continuous space.
Nevertheless, due to the optimality of CBS, the constraint binary
tree becomes quite large, resulting in high computational costs
and a low success rate.
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