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ABSTRACT

Drone routing problems (DRP) focus on optimizing routes for a
fleet of drones to ensure efficient, timely, and cost-effective deliv-
ery of goods. The problem is formulated as a multi-agent path
finding (MAPF) problem, aiming to compute collision-free, opti-
mal paths that minimize the total travel time of all agents. While
traditional MAPF research is typically conducted on 4-connected
grid graphs, DRP extends this to a non-grid environment suited for
drone delivery. This competition incorporates non-grid maps based
on real-world environments and a gym-standard environment for
benchmarking various pathfinding algorithms.
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1 INTRODUCTION

The drone routing problems (DRP) are a critical challenge in logis-
tics and autonomous systems, focusing on optimizing collision-free
routes for multiple drones to enhance efficiency. This competition
aims to minimize total fleet travel time while considering con-
straints such as payload capacity, battery life, and dynamic routing
requirements [2, 5].

Unlike most traditional grid-based maps, the competition envi-
ronment features a non-grid space where drones navigate along
predefined edges, necessitating advanced path-planning algorithms
[3, 4, 8, 9]. Participants can employ reinforcement learning, graph
theory, swarm intelligence, and optimization techniques to develop
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Figure 1: Aerial delivery robots [6].

sustainable routing solutions that contribute to reducing logistics-
related carbon emissions. The DRP Challenge website is avail-
able at !, and a demo video can be accessed at .

2 DRONE ROUTING PROBLEMS (DRP)
2.1 Rules and Guidelines

In this competition, we have designed an environment that sim-
ulates real-world drone delivery conditions, where participants
navigate the environment to complete assigned tasks.

The environment consists of a non-grid space represented as a
topological map with nodes and edges, where edges have assigned
distances derived from real-world maps, as shown in Fig. 2. Drones
move across the map based on predefined policies and are con-
strained to be located only on nodes and edges. Each agent has a
unique departure point and destination node. An agent can detect
the positions of other drones only when they appear on an adjacent
node. Additionally, once a drone enters an edge, it must maintain
its direction until it reaches the next node.

Drones continue moving until they either collide with another
drone or all agents successfully reach their respective destinations.
Given the dynamic nature of this environment, participants must
apply interdisciplinary problem-solving approaches.

Uhttps://drp-challenge.com/
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Figure 2: The development environment of the DRP Chal-
lenge.

2.2 Definition of the DRP

We define the Drone Routing Problem (DRP) in a general non-grid
environment, following [1]. A team of drones is denoted by the
index set N = {1,...,i,...,|N|}, operating in a two-dimensional
space modeled as a graph G = (V, E).

The vertex set V = {oy, ..., Z)|V‘} consists of navigable locations,
where each node vy is associated with a planar coordinate I =
(1%, lg). The edge set E = {(vk, v;) | a link exists between vy and v;}
represents navigable connections between nodes. For each node vy,
its adjacent nodes are defined as: v]':” ={o; | (vx,v;) € E}.

At the beginning of each episode, every drone i is assigned a start
node s’ € V and a destination ¢’ € V. During execution, drones
may occupy not only nodes but also intermediate positions along
edges, represented by continuous coordinates [y = (I*,1Y).

The DRP is subject to the following feasibility constraints: 1) No
two drones i and j are allowed to be located at the same position
at the same time, i.e., I! # I/; 2) Two drones are prohibited from
simultaneously traversing the same edge in opposite directions.

For a finite planning horizon of T time steps, the trajectory
of drone i is represented as path! = (I'/[0],1'[1],...,[}[T]), with
Ii[0] = s'. If the drone reaches its target at step ¢, then ['[t] = ¢/,
and the drone remains at the goal for all subsequent steps, i.e.,
Ii[t'] = g for every t’ > t.

The movement cost of a trajectory is measured by the cumulative
Euclidean distance: cost(path’) = ZtTQOI 1t + 1] = Et]]lo.

The DRP aims to determine a set of trajectories for all drones
that minimizes the overall travel cost while satisfying the above
constraints. This objective is formulated as:

min Z Z cost(pathipi)
epi i

subjecttoVi € N, [‘[T] = gépi.

1)

The terminal condition I'[T] = gépi guarantees that each drone
remains at its designated goal at the end of the episode. The notation
gipi reflects that goal assignments may differ between episodes. The
overall objective is therefore to minimize the total movement cost
aggregated over all episodes.
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Table 1: Top-three methods in each DRP Challenge edition
(lower cost is better)

Edition Rank Approach Cost  Method
Ist (AAMAS 2024) 1st  RL 11,902 QMIX [7]
2nd  Planning 12,014 Improved heuristic function
3rd Planning 12,220  Priority-based search
2nd (AAMAS 2025) 1st Planning 10,903 Improved CBS [10]
2nd  Planning 10,991 Improved Dijkstra
3rd Planning  11,355.8 Shortest path + genetic algorithm

2.3 Evaluation Criteria

We evaluate all methods on three benchmark maps with different
scales and topological characteristics: map_3x3, map_aoba@1, and
map_shibuya. For each map, we define multiple configurations with
varying numbers of drones and distinct start-goal assignments. We
refer to each unique combination of map, number of drones, and
start—goal configuration as a problem instance. In total, 30 problem
instances are used for evaluation, as specified in the predefined con-
figuration file (problem/problems. py), which is fixed and cannot
be modified by participants.

Cost for a single problem. For each problem p, we execute the
policy over 10 independent iterations and compute the average cost:
costy = % n 2. jedrones COStij, where i indexes the iteration and
drones denotes the set of drones in problem p. The per-drone cost
cost;j is defined as:

stepii,
costjj = { Pij

max_steps,

if drone j reaches its goal in iteration i,

if a collision occurs.

@)
Here, step;; represents the number of time steps taken by drone j
to reach its destination in iteration i, max_steps is the maximum
steps in one episode. Collisions or failures to reach the goal are
heavily penalized by assigning a fixed cost of 100.

Overall evaluation metric. The final evaluation score is com-
puted as the sum of costs over all problem instances: Final Cost =
2 peproblems €0Stp, where problems denotes the full set of 30 prob-
lem instances. The objective of the DRP Challenge is to minimize
this overall cost.

2.4 Competition Results

Table 1 summarizes the top-three methods and their costs in the
past two competitions. The 1st Challenge attracted 8 teams, while
the 2nd grew to 17 teams, indicating improved solution quality.

Approaches fall into two categories: planning-based and rein-
forcement learning (RL). Planning methods such as CBS [10] and
priority-based search dominate. Although QMIX [7] (RL) won the
first edition, all top-three methods in the second used planning.
This is because instances vary in map size and robot count: RL often
requires retraining, whereas planning generalizes across graphs
and agent numbers without additional training.
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