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Abstract

Multi-Unmanned Aerial Vehicle (UAV) systems are in-
creasingly used in applications such as Search and Res-
cue (SAR) and surveillance, where multiple aerial robots
must coordinate under time pressure. As fleet sizes grow,
manual coordination becomes infeasible, making automated
planning essential to generate and adapt coordinated ac-
tions in dynamic environments. We present AUSPEX, an
open-source framework for automated planning and exe-
cution in multi-UAV systems. AUSPEX integrates multi-
ple planning approaches and enables closed-loop replanning
during execution, supporting coordinated missions across
heterogeneous UAVs. The system was validated through
Hardware-in-the-Loop (HIL) experiments in an SAR sce-
nario. A video of the HIL demonstration is available at
https://www.youtube.com/watch?v=Fu3FXhT4qaA.

Code — https://github.com/UniBwM-IFS-AILab/AUSPEX

Introduction
A heterogeneous multi-UAV system comprises flying robots
of different types and sizes, equipped with various hard-
ware and software offering diverse capabilities. Such sys-
tems require specialized task allocation to efficiently fulfill
mission goals due to the limited capabilities of individual
UAVs (Alqudsi and Makaraci 2025; Mohsan et al. 2022).
In addition, the system must operate within a partially ob-
servable environment, and new observations might require
adapting the mission plan.

Existing software solutions for multi-UAV systems
RACER (2023) and LEVIOSA (2024) primarily focus on
path generation and navigation aspects, with limited con-
sideration of task-level decision-making. Other alternatives
like AEROSTACK2 (2024) exhibit limitations for high-level
planning.

System Architecture
AUSPEX (Döschl, Sommer, and Kiam 2025) is a holis-
tic, open-source framework that provides high-level plan-
ning capabilities specifically designed for decision-making
in multi-UAV systems with closed-loop planning and execu-
tion. It features a modular architecture to facilitate the inte-
gration of different algorithms for planning, execution, and
perception. Modules can be deployed either on the ground

control station (GCS) or on a companion computer attached
to each UAV. Figure 1 shows an overview of the AUSPEX
system in its typical deployment configuration.

Deliberative Functions
AUSPEX is centered around the module AUSPEX-PLAN,
which is responsible for solving a planning problem with
dynamic goals and a partially observable environment. Con-
cretely, at each planning request, a problem instance is
created by querying the mission parameters, current world
state, and available UAVs with their respective capabili-
ties from the knowledge base, AUSPEX-KNOW. AUSPEX-
PLAN then creates a set of coordinated action sequences
π = {π(u1), . . . , π(uM )}, where each plan π(um) is an
ordered sequence of actions assigned to UAV um ∈ UM ,
such that the mission goals are achieved while satisfying
global constraints. To achieve this, AUSPEX-PLAN ex-
emplarily integrates different planning capabilities, such as
Unified Planning (Micheli et al. 2025) for high-level, sym-
bolic planning and Adaptive Large Neighbourhood Search
(ALNS) (Ropke and Pisinger 2006).

The plan π(um) is then sent to the respective AUSPEX-
EXEC of UAV um. AUSPEX-EXEC has three main respon-
sibilities: (i) task the UAVs in real-time, (ii) process feed-
back from the UAVs, and (iii) query AUSPEX-KNOW for
new information from AUSPEX-SENS. Steps (ii) and (iii)
are used to determine if replanning is necessary.

Platform-Specific Functions
While the aforementioned modules are platform-agnostic,
AUSPEX-AERO and AUSPEX-SENS are platform-
dependent, as they rely on the flight controller or sensor
payload of the UAV.

AUSPEX-AERO is typically (although not necessarily)
deployed on a companion computer attached to the UAV.
It refines the actions it receives from AUSPEX-EXEC
into platform-specific commands. It also forwards telemetry
from the flight controller to AUSPEX-KNOW.

AUSPEX-SENS is a sensor data processing module that
extracts information from the continuous incoming data
streams originating from the UAV sensors by performing,
for example, object detection. Inferred information is in-
cluded in AUSPEX-KNOW, making it accessible to all mod-
ules.
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Figure 1: AUSPEX architecture overview. Modules are connected via ROS 2 communication backbone. This figure is adapted
from (Döschl, Sommer, and Kiam 2025).

Peripherals
AUGUR is a user interface that can be connected to the
ROS 2 backbone of AUSPEX. It can be used for mis-
sion control and supervision, as well as for mission defini-
tion, including formulation of mission goals in natural lan-
guage (Döschl and Kiam 2026).

Experiment and Demonstration
The AUSPEX framework was validated based on SAR mis-
sions, using HIL and Software-in-the-Loop (SIL) testing.
For SIL, we used dynamic REAP (Sommer, Döschl, and
Kiam 2025), as well as a simulation environment based on
NVIDIA Isaac Sim.

Real-World HIL Validation
We tested a heterogeneous multi-UAV system consisting of
two smaller UAVs and one larger UAV. In our HIL test,
AUSPEX-PLAN, AUSPEX-EXEC, AUSPEX-KNOW and
AUSPEX-SENS were deployed on the Ground Control Sta-
tion (GCS), while AUSPEX-AERO was deployed on a com-
panion computer attached to each UAV.

In the considered scenario, a target representing a missing
person must be located. Once located, a first-aid kit must
be delivered to the target’s location. For this task, three het-
erogeneous UAV are in use: one equipped with a droppable
first-aid kit, while the other two carry (different) cameras.
Mission commands are given through AUGUR, where oper-
ations can also be monitored. In the first planning step, both
UAVs equipped with cameras are tasked with searching an
area. Upon identification of the target, AUSPEX-EXEC ini-
tiates replanning, after which the two UAVs searching the
area return to their home position and land, while the UAV
carrying the first-aid kit takes off and delivers it to the target.
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