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Context
The popularity of unmanned aerial vehicles (UAVs), also known as “drones,” has laid the
groundwork for interest in cooperating UAVs. In particular, those groups of UAVs that are
referred to as swarms are the subject of many research efforts [1]. Especially of interest to us
are decentralized or distributed swarms, where the individual UAVs are autonomous in their
decision-making rather than being controlled by a single centralized entity [2]. To challenge
the behavior of autonomous systems, existing approaches utilize scenario-based testing (SBT)
combined with metaheuristic search methods to test UAVs that operate individually [3]. This
approach is based on established methods that have been utilized in the autonomous car
domain to build relevant scenarios and search for scenario configurations that elicit “corner
case” unsafe behaviors of the system under test (SUT) [4]–[7].

SBT usually relies on models and simulation environments, especially when iterative methods
are used. Modeling and simulation is inherently about abstracting the real world, but different
tools and environments implement that abstraction at different levels of fidelity. Higher fidelity
means “more realistic” and lower fidelity is the opposite; usually, the computational cost in-
creases with higher fidelity. SwarmLab is a simulation environment that was developed for rapid
prototyping and testing of UAV swarm controller models and includes simple representations of
an environment that a swarm might fly through [8]. In comparison, AirSim was developed to
provide a high-fidelity physics-based simulation environment for drones [9]. Current work at the
Chair has involved applying existing SBT approaches to testing a swarm controller. However,
to the best of our knowledge, no existing work on SBT for swarm controllers compares how
different simulation fidelity levels may affect the results.

Goal
This thesis topic aims to (1) compare the parameters available in both a low-fidelity and high-
fidelity simulation environment for testing drone swarms and to (2) characterize the sensitivity of
a “corner case” test case to those parameters. If the SUT passes a test case in the lower-fidelity
environment but fails the test case in the higher-fidelity environment, then the higher-fidelity
environment may include parameters that should be considered essential to testing a drone
swarm. We propose using the SwarmLab and AirSim simulation environments and using the
swarm model in [8] or [10] as the SUT. We also propose evaluating the system’s safety in a
simple transportation mission, where the swarm must fly from a starting point to a destination
point while avoiding obstacles.

Working Plan
1. Use existing literature to build an understanding of drone swarm operational environments.
2. Design a scenario using existing scenario-based testing approaches and implement it

in both the lower-fidelity and higher-fidelity simulations. Note where simplifications or
additional assumptions must be made, and identify the additional parameters included in
the higher-fidelity simulation.

3. Use existing tools and the lower-fidelity simulation to generate a test case that approaches
failure but does not fail (i.e., approaches a corner case).

4. Replicate the test case in the higher-fidelity simulation and hypothesize about whether or
not the higher-fidelity version of the test case is also near failure.

5. Vary simulation parameters and characterize the effect on the test case result, e.g., via a
sensitivity analysis.

6. Write the report and presentation.
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Deliverables
• Half-way point:

– Draft of thesis introduction section describing the research problem, the gap in
existing literature, and your proposed solution.

– Short presentation of this content.

• Final:

– Thesis written in English and in conformance with TUM guidelines, comprehensively
describing the methodologies, implementation, and findings.

– Presentation of the work to the Chair.
– Source code of implementation using MIT License incl. documentation.

References
[1] M. Abdelkader, S. Güler, H. Jaleel, and J. S. Shamma, “Aerial Swarms: Recent Appli-

cations and Challenges,” Current Robotics Reports, vol. 2, no. 3, pp. 309–320, Sep. 1,
2021, ISSN: 2662-4087. DOI: 10.1007/s43154- 021- 00063- 4. [Online]. Available:
https://doi.org/10.1007/s43154-021-00063-4 (visited on 04/05/2023).

[2] A. Farinelli, L. Iocchi, and D. Nardi, “Multirobot systems: A classification focused on coor-
dination,” IEEE Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics),
vol. 34, no. 5, pp. 2015–2028, Oct. 2004, ISSN: 1941-0492. DOI: 10.1109/TSMCB.2004.
832155.

[3] T. Schmidt and A. Pretschner, “StellaUAV: A Tool for Testing the Safe Behavior of UAVs
with Scenario-Based Testing (Tools and Artifact Track),” in 2022 IEEE 33rd International
Symposium on Software Reliability Engineering (ISSRE), Oct. 2022, pp. 37–48. DOI:
10.1109/ISSRE55969.2022.00015.

[4] T. Menzel, G. Bagschik, and M. Maurer, “Scenarios for Development, Test and Validation
of Automated Vehicles,” in 2018 IEEE Intelligent Vehicles Symposium (IV), Jun. 2018,
pp. 1821–1827. DOI: 10.1109/IVS.2018.8500406. [Online]. Available: https://
ieeexplore.ieee.org/abstract/document/8500406 (visited on 04/04/2024).

[5] F. Hauer, A. Pretschner, and B. Holzmüller, “Fitness Functions for Testing Automated
and Autonomous Driving Systems,” in Computer Safety, Reliability, and Security, A.
Romanovsky, E. Troubitsyna, and F. Bitsch, Eds., ser. Lecture Notes in Computer Science,
Cham: Springer International Publishing, Aug. 8, 2019, pp. 69–84, ISBN: 978-3-030-
26601-1. DOI: 10.1007/978-3-030-26601-1_5.

[6] M. Klischat and M. Althoff, “Generating Critical Test Scenarios for Automated Vehicles
with Evolutionary Algorithms,” in 2019 IEEE Intelligent Vehicles Symposium (IV), Jun.
2019, pp. 2352–2358. DOI: 10.1109/IVS.2019.8814230. [Online]. Available: https:
//ieeexplore.ieee.org/document/8814230 (visited on 12/08/2023).

[7] C. Neurohr, L. Westhofen, T. Henning, T. de Graaff, E. Möhlmann, and E. Böde, “Funda-
mental Considerations around Scenario-Based Testing for Automated Driving,” in 2020
IEEE Intelligent Vehicles Symposium (IV), Oct. 2020, pp. 121–127. DOI: 10.1109/
IV47402 . 2020 . 9304823. [Online]. Available: https : / / ieeexplore . ieee . org /
abstract/document/9304823 (visited on 12/15/2023).

[8] E. Soria, F. Schiano, and D. Floreano, “SwarmLab: A Matlab Drone Swarm Simulator,” in
2020 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS), Oct.
2020, pp. 8005–8011. DOI: 10.1109/IROS45743.2020.9340854.

[9] S. Shah, D. Dey, C. Lovett, and A. Kapoor, “AirSim: High-Fidelity Visual and Physical
Simulation for Autonomous Vehicles,” in Field and Service Robotics, M. Hutter and
R. Siegwart, Eds., Cham: Springer International Publishing, 2018, pp. 621–635, ISBN:
978-3-319-67361-5. DOI: 10.1007/978-3-319-67361-5_40.

[10] E. Soria, F. Schiano, and D. Floreano, “Distributed Predictive Drone Swarms in Cluttered
Environments,” IEEE Robotics and Automation Letters, vol. 7, no. 1, pp. 73–80, Jan.
2022, ISSN: 2377-3766. DOI: 10.1109/LRA.2021.3118091. [Online]. Available: https:
//ieeexplore.ieee.org/abstract/document/9562281.

https://www.cs.cit.tum.de/en/sse/
https://www.cs.cit.tum.de/en/sse/
https://doi.org/10.1007/s43154-021-00063-4
https://doi.org/10.1007/s43154-021-00063-4
https://doi.org/10.1109/TSMCB.2004.832155
https://doi.org/10.1109/TSMCB.2004.832155
https://doi.org/10.1109/ISSRE55969.2022.00015
https://doi.org/10.1109/IVS.2018.8500406
https://ieeexplore.ieee.org/abstract/document/8500406
https://ieeexplore.ieee.org/abstract/document/8500406
https://doi.org/10.1007/978-3-030-26601-1_5
https://doi.org/10.1109/IVS.2019.8814230
https://ieeexplore.ieee.org/document/8814230
https://ieeexplore.ieee.org/document/8814230
https://doi.org/10.1109/IV47402.2020.9304823
https://doi.org/10.1109/IV47402.2020.9304823
https://ieeexplore.ieee.org/abstract/document/9304823
https://ieeexplore.ieee.org/abstract/document/9304823
https://doi.org/10.1109/IROS45743.2020.9340854
https://doi.org/10.1007/978-3-319-67361-5_40
https://doi.org/10.1109/LRA.2021.3118091
https://ieeexplore.ieee.org/abstract/document/9562281
https://ieeexplore.ieee.org/abstract/document/9562281

