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1. Motivation & Problem Statement 3. Behavioral Modeling

Ant colonies solve complex tasks through collective in- The emergent behavior of the colony is based on three biologically inspired core mechanisms:
telligence and emergence, a key principle for robotics
and logistics. They are the subject of numerous re-
search efforts and studies. However, existing simulati-
ons are often limited to specific aspects. A unified, flexi-
ble platform for investigating various behaviors in dy-
namic environments is missing.

State-Based Control: A Finite State Machine (FSM) controls the behavior of each ant (e.g., exploring, following). Navigation in
the vector layer is accomplished through steering vectors that account for polygon obstacles.

Stigmergy & Pheromone Simulation: Coordination occurs indirectly. Agents in the vector layer leave pheromone trails in the
underlying grid layer. Other ants follow these trails by aligning their steering vectors with the pheromone gradient.

5. Outlook and Next Steps %

The developed platform can serve as a basis for further

research
The goal of this work is the design and implementation Information Exchange & Emergence: When two agents meet in the vector layer, they can exchange status information (e.g., ! . ; lex behaviors: | %
of such a simulation platform based on the MARS food source found). This can trigger a state change in the FSM and directly adapt the behavior. I.mp.emen”tatl.on ot more cgmpdex enaviors. inves-
Framework to systematically research emergent beha- | IR A ectlye eI leIng rood care, or SelfpE e
, between colonies to probe the limits of emergence.
VIOr. Search <
i) ’ Use of Reinforcement Learning: Agents could inde-
. ) pendently develop optimal strategies through machine |
2. SyStem Architecture [ Approach learning that go beyond hand-coded rules.
The MARS platform is based on a modular multi-layer v I — . . . %
results with real tracking data from ants could further
Vector Layer for Agents & Objects: Agents move free- Standard enhance the scientific validity of the model.
ly in a continuous space. The environmental geometry,

including obstacles and food sources, is created using e Xé % J% , @?
QGIS as a GeoJSON file and loaded into the layer as a Q 3 | é % J%
precise polygon structure. 6. References §§(
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Layer Interaction: The core of the simulation lies in
the interplay between the layers. Agents in the vector

layer continuously read the pheromone values from
the grid cells beneath them to make their movement
decisions. At the same time, they leave behind phero-

mone trails by modifying the values in the grid layer.
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4. Validation Scenarios & Visualization % & @
% % The platform is validated in test scenarios; the analysis of emergent paths is conducted using kepler.gl. 5= 777 L.0.° "l ¢ 0.0 e
= Dynamic Pathfinding: The colony is expected to autonomously find efficient paths around interactively placed obstacles, %
e %% thereby demonstrating its adaptive self-organization.

Strategy Comparison: The investigation of explorative vs. pheromone-driven colonies is intended to demonstrate the "Explo- $
% ration-Exploitation Trade-off" (efficiency vs. resilience).
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