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• This proposal aims to improve the 
efficiency of robotic swarm foraging by 
maximizing resource collection while 
minimizing collisions and congestion.

• Existing algorithms demonstrate potential 
efficiency but often struggle to inter-robot 
collisions and congestions as swarm sizes 
increase. 

• In this study, we propose optimizing 
foraging behavior by analyzing congestion 
patterns based on robot trajectories within 
the swarm. Upon detecting congestion, 
robots will dynamically adjust their 
behavior to adapt and maintain optimal 
performance.
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• Robotic swarm foraging draws inspiration 
from natural foraging behaviors observed 
in ants and other organisms. However, as 
the number of robots increases, collisions 
and congestion significantly reduce 
efficiency, impacting resource collection.

• This project aims to tackle these 
challenges using data-driven approaches 
and machine-learning techniques.

• Our goal is to improve and optimize a 
foraging algorithm during the return of 
resources, which in this case will increase 
the swarm’s amount of collected 
resources, whilst decreasing congestion 
rates regarding robot foraging.

• These features are subject to change and 
experiments are still being conducted to 
determine which features might be more helpful in 
deciding congestion. 

• Furthermore, since the data follows a time series 
approach, we also use the history of a trajectory 
window to determine if its congested. By training 
a logistic regression model, we predict congestion 
in real time.

Methodology Cont.

Conclusions & Future Work

• We conducted 112 simulation runs, each 
generating complete robot trajectories. By splitting 
these trajectories into smaller windows, we 
created a dataset with over 2,900 labeled 
trajectory windows, each containing features that 
indicate congestion, such as distance ratio, 
average velocity, and curvature. Using 80% of this 
dataset for training and 20% for testing, our 
Logistic Regression model achieved a promising 
accuracy of 93.22% in distinguishing congested 
from non-congested windows. 

• This result suggests that our model can 
somewhat effectively identify traffic congestion 
points within the swarm.
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Figure 2: Trajectory with congested area 
highlighted

Figure 1: 16 foraging robots with congestion 
around center in ARGoS simulation

• The current model shows a great 
improvement to the baseline CPFA 
model. We were able to reduce the 
number of collisions by an average of 
30%. 

• Furthermore, the new trained model 
was able to pick up an average of 70% 
more resources compared to the 
baseline CPFA.

• Even though we were able to get a 
significant improvement in this two 
areas. The total amount resources 
collected and dropped off to the nest 
was around the same as the baseline 
model.

• Future work will focus on refining drop-
off strategies, improving decision-
making for when and where to release 
resources, and exploring alternative 
congestion mitigation techniques.
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Figure 4: 32 robot 
simulation with 
congestion detection 
model and resource 
drop-off (new model)

Figure 3: Accuracy of the model on predicting if a 
trajectory window is congested

Figure 5: 32 robot simulation with no congestion 
detection and no resource drop-off(baseline).

Methodology
• We track robot movement, collect data, 

and identify congestion zones. We 
segmented each robot's movement into 
small "trajectory windows," allowing us to 
analyze congestion points more precisely. 
Our model detects congestion based on 
three features: distance ratio, average 
velocity, and curvature.
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