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ABSTRACT
ADA PTAB I L I TY U N C E RTAI N C O N D ITI O N S The use of probabilistic decision-making models in FRC autonomous

This paper explores the application of probabilistic decision-making : : . routines demonstrates how adaptive algorithms can 1mprove
, e In FRC autonomous mode, robots navigate dynamic environments , , , , , . . . :

models to enhance the efficiency and reliability of autonomous : : - L Surprise uncertainty in autonomous systems arises from sensor noise, performance in dynamic, unpredictable environments. These models
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leading to suboptimal performance. By integrating probabilistic models, SRR : Probabilistic models are distinguished from deterministic models, reaching applications in robotics and engineering.

, , , , , and maintaining consistent performance. , , , o
robots can dynamically adjust their actions based on real-time which respond based on established assumptions because probabilistic Robotics & A Vehicl
conditions, optimizing movement strategies and increasing scoring et v serormance decradaton i 401 A Time Averace oot Heath v serformance decradation i Exo1 models treat an array of possible results and assign probabilities to an obotics utonomous vVehicles
efﬁc1epcy. Drawing .from research n autonomqu§ .Vehlcles and e - e array of possibilities 1 the light qf present ev1dence. In FRC S S Cary — Prsbalbilistie medsls sl auismomens weiles
Bayesian networks, this study examines how probabilistic frameworks 10| I High Friction (HF) Terrain BN High Friction (HF) Terrain autonomous modes, robots must navigate a dynamically changing . . . . ..
. s . .. . . EEm Noise and HF Terrain 0.8 EEm Noise and HF Terrain : : . : . navigate uncontrolled intersections, avoid collisions, and adapt to
g p

improve adaptability and decision-making in uncertain environments. . environment in which the opposing robots, game pieces, and field

unpredictable driver behavior (e.g., Bayesian networks for real-time
risk assessment).

e Industrial Automation — Robots in manufacturing use probabilistic
models to optimize task execution, detect failures, and adapt to
changing assembly conditions without human intervention.

clements form uncertain conditions. Predictive modeling enables
T robots to make well-informed decisions by extrapolating future states,

predicting interactions, and dynamically adapting their actions. This
facilitates more efficient path planning, better resource utilization, and
reduced collision or strategic error risk.

Key findings demonstrate that probabilistic approaches enhance FRC
autonomous strategies by enabling real-time adjustments, reducing
error rates, and maximizing competitive performance. The results
suggest that future FRC teams can benefit from incorporating
probabilistic modeling techniques to develop more robust and flexible
autonomous routines.
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(d) Safety domain with surrounding vehicles integrating probabilistic decision-making will be essential for

optimizing autonomous systems across various industries. For FRC
teams, embracing these techniques can lead to more competitive,
intelligent, and efficient robots, paving the way for mnnovation in both
engineering and real-world automation.

The study discusses the underlying principles of probabilistic decision- E N H AN C E D D E C I S I O N - M AKI N G

making, its applications 1n robotics, and how such methods can be
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improve this by incorporating real-time updates with new information.
Unlike deterministic models, which follow fixed paths, probabilistic
models assess multiple outcomes and assign probabilities to each. This
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