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» Use or enable artificial intelligence technologies and tools to ingest, train, test, analyze, process,
copy, distribute, make publicly accessible, and/or generate output based on the Licensed
Products (or any material included therein), or upload, copy, or host the Licensed Products (or
any material included therein) to or for use in artificial intelligence technologies and tools directly
or indirectly (e.g., through the use of third-party plugins, extensions or decentralized custom
chatbots associated with those artificial intelligence technologies and tools).

> Use any portion of the Licensed Products in combination with an artificial intelligence tool,
including to train an algorithm, test, process, analyze, generate output and/or develop any form
of artificial intelligence tool.

> Integrate any portion of the Licensed Product(s) with other material or otherwise create
derivative works (including resulting from the use of artificial intelligence technologies and tools)
in any medium. However, brief quotations for purposes of comment, criticism or similar scholarly
purposes are not prohibited herein.
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ALGORITHM METHOD
collision avoidance

In the context of control systems, collision avoidance refers to a system's ability to prevent vehicles from colliding with
obstacles or other vehicles [1][5]6]. It is used in the aeronautical, automotive, and nautical domains [4]. A collision avoidance
system (CAS) is a control system designed to guide a vehicle into a safe, collision-free area when other objects are present [1]
6]. Many collision avoidance systems focus on mitigating potential crashes with preceding vehicles using functions such as
forward-collision warning and automatic emergency braking [1][6]. However, these systems may not be effective in rear-end or
lateral crash scenarios [1](6]. Modern systems provide all-around (360-degree) collision avoidance capabilities [1](6]. Colllslan
avoidance can be achieved through various methods: * **Risk models** Risk ion models calculate p

risk levels by considering surrounding vehicles and using a predictive occupancy map (POM) [1][6]. The safest path with the
minimum risk values is chosen from various trajectory directions [1](6]. * **Control barrier functions (CBFs)** Control barrier
functions can classify encounters between vehicles based on international regulations, assigning a spatial region to the target
ship to define a collision-free set [2]. The CBF ensures forward invariance of the collision-free set and can be applied as an
inequality constraint to guidance, navigation, and control systems [2]. * **Model predictive control (MPC)** Model predictive
control uses a single optimization procedure to decide whether to perform straight-line braking, steer to change lanes, or
combine braking and steering [3]. * **Optimization-based reactive systems"* Optimization-based reactive collision avoidance
systems integrate control barrier functions into the control allocation, enabling vehicles to track reference waypoints while
maintaining safe distances [5].

References:

1. Collision-Free Path Planning for Automated Vehicles Risk Assessment via Predictive Occupancy Map. (2

2. Reactive collision avoidance for ASVs based on control barrier functions

3. Unified decision-making and control for highway collision avoidance using active front steer and individual wheel torque
control &

4. Automated detect and avoid: Autonomy and ethics

5. Unifying Reactive Collision Avoidance and Control Allocation for Multi-Vehicle Systems

6. Collision-Free Path Planning for Automated Vehicles Risk Assessment via Predictive Occupancy Map
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