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Predictive Control Scheme for Path
Planning and Obstacle Avoidance Legible Control Systems (Player/Observer)
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Key Questions for the Player/Observer Scheme:
» Can we use this scheme to perform external diagnosis?

Oscar Julian Gonzalez Villarreal: Antonio Tsourdos: Eg. Is that vehicle under attack? |
* What can we as observers do when we think another
Gokhan Inalhan vehicle is under attack? le. What are the mitigation plans?

Example application:

MOdel Predictive Control * Overtaking manoeuvre in highway taken from [1]: The vehicle announces the intention

oy leaning to the left side of the lane before actually executing manoeuvre.
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* Distributed/Decentralised Control
* Robust/Stochastic Control (Handling Uncertainty)

* Ability to “broadcast/announce” an autonomous vehicles’ intentions.
* Deconfliction of plans when lost or inexistent communication

Prediction Horizon

* Adaptive and Fault Tolerant Control Ko K+ K2 <+ Sample Time  K-+N, * External diagnosis of the state of a vehicle for security-related purposes.
Figure 1: Predictive framework taken from [1]

Advantages: * Prevent collateral damage of an attack.
* Ability to Anticipate Future Events | ‘;’ﬂizl ~|  system measurements Disadvantages:
* Non-reactive control -> Smoother Control Actions ’ * Increases the complexity of the control system design.
* Handling Time-Delays, Nonlinear Dynamics and

Constraints MPC controller
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Capa bilities Figure 2: Predictive Control Loop taken from [2] Case StUdy: La rge—scal§ obstacle aVOI.d a.nce/

deconfliction of 50 Multi-rotor UAVs within a
o o cylindrical airspace of 15 meters radius with a

Autonomous Vehicles Simulation Assumptions/Specifications:

* The UAVs have a simplified unity mass-
damper model with force/accelerations as
inputs, commonly used for path planning.

 Each UAVistargeting a randomly generated
waypoint which passes close to the centre of
the cylinder and changes approximately

Two Common Methods:
* Potential Fields (Preferred)
 Nonlinear Constraints

Advantages of Potential Field:
* Smoothness

Full Animation: https://youtu.be/LhTsyzlaFfw
Figure 8: Large scale obstacle avoidance animation
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Figure 9: Minimum distance between the UAVs.

Distributed Model Predictive Control
Future Work

Advantages vs Centralised: Distributed System
 Reduced computational burden
* Resilient to local failures, inc. Subsystem | ,| Subsystem | ,| Subsystem 1% Stage:
communications 1 ’ m * Develop efficient autogenerated algorithms for its implementation.
+ Scalability 2 . * Include legibility considerations in the control design for external diagnosis of UAVs state
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* Suboptimal

: L. | o - * Develop an indoor experimental validation of the proposed approach using the VICON
* RelleS on communication Figure 4: Distributed Predictive Control framework taken from [3]

system with at least 5 UAVs.
® o o ° 2nd Stage:
Pa ra metrlc Cu rves l TI'GJECtOTY Pa rameterlsatlon * Increase the level of uncertainty from the environment including common GPS
positioning errors such as drift, scales or bias, as well as other positioning errors obtained
from other sensors such as cameras.

Laguerre Polynomials
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