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Background Path Following Guidance and Control Simulation Scenarios
MPPlan is a model-based motion planner developed by at wepin | [ wpptar Levels of Input:  Six scenarios tested with variation of crab angle via:
UNH [Custer & Thein, 2023] to plan contingency maneuvers. | [ ety [Crab Angl Level 1: * Vehicle speed to vary inertia-induced sway velocity
The system provides dynamically feasible paths that are fully | Reference Heading | Line of Sight |_ J » Waypoint-defined Path in turns
characterized in terms of kinematics and planned actuations. R Veticl Positon _ [ ovel 2.  Transverse wind and current to induce sway
The figure below gives an example of the contingency paths Vehicle Heading . Lelvel 1 Features velocity from external forcing
generated by MPPlan. It depicts an obstacle avoidance (oi) . . .
. . Heading « Expected Crab Angle * Each scenario tested with three levels of input for a
scenario. The 18 candidate paths modelled by the system are Error SR _ .
. . Heading and Six Degree Qf l Vehicle State | ° Expected Speed tOtal Of 18 trlalS.
shown on the left; the selected path is shown on the right. Speed > Eminion” |
hi dv i . heth h . | / Constant Speed \ / Level 3: * Environmental forcing
S eed rror
This stu. y .mvestlga.tes whether the a priori dynamic p (o) So— e Level 2 Features « Wind: 10m /s at 90° to base course
characterization provided by MPPlan can be used by the - Nominal . Planned Actuations c 01 90° 10 b
vehicle guidance and control system to improve path / eran f urrent: 0.1m/s at 90° to base course
following performance during maneuver execution. Speed MPPlan
5P 5 / Nominal Guidance: Proportional Line-of-Sight VELOCITY
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5 - 5 - Controller: Multi-input Multi-output Heading and Speed sway
 H-infinity optimized B = arctan(v') v’ = Calm 20
= = * Perturbation controller 3 =
= ad = o « Output in Newtons relative to linearization point X — S ..
S 16+ S 161 nominal thrust =~ g S
14 14 * Linearized Speed Equation [Fossen, 1999]: ~ = 1om/s> S
b b (m — XAt = X, Au + (1 — t) (AT, + AT) < Hine 10 |
10- 10- * Steering Model of Davidson and Schiff [1946]: <
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MPPlan example output for obstacle avoidance scenario. - : Example avoidance
Left: Candidate paths, Right: Selected path Simulation Results Scenario test matrix path
Research Vehicle * Higher levels of input using knowledge provided by ACknOWIedgementS
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