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Human Domain Knowledge
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[3] Al on the Ocean: the RoboSail Project — M. L. van Aartrijk, C. P. Tagliola, P. W. Adriaans
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Types of Machine Learning

Supervised ML — learning by example
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Types of Machine Learning

Unsupervised ML — finding the structure of data

k-means Iteration: Total Within-Cluster Sum of Squares:
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Types of Machine Learning

Reinforcement Learning — Free interraction with the environment

Agent
* The concept is derived from animal behaviour
reward state o _ .
I Sy * Agentis given all the actions it could perform and
o is placed in the environment which would reward
iy him for choosing better actions

reward state
T+l St+1
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Types of Machine Learning

Reinforcement Learning — Free interraction with the environment

Chess Shogi Go
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AlphaZero vs. Stockfish AlphaZero vs. Eimo AlphaZero vs. AGO
M:29.0% D:70.6%  L:0.4% W:B4,2% D:2.2% L:13.6% Wi68.9% L:31.1%

D:97.2%  L:0.8% W:98.2% D:8.8%  L:1.8% W:53.7% L:46.3%

AZ wins AZ draws AZ loses AZ white(() AZ black . .
i = g dit: DeepMind
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Defining Reinforcement Learning for Sailboat Steering

Difficulty of Sailing as an RL ‘game’:

* There are changes of the environment out of our control — weather
* Can be anticipated, but cannot be influenced
e Can have both positive and negative effects

* Rudder movement is continuous

* Rudder steering is not the only, in fact, not even the main action

Objective:
Keep the boat on the course chosen by Jack while minimising the drag
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Defining Reinforcement Learning for Sailboat Steering

Data from Jack’s
Boat

Location Weather Boat State Control Action

Recurrent Neural Network
(LSTM) — based state estimator

[0 to t-1]

[State History
(t]

Boat State }
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Deep Deterministic Policy Gradient
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Defining Supervised Learning for Sailboat Steering

The general objective is to predict the optimal rudder angle.

Here, the supervised learning approach is based on the following assumption:
The optimal rudder angle is the one that would have been chosen by Jack Trigger.

Using (labeled) historical data of Jack Trigger in race navigation and supervised learning
models like recurrent neural networks, it is possible to predict the rudder angle that
would have been chosen by Jack Trigger

Objective:

Given the actual state of the boat and thanks to historical data,
predicting the rudder angle that would have been chosen by Jack Trigger for t+1
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*DRHEAM CUP 2018 — Double-handed

E——— :
professional race
Dataset Presentation *64 hours — 20 Features
*95% of the Rudder has been done by Jack
Feature Name Feature Description Range | Applied Normalization Trigger and his teammate
Air_temp Temperature of the air [0.30] Min-Max
AWA Apparent Wind Angle [-180,180] Cos and Sin
AWS Apparent Wind Speed 10,50 Min-Max s x ey
Current_ direction Direction of the current |0,360] Cos and Sin - 2% A ox
Current _speed Speed of the current 10,15) Min-Max ¥ W Bnstol -
Heading_Mag Magnetic heading of the boat | [0,360] Cos and Sin , jat °
Heading_True True heading of the boat 0,360} Cos and Sin ANON
Heading_ov_ground | Heading over ground of the boat | [0,360] Cos and Sin BN ~ Southan
Latitude Latitude |-90.90] Max-Abs NN X
Longitude Longitude [-180.180] Cos and Sin Cre
Yaw 1* Tait-Bryan angle [-180,180] Cos and Sin '
Pitch 2" Tait-Bryan angle [-20,20] Max-Abs ennpe
Roll 3" Tait-Bryan angle [-60,60] Max-Abs i
Speed _ov_ ground Speed over ground 10.25) Min-Max
Speed _ov_surface Speed over surface [0,25) Min-Max
TWA True Wind Angle |-180.180] Cos and Sin
TWD True Wind Direction [0.360] Cos and Sin e
TWS True Wind Speed [0,40] Min-Max
VMG Velocity Made Good [0.25] Min-Max Nante
Rudder Rudder Angle |-50.50] Max-Abs ~o
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Supervised Learning Model &

Ct—1

Data Cleaning (Tack Detection...) “

Feature Normalisation

Long Short-Term Memory vs Gated Reccurent Unit
Bayesian Optimisation to set hyperparameters bt S M
Evaluation of performances

LSTM

Testing
RMSE
1.096 °

GRU
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Ingest Store Prep and train
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Any Questions?
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