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Gaussian Process Model
A proxy model based on Gaussian Processes (GPs) is built. The GP model 
is trained using data from numerical models (SINMOD/DREAM). The 
model is able to run onboard the AUV in real time, and can be updated 
when information from sensors are added.

Waypoint selection
The path of the AUV is found by sequentially choosing new waypoints. To 
obtain an information rich path for the AUV, an objective function is 
suggested. The function is created based on the following three criteria. 
1. Locations with high variance are preferred
2. Locations with a suitable travel distance for the AUV are preferred
3. Locations with high predicted concentration are preferred

The objective value is calculated in each grid cell, and a new waypoint is 
selected as the cell with the maximum objective value.

Results of the simulation are displayed for four different time steps. The 
particle concentration is measured in μg/L, and the color bar shows the
intensity at each location. The x-and y-axis shows the distance in metres
from the seafill. The first column of plots shows output from DREAM (our
truth). The predicted particle concentration using the GP is shown in the
second column, and the third column shows the variance in the GP 
model, together with the path of the AUV showing the 10 most recent
sampling locations as small white dots and the current position of the
AUV as a large white dot. 

Given a short time period, the spatial model reconstructs the true field 
quite well, showing the same tendencies as the true field. Still, the 
temporal variability of the particle transporting is faster than the AUV can 
keep up with, indicating that more samples from for example multiple 
vehicles or buoys and/or a better temporal model is required. 

We aim to exploit compact spatial models on board an autonomous
underwater vehicle (AUV) for tracking of suspended material plumes. By 
explointing in-situ measurements from sensors, the AUV is able to 
assimilate and adapt the mission in real-time, exploiting all information
available. 
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A simulation study was done using data
from Frænfjorden in Norway. The fjord 
contains a seafill for submarine mine 
tailings. Data for April 1st 2013 describing
the particle concentration in the fjord was
used to train the GP, and data from April 
2nd was used as simulated sensor readings
for the AUV. An area around the seafill was
considered and divided into a regular grid 
with grid cells of size 32 x 32m. Only the
depth layer at around 15 m was
considered. The figure shows the
bathymetry of the fjord together with the
selected area.
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