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Introduction

The Plasma Instrument for Magnetic Sounding (PIMS)
on the Europa Clipper mission aims to characterize the
properties of the Jovian plasma surrounding Europa,
providing insight into Europa’s cryovolcanic activity and its
subsurface ocean.

Mode-Switching in PIMS

Figure 1: PIMS modes as currently planned.

PIMS operates in 4 different modes, depending on prior
estimates of the magnetic field boundaries and the
distance to Europa. To account for uncertainty in these
estimates, PIMS spends significant amount of time in a
transition mode.

The Key Question

Can we instead make PIMS responsive, and switch
modes automatically based on its current observations?

Detecting Magnetic Field Boundaries

At each time step, PIMS counts the number of particles
within energy ‘bins’:

Figure 2: Magnetic field boundaries of Saturn as seen by an
analogous instrument, the CAPS ELS on the Cassini mission.

We cast this as an anomaly detection problem over
multidimensional time series.

To deal with the lack of knowledge about the true
magnetic field boundaries around Europa, we investigate
unsupervised methods.

We can evaluate these methods using labelled data from
the Cassini mission.

Results on Cassini Data
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Figure 3: Test performance on around 2300 crossings spread across
years 2005 to 2012. Parameters were optimized using 60 crossings
from 2004.

Our Key Contributions

� We evaluate four unsupervised approaches to
identify magnetic field transitions in CAPS data.

� We propose an extension to the Matrix Profile for
anomaly detection in multidimensional time series.

� We show that bow shock transitions from CAPS
data can be detected best by the
Multidimensional Matrix Profile and the
non-Bayesian HMM.

� We find that all four approaches struggle to
identify magnetopause transitions from CAPS
data. Significant differences between spacecraft
orbits across years limits the generalizability of
parameters optimized on a single year: online
adaptation may be beneficial.

Author Contacts: ameyasd@google.com, kiri.l.wagstaff@jpl.nasa.gov, gary.b.doran.jr@jpl.nasa.gov, corey.j.cochrane@jpl.nasa.gov, cjackman@cp.dias.ie, abigail.rymer@jhuapl.edu
For more information, please see the full paper at https://kdd-milets.github.io/milets2020/papers/MiLeTS2020_paper_11.pdf.
© 2021. Government sponsorship acknowledged. This work was performed in part at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with NASA. URS: CL#21-0427.

https://kdd-milets.github.io/milets2020/papers/MiLeTS2020_paper_11.pdf

