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Motivation

SITL SelectionsAutomated Selections

● Magnetic reconnection drives the flow of energy 
throughout the magnetosphere

● It is triggered by the microphysics of the Electron 
Diffusion Region (EDR).

● The Region of Interest (ROI) encompasses 
locations likely to contain EDRs.

● Only enough telemetry to downlink ~43 minutes 
of burst data per day

● Burst selections are made primarily by the 
(human) Scientist in the Loop (SITL)

● Need to automate the selection process

● > 10 papers on < 1 s of data for first 
EDR encounter by MMS

● Too much data for one lifetime

● Machine Learning can make it 
tractable

Automation Options
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TDN DESCRIPTION GAIN OFFSET

dB |dBx|+|dBy| 1 0

dBz |dBz| 2 0

1/|B| B inverse 4 30

ERMS1 Power density               
10 – 100 Hz

5 0

Var Ion X 
Flux

Variance, spinning 
coords

1 150

Var Ion Y 
Flux

Variance, spinning 
coords

1 150

Tail ABS Table
TDN DESCRIPTION GAIN, G OFFSET, O

dBz |dBz| 2 0

ERMS1 EOMNI, Power Density 
10 – 100 Hz

10 0

dB  |dBx|+ |dBy| 2 0

Var Pe Electron Pressure, 
Variance

1 0

Var Ni Ion Density, Variance 1 0

Delta Ni Ion Density, Delta of 
Mean

1 0

Dayside ABS Table (MP019)

● Tune-able burst trigger tables for each region

● Tail table successfully selects a magnetotail EDR event(Bill Paterson) (MMS SITL Team) (UNH)
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Ground Loop 1: Recurrent Neural Network (RNN) with Long Short-Term Memory (LSTM)

Evaluation
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Ground Loop 2: Hierarchical Bayesian Model

● Magnetopause crossings detection

● SITL Selections and comments factor into the model

SITL Data Overview (An Arduous Task)
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● Selections influence the SITL

● And may one day replace the SITL

SITL Selectio
ns

Model Predictions

● Preliminary model identifies the magnetopause

● Larger training set should improve results
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I. Mixture Model

● MMS’s orbit takes it through 
different regions of space

● Histogram the data to 
determine its distribution

● Our Features are Generally 
Bimodal

● Expectation Maximization 
provides our prior 
distributions

II. Auto Regression

MSP MSP MSH

Data Data Data

t-1 t t+1

● Temporal relationship can build in a 
randomized component

● Data at time t is normally distributed 
about t-1

● Hidden Markov Model provides our 
likelihood function

III. Hierarchical Model

𝝀1 → MSH     𝝀0 → MSP     𝝀0.5 → MP 

IV. Linear Regression

● Individual Parameter Probabilities are Combined into Single Priority Value

● Linear regression tells us which parameter is the best indicator of the MP 

Evaluation

Model 

Predictions SITL Selections

Misclassification 13%

True Positive Rate 66%

True Negative Rate 89%

P-Value 46%

● The model and SITL select similar 
regions; Model gives high weights 
to |B| than to plasma parameters

Summary

`

● ML enables more complex mission design
○ Makes large volumes of data tractable
○ Simplifies complex mission operations schemes

● ML is helping MMS select its mission critical data
○ Ground loops can be tailored to specific campaigns or extended mission 

objectives
○ Neural networks and Bayesian models automate the SITL magnetopause 

selection process

● MMS employs a human Scientist-In-The-Loop (SITL) to select burst data for downlink
○ Time consuming and arduous
○ Consumes mission resources

● Two possible paths to automation:
○ Improve on-board burst triggers
○ Create “ground loops” that use SITL data to make selections

● Two machine learning models have been developed as magnetopause detectors
○ A neural network ground loop is making near real-time selection for SITL review
○ A Hierarchical Bayesian Model
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