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The problem _
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Common assumptions made in Theory

r << Ap, or r > A\p,

e Stationary electrons

e Either v; > vj or vi < Vit

e B=0, or strongly magnetised plasma,

e collisionless, or strongly collisional plasma,

o Maxwellian background distribution

e For a cylindrical probe, I > Ap

e Uniform plasma background, stationary or supersonic
e No nearby objects

e No photoelectron or secondary electron emission

Problem: Some of these assumptions are not satisfied.
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Example analytic formulas: OML
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What are the alternatives?

To be practical, these options must:
e Be more accurate than analytic expression.

e Account for more physical processes and general conditions under which
measurements are made, must be accounted for.

e Be fast, capable of inferring n, T, ..., with modest computing resources.

This rules out direct multi-physics 3D simulations, which would take too much
computer resources and time.
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Solution

e Construct solution libraries consisting of low level (L1B) measurements, with
corresponding known plasma parameters.

e Use these libraries to train and validate inference models.

Options:
e Libraries constructed experimentally if accurate, validated data are available.

e Synthetic data made with simulations accounting for more physical processes and
more realistic geometry than possible in theoretical models.
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Regression

Interpolate physical plasma parameters (ne, Te, , Vs, ...

physical measurements (I;).

e Deep learning neural network.
(Chalaturnyk, Marchand, Frontiers Phys. 2019)

e Radial basis functions (RBF).

Y ~ ia,-c;(p?—*,w)
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Two possible approaches with RBF

e Model 1: OML-like analytic, corrected with with multivariate regression.

e Model 2: Direct regression, no analytic bias.

In each case:

e Construct a data set with n-tuples of currents and corresponding plasma
parameters (ne, Te, V5, ...)

e Use regression to construct an inference model for selected parameters.
e Train with a subset of the solution library.

e Validate with the remaining subset.
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Examples

Example 1 - fixed-bias spherical probes!

| — —ner? 8mkT, 1+6(Vf—|- Vb)
Vo me kTe

kTe _ Vipih — Viph
h—b

3

T T T 0
2+ MAE=0.8 RMSE=0.4 N

model Vy(Volt)

data Vy(Volt)

OML alone

!Olowookere, Marchand, IEEE Trans. Plasma Sci. DOI:

Py

Vi
satellite [
V=Vq L

Vb2

T T T
2 MAE=0.18 RMSE=0.07
6=0.0%

data Vi(Volt)

Combined OML RBF
10.1109/TPS.2020.3045366



Example 2 - Fixed-bias probes,
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Example 2 - Application to Visions-2 data
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Summary

e The century-old problem of inferring physical parameters from Langmuir probe
measurements remains challenging.

e Are regression-based models trained with synthetic data from kinetic simulations,
ready to be included among techniques used to infer plasma and spacecraft
parameters from Langmuir probe measurements?

e Answer:
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Summary

e The century-old problem of inferring physical parameters from Langmuir probe
measurements remains challenging.

e Are regression-based models trained with synthetic data from kinetic simulations,
ready to be included among techniques used to infer plasma and spacecraft
parameters from Langmuir probe measurements?

e Answer: Yes.
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