PARSEN Magnetic Field Topology Reconstruction Using Gaussian Process Regression in Machine Learning
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Unlike the vast majority of astrophysical plasmas,
the solar wind 1s accessible to spacecraft, which for

decades have carried in-situ instruments for directly [ a) Constant (C): & ¢ magnetic field data obtained by flying a given | |
measuring 1ts particles and fields. Though such W k(x, x9) = constant value V xy, x5 & @ configuration of a set number of spacecraft measurelment of milgne.tlc field 1n
single-spacecraft measurements provide precise and b) Linear % 2 through a plasma with every spacecraft ;I;lace g asma to study 1tsdstrl11Dcture.
detailed information, one such spacecraft on its own ' 5 ® o measuring magnetic field vector at each point ¢ data was prepare or a
can neither disentangle spatial and temporal k’(x?;, L j) = 0y T X; T a4 g :ﬁ. ___________________ o at a certain cadence. theoretical | constellation | of
fluctuations nor fully reveal the plasma’s 3-D Rational dratic (RO): .‘ spacegraft flying through 301?1’ wind.
structure. To address this, a few missions have tflown ¢) Rational Quadratic (RQ); o . For the purpose of synthetically prepared data, Gaussmn. Processes Regression was
with 4 or 5 spacecraft (e.g., Cluster, THEMIS- k(xi, x;) = exp ( d(ﬂ?ug‘j)Q) we used a fully kinetic 3-D simulation as used for 1nterpplat1on In order to get
ARTEMIS, and MMS), and missions with even Y 2! o . - reported in Roytershteyn2015. The spacecraft the complete picture.
more spacecraft, for example HelioSwarm which . . . . configuration for the case of 16 spacecraft 1s o
was recently selected by NASA for phase A, have d) Radial Basis Functl(c)ir(l (RB)E)° — ShOWIgl in Figure 1. Each spacecra%t carries afj ® Based on preliminary results, we
been proposed. However, none of the missions have k‘(mi, gjj) — (1 | ‘;ng ) ® Spacecraft magnetometer which records magnetic field concllude that arpund 24 spacecraft
succeeded 1n generating a full three dimensional Matern: vector at 10 Hz cadence. would be .requlred tf) .re.:produce
image of the magnetic vector field in the solar wind, ¢) Matern: . . . structure. with any reliability. And
. . o 1 \/ﬂ Figurel.Spacecraft configuration for 16 spacecraft . . . . amon the kernels used a
mostly because of insufticient spacecraft. A full 3-D k(xi, x;) = T()2r—1| 1 d(zi, x;) Separation between spacecraft 1s maintained bg " . t t, q
image would provide the mfprmatmn related to such that we have measurement over at least one order of spatial magnitude. Thus, 10\/(;;126;1111 akzﬁeloseemetocgﬁsvige ]j el:lst
structure and  topology . which —are extreme.ly oY the mnner most spacecraft are at a distance of 1di (1on-inertial length) where as the imace reconstruction
important for understanding turbulence and its 1y l d(z;; L7 ) outer most are at spearation ot 11di1 from the centeral hub. . |

evolution 1n space plasma specially how energy 1s
stored 1n and transported through the plasma.

List of kernels used 1n the present study:

The methodology involves applying
synthetically prepared

In-situ  time

GP to a
series

® We presented a proof of concept for
reconstructing a 3-D 1mage of
synthetically prepared In-situ

® Ongoing studies are exploring the

Thoueh e field of h hh We also present results for spacecraft In order to construct full 3D structure of the magnetic field, we apply Gaussian impact of the spacing and
be eo 111 ionininailtlli\s]efrolren thoe Vlf;stzarec ,oirrllct)to?rllll(;chis: numbers varying from 4 to 34 at Process (GP) to each c.ompoper.lt of the magnetic field independently, for arrangement of the spacecraft on the
loarnine Tn thi q 5¢ P £ of different distances from the central point [ interpolation among all points within the given volume of space (~ 42d°). We used quality of the magnetic
carning. In this study we present a proot ot concept g o' L tion of the constant and B the package Scikit Learn available in Python (Pedregosa2011) for implementing reconstruction.

of magnetic field’s topology reconstruction using
multi-point observation in a simulation box. We
show how machine learning can be employed to
effectively construct 3-D structure of the plasma's 3-
D magnetic filed from synthetic data.

matern kernel. the gaussian processes.

RESULTS AND DISCUSSIONS

Figure 2 shows original, panel (a) and reconstructed x-component

REFERENCES

® Roytershteyn Vadim, Karimabadi Homa

—-1.0 =05 0.0 0.5 1.0

x-component of magnetic Field(B,)

el Of Magnetic field for one specific xy-plane (panels b to f). Panel Simulation T s/c 8 s/c R T and RObertS Aaron, 2015, Generatif)n Qf
(b) which shows the reconstructed image using constant and 22 | r zg n}agliegc holes fm fuuyu, ,kmletlc
BACKGROUND Matern kernel shows the most similar structure. Though, both | _ E - g flll?ll)llllfé Ill(;rel;hil OTrans C(I){ ISIOHSZSCS
. . . . . . linear and RBF kernels produces decent reconstruction, a | & Y | A 37300140151 ' ' '
Machine learning 1s becoming increasingly L . 3732014015
levant in data analvsis techniques. In this combination of two produces very erroneous image. e T I () I 1(C I 1(4) I T
re ZV . y h 9 h. , Based on these results, we focused on combination of constant =, | e kS S_/ IR b (rafldom 225/ “afldom lso B @ Christopher K. I. Williams Carl Edward
St[u y we 1mp ement one such technique 10 B anq Matern kernel. Figure 3 shows a similar reconstruction for o - -« « « | " = == .. | .. |, Rasmussen. Gaussian Processes for
simulation data. various numbers and arrangements of spacecraft. o0p Il T | T il ) Machine
We observe that small number of spacecraft (4-8) completely fails 15 | B L R B — 115 }Izeal’;l/mg- - MIT / Pl;S}S;
: : E : () ' () - ! (h _ ttp:// www.gaussianprocess.or ml/c
We use Gaussian Processes (GP) Regresm.on to to provide any ode) T MO TT L HMe) T, L MWL T L i aptlz:rs/ o g p g/gp
interpolate data between points (see section 3 meaningful ~ 1n- . .. I ’
. . . oq o . . 1gurc 5. vriginal and reconstructca x-component o1 magnetic 11 or dirrerent numocer
for more information). GP is a probabilistic formation ?Pout and configuration of spacecraft. Each black dot is position of spacecraft. ® Fabian Pedregosa, Gadl Varoquaux,
data imputation technique. The prior | _ the structure of the Alexandre Gramfort, Vincent Michel,
and posterior distributions of GP’s Bayesian (@) Simulation  (b) C+Matemn (¢) CTRQ: magnetic field. It is only when we use 16 or more spacecraft that we see a Bert}l‘l?nd lThicllfi?n, Olivier (lil‘i?el,
° - m————C————, s Tesembelance of structure in reconstructed image. Mathieu  Blondel, Peter - Prettenhoter,
framework are set by mput functions (kemels), J 2 Ron Weiss, Vincent Dubourg, Jake
whose parameters are “learned” during the o . . . . Vanderplas, Alexandre Passos, David
: _ # Increasing the number of spacecraft from 24 to 34 slightly improves the quality C Matthieu Brucher. Matthi
regressSion proccess. = f tructed i ournapeau, Matthieu Brucher, Matthicu
_ : O1 TCCONSIUCICA 1Mage. Perrot, Edouard Duchesnay, Scikit-learn:
AN (¢)RBF - \ Machine Learning in Python, Journal of

Out of many available standard kernels for GP,
we report results from four selected kernels.
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Last two panels ( g and h) show the images for a configuration where 24 and 22
spacecraft are distributed randomly. The quality of image remains high.
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Figure 2. Original and reconstructed x-component of magnetic
field for different kernels.






