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PaspaboTaTb aaropuTM aBTOMaTUHECKOrO ONPEAENEHNs SNEKTPOHHON
MIOTHOCTYN MIasMbl NPY MOMOLLY U3MEPEHUIA NapPaMETPOB 3/1EKTPOMarHUTHBIX
BOJIH B MJa3Me, CAENaHHbIX Ha CnyTHuKax-6ansheuax Ban AnneHa muccun
NASA (Van Allen Probes).

B pabote npeasnioxeHa

Mpouenypa, ucnonbayoLllasi HelipOHHbIE CETU NPSIMOrO PaCcNpOCTPaHEHUS ANs
peLleHNs 3a4a4un HENMHENHOW perpeccnn Ans onpefeneHunst 31eKTPOHHONA
NJOTHOCTMN MJ1a3Mbl.

HoBuzHa

JaHHoe nccnefoBaHme — ogHa 13 NePBbIX MNOMbITOK NPUMEHEHUS aJrOPUTMOB
MaLLNHHOrO OByYeHNsl K JaHHLIM KOCMUYECKOR hr3nku.

Menasckasi Vpuna O6paboTka faHHbIX O MJOTHOC
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[MpeametHas obnactb: muccus NASA no nccnepgoBaHuto

pafnauUVoOHHbIX MNOSICOB 3eMn

Llens muccun

V|3y-|eH|Ae nosicoe BaH AnneHa (I/IJ1I/I PaAnauNOHHbIX HOHCOB) N npeaocTtaBieHne
Hanbonee I'IO,EI,pO6HbIX AaHHbIX 06 3Tux nosAcax, Korp,a-m/l60 HaM OOCTYMNHbIX.

[MnoTHoCTb Nnasmsl

MnoTHocTb Nnasmbl - pyHAAMEHTaNbHbIVE MapaMeTp niasMbl, HeobxoanMbIii
ON1S MOLENVPOBAHUS U aHAIN3a SJIEKTPOMArHNUTHBIX BOJIH HECTABMIIbHBIX
sABJIEHN B nna3mocdepe. Bo Bcex npeablayLnx Muccusix onpegensiiach
Bpy4Hyto. C pocToM 06EMOB 1 pa3peLueHns AaHHbIX, As AAHHOW MUCCUU
TaKoIi Cnocob onpenesieHnst NIOTHOCTY — OYeHb 3aTPYAHUTENEH.
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[NpeameTHast 0bnacTb: OCHOBHbIE (haKTbl O MUCCUY

m [lBa cnyTHuKa
m WgeHTnynble opbuTsl, nepuog — 9 vacos
m [nnTensHocTb Muccum — Gonee 2x net (3anywenbl 30 asrycta 2012 ropa)

m Habop n3 5 uHcTpymeHToB Ha BopTy (MHCTPYMEHTbI No3BONSIOT cobupaThb
JaHHble 06 31eKTPO-MarHUTHOM MOJIe, O COCTaBEe MOSICOB B BLICOKOM
paspeLueHun)

Perigee Altitudes
5008 675 km

/

i —
goe Altitudes. 300508 31,250km__

Inclination
10°
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npe,El,MeTHble npeanosIoXXEHNA: METOL U3MEPEHNA NNOTHOCTW MNJia3Mbl

Onpepenenne 3NeKTPOHHO! NNOTHOCTU C NOMOLLbIO UHTEHCUBHbIX
BEpXHErmbpuaHbiX U3ny4YeHunin Ha cnekTporpammax:

Van Allen Probe A orbit 684, May 12 - 13, Days 132 - 133, 2013
——
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[NpeameTHbIe NpeanonoxeHns: 3 TUNa AaHHbIX

[Jenenune panubix Ha 3 Tuna 610 BBegeHo B pabote Kurth et al., Electron
densities inferred from plasma wave spectra obtained by the Waves instrument
on Van Allen Probes, J. Geophys. Res., 120, 904-919, 2015.

ROSP-A EMFISIS HFR 16-Jan 2018 Orbit 1349 . RBSP-A EMFISIS R 16-54p2013 O 1029 BS54 ENFISIS HFR 08-0ck2012 Orbit 107

s

Tun A: 70% opbut Tun B: 20% opbut Tun C: 10% opbut
BU3YasIbHO ACHbLIA CUrHan Heobxoguma CKpbITBIN curHan
VHTEpnpeTauns curHana

Menasckasi Vpuna O6paboTka AaHHbIX O MNJOTHOCTW MAa3Mbl
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CyuiecTBytolimne peLieHus

MeTogpbl onpeseneHnst BepxHErnbpraHON Pe30HAHCHON YacToTbl

OnpegeneHune BepxHErMbpMAHON 4acTOTbI BPYy4YHYIO Ha CMEKTPOrpaMMax;
AURA — Automated Upper-hybrid Resonance Detection Algorithm.

AURA

My6bnnkauus: Kurth et al., Electron densities inferred from plasma wave spectra
obtained by the Waves instrument on Van Allen Probes, J. Geophys. Res., 120,
904-919, 2015;

Mopgenb ocHoBaHa Ha MpaBuie rMCTEPE3NCA: KaXKAbIV NOCAEAYOWNA MUK
CrekTpa, COOTBETCTBYIOWNIA [y, HAXOQUTCA PSIAOM C MUKOM, OTNPEAEseHHbIM
Ha npeabiayLliem Luare;

Heyp,aHa F - HeO6XOP,V|MOCTb ncnpaesieHNA HeENpaBubHO ONnpeaeseHHbIX TOYeK
BPY4YHYIO;

BepositHocTb Heygaun ansi opbuTtsi:

m Tuna A: Prr < 25%
m Twuna B: 25% < Prp < 50%
m Tuna C 50% < Prg
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[locTaHoBKa 3a4ayn npeasaraemMoro MeTosa

m Matpuua npushakos X € RM*N

m BekTop Lenesbix nepemeHtbix y € R

Tpebyetcs noctpouts

Henuneiinyto perpeccuontyto mogens f: (w,X) >y € RM,
rae W — BEKTOP NapamMeTpoB MOZEIN.

Heobxoaumo HaiTu

OnTumanbHbili Habop napameTpos:

w = argmin S(w|f, X,y),
weRN

rae pyHKLUs noTeps:

1

S(w|f7X7y) = M (f(w7xl)7yl)2

M=
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MaTpuua npusHakos

m Habop namepennii (gaHHble co cnythuko) & = {s1,...,5x/}
m CnoBapb, cogepXalyuii 3KCNEPTHbIE 3HAHNS O JaHHbIX
V=V(6)
m Habop skcnepTHO-3aaHHbIX NPUMUTUBHBIX PYHKLAT
G ={g1,..-,gN}, TaKnx 4TO:

gj : (bj,ﬁi,V) = Zij € R!

Tpebyetcst noctpouTb

MaTpuyy nprsHakos:

X = {2}, i={l,..,M},j={1,.. N}
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[Npegnaraemblii meTos

NaHHble

(MaTpuLia MPV3HAKOB 11 BEKTOP UENEBbIX NEPEMEHHBIX)

|

MpepobpaboTKa

— OuncTKa AaHHbIX
— Hopmanusauna

— YMeHblueHue Wwyma
B CMeKTporpamMmmax

Menasckasi Vpuna

HeilpoHHble ceTn

MocTtob6pa6oTKa

Ob6paboTka AaHHBLIX O NAOTHOC

funr

naasmbl
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[locTaHOBKa 3KCnepuMeHTa

m Pasmep Habopa paHHbix: 4,077,933 Touku (nocne npegobpaboTkn)

m OTHoweHne feneHns AaHHbIX Ha obywvatollee - BaJiMAaLMOHHOE - TECTOBOE
nogMHoxecTtsa: 0.34 : 0.33 : 0.33

m ApxutekTtypa HelipoHHoii cetn (HC): HC npsimoro pacnpoctpaneHnus ¢ 1
CKpbITbIM cnoem, coaepxatyum 80 HelipoHos (Mogens BbibpaHa Ha
BaNNAALMOHHOM MHOXECTBE)

3aBNCMMOCTb OWNBKYN MOAeseli OT KOIMHYECTBA HEMPOHOB B CKPLITOM CJIO€ At
obyuyaloLero n BasnAaunoHHOrO MHOXXECTB

Error
°

40 60 100 120

80
Number of neurons
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[Mpumepbl onpeneneHnst fup-: Tun A

RBSP-A EMFISIS HFR 23-Sep-2013 Orbit 1040

RESP-A EMFISIS HFR 23-Sep-2013 Orbit 1040
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RBSP-A EMFISIS HFR 06-Oct-2012 Orbit 100
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[Mpumepsbl onpeaneneHnst fup-: Tun C

RBSP-A EMFISIS HFR 08-Oct-2012 Orbit 105
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PesynbTathl

BeposiTHocTb Heygauu (HEOBXOAMMOCTN py4HOro ucnpasneHns) ans opbuTsi:

MeTon Tun A Tun B Tun C

AURA Pre< 25% 25% < Pre < 50% Pre > 50%

CpefHee pacxoXeHue 3Ha4YEHWNIA NEKTPOHHOI NIOTHOCTM 7., ONpPeneseHHbIM
€ nomoLbto npegnoxeHHoro metog n anroputma AURA (Ha TecToBom
NOAMHOXeCTBE)

20

Average divergence, %
3 @

)

Type A TypeB Type C

nasckasi Vpuna O6paboTka AaHHbIX O MNJOTHOCTW MAa3Mbl




3akato4eHne

MMpeanoxkeHa npouefypa aBTOMATUHECKOTO OMpPeAeNeHNs
3/1EKTPOHHOM NNOTHOCTM Na3Mbl MO U3MEPEHNSM NapameTpoB
3N1EKTPOMArHUTHBIX BOJIH B MJ1a3Me, CAENAHHbIX Ha
cnyTHukax-6nusnenax Ban Annena muccun NASA (Van Allen
Probes).

npOBe,qubl BbIHNCNUTENbHbIE SKCNEPUMEHTDI.

MpounseeneHo cpaBHEHUE NPEAIOKEHHON NPOLEAYpbI C
anroputmom AURA. lNokasaHo, 4TO NpeasioxXeHHbIl anropuTtm
— HafeXHasi aBTOMATMYeCKasi NMpPoLeaypa, KOTOpasi MOXET
ObITb NCNONIL30BaHA B KAYeCTBE afibTepHaTUBLI AN
onpeaeneHnst NAOTHOCTER niasmbl no gaHHbiMm muccum NASA
Van Allen Probes n bygywmx muccuii.

PazpaboTaHHbili MeTog no3soauT paspaboTaTb sMnupuyeckme
MOZENN MJIOTHOCTU MJIa3Mbl B YCIOBUSIX, KOM4A AaHHblE He
JOCTYMHbI.
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Features description

M ~ 5,100,000:
Each spectrogram comprises ~5,000 spectra (6 sec cadence of the EMFEISIS

instrument). Labeled data are available for 1,091 out of 2,425 orbits.

Feature Description Possible values
log,q spectrum Decimal logarithm of the spectrum R
logyg fee Decimal logarithm of electron cy- R

clotron frequency

L Magnetic field lines )i

K, index Global geomagnetic storm index Ranges from 0 to 9

MLT Magnetic local time Ranges from 0:00 to
24:00

Fhin, o Frequency bin of the largest element {1, 2, ..., 82}

of the Waves HFR spectrum

Menasckasi Vpuna O6paboTka AaHHbIX O MNJOTHOCTW MAa3Mbl




code for a set of ambient plasma densities

Sensitivity to plasma density*
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Bounce-averaged pitch angle diffusion coefficients computed by the oblique EMIC
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Motivation

+ Radiation belts are hazardous for spacecraft and its crew;

* High geomagnetic activity may be hazardous for people and radio
electronic devices on Earth;

* The electron plasma density is required for analysis of wave propagation in
plasma and instability growth rates.
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Data examples

Spectrograms obtained from the EMFISIS instruments suite (Electric and Magnetic
Field Instrument Suite and Integrated Science)
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AURA - Automated Upper-hybrid Resonance detection Algorithm

Model is based on the rule of hysteresis: each
successive spectrum contains a peak frequency
associated with fux near the previously identified
peak (i.e., there is not a large change in frequency
of the binned signal within a 6 s sampling time
step);

82 log-spaced frequency bins, 5% spectral
resolution (Af#/f), 10% density resolution (An/n);

Data peints to be manually corrected for a given
orbit;

—Type A (70% of orbits): failure < 256%
— Type B (20% of orbits): 25% < failure < 50%

- Type C (10% of orbits): failure > 50%

Van Allen Probe A orbit 684, May 12 - 13, Days 132 - 133, 2013

HER Fragusncy Bintumber

Menasckasi Vpuna O6paboTka AaHHbIX O MNJOTHOCTW MAa3Mbl
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Noise removal

RESP-A EMFISIS HFR 04-Oc1-2012 Orbit 94 RESP-A EMFISIS HFR 04-Oct-2012 Orbit 94

0500 0600 0700 0800 0800 1000 1100 1200

Menasckasi Vpuna O6paboTka AaHHLIX O HOCTW NNasMmbl




Postprocessing procedure

RBSP.A EMFISIS HFR 23-Sep-2013 Orbit 1040 RBSP-A EMFISIS HFR 23-Sep-2013 Orbit 1040
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Neural network design workflow

Collect data;

Clean data;

Split data;
Preprocess data;
Create the network:
Train the network;
Validate the network;

Use the network.

Menaeckasi puna Ob6paboTka AaHHbIX O NAOTHOCTM NAa3Mbl
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"Whistler mode waves are right-hand circularly polarized electromagnetic waves propagating at frequen-
cies less than the local gyrofrequency (the frequency at which non-relativistic charged particles circle the
magnetic field) [11].

2In plasma phys

wn upper hybrid oscillation is a mode of oscillation of a magnetized plasma. It consists

of a longitudinal motion of the electrons perpendicular to the magnetic field.

The frequency of long wavele -uLIh U.\(]“.l[lll]h is a "hybrid", or mix, of the electron plasma and electron
cyclotron frequencies, w? = w? [12]. It is a higher frequency than either because the additional
restoring force leads to a higher U.-‘i‘llld(ll:ll frequency.

aBckasi Vpuna O6paboTka faHHbIX
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