BERIBF=EmEE Vol.61 No.12 1947-1959 (Dec. 2020)

LRIy b 2R MLy bub—AdE W
HRED A — v Z pEEAR O SGE

LD R LY UK B AR S KR ORISR =l e deig?
S+ B 202062A28, $k§H 202059A 108

BE  HEREDORGE T, BT EERIC L o> T keV~3H keV O 7 F X<k H3k8) % Fhid
L, B L7-3@ & o> TBE keV O 77 XAXHRTH MeV DL ANF—FThHSNLEZ ENH D, £
72, 2O XD RIEE RS, WERFHIEAERICE D, IBOIZ A VF—H (keV~MeV) O 7 F X<k
T (B AVF—kT) PMELSN, By CHETT5. 2OBIAVF—RTI3, NLHERE
WIIAREEGZGIERITZO, BIANTF R TORBENEZHL Z L, FTHEBICBWTIEFICEEL R
L. BIANF—RTE, SRRAEEETHIETRIAF -0 &) BB RESE, Fha
W45 & CHBEMICBAE O AV F—RTOREVEBIHITE 2725, ot —0 I HmMEi s
OMEEDEEIND 20, RE)A — 0 7 OWFZERBH DR TH - 72, KFC T, MRS L L L CF
FEE DI EIC X A MRS 2 HET A ANRY PV Dy b ¥ —i:e v, e e LTk
O LNV MERRELZ. R -0 T BB LT A FEW A2 ER L, 7 A NEjE O
SNR # 2 b 88728 &, ARMESEMNIML TWiwvs A b Byl ok EIE E JR1E & 4 2 EH LA B A RIS
THEMMEE Y LR L7.. AXZ PV y haE—FEL LX)ty MEBWT, SNR 2AVAEW (=5 7
50dB) & ZIHBIMEAY 0.96 LEVEEZ R L, IRE)G — T T ORFZERIENT ST HEIC 72 o 72,

X—7—KRIREA -0, Lty g, AXRZ MV Y bOE - KEO Tl

Improving the Detection of Pulsating Auroral Region Using
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Abstract: Plasma waves accelerate plasma particles (several eV) to high-energy particles (several MeV)
via wave-particle interactions in the magnetosphere. A part of accelerated particles precipitate down to
the ionosphere along the magnetic field lines. Then, pulsating aurora is observed on the ground. In order
to understand magnetopheric dynamics, the spatio-temporal analysis of the pulsating aurora is important.
However, the spatio-temporal analysis of the pulsating aurora was difficult because observed auroral images
included noises. In this study, we propose the spectral entropy method and the correction by nonlinear
function as the noise reduction method, and the level set method and the Otsu’s method as the auroral
region extraction. We make a test movie of pulsating aurora and evaluate the region detection accuracy with
ZNCC (Zero-mean Normalized Cross-Correlation) corresponding to the SNR of the test movie. The ZNCC
calculates the correlation value with the region detection of the test movie without white noise. The results
in the spectral entropy method and the level set method show the high correlation of 0.96 when the SNR is
small (=5 to 0dB).
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Fig. 1 Selected pulsating proton aurora event on 21 Novem-
ber 2015. (a) All-sky image, (b) Geographic coordinate
image, and (c) Keogram image.
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Fig. 2 Detection algorithm of pulsating auroral region.
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Fig. 3 Envelope detection.
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Fig. 4 Results of classification process. (a) AC image, (b) DC
image, and (c) AC and DC intensity for selected proton
aurora event on 12 November 2015. (d) Geographic co-
ordinate image and (e) AC image for selected electron

aurora event on 17 February 2015.
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Fig. 5 AC images after the noise reduction. (a) AC image,

(b) Noise reduction for AC image by nonlinear function,
(c) Spectral entropy image, and (d) Noise reduction for

AC image by spectral entropy method.
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Fig. 6 Level set method
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Fig. 7 Results of region extraction. (a) Nonlinear function and

LSM, (b) Spectral entropy method and LSM, (c) Non-
linear function and OTSU, and (d) Spectral entropy
method and OTSU.
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Fig. 8 Test images and white noise added test images. (a) Sin-

gle patch of pulsating aurora, (b) White noise added
test image (SNR: 0dB), (c¢) Double patch of pulsating
aurora, and (d) White noise added test image (SNR:
0dB).
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Fig. 9 Correlation results of single patch. (a) Normalized

cross-correlation, (b) Nonlinear function and LSM,
(c) Spectral entropy method and LSM, (d) Nonlinear
function and OTSU, and (e) Spectral entropy method
and OTSU.
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Fig. 10 Correlation results of double patch images. (a) Nor-

malized cross-correlation, (b) Nonlinear function and
LSM, (c) Spectral entropy method and LSM, (d) Non-
linear function and OTSU, and (e) Spectral entropy
method and OTSU.
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Fig. 11 Detection results of pulsating auroral region for se-

lected proton aurora event on 12 November 2015. ((a)
and (e)) Nonlinear function and LSM. ((b) and (f))
Spectral entropy method and LSM. ((c) and (g)) Non-
linear function and OTSU. ((d) and (h)) Spectral en-
tropy method and OTSU.
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Fig. 12 Detection results of pulsating aurora. ((a) and (c))
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Conventional method.
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Fig. 13 Detection results by spectral entropy and level set
method for selected proton aurora event on 12 Novem-
ber 2015. (a) 7:58:40 UT, (b) 8:00:10 UT, (c) 8:01:40

UT, (d) 8:03:30 UT, and (e) Auroral intensity.
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Extracted contour images.
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