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other channel images with relatively high CCs 
larger than 0.89. Our results show a possibility that 
if three channels from photosphere, 
chromosphere, and corona are selected, other 
multi-channel images could be generated by deep 
learning. We expect that this investigation will be a 
complementary tool to choose a few UV channels 
for future solar small and/or deep space missions.
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In this study, we apply a deep learning model to 
denoising solar magnetograms. For this, we design 
a model based on conditional generative 
adversarial network, which is one of the deep 
learning algorithms, for the image-to-image 
translation from a single magnetogram to a 
denoised magnetogram. For the single 
magnetogram, we use SDO/HMI line-of-sight 
magnetograms at the center of solar disk. For the 
denoised magnetogram, we make 21-frame-stacked 
magnetograms at the center of solar disk 
considering solar rotation. We train a model using 
7004 paris of the single and denoised 
magnetograms from 2013 January to 2013 October 
and test the model using 1432 pairs from  2013 
November to 2013 December. Our results from this 
study are as follows. First, our model successfully 
denoise SDO/HMI magnetograms and the denoised 
magnetograms from our model are similar to the 
stacked magnetograms. Second, the average 
pixel-to-pixel correlation coefficient value between 
denoised magnetograms from our model and 
stacked magnetogrmas is larger than 0.93. Third, 
the average noise level of denoised magnetograms 
from our model is greatly reduced from 10.29 G to 
3.89 G, and it is consistent with or smaller than 
that of stacked magnetograms 4.11 G. Our results 
can be applied to many scientific field in which the 
integration of many frames are used to improve 
the signal-to-noise ratio.
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Tomography is a method to reconstruct 
three-dimensional structure of an optically thin 
object. We can obtain the three-dimensional 
information by combining a number of projected 
images at different angles. Solar rotational 
tomography (SRT) is the tomographic method to 
estimate the coronal structures using the solar 
rotation. There are a few practical difficulties in 
solar coronal observation. One of the most crucial 
difficulty is handling the blocking area by the 
occulter or the Sun itself. So we have to use the 
iterative reconstruction for the SRT which can 
resolve that problem by using the forward 
modeling. In this study, we propose an alternative 
method to reconstruct the solar coronal structure: 
the filtered backprojection (FBP) algorithm. The 
FBP algorithm is based on the simple analytic 
solution. Thus it is easy to understand, and the 
computing cost is much cheaper than that of the 
iterative reconstruction. Recently we found a 
solution for the FBP algorithm to the problem of 
the blocking area in the solar EUV observations. 
We introduce how to apply the FBP algorithm to 
the SRT, and show the initial results of the 
performance test.
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A coronal mass ejection (CME) mass is generally 
estimated by the total brightness measured from 
white-light coronagraph observations. The total 
brightness are determined from the integration of 
the Thomson scattering by free electrons of solar 
corona along the line of sight. It is difficult to 
estimate the masses of halo CMEs due to the 
projection effect. To solve this issue, we construct 
a synthetic halo CME with a power-law density 
distribution (  

  ) based on a full ice-cream 
cone model using SOHO/LASCO C3 observations. 
Then we compute a conversion factor from 
observed CME mass to CME mass for each CME. 
The final CME mass is determined as their average 
value of several CME masses above 10 solar radii. 
Our preliminary analysis for six CMEs show that 
their CME mass are well determined within the 
mean absolute relative error in the range of 4 to 
15 %.

This work was supported by Institute for 



2019 가을 학술대회

44 / Bull. Kor. Astron. Soc. Vol. 44 No.2, Oct. 2019

Information & communications Technology 
Promotion(IITP) grant funded by the Korea 
government(MSIP) (2018-0-01422, Study on 
analysis and prediction technique of solar flares).

[구 SS-12] Generation of high cadence 
SDO/AIA images using a video frame 
interpolation method, SuperSloMo

Suk-Kyung Sung1, Seungheon Shin2, TaeYoung 
Kim3, Jin-Yi Lee2, Eunsu Park1, Yong-Jae Moon1, 
Il-Hoon Kim4

1School of Space Research, Kyung Hee University, 
2Department of Astronomy and Space Science, 
Kyung Hee University, 3InSpace Co. Ltd., 4SL lab 
Inc.

We generate new intermediate images between 
observed consecutive solar images using NVIDIA’s 
SuperSloMo that is a novel video interpolation 
method. This technique creates intermediate 
frames between two successive frames to form a 
coherent video sequence for both spatially and 
temporally. By using SuperSloMo, we create 600 
images (12-second interval) using the observed 121 
SDO/AIA 304 Å images (1-minute interval) of a 
filament eruption event on December 3, 2012. We 
compare the generated images with the original 
12-second images. For the generated 480 images 
the correlation coefficient (CC), the relative error 
(R1), and the normalized mean square error (R2) 
are 0.99, 0.40, and 0.86, respectively. We construct 
a video made of the generated images and find a 
smoother erupting movement. In addition, we 
generate nonexistent 2.4-second interval images 
using the original 12-second interval images, 
showing slow motions in the eruption. We will 
discuss possible applications of this method.
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Comets, one of the least-altered leftovers from 
the nascent solar system, have probably preserved 
the primitive structure inside, whereas their 
surfaces become modified from the initial states 
after repetitive orbital revolutions around the Sun. 
Resurfacing makes the surface drier and more 
consolidated than the bulk nuclei, creating inert 
refractory dust layer (“dust mantle”). 
Near-infrared (NIR; 1.25—2.25 m) polarimetry is 
theoretically expected to maximize contrast of the 
porosity between inner fresh and evolved dust 
particles, by harboring more dust constituents in 
the single wavelength than the optical; thus, 
intensifies electromagnetic interaction in dust 
aggregates. Despite such an advantage, only a few 
studies have been made in this approach mainly 
due to the limited accessibility of available 
facilities. Herein, we present our new multi-band 
NIR polarimetric study of near-Earth object 
252P/LINEAR over 12 days near perihelion, 
together with the results of optical (0.48—0.80m) 
imaging observations and backward dynamical 
simulation of the comet. Based on the results, we 
will characterize the dust properties of the comet 
and discuss the possible environmental 
(temperature and UV radiation) effects that could 
produce the observed phenomena. 

This study has been accepted for the publication 
to A&A and available in the arXiv:1907.03952. 

[구 SS-14] Strong Haze Influence on the 
3-micron Emission Features of Saturn

Sang Joon Kim and Jaekyun Park
School of Space Research, Kyung Hee University, 
Korea

Since the detection of 3.3-micron PAH 
(polycyclic aromatic hydrocarbon) and 3.4-micron 
aliphatic hydrocarbon features in the spectra of 
Titan (Bellucci et al. 2009; Kim et al. 2011) and 
Saturn (Kim et al. 2012), respectively, the 
3.3-micron feature of gaseous CH4 has been 
thought to be still the important spectral feature in 
the 3-micron absorption structures of Titan and 
Saturn. However, the analyses of the 3.3-and 
3.4-micron emission structures of Saturn revealed 
that the influence of the gaseous CH4 on the 
structures is rather minimal (Kim et al. 2019). We 
present synthetic spectra of gaseous CH4, and the 
PAH and aliphatic haze particles in order to show 
the degree of influence of their spectra on the 
3.3-and 3.4-micron emission structures of Saturn, 
and we compare these synthetic spectra with 
currently available observations. We constructed 
these synthetic spectra using newly developed 


