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In Situ Calculation of Spaceflight Magnetometer Coupling Coefficients for Inter-
ference

Removal using RAMEN Gradiometry Algorithm

#Alex Hoffmann®), Mark Moldwin?

(INASA Goddard Space Flight Center, ?University of Michigan, Ann Arbor

High-fidelity in situ magnetic field measurements of celestial objects and the solar wind are often
limited by spacecraft-generated interference, known as stray magnetic fields. These fields, generated
by currents from spacecraft subsystems, are frequently several times stronger than the ambient
magnetic field signals of interest. To mitigate this, strict magnetic cleanliness, long mechanical
booms, and at least two magnetometers are typically necessary to eliminate the spacecraft-

generated magnetic interference. When two magnetometers are placed collinearly on a boom,
gradiometry can be performed by modeling the spacecraft’s field as a dipole and subtracting it from
the magnetometer measurements. However, this technique requires careful preflight characterization
of the spacecraft’s magnetic field to determine the dipole coupling coefficients and sufficient boom
length. This process is time-intensive, costly, and prone to error due to the changing nature of a
spacecraft magnetic field environment in operation. We present a novel method for in situ calculation
of the gradiometric coupling coefficients, called the Reduction Algorithm for Magnetometer
Electromagnetic Noise (RAMEN). RAMEN utilizes single-source point analysis and the time-
frequency content of the magnetometer signals to identify stray magnetic field signals and calculate
the gradiometric coupling coefficients. Through two Monte Carlo simulations, we demonstrate that the
RAMEN gradiometry algorithm matches gradiometry with preflight coupling coefficient estimation.
Additionally, we apply the RAMEN algorithm to noisy magnetometer data from the Venus Express
spacecraft to demonstrate its use in situ. The RAMEN method enhances the fidelity of spaceborne
magnetic field observations using gradiometry and reduces the burden of arduous preflight spacecraft
magnetic characterization.
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Metadata-Driven Web Content Organization in the DARTS Space Science Data

Archive
#Satoshi NAKAHIRAY), Kuriko INADAY
(Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency

ARTS is a space science data archive operated by the Institute of Space and Astronautical Science (ISAS). DARTS provides
over 300 datasets from approximately 40 missions dating back to before 1970, offering diverse data across various fields.
However, due to changes in data archiving standards over the years and differences in policies among research fields, the data
has become a "hodgepodge”, making the site difficult to navigate and use for users without specific data goals.

To address this issue, we aggregated all information into machine-readable metadata and developed a website and web
applications that autonomously operate and display using this metadata. The metadata was created using the schema.org
Dataset format, referencing various forms of text and HTML data, with one metadata entry generated for each dataset and
each observation mission.

The website was developed using a static site generator based on nuxt.js, which generates pages from the data, including the
metadata. Additionally, we developed dynamic web applications: a “Dataset Catalog Display” tool, which presents dataset
contents in a human-readable format and allows for searchable access, and an ”Observation Time Coverage Display” tool,
which visualizes the time spans covered by numerous datasets. These tools are organically integrated into the entire site,
making it easier for users to explore data relationships using various keywords.

Furthermore, we are developing a data search tool that creates indexes for each data file and incorporates faceted navigation
to speed up filtered searches. This tool is also designed for API usage, allowing for detailed table retrieval by connecting with
a specific database based on filtered criteria.

With much of the site’s information now machine-readable, we have also considered leveraging AI. We are currently
developing an interactive assistant system to support data exploration in DARTS. This system interprets user queries using Al,
employing language models for searches and summaries, as well as API calls, to provide functions such as: 1) explanations
of observation missions, 2) descriptions and suggestions of datasets, 3) information on data usage (e.g., code examples), and
4) data search and result provision, all through agent-based responses.

Through these efforts, DARTS is evolving into a data archive that is user-friendly for a diverse range of users and fosters
new discoveries, while also enabling us to manage data more transparently.
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Current Status and Perspectives of ISC World Data System
#Yasuhiro Murayama®)
(1National Institute of Information and Communications Technology

The current status and future perspectives of World Data System (WDS) an affiliated body of ISC (International Science
Council, formerly ICSU) are introduced and are discussed in this paper. Expertise and strategic directions have change
after changing the host of WDS-IPO (International Programme Office) from NICT, Japan to University of Tennessee, USA.
The WDS Action Plan 2022-2024 has been proposed by the new WDS leadership in line with the ISC’s Action Plan 2022-
2024. During the first 10 years of WDS-IPO in Japan, the new scholarly research and science policy paradigm of Open
Science as well as new Research Data Sharing and management (RDS/RDM) have emerged, and they have grown up to
major agendas for international and domestics research data communities, not only for scientific research but also in context
of UNESCO’s SDGs and Open Science Recommendation or sustainability of the global society and science. Today’s WDS
Action Plan is redesigning the strategy for and to develop the data repository community and its new value proposition for
not only the researcher community, but also for science stakeholders including publishers, funders, and science infrastructure
practitioners, and for the general society. Also emerging is discussion, mainly by WDS-ITO (International Technology
Office; hosted by University of Victoria, Canada) such as visioning and shaping a future framework of the international
research data infrastructure like Global Research Data Commons, in connection with CODATA (Committee of Data of ISC)
and RDA (Research Data Alliance). Discussions have been carried out in various conferences including symposia and plenary
meetings of WDS, CODATA, RDA, AGU (American Geophysical Union) and so forth.
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Challenges and Prospects of DOI Registration for Research Data
#Tomoko Shirai®)
(INational Institute for Environmental Studies

The Digital Object Identifier (DOI), one of the most widely used persistent identifiers (PID), has been mainly used as an
identifier for journal articles with the spread of electronic journals. DOI can be assigned to any digitized content, and with
the movement towards open science, it is expanding its target object to research products other than academic papers.

The registration of DOI for research data started to be discussed internationally in the 2000s. Japan’s DOI registration
agency, JaLC (Japan Link Center), implemented the "The Experimental Project of DOI Registration for Research Data” in
2014, and the first research data DOI in Japan was registered in 2015 [1]. The deliverable of this project was published
as the ”Guidelines for Registering DOIs for Research Data” in October 2015. Based on the community cultivated in the
project, the ”Research Data Utilization Forum (RDUF)” was established in 2016, to foster cross-disciplinary discussions on
the utilization of research data.

Since then, research data DOI has been proven to be effective in many aspects of research data management and utilization,
including deterring research misconduct, responding to data guidelines/policies of journals, publishers, institutes, and
funding agencies, keeping track of research data citations, etc--. However, DOI registration for research data has not spread
easily due to a lack of experience in the implementation system and workflow, and difficulty in gaining understanding about
the significance of DOI registration. Under such circumstances, RDUF established the ”Subcommittee for Promoting DOI
Registration for Research Data” in November 2021 and published a revised version of the guidelines in June 2024, reflecting
the accumulated experiences and case studies since its initial publication [2].

In the field of geosciences, the practice of sharing data internationally to advance research is already common, and the
benefits of data DOI registration is significant. Still, data volume in the geosciences tend to become large, and it is not
easy to secure enough resources, including manpower for research data management and utilization. In this presentation,
I will introduce the revised guidelines, share examples and challenges of DOI registration for research data in the field of
geosciences, aiming towards more concrete discussions.
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Trends in International Organizations related Observational Data

#Mamoru Ishii'2)

(INational Institute of Information and Communications Technology, Institute for Space-Earth Environmental Research,
Nagoya University

With Recommendation A/AC.105/C.1/L.401 reported by UN/COPUOS in 2022, the coordination and collaboration of
international organizations on space weather is accelerating. As a pilot project, data-related topics are being considered.
Currently, the WMO is developing a framework for sharing weather data, and project to use these frameworks for space
weather-related data sharing have begun. As one of these activities, an attempt to share ionograms using WIS2.0 is underway.
Currently, there is no standard format for ionograms, but studies are underway to use SAO (Standard Archiving Output),
which is widely used, and there is a high possibility that this will establish its position as the de facto standard. In addition to
the above, this presentation will report on activities related to data in WDS and other organizations.

UN/COPUOS A/AC.105/C.1/L.401
https://www.unoosa.org/oosa/oosadoc/data/documents/2022/aac.105¢.11/aac.105¢.11.401_0.html
WIS2.0 https://community. wmo.int/en/activity-areas/wis/wis2-implementation

SAO https://ulcar.uml.edu/"iag/SAO-4.htm
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Release of the cross-disciplinary research database AMIDER

#Masayoshi Kozai®), Yoshimasa Tanaka'), Shuji Abe?), Yasuyuki Minamiyama®), Atsuki Shinbori®), Akira Kadokura®)
(1Joint Support-Center for Data Science Research, Research Organization of Information and Systems, (?International Re-
search Center for Space and Planetary Environmental Science, Kyushu University, (*National Institute of Informatics, Re-
search Organization of Information and Systems, (4Institute for Space-Earth Environmental Research, Nagoya University

Polar Environment Data Science Center (PEDSC) of Joint Support-Center for Data Science Research (ROIS-DS), Research
Organizationof Information and Systems (ROIS), was established in 2017 with the aim of promoting the management, publi-
cation, and utilization of scientific data, primarily in polar science. Leveraging the diverse fields in polar science, such as life
sciences, geosciences, and space sciences, we have developed a new research data-sharing platform, AMIDER (Advanced
Multidisciplinary Integrated-Database for Exploring New Research), with collaborative institutes. AMIDER is characterized
by its multidisciplinary database, which is applicable to diverse fields and data types, and its user-friendly design, which
encourages access by non-expertized users. The catalog view on the top page and search results pages consists of thumbnail
images and snippets of each dataset, utilizing a general design in EC sites to enhance user accessibility. Individual dataset
pages offer functions that meet the needs of not only non-expertized users but also scientific specialists, such as a data down-
load function where the observational period is selectable, and a visualization of the specimens or data plots. Additionally, as
a new initiative, related datasets are proposed to provide users with a “walk-around” experience between datasets, based on
correlations and relationships between different datasets. Challenges for the future include extracting more interdisciplinary
relationships through text analysis of metadata and a visualization of the relationships using network analysis. To improve
the data curation process, which forms the basis of the research database, we are also exploring the development of dedicated
tools and the use of natural language processing for semi-automation. The AMIDER website (https://amider.rois.ac.jp/) be-
gan its public operation in April 2024. As of July 2024, over 15,000 metadata have been registered, and approximately 500
visitors are accessing the website every day. We will present the development, current status, and future perspective of the
AMIDER.
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Metadata and DOI registrations of GAIA simulation data

#Chihiro Tao'), Hidekatsu Jin'), Atsuki Shinbori®), Masahito Nose®), Yoshimasa Tanaka®), Shuji Abe®, Yasuhiro
Murayama®), Hiroyuki Shinagawa®, Yasunobu Miyoshi”), Hitoshi FUITWARA®)

(INational Institute of Information and Communications Technology (NICT), (?Institute for Space-Earth Environmental
Research, Nagoya University, (*School of Data Science, Nagoya City University, (*National Institute of Polar Research,
(5International Research Center for Space and Planetary Environmental Science, Kyushu University, (®International Research
Center for Space and Planetary Environmental Science, Kyushu University, ("Department of Earth and Planetary Sciences,
Faculty of Sciences, Kyushu University, (3Seikei University

The Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy (GAIA) is an Earth’s atmosphere —
ionosphere coupled model that treats seamlessly the neutral atmospheric region from the troposphere to the thermosphere
as well as the thermosphere — ionosphere interactions, including electrodynamics self-consistently. Basic parameters for
mesosphere, thermosphere, and ionosphere regions simulated by GAIA and related data used for papers are archived and
published at the website https://stage.nict.go.jp/spe/gaia/data_e.html. Not only developers but also domestic and foreign
researchers access and analyze the dataset targeting various phenomena.

IUGONET (Inter-university Upper atmosphere Global Observation NETwork) has been constructing a comprehensive
metadata database for various observation data of upper atmospheres obtained from a global ground-based observation
network. Although the simulation outputs by GAIA are not observation results, they have a complementary role to deepen
the understanding of the observation results and nature. We consider the registration is useful way to inform the dataset
widely.

The Space Physics Archive Search and Extract (SPASE) schema referenced by IUGONET was originally intended for
observational data. The SPASE version 2.6.0, which was expanded to include the registration of simulation data, was
released in August 2023. On the other hand, since the SPASE is the standard for the NASA’s Heliophysics data, some items
related to model descriptions and coordinate systems were insufficient for the atmospheric and ionospheric model GAIA.
After consulting with SPASE consortium members, version 2.6.1, which addressed these issues, was released in June 2024.
Using this version, we were able to prepare metadata for the GAIA data.

We are updating the data DOI registration system for converting [UGONET/SPASE metadata to DOI metadata, including
the new mandatory items of JaLC and the adaptation of SPASE version 2.6.1.

2R - EREERE &£ 7 1V GAIA(Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy) (&, Hh_E72»
OEEERKEE E TR SO E, PR L BRERS & OB 2 5 WFEE 71T, WhfkipE - 2\pE - EREEH
BoOZ#HOHE L FHlZ HINCHAREEED TWS, GAIA »S5HIE N7z, I (1996 £ 1 A~2018 4 2 A) O HfE -
B - EEEEEISR O EAGH T — 2 B X UCERCFICH W BE T — X %7 = 7 https://stage.nict.go.jp/spe/gaia/data.html
MOT 7 RAVZT D XS RL TV, FFEX Y oN—ofl, ENAOIHAEICT 7AW E, SEIERBERD
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IUGONET (Inter-university Upper atmosphere Global Observation NETwork) (&, £BRFEOM BRI v bV —21c &
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Development of a Planetary Data System (PDS) compatible data archive of Bepi-
Colombo/MMO

#Tomoaki Hori"), Yoshizumi Miyoshi?), ChaeWoo Jun®), Atsuki Shinbori*), Naritoshi Kitamura®, Kazuhiro Yamamoto®,
Shota Chiba”, Tomonori Segawa'), Shoya Matsuda®, Shinya Murakami®), Sae Aizawa'®), Yuki Harada'?), Iku
Shinohara'?), Go Murakami'®), Takuya Hara'%)

(Unstitute for Space-Earth Environmental Research, Nagoya University, Institute for Space-Earth Environement Research,
Nagoya University, CInstitute for Space-Earth Environmental Research, (Institute for Space-Earth Environmental Research,
Nagoya University, (°Institute for Space-Earth Environmental Research, Nagoya University, (®Institute for Space-Earth
Environmental Research (ISEE), Nagoya University, ("Institute for Space and Earth Environmental Research, Nagoya
University, (|Kanazawa University, (°Japan Aerospace Exploration Agency, (1°ISAS/JAXA, University of Pisa, ('' Graduate
School of Science, Kyoto University, ('2Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science,
(13Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, ('*UC Berkeley

The Center for Heliospheric Science (CHS), operated by the Institute for Space-Earth Environmental Research (ISEE)
of Nagoya University, Japan Aerospace Exploration Agency (JAXA), and the National Astronomical Observatory of Japan
(NAQJ), has been developing a science data archive for the Mercury Magnetospheric Orbiter (MMO, also known as Mio)
spacecraft of the BepiColombo mission. Besides development of many kinds of datasets, one of the toughest tasks is to build
a data archive that is compliant with the standards of National Aeronautics and Space Administration (NASA) Planetary
Data System version 4 (PDS4). The PDS4 standards require a data archivist to prepare a set of documents describing how
to process and derive data as well as many metadata files in eXtensible Markup Language (XML), such as PDS4 label
attached to each of individual data files. In addition to the PDS4 archive, we plan to develop and maintain another, rather
conventional data archive that can be accessed by data users through the space physics environment data analysis system
(SPEDAS). We therefore need special consideration in developing both data files and archives to allow us to ingest data
files and metadata into both archives as automatically as possible so that the data archives can be maintained with the least
manual effort. Since early this year we have accelerated development of the first version of a PDS4 label for MMO data
and also prepared level-2pre science data from the cruise phase of the project. After some coordinations with the Mercury
Planetary Orbiter (MPO) team and necessary refinements, we are about to make the first release of the Solar Particle Monitor
(SPM) level-2pre dataset with their PDS4 labels. In the presentation, we describe the status of our development and discuss
its future perspective as well as some lessons learned obtained from our trial and error.
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Metadata conversion and registration in institutional repositories to improve the
visibility and availability of research data

#Atsuki Shinboril), Masahito Nose?), Yoshizumi Miyoshig), Tomoaki Hori%), Tsukasa Oohira®), Sachie Tanaka®, Chizuko
Naoe®), Rui Gakiyag), Maiko Okamoto®), Takeshi Sagarag), Yoshimasa Tanaka®, Shuji Abe®, Satoru UeNo!?), Shun
Imajo7), Takuya Ashikital®, Yuko Horil®, Toshiyuki Shimizu'?, Nanako Okamura'®, Kaoru Hirano!®

(Unstitute for Space-Earth Environmental Research, Nagoya University, (?School of Data Science, Nagoya City University,
(3Institute for Space-Earth Environement Research, Nagoya University, (*Institute for Space-Earth Environmental Research,
Nagoya University, (°National Institute of Polar Research, (°International Research Center for Space and Planetary Envi-
ronmental Science, Kyushu University, ("Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto University,
(8Nagoya University Library, (°Info Proto Co., Ltd., (*°Kyushu University Library, (' Astronomical Observatory, Graduate
School of Science, Kyoto University

Recently, government policy makers and research funding agencies have requested that research institutions and researchers
should carry out proper data management for research data produced with support from  public funding and also develop
a metadata database for data retrieval and future reuse. In fact, principal investigators are required to prepare a research data
management plan for Grants-in-Aid for Scientific Research proposals newly funded after FY2024, and to submit information
on the data release and metadata (data describing the data itself and their contents) when they report the results in the final
year. In this study, we develop a mapping table for converting specific metadata managed in each research field into general
metadata, and then register the converted metadata in institutional repositories and the research data infrastructure system
(NII Research Data Cloud). We also seek to extend these procedures to other research institutions and other research fields.
This action should enable not only researchers but also data users in the education field and industry to find research data
that have originally been used only by researchers in some limited research fields, thereby promoting use of different field
data as well as data-driven research. In this study, we have converted the SPASE (Space Physics Archive Search and Extract)
metadata of ground-based observation data of solar-terrestrial physics managed by the Inter-university Upper atmosphere
Global Observation NETwork (IUGONET), to the JPCOAR (Japan Consortium for Open Access Repository) metadata,
which can be registered in institutional repositories. For the metadata conversion, we first developed a mapping table from
the SPASE to JPCOAR data model . Next, we developed a conversion tool based on the mapping table. Using the table
and tool, we have successfully registered284 and 180 metadata in the field of space earth science to institutional repositories
of Nagoya University and Kyushu University, respectively. These metadata were then harvested by the institutional repos-
itory database (https://irdb.nii.ac.jp/), data catalog cross search system (https://search.ckan.jp/), and Google Dataset Search
(https://datasetsearch.research.google.com/). As a result, these data became easier to find research data through various data
search systems. Based on this achievement, we plan to expand the project to Kyoto University in the future. Further, both
the SPASE and JPCOAR data models were recently updated to 2.6.1 and 2.0, respectively, allowing to deal with a wider
range of data types from ground and satellite observation data to model and simulation data. Following the updates of these
metadata models, we also update the mapping tables and improve the registration scheme for institutional repositories. In this
presentation, we will describe our efforts in detail and mention the future direction of the project.
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Hello World! with EISCAT _3D
#Taishi Hashimoto!)
(INational Institute of Polar Research

The EISCAT_3D project installs a multistatic phased-array incoherent scatter radar network in the northern part of the
Scandinavian Peninsula. To have maximum flexibility in operating remote sites via a fiber network, a software-defined-radio
architecture is employed, and users can communicate with the EISCAT_3D radar system via the EISCAT_3D commanding
library (e3d-commanding Python Package) on a Jupyter Notebook. This presentation introduces the possible release candidate
of the e3d-commanding library and demonstrates a basic implementation of a radar application.
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Towards the long-term utilization of large-scale foundation models for space
weather research

#Terumasa Tokunagal) , Keiichi Nakanishi®)

(IKyushu Institute of Technology

Utilizing foundation models has become a significant trend in statistical machine learning and Al research. Foundation
models are pretrained on large-scale datasets for application to various specific tasks. The full utilization of these foundation
models is considered important for space weather research in terms of both basic research and forecasting research. This
tutorial introduces the research and development trends of foundation models, focusing on image recognition and time series
prediction tasks. Additionally, we outline the major challenges in the introduction and long-term use of foundation models
for space weather research.
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Prospects for generating reanalysis data of the polar ionosphere based on an em-
ulator of a global MHD model

#Shin’ya Nakano!>%), Sachin Reddy?), Ryuho Kataoka®*), Aoi Nakamizo®), Shigeru Fujita':>)

(IThe Institute of Statistical Mathematics, (?National Institute of Polar Research, 3CARA, Joint Support Center for Data
Science Research, (“The Graduate Institue for Advanced Studies, SOKENDAI, (°National Institute of Information and Com-
munications Technology

Although a wide area of the polar ionosphere can be observed by various methods, it is not easy to grasp the state of
the entire polar ionosphere due to some gaps of the spatial coverage of the observations. On the other hand, the recent de-
velopment of global MHD models has made it possible to predict the state of the polar ionosphere under given solar wind
conditions. It would therefore be a promising approach to combine MHD simulation and the ionospheric measurements for
analysing the state of the polar ionosphere. However, realistic MHD models of the magnetosphere is too computationally
expensive to examine various events. To overcome this problem, we are constructing a machine-learning-based emulator that
mimics the outputs of a global MHD model, REPPU. The latest version of the emulator, SMRAI2, instantaneously provides
a spatio-temporal patterns of the electric potential and current in the polar ionosphere from a sequence of the solar wind
data. The outputs of the emulator look reasonable and they roughly corresponds to the line-of-sight velocity as observed by
SuperDARN radars. We then conduct data assimilation to incorporate ionospheric measurements such as the SuperDARN
data into this emulator. The product of the data assimilation may be able to be used as reference data for the polar ionosphere
in the future. We will report the current status and future prospects of our project.
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Discovery of new governing equations through the application of symbolic regres-
sion to solar-terrestrial physics data

#Masahito Nose'), Satoshi Oyama®), Koga Ryoichi)

(ISchool of Data Science, Nagoya City University

In solar-terrestrial physics, advancements in observational instrument performance, multi-point observations, high tempo-
ral resolution, and the large capacity of storage media have led to the continuous generation of vast amounts of data that
are challenging to process solely by human capabilities. Traditionally, researchers have analyzed observational data through
plotting and statistical processing to elucidate the properties of various electromagnetic phenomena occurring in space, identi-
fied the controlling parameters, and formulated the relationships between physical quantities. However, with the exponential
increase in data volume, it has become increasingly difficult to handle this information purely with human effort. In the
fields of information science and deep learning, a method called ”symbolic regression” has been developed to automatically
generate mathematical models from data without incorporating human biases, domain-specific knowledge, or pre-specifying
the functional forms. Specifically, approaches such as genetic algorithms, discovery of modularity through neural networks,
and combination of symbolic regression modules with inference modules have been proposed. However, there are very few
reports on the application of these cutting-edge symbolic regression techniques to actual large-scale observational data.

Therefore, we focused on the solar wind-magnetosphere coupling functions, which have been the subject of formulation
attempts in the field of solar-terrestrial science, and investigated how symbolic regression could re-evaluate these functions
and the equations that derive related physical quantities. Various methods of symbolic regression, such as Eureqa, PySR,
Al Descartes, and ©@-SO, have been proposed. For this study, we utilized AI Feynman, which has publicly available code
and relatively comprehensive documentation. When applied to test data generated from theoretical equations, the symbolic
regression method demonstrated excellent performance in estimating physical equations. When artificial noise with a normal
distribution was added to the test data, relatively good estimation results were obtained as long as the standard deviation of
the noise was less than a few percent of the standard deviation of the test data. Since most data in solar-terrestrial physics
contain some level of noise, symbolic regression could be an effective tool for advancing research when the noise is minimal.
In the presentation, we will show actual application examples and discuss the applicability of symbolic regression methods
to the field of solar-terrestrial physics.
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Anomaly detection in Hisaki EUV spectroscope images caused by energetic proton
from the Earth’s radiation belt

#Koga Ryoichi?), Oyama Satoshi'), Nose Masahito?), Yoshioka Kazuo®)

(1School of Data Science, Nagoya City University, (?School of Data Science, Nagoya City University, (3Graduate School of
Frontier Sciences, The University of Tokyo

Since the Earth radiation belt was discovered in the late of 1950s., many satellites conducted plasma measurements to study
the production, transportation, and loss processes of high-energy particles. Particles in the radiation belts are trapped by the
Earth’s intrinsic magnetic field and enter the upper atmosphere over the regions connected to the radiation belts via magnetic
field lines. To detect the signal from the Earth radiation belt, we used the data from the Hisaki space telescope, which was
launched in September 2013 and continuously observed the solar system for 10 years. The orbital altitudes are 950 km at
perigee and 1,150 km at apogee, the orbital inclination from the equator is 30° . In Hisaki, the EUV spectroscope named
EXCEED consists of a 20 cm off-axis parabolic mirror and spectrometer with a diffractive grating and microchannel plate
(MCP) photon detector. The spectral region on the MCP is limited to the center. Therefore, the dark counts in the other area
can be used as the monitor of the Earth’s radiation.

The sudden increase in the dark count rate (2- 5 times larger than the nominal period) was detected several times. In
addition, we tried to solve the response anomaly detection problem to detect small enhancements that are hard to find by
visual inspection. We applied multiple regression for the time series of the dark counts with the variables of the satellite
geometric parameters. As a result, the data points outside the confidence interval of the fitting were newly detected as minor
anomalies. To determine if the anomaly events were caused by solar wind disturbance, we include the feature of Disturbance
Storm-Time (Dst) index in the regression model.
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Citizen science of storm-time aurora in Japan
#Ryuho Kataoka''¥), Sachin Reddy"), Shinya Nakano?®, Joshua Pettit®), Yuki Nakamura®)
(1National Institute of Polar Research, (*The Institute of Statistical Mathematics, (*NASA/GSFC, *The University of Tokyo

During large geomagnetic storms, red auroras are typically observed from low-latitude countries such as Japan. The color
arises from the specific emission line of Oxygen atoms at high altitudes. However, during the May 10-11th 2024 superstorm,
magenta auroras were observed above Japan instead of the typical red. In this study, we demonstrate that the magenta hue is
created by a mixture of red (O) and a blue (N2+) aurora at extremely high altitudes. The blue color originates from the N2+
first negative emission band caused by both resonant scattering of the upwelling molecular ions and heavy particle precipi-
tation during the storm. This study is primarily driven by observations from citizen scientists, and confirmed and quantified
with observations from spacecraft and modeling techniques. Additionally, we show that high solar activity, terrestrial season,
and the preheating of the atmosphere all contribute to the occurrence of magenta aurora. This study showcases the value and
richness of citizen science, and we anticipate that such approaches will become increasingly important in the future.
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Education of Observation and Data Processing with a Digital Image-Recording
Soda Bottle Magnetometer

#Shun Imajo®)
(1Graduate School of Science, Kyoto University

The soda bottle magnetometer, which is a handmade torsion-type magnetic variometer, has been used for education of the
space weather in middle-to-high latitude region. However, this teaching material is rarely used in magnetically low latitude
regions such as Japan because manual reading of the light spot reflected from the mirror attached to the sensor magnet cannot
resolve small magnetic field fluctuations. To use the soda bottle magnetometer for a class at Kyoto University, I combined it
with a data recording system that a webcam takes images of the position of the light spot on a regular basis, named “Image-
Recording Soda Bottle Magnetometer”. The data was recorded by taking 96 images at 4 images/s for 24 seconds every
5 minutes. The center positions of the light spot were accurately determined by a Python program. The resolution of the
magnetic declination is less than "0.08 arcmin (or “0.7 nT) which is about ten times better than the manual reading. The new-
type soda bottle magnetometer successfully detected Sq variations and substorm magnetic bays at Kyoto (GMLat™25 degrees)
with amplitude of <5 nT. Since the data is acquired as digital format, students can analyze the data acquired by themselves
on their computers. The cost of the observation system is inexpensive (less than 10,000 yen except PC). The digital image-
recording soda bottle magnetometer has potential for use in Japanese geoscience education, not only in universities but also
in high schools.
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Potential for data science education practices in higher education using solar-

terrestrial science data
#Akiko Fujimoto?), MDASH Education Promotion Office®)
(IKyushu Institute of Technology

Today, in the real world, it is required to generate new knowledge on unsolved social problems by utilizing various types
of data across different fields, based on solid mathematical reasoning and data analysis skills. Recent developments in in-
formation technology have increased society’s expectations of Al and data science. In particular, the role of Al as a trigger
for social transformation through digital transformation (DX) is regarded as important. As human resources responsible for
this DX, the AI Strategy 2019 requires personnel who understand and can utilize mathematics, data science, and Al To
develop human resources with these skills, the Ministry of Education, Culture,Sports, Science and Technology (MEXT) has
established the ”Approved Program for Mathematics, Data science and Al Smart Higher Education” (MDASH) to approve
educational programs at universities, junior colleges, and technical colleges.

The digital, science and mathematics fields are being strengthened in university education, and in order to maximize the ef-
fects of this policy, data science education is being also promoted in high schools with a view to developing human resources
to support the growing digital sector. Programming education has become a required subject in high schools as ‘Information
I’ from the 2022 academic year. All high school students learn about programming, networking, database basics, etc. Practi-
cal learning is expected to go beyond classroom learning, using various types of sensor data and other big data.

In many of the SGEPSS research tasks, measurement data are collected using a variety of geophysical metrology sensors in
different domain regions with different elementary physical processes, covering from the Earth’s interior to the Earth’s upper
atmosphere region, the Sun, and the solar system planets. These data are in a variety of data formats, including time series
data, batch data (discrete data) and image/video data. Knowledge discovery is then based on statistical analysis, including
multivariate data analysis and machine learning. This series of research processes is consistent with the basic cycle of data
science and shows high affinity as teaching materials for data science education.

In this presentation, specific examples of practical data science education using solar-terrestrial science data at the Kyushu
Institute of Technology will be presented: (1) hands-on training workshops on machine learning for students and staff from
across the university, (2) the PBL (Project Based Learning) course for information engineering graduate students provides
practical data science training, such as designing machine learning models and making inferential predictions using space
weather data, (3) hands-on practice package using sunspot number and satellite orbit data provided to the high school as part
of the DX High School project of MEXT.
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Recent activity of the IUGONET project: Update of metadata, data analysis tools
and systems

#Yoshimasa Tanaka'-®), Shuji Abe?), Atsuki Shinbori®), Shun Imajo®), Satoru UeNo®, Masahito Nose®, Chihiro Tao”,
Hidekatsu Jin”)

(INational Institute of Polar Research, (International Research Center for Space and Planetary Environmental Science,
Kyushu University, (Institute for Space-Earth Environmental Research, Nagoya University, (*Data Analysis Center for Ge-
omagnetism and Space Magnetism, Kyoto University, (°Hida Observatory, Graduate School of Science, Kyoto University,
(6School of Data Science, Nagoya City University, ("National Institute of Information and Communications Technology,
(8Research Organization of Information and Systems, Joint Support-Center for Data Science Research, (?The Graduate Uni-
versity for Advanced Studies, SOKENDAI

We present recent activities in the Inter-university Upper-atmosphere Global Observation NETwork (IUGONET) project:
(1) update of metadata, (2) development of a Python-based analysis tool, (3) development of a DOI registration system, and
(4) application for WDS network membership. Regarding (1), the [UGONET metadata is based on Space Physics Archive
Search and Extract (SPASE) data model, and the metadata for more than 1,200 datasets have been registered in the metadata
database “IUGONET Type-A”. The metadata schema currently used for IUGONET Type-A is SPASE 2.4.0 and is being up-
dated to the latest version (SPASE 2.6.1). Since SPASE 2.6.1 can describe simulation data, we tried and succeeded in creating
a metadata for the Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy (GAIA) simulation data, which are
archived and published by the National Institute of Information and Communications Technology (NICT). As for (2), we have
developed a plug-in for Space Physics Environment Data Analysis Software (SPEDAS), which is written in Interactive Data
Language (IDL), and a MATLAB-based analysis software (M-UDAS) to analyze various upper atmosphere data. Recently,
we developed a plug-in package for Python-based SPEDAS (PySPEDAS) that includes routines for loading over 20 types of
data and it is available from GitHub. PySPEDAS with the [IUGONET plugin were used for analyzing EISCAT radar data at
the EISCAT radar school held in Finland this August. It is expected that this plug-in will be incorporated into PySPEDAS
in the near future. For (3), it is becoming common in recent years to register DOIs to data. Thus, we developed a prototype
of a new system that can register data DOIs using SPASE 2.6 metadata in collaboration with NICT. This system allows us
to register DOIs for many datasets registered in [UGONET Type-A. Regarding (4), we applied for network membership to
WDS and it is under review as of August 2024. In the presentation, we will report on these topics in detail.
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Research data distribution activities in cooperation with Kyushu University Li-
brary

#Shuji Abeb), Takuya Ashikita?, Yuko Hori?), Akimasa Yoshikawal+3)

(nternational Research Center for Space and Planetary Environmental Science, Kyushu University, (?Kyushu University
Library, ®Department of Earth and Planetary Sciences, Kyushu University

The International Research Center for Space and Planetary Environmental Science (i-SPES) at Kyushu University operates
MAGDAS, an observation network of ground magnetometers deployed around the world. We have about 40 years of geo-
magnetic observation data including preceding projects. These data are maintained in scientific standard exchange formats
such as [AGA2002 and CDF. Metadata are produced by Space Physics Archive Search and Extract (SPASE) and open to the
public by the metadata database of the Inter-university Upper atmosphere Global Observation NETwork (IUGONET) project.
These are readily available to researchers in related fields. In recent years, cross-disciplinary research is actively promoted,
and updates are required that can be used by researchers in a wide range of fields. On the other hand, Kyushu University is
promoting open access to research results with the aim of becoming an international academic research hub through active
information dissemination, human exchange, and collaboration with various research institutions and industry. The Kyushu
University Institutional Repository (QIR) is responsible for this activity. This repository enables the registration and publica-
tion of not only research papers but also research data in response to the recent rapid spread of the open science movement
and the accompanying requests from journals and research funding agencies. We registered our metadata in QIR to make it
accessible to many users, not just researchers in neighboring fields, and to promote the utilization of a wide range of cross-
disciplinary data and data-driven research. QIR metadata can be distributed to external databases such as CiNii Research,
DataCite Commons, etc., so that more people will be able to search and use them. In addition, research data published in QIR
can be assigned a DOI. Obtaining a reliable and persistent identifier will ensure reliable access to research data. Obtaining
DOIs is also expected to have the effect of facilitating the understanding of data citations and the number of data citations
and leading to the evaluation of the performance of data providers by obtaining the number of data releases and the status of
data utilization. In this paper, we introduce the progress of these activities and plans.
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Processing and noise reduction of the prototype imaging data of the SuperDARN
Hokkaido East radar.

#Shota Hayamizu®), Nozomu Nishitani®), Yoshiyuki Hamaguchi®), Tomoaki Hori®), Atsuki Shinbori®)
(INagoya University Institute for Space-Earth Environmntal Research

SuperDARN is a network of HF radars installed in high and mid-latitude regions of both hemispheres and used mainly
for ionospheric research. Doppler velocities of ionospheric plasma are measured by observing echoes backscattered from
ionospheric irregularities. SuperDARN radars’ design, instrumentation, and basic software are based on the radars’ initial
specifications. Important operation parameters, such as integration time and sampling rate, were determined based on initial
engineering and computational capabilities. Therefore, the system needs to be modernized. Replacing it with modern radio
equipment and operating systems makes introducing new or replacement systems into the radar easier. McWilliams et al.
[2022] introduced Borealis as a new open-source software and hardware design for the SuperDARN radar. It utilizes digital
radio design and data analysis techniques to mitigate and remove the limitations of SuperDARN.

We are trying to implement software radio technology at the Hokkaido East radar. We carried out a test operation from 30
June to 3 July 2020. USRP-N210 was used as the digital radio equipment, and the data were received on four channels out of
a total of 20 channels. The received data was beamformed in 16 directions, and the received signal strength and phases were
imaged. During the operation, significant noises were observed at specific times. Specifically, many of them occurred around
10:00 UT (19:00 LT). The noise was huge in the geographical northward beam direction, and the typical noise frequency
was around 10 kHz. In this study, a low-pass software filter was implemented to remove the noise. Since 300-microsecond
pulse (corresponding to approximately 2.2 kHz) wave was transmitted, it is necessary to pass up to three times the pulse wave
frequency to maintain the pulse waveform. 6.6 kHz low-pass filter would remove the 10 kHz noise without destroying the
received pulse waveform.

While the implementation of the low-pass filter enabled the 10 kHz noise to be removed. On the other hand, we are focused
on solving the issue of the spike noise spreading over the entire signal waveform. Details of the filtering algorithm and the
latest results will be presented.
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Current status and future perspective of data archive for Syowa - Iceland conju-

gate observations
#Akira Kadokura®)
(1ROIS-DS/NIPR

Current status and future perspective of the data archive for the ground-based conjugate observations on auroral phenomena
(optical aurora, geomagnetic field, ULF wave, CNA, VLF wave, etc.) between Syowa Station, Antarctica and Iceland will be
introduced.

Simultaneous digital data recording of continuous ground-based upper atmosphere physics monitoring observation data at
Syowa and observatories in Iceland has been carried out since 1984.

As for the auroral optical observations, an autonomous system of monochromatic all-sky digital CCD imager was installed
in 2005 at Husafell, Iceland, and autonomous system of an all-sky panchromatic imager and a meridian scanning photometer
was installed in 2008 at Husafell, and that of an all-sky panchromatic imager was installed in 2009 at Tjornes, Iceland.

So far, update or reconfiguration of those instruments and installation of other new instruments have been done several
times both at Syowa and observatories in Iceland. In Iceland, observations were carried out at three sites during 1984 to 2008,
and then have been reduced to two sites, Husafell and Tjornes, since August, 2008.

In our presentation, current status of the data archive of those Syowa — Iceland conjugate observations will be introduced
and a future perspective will be discussed.

Information on the Syowa — Iceland conjugate observation and archived data can be seen and accessible from the follow-
ing WEB site:
https://polaris.nipr.ac.jp/ aurora/uapm/ConjugateObs_index.html
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International Collaborations on Science-Data related Activities in the Asia-
Oceania Aeria

#Takashi Watanabe!), Masaki Kanao?), Akira Kadokura?), Yasuhiro Murayama®), Toshihiko Tyemori®)

(INational Institute of Information and Communications Technology, (2Joint Support-Center for Data Science Research
(ROIS), ®Kyoto University

Based on a general understanding of discussions held in the previous Asia-Oceania (A&O) oriented symposia to promote re-
gional activities on data (Kyoto in 2017, Beijing in 2019, Tokyo in 2021, and Tokyo in 2023, https://ds.rois.ac.jp/article/dsws_2023),
the WDS National Committee (a sub-committee) of the Science Council of Japan has initiated to operate a Web site “WDS
Asia-Oceania Network (https://takashiwatanabe.wixsite.com/wds-asia-oceania)” including information on the current
status of Open-Science oriented activities in the A&O area. As a new trend, several South-Asian countries are trying to
establish their data networks. Collaborations with these regional networks will be one of our essential works. Another
remarkable movement seen in the A&O area is that almost all countries in the area have established their platform to promote
Open-Science activities in their countries. It will be important to build a collaborative network to establish systems for the
preservation and provision of science data being produced by scientific activities in these countries. Although every country
in this area is operating well-established governmental data repositories, the involvement of these repositories will be one of
our important challenges. The next conference will be held in Beijing, China, in September 2025 at the Institute of Tibetan
Plateau Research, CAS.
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WDS Asia-Oceania Network: https://takashiwatanabe.wixsite.com/wds-asia-oceania
DSWS-2023: https://ds.rois.ac.jp/article/dsws_2023
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A generation model of two dimensional aurora image based-on Conditional GAN
considering substorm process

#Ryusei Furukawa'), Akiko Fujimoto!)

(1Kyushu Institute of Technology

We propose a deep learning model for generating aurora images, focusing on the substorm process. Aurora all-sky image
analysis is important in understanding the substorm time evolution caused by the interaction of the solar wind with the
Earth’s magnetosphere. Machine learning-based two dimensional aurora image classification research has increased over
the last decade. Many studies have only classified aurora images into several types by mechanically learning the features
of aurora shape and texture in the image, and have not yet taken into account the substorm development process. Aurora
shapes such as arcs and aurora illumination intensity in two dimensional aurora images correspond to substorm phases and
precipitation particles. Substorm time development processes can be estimated from these aurora property information in two
dimensional aurora images. The reconstruction of two dimensional aurora time-series development processes will provide
consequent insights into solar wind and magnetospheric physics, such as magnetic reconnection and particle acceleration.

Our proposed model for generating two dimensional aurora images is based on Conditional GAN (Mirza and Osindero,
2014), which is an Adversarial Generative Network model. GAN models are generative models that can learn features
from prepared data, such as images, using two different types of learners, Generator and Discriminator, to generate artificial
images. To generate aurora images considering substorm time development processes, 2-hour time-series data of solar wind
data (velocity, density, IMF Bz, and Electric Field) and ground-based geomagnetic field are given as condition vectors to the
generators and discriminators in our conditional GAN model.

As a dataset, we use aurora all-sky images, in which the aurora can be clearly observed, without the influence of moonlight
or weather. As a result, a total of 67,409 aurora all-sky images are obtained for the period 2015-2019. The training time for
our two dimensional aurora image generation model was approximately 8 hours.

The performance of the generated models was assessed by qualitative and quantitative evaluation. The results showed that
auroras with simple shapes and a slow temporal variation were reproduced well, with an average accuracy of 0.725. On the
other hand, auroras with complex shapes and auroras with a rapid change in time had a low reproducibility, with an average
accuracy of 0.362. These results demonstrate the potential of using a two dimensional aurora image generation model based
on a conditional GAN model in understanding substorm development processes through deep learning.
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Application of image processing techniques for monitoring the ionospheric envi-
ronment: ionogram images

#Akiko Fujimotol), Hayato Nakamura®), Yuki Goou®, Ikumi Yoshino®)

(1Kyushu Institute of Technology

The upper atmosphere, known as the ionosphere, can affect shortwave communications and cause satellite positioning er-
rors. The structure of ionosphere is not stable and variable in the time of day, season, latitude, and solar activity, because
of the differences of the energetic photo-ionization process. Ionosonde, which is a type of HF radar, widely used to monitor
the ionospheric environment. Measuring the altitude distribution of electron density in the ionosphere, using High-Frequency
radio wave reflections, often causes the low signal-to-noise ratio of ionospheric echoes due to radio frequency interference.
This can cause difficulties in detecting ionospheric echoes from ionogram image, which visualizes the measured output of
the ionosonde.

In this study, we propose the following two types of image processing techniques with respect to ionogram images, for
tracing the ionospheric echoes from Ionogram: (1) a processing technique to convert an ionogram video image with a low
signal-to-noise ratio into a noise-reduced image, and (2) a reconstruction technique for the intermediate image between two
ionogram images.

For the converting technique (1), the proposed method consists of three processing parts: STEP1. noise removal optimized
for individual Ionogram images, STEP2. extraction of ionospheric echoes by penalized background subtraction technique,
and STEP3. fine-tuning of ionospheric echo signals using a minimum spanning tree algorithm. For unstable signal-to-noise-
ratio Ionograms, the model automatically determines the boundary threshold between signal and noise using ridge regression
for STEP1 and non-fixed penalized parameters for STEP2. The proposed model successfully reproduces fine lonograms.

For the reconstruction technique (2), we applied morphing with Delaunay triangulation. Ten feature points of ionospheric
echoes are selected from each of the two temporally separated ionogram images and an affine transformation is used to gen-
erate an intermediate image. We found this technique Effective for generating ionogram video images with short duration
(1-hour) and small time variations.
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Multimodal Fusion Towards Machine Reasoning for Spatiotemporal Predictive
Learning of Ionospheric Total Electron Content

#Peng LIUY, Tatsuhiro Yokoyamal), Takuya Sori!), Mamoru Yamamoto®)
(1Research Institute for Sustainable Humanosphere, Kyoto University

The spatiotemporal distribution of Total Electron Content (TEC) in ionosphere determines the refractive index of electro-
magnetic wave leading to the radio signal scintillation and deterioration. Thanks to the development of machine learning
for video prediction, spatiotemporal predictive models are applied on the future TEC map prediction based on the graphic
features of past frames. However, output result of graphic prediction is unable to properly respond to the external factor
variations such as solar or geomagnetic activity. Meanwhile, there is still neither standard data-set nor comprehensive evalu-
ation framework for spatiotemporal predictive learning of TEC map sequences leading to the comparisons unfair and insights
inconclusive. In this research, a new feature-level multimodal fusion method named as channel mixer layer for machine rea-
soning is proposed that can be embedded into the existing advanced spatiotemporal sequence prediction models. Meanwhile,
all performance benchmarks are accomplished on the same running environment and newly proposed largest scale data-set.
Experiment results suggest that the multimodal fusion prediction of existing model backbones by proposed method improves
the prediction accuracy up to 30% with almost the same computational complexity compared to that of graphic prediction
without auxiliary factors input, having the real-time inference speed of 34 frames/second and minimum mean absolute er-
ror of 0.96/2.73 TEC unit during low/high solar activity period respectively. The channel mixer layer embedded models
can respond to the variations of auxiliary external factors more correctly than previous multimodal fusion methods such as
concatenation and arithmetic, which is regarded as the evidence of state-of-the-art machine reasoning ability.
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Automatic Detection of Field Line Resonances in Geomagnetic Data Using Deep

Learning

#Yuki Obana®), Akiko FujimotoQ)

(Unternational Research Center for Space and Planetary Environmental Science, Kyushu University, (?Kyushu Institute of
Technology

As a step toward introducing deep learning to solar-terrestrial physics, we attempted to construct a classification model that
learns from geomagnetic data to determine the presence or absence of field line resonances. It is well known that the field
line resonance frequency can be accurately detected by comparing geomagnetic data from two stations at different latitudes.
This frequency can be used to estimate plasma mass density in the magnetosphere.

Since the early 2010s, we have been measuring three-component geomagnetic data every second at four mid-latitude
geomagnetic stations in New Zealand: Middlemarch (MDM), Eyrewell (EYR), Te Wharau (TEW), and Waitarere (WAI).
This extensive dataset provides numerous opportunities to enhance research, but also presents challenges due to its large size.
Therefore, the ability to automatically analyze large amounts of geomagnetic data would be highly valuable.

To create a training dataset, we used about one year’s worth of geomagnetic data, classifying days based on whether field
line resonances were clearly visible, somewhat visible, or not visible. A convolutional neural network (CNN) was trained
on this dataset, resulting in a model capable of automatically detecting magnetic field line resonances. Additionally, we
improved the existing algorithm for detecting field line resonance frequencies by incorporating parameters calculated during
the process in which our model evaluates the geomagnetic data.

In this presentation, we will introduce our results and discuss future challenges and prospects.
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