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SUMMARY

I. Title

Development of airglow interferometric raw data analysis technique for upper

atmospheric research

II. Purpose and Necessity of the Study

O The thermosphere-ionosphere is a highly coupled region driven by solar radiation, solar
wind, magnetospheric currents, and neutral dynamics

O Variations in thermospheric density and ionospheric disturbances directly impact satellite
drag, orbital decay, and communication/navigation systems

O FPI is the only ground-based optical instrument capable of simultaneously measuring
thermospheric neutral winds and temperatures

O Optical observations are sensitive to clouds, aurora, and instrumental effects, limiting the
reliability of fully automated processing

O Direct raw data analysis is essential for instrument monitoring, data quality control, rapid

anomaly detection, and long-term observation network expansion

III. Contents and Scope of the Study

O Development of an automatic all-sky image classification system to improve weather
condition assessment for FPI observations

O Development of a low-power, compact all-sky camera optimized for extreme environments
and FPI raw data quality evaluation

O Development of 630-nm FPI airglow analysis techniques using calibration laser images to
track time-varying instrument characteristics and improve wind/temperature retrieval

accuracy



IV. Results of the Study

O All-sky-Image-Based valid FPI data classification

- Developed automatic classification of sky conditions suitable for FPI observations using
visible all-sky images

- Implemented a star-count-based method combining binning, aurora suppression,
frequency-domain filtering, and morphological processing

- Introduced a deep-learning-based (CNN) classification method to enhance objectivity and
robustness

- Deep-learning results demonstrate improved selection of valid airglow data for

long-term, large-volume FPI observations

O Development of a compact All-sky Camera

- Developed a low-power, 180° wide-FOV compact all-sky camera enabling unmanned
operation in polar and isolated regions

- Quantified vignetting and wavelength-dependent attenuation through uniform light source
tests

- Operated the camera alongside FPI to provide direct weather and auroral condition
information for data quality assessment

- Field deployment in Antarctica confirmed feasibility for distributed, low-power

observation sites

O Development of 630-nm FPI raw data analysis techniques

- Established procedures for fringe center detection, equal-area annular segmentation, and
annular summation to generate 1-D spectra

- Precisely estimated time-varying instrument functions using an Airy-function-based laser
forward model and staged nonlinear fitting

- Retrieved thermospheric neutral winds and temperatures from 630-nm airglow spectra
with quantified uncertainty estimates

- Validated the analysis framework using FPI data from Kiruna, Resolute Bay, and Mt.
Bohyun.

V. Further Application of the Study

O Application of the compact all-sky camera and automatic classification software to



observation networks in previously inaccessible regions

O Integration of all-sky-based data selection with FPI analysis for continuous monitoring of
instrument status and data quality.

O Use of the developed analysis software to reduce operational burden and accelerate
research initiation at other FPI sites

O Standardization and sharing of analysis techniques to enable coordinated multi-site FPI

operations and improved spatiotemporal resolution of thermospheric measurements
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a9s ¥ 1]l 21 & stedo] 23S JH AHlolA Ao olw| Ao A &35}
H AEe HAHsE AAHo] aFHT HT O EokollA AFAF  (Artifitial
Intentigence, ADE &-&3 A5 40| &LsHA o|FoA L qow, 1 A
A3 AnS HojFy Qup. B B g 7318 o3k HAl 7|HE &3 Ao
obd 1A olm A Al 7IHE &3k, AlE &3 MEL &4 e =3 AT
& Farvh Yok

_34_
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3.

DL vs Previous method (Monthly)
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