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Many mysteries in our Nature are needed to be answered, for example the origin of matter-
antimatter asymmetry, dark matter and dark energy problem, the origin of gamma-ray burst
(GRB) and terrestrial gamma-ray flash (TGF). Although large collaborations in high energy
physics and astroparticle physics devote lots of efforts to unravel these puzzles, many innovated
small-scale experiments can still play an important role on it. Most interestingly and importantly
are that these kinds of small-scale experiments can be conducted locally in Taiwan, for instance
the cosmic and gamma ray detection in CubeSat missions.

In this talk, we will present the possibility of building the constellation of CubeSats with
gamma ray detectors for understanding the TGF physics, as well as for detecting the short GRB
which can be part of global gravitational wave multi-messengers. We will show the preliminary
design and recent developments on this gamma-ray detector dedicated for the CubeSat missions
and will discuss the possible collaborations across different disciplines and research institutes.
This can be the first high energy physics detector for CubeSats designed and developed
completely in Taiwan, and deployed in the low Earth orbit.

B 4237 ¢ Gamma-ray physics, CubeSat constellation
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IDEASSat: Design, Testing, On Orbit Operations, and Anomaly

Analysis of a First University CubeSat for lonospheric Science

Loren Chang'*, Chi-Kuang Chao?, Yi-Chung Chiu?, Tzu-Ya Tai!, Kai-Lun Cheng?, Hsin-Tzu
Liu!, Rong Tsai-Lin!, Guan-Po Chiu!, Kai-Jye Hou!, Pin-An Lin!, Ruo-Yu Wang?, Yu-Shun
Wang?, Glen Franco Gacal?, Sittinat Denduonghatai®, Tsai-Ru Yu!, Rafael Yuwei Li!, Jann-Yenq
Liut
!Department of Space Science and Engineering, National Central University, Taiwan

*loren@g.ncu.edu.tw

£ }# & (Extended abstract)

The lonospheric Dynamics and Attitude Subsystem Satellite (IDEASSat) is a 3U CubeSat
carrying a Compact lonospheric Probe (CIP) to detect ionospheric irregularities that can impact
the usability and accuracy of global satellite navigation systems (GNSS), as well as satellite and
terrestrial over the horizon communications. The spacecraft was developed by National Central
University (NCU) in Taiwan, with additional development and operational support from partners
in the International Satellite Program in Science and Education (INSPIRE) consortium. The
spacecraft system needed to accommodate these mission objectives required three axis attitude
control, dual band communications capable of supporting both tracking, telemetry and command
(TT&C) and science data downlink, as well as flight software and ground systems capable of
supporting the autonomous operation and short contact times inherent to a low Earth orbit
mission developed on a limited university budget with funding agency-imposed constraints. As
the first spacecraft developed at NCU, lessons learned during the development, integration, and
operation of IDEASSat have proven to be crucial to the objective of developing a sustainable
small satellite program. IDEASSat was launched successfully on January 24, 2021 aboard the
SpaceX Falcon 9 Transporter 1 flight. and successfully began operations, demonstrating power,
thermal, and structural margins, as well as validation of uplink and downlink communications
functionality, and autonomous operation. A serious anomaly occurred after 22 days on orbit when
communication with the spacecraft were abruptly lost. Communication was re-established after
1.5 months for sufficient time to downlink stored flight data, which allowed the cause of the
blackout to be identified to a high level of confidence and precision. In this paper, we will report
on experiences and anomalies encountered during the final flight model integration and delivery,
commissioning, and operations. Flight data from this first NCU satellite mission will be used for
further improvements in self-developed spacecraft platforms and avionics with the aim of
increasing reliability and on-orbit lifetime. It is hoped that the lessons learned reported here will
be helpful for other university teams working to develop spaceflight capacity.
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k H 4 & (Extended abstract)
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EnduroSat and the cooperative opportunities in Space
science, technology, and education

Raycho Raychev 1*
'EnduroSat

*raycho@endurosat.com

£ K4 & (Extended abstract)

EnduroSat provides high-end NanoSats and Space services for business, exploration, and
science teams. Its focus is on the development of next generation commercial and space
exploration programs. With an annual growth of 250%-+, EnduroSat is also one of the fastest

growing Space companies in Europe.

The practical education of young professionals is a significant part of building an innovative
and competitive commercial company. Space Challenges Program is predecessor of EnduroSat
and was established in 2010. In the last decade the program became a leading free platform for
space education in Europe and an incubator for young Space professionals.

The synergy between EnduroSat and Space Challenges is a proof of unique cooperation model

between education and commercial Space program.

EnduroSat invests in Space Challenges and as a consequence scales its own team with well-
prepared young professionals. Viktor Danchev, current CTO, started his space career in Space
Challenges in 2014. He is one of many successful graduates, who rapidly excelled through the
education program. Today Viktor is leading a team of 90 + space engineers and scientists.

Over 40% of EnduroSat’s total workforce originates from Space Challenges program.

Keywords: Space Educational Programs, Space Challenges, Commercial Space, NanoSats -
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The FORMOSAT-8A Science Payload — Dual-band

Imager of Atmospheric Transients (DIAT) and Electron
Temperature and Density Probe (TeNeP)

Alfred Bing-Chih Chen(rit'm 2 ) ¥, Charles Lin(+k2 % )2, Shu-Chun Chu(4% # %), Yi Yang(#
%)%, Ted Wei-Tai Liu(%] i# )%, Ting-Jhou Wu(£ 5e+)!, Kuo-Chih Chang(3& %)%, Mike
Tsai(# & #5)3, Jia-Ting Lin(+k i 2£) 2, Shih-Ping Chen(m+ )2, Ya-Xun Yang(#§ % #)*, Hao-
Yun Hong( i 2 )% Fu-Yu Huang($ % 3%)* Chia-Ray Chen(f £.34)°
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£ k4 & (Extended abstract)

FORMOSAT-8 Program is the first mission initiated from the 3rd phase of the National
Space Technology Long-Term Development Program in Taiwan. A science mission aiming at
exploring the atmospheric transients including terrestrial gamma-ray flashes (TGF), lightning, as
well as airglow, and ionospheric electron characteristics was proposed by the National Cheng
Kung University (NCKU) and contracted as the science payload of the first satellite. The science
background and the mission objectives are briefly presented in this report.

The science payload consisting of two instruments, Dual-band Imager of Atmospheric
Transients (DIAT) and Electron Temperature and Density Probe (TeNeP). DIAT is a set of
miniaturized cameras and the heritage of the DOTcam (Dual-band Optical Transient Camera)
placed in the Japanese microsat RISESAT and successfully launched in 2019. But DIAT does not
only equipped with a customized optical system but also a powerful Hamamatsu CCD chip that
can extend the spectral converage to the UV band around 200nm. TeNeP is a new ionospheric
instrument that is able to avoid the effect of surface contamination and floating potential and
obtain a high-precision measurement on the electron temperature and density. The development
strategy, design features and the current progress of the payload instruments are also reported
here.

K 4237 1 FORMOSAT-8, Science payload, Dual-band Imager of Atmospheric Transients

(DIAT), Electron Temperature and Density Probe (TeNeP), terrestrial gamma-ray flashes (TGF),
lightning, airglow
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£ K4 & (Extended abstract)

The Gamma-ray Transients Monitor (GTM) is a secondary science payload to fly on
Formosat-8B (FS-8B), a Taiwanese remote-sensing satellite scheduled to launch in 2024. The
goal of GTM is to monitor Gamma Ray Bursts (GRBs) and other bright gamma-ray transients in
the energy range from 50 keV to 2 MeV. GTM consists of two identical modules located on two
opposite sides of FS-8B. Each module has four sensor units facing different directions to cover
half of the sky. The two modules will then cover the whole sky, including the direction occulted
by the Earth. Each sensor unit is composed of a GAGG scintillator array (50 mm x 50 mm x 8
mm) to be readout by SiPM with 16 pixel-channels. The science goal, instrument design, and its

current status will be reported in this talk. GTM is expected to detect about 40 GRBs per year.

M 423 @ Soft gamma-ray instrument, Gamma Ray Bursts
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Compact Scintillator Array Detector for sounding rocket or
CubeSat

Chih-Yun Chen'", Mu-Hsin Chang?, Hsiang-Chieh Hsu!, Pu Kai Wang!, Yi Yang!
Alfred Bing-Chih Chen?, Ting-Chou Wu?, and Wei Tai Liu!
!Department of Physics, National Cheng Kung University, Tainan, Taiwan
“nanal99685@gmail.com

£ K4 & (Extended abstract)

There are still many unsolved mysteries in Nature, for example the origins and properties of
cosmic ray and fundamental interactions, which only can be answered via high energy physics
experiments and space missions. Therefore, combining these two areas would provide us more
insight of understanding our Nature. However, these are the most complicated and expensive
programs in the scientific community. There are many large experiments or collaborations
dedicated to exploring the beauty of cosmic rays, for example AMS and DAMPE. Unfortunately,
all of them are extremely costly and requiring lots of experience. In the foreseeable future, there
will be more experiments or space program in this area, so it is also an important time for us to
design, develop, and build our own space program in this area.

The development of CubeSat and sounding rocket is a total game changer to the space
program, it allows building a space instrument to be more achievable and affordable in a
university. Compact Scintillator Array Detector (ComSAD) is a 64 channels scintillator-SiPM-
based detector which has capabilities to measure the flux, direction, and even energy of cosmic
rays at the height above the limitation of balloon experiments. It is also the first self-designed,
developed, and constructed particle detector for sounding rocket missions, CubeSat missions, or
other high energy physics related programs in Taiwan. In this talk, we will present the recent
development on ComSAD and show the first results from the data taken on the ASTRA plane of
AIDC which is partially supported by NCKU and NSPO.

#4237 © cosmic ray, sounding rocket, CubeSat
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Ionospheric Scintillation Package Onboard TiSPACE
HAPITH I Hybrid Sounding Rocket
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£ K4 & (Extended abstract)

An lonospheric Scintillation Package (ISP) is designed as a mission payload to install on a
TiSPACE HAPITH I hybrid sounding rocket. The ISP has two mission objectives. The first one
is to explore ionospheric E-region plasma irregularities. The second one is to verify functions of
Compact lonosphere Probes (CIP), star trackers (STR), and aspectmeters (ASM) in space
environment. The CIP is a miniature model of Advanced lonospheric Probe (AIP) onboard
FORMOSAT-5 satellite. One CIP will play a role of Retarding Potential Analyzer and the other
as lon Drift Meter. The two Commercial Off-The-Shelf STR are configured to point to axial and
radical direction, respectively, to acquire star images for preliminary analysis with in-house
attitude determination scheme. The ASM equipped with MEMS sensors can acquire relative
attitude information. This mission is expected to significantly increase the technological readiness
level of indigenously developed mission payload. The ISP has completed all the functional and
environmental tests and is ready to explore E-region ionospheric irregularities over the South

Australia in the upcoming months.

K 4232 © lonospheric Scintillation Package, E-region Plasma Irregularities, Compact lonospheric
Probe, HAPITH
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Evaluation and investigation of Moon-based telescope to

observe exosphere using the far-ultraviolet instrument
TAREMRAE BEE T RIGERERBSLADEY

Cheng-Ling Kuo?, Jing-Han Zheng?, Cheng-Jie Zhang Jian!, Ya-Hui Yang?,
Chi-Kuang Chao?, Loren Chang?, Jann-Yenq Liu®, Shin-Fa Lin?, Jih-Run Tsai?,
Wing-Huen Ip®
YInstitute of Space Science and Engineering, Center for Astronautical Physics and Engineering,
National Central University, Taiwan
2Space Organization, NSPO, Taiwan
3Graduate Institute of Astronomy, National Central University, Taiwan

£ K4 & (Extended abstract)

We propose the far-ultraviolet (FUV) telescope to investigate the Lyman alpha emission of
the Earth's exosphere. The Earth's exosphere is the outermost layer of Earth's atmosphere. Lyman
alpha emission is produced by resonant scattering of solar Lyman alpha photons by atomic
hydrogen. Recent numerical studies have shown that the hydrogen exosphere may be interact
with Earth's plasmasphere and be contributed from outflows from the topside ionosphere.
Studying the exosphere could help understand the space weather effect on the Earth's geocorona.

How will the solar radiation environment change the evolution of its geometry?

Keywords: FUV telescope, exosphere, and Lyman alpha emission
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Feasibility Study on Spectral Payload of Lunar Rover
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*kevin.ko.ntust@gmail.com

£ }# & (Extended abstract)

In the exploration of the moon, analyzing the composition of the lunar surface material and
the types of lunar minerals are very important scientific research goals. Morphological and
spectral measurements are the two major methods of analyzing rock structures and compositions.
Mineralogical composition analysis is one of the major tasks of Taiwan’s lunar exploration
project. Minerals such as pyroxene, plagioclase, olivine, and ilmenite, in different sizes and
shapes, constitute most of the lunar surface rocks. The minerals have distinctive spectral
characteristics in the VIS/NIR and short-wave infrared (SWIR) wave bands that can be used for
identification. To analyze the composition of the lunar surface minerals, several spectrometers
based on linear variable filter (L\VVF) and macro grating will be developed to detect lunar surface
objects and to obtain their reflectance spectra and geometric images. These spectrometers,
including the VIS-NIR imaging spectrometer and SWIR spectrometer which will onboard
Taiwan unmanned lunar rovers, use LVF and grating as dispersive components. The rover will
also equip a calibration unit dust-proofing functionality. These spectrometers will be capable of
synchronously acquiring the full spectra of the lunar surface objects and performing in-situ
calibrations. In this feasibility study, we introduce these instruments and present a brief
description of their working principle, implementation, and major specifications.

An imaging spectrometer based on LVF is especially suitable for deep space exploration
applications (Moon, Mars, and asteroid detection), because of the characteristics such as
electronically spectral selectivity, environmental adaptability, rapid response, and simple
structure. LVF-based compact imaging spectrometer uses LVF to divide incident light into light
of different wavelengths. LVF is a glass substrate with interference filters coated on the surface.
By stacking two materials with different refractive indexes, the peak position of the
transmitted light changes with the thickness. Because the increase in thickness increases linearly
in one direction, this produces an optical bandpass filter with a center wavelength that varies

linearly along a physical dimension of the filter. We have designed and manufactured
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two types of LVF, the spectral rang for the two types is 400-700 nm and 600-1000 nm
respectively, the average FWHM of them is 30nm and our goal for signal to noise
ratio of the spectrometer is 200:1.

The SWIR spectrometer will be used for in-situ measurement of the moon surface. this
infrared spectrometer is not an imaging spectrometer. We use semiconductor manufacturing
processes to produce spectrochips for the infrared band. The infrared light is incident from the
optical fiber, enters the spectrum chip to split the light, and then is reflected to the CMOS sensor.
The wavelength range of the SWIR spectrometer designed in this study is
900nm-2500nm, the spectral resolution is 10nm, and the field of view of the front optical lens is 3

degrees.

K 4£32 © linear variable filter, spectrochip, in-situ measurement, VNIR, SWIR
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% # & (Extended abstract)

VUL R EAR 0 RREIFRIG RO 2R Ik S P Ik Bk FE fook & ehp %
B RETHFELDTA o HREGH Y PRERRT ST HEES DR 0 I F
ﬁﬁéﬁﬁﬁ’Uﬁ@%Tﬁ?m$¢#%W’@ﬁﬁ%%ﬁTﬁﬁﬁ%ﬁoﬁ%%%?
B ET AR B REFRA LA LDERT o JH BRI S PRETED
RIS FL T Y T EE i e BRARA B R EE ) PR R
AEFF LA A R THERERIE 0 FR S0P R "#ma,'l“i## BRI ERE N
P EET e E 0 R PR W EFHT I ASRGRE (T ST BRI
FOFEREPIRAEBRTE V- 26 28 I RAFR RFENHFLFR TR
I0 R AZOF SRS I R SRS 0 SRR A ) -
AEFEFERH RS BRIV RS MRS A TR R F Ok A N
EEHESF R CFMERER CERFTNTSEE i%@@%ﬂ Lzt o EERE
Bt RER 0 L0 EF SR a4 iAo B e AR 2 Fﬁmm% R
B3 T Btk A ARM Y ST R Y o B kW AR D OTEL RIRP T
RE BT U F A TREFRI(ET ST ) TR F BT IR ) AL E
T2 BT AE o

B4 0 VIR A B TR P IRF RT T A SRS

64



'V'A‘ Lol ESL _
2021 45 <k ﬁ]ﬁzﬁf‘lf?" 85 . . 2P2A-8

Formosa Lunar Ultraviolet Telescope Experiment (FLUTE)

Albert Kong'*, Judy Chang!, Zhong-Yi Lin? and Liscotech System Co. Ltd.
YInstitute of Astronomy, National Tsing Hua University
2Graduate Institute of Astronomy, National Central University
*akong@gapp.nthu.edu.tw

£ }# & (Extended abstract)

We here propose a concept study of a small telescope on a lunar lander called Formosa
Lunar Ultraviolet Telescope Experiment (FLUTE). Since the atmosphere of the Earth is opaque
to the ultraviolet (UV) spectral window, it is not possible to study UV radiation from celestial
objects using ground-based telescopes. UV astronomy has to rely on space-based telescopes such
as the Hubble Space Telescope but there are very few space telescopes dedicated to UV
astronomy in the past decades. On the other hand, UV telescopes can be realised on the surface of
the Moon. FLUTE is a set small telescopes with wide-field cameras piggybacked on a lunar
lander. Owing to the slow rotation of the Moon, star tracking is not necessary and the instrument
can be mounted on a steady platform. The main scientific objective of this instrument is to
perform a high cadence wide-field survey of the UV sky. By combining short exposure (< 1 min)
and slow rotation of the Moon, FLUTE can perform high cadence continuous monitoring UV
observations over a large region of sky. Potential high impact science capability of FLUTE
includes detection of bright UV transients such as supernovae, tidal disruption events, gamma-ray
burst afterglows, and UV counterparts of gravitational wave events. In addition, FLUTE can
observe UV transit of bright exoplanets to study their atmosphere and carry out a population
study of UV flaring stars. Finally, this experiment can be a pathfinder mission of future lunar

facilities for astronomy.

B 423 © Lunar lander, time-domain astronomy, UV astronomy, UV telescope
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Miniature Neutron Detector for Surface Mapping of Lunar
Water

MG i Tt~ 3% R4~ Robert Filgas® ~ Milan Malich?
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2 Institute of Experimental and Applied Physics, Czech Technical University in Prague
*asperchen@phy.ncu.edu.tw

£ K4 & (Extended abstract)

The possible presence of water in the form of ice at the lunar poles was first discussed in
Watson et al. (1961) and Arnold (1979). This water ice is preserved in permanently shadowed
regions at the lunar poles, where the temperatures are thought to have remained under 100 K for
the majority of the geological history of the Moon. Data from several lunar orbital instruments
such as radar experiment onboard NASA Clementine and fast neutron spectrometer onboard
Lunar Prospector suggested the presence of water ice at lunar poles. More recent data from the
Diviner Lunar Radiometer experiment onboard NASA Lunar Reconnaissance Orbiter and the
Lunar Exploration Neutron Detector on the Lunar Crater Observation and Sensing Satellite

impact site further support the water ice theory.

A current renaissance of lunar exploration enables us to search for lunar water deposits
directly on the surface of the Moon with robotic rovers. We present a miniature detector, named
HardPix, capable of mapping the water deposits using non-invasive detection of neutrons created
underground by cosmic rays and thermalized by hydrogen. Based on miniature radiation monitor
(MARAM) we made an evolution in the form of HardPix, it is a radiation monitor with 1 or 2
Timepix3 sensors and onboard processing. The dimensions of the whole HardPix device
including Timepix3 chipboard is 81 x 60 x 32 mm3 and its total weight is less than 150 g. Power
consumption of the device is around 1.5 W during measurement. One HardPix will be used to
monitor the background cosmic radiation, and another HardPix with the conversion layer will be

used to measure flux of neutrons moderated by water.

B 4235 © miniature neutron detector, miniature radiation detector, lunar water

66



f g0 o1 EAL _
2021 %5 ha ﬁ];ﬁf‘l‘ﬁ?‘ K (377 2P2A-10

B RGESHE R AEHS P PR RELE N AN EL

-7 = = ,—'-
(g el

%ﬁﬁl*w&z@1~£k@ﬂ
B Y
2@@: R ??jgml X
*chiueh@soclab.org

£ }# & (Extended abstract)
B,

AFPTRNRY DEMITERTDDE 0 RKP I PGSR S ETRLP LR

B f e 3 o e i ST RO RE » e 2 R IFS TR DA OT AR ] o by e
JS EZI I S R E’m%pf—ﬁx’%ﬁ”# Fooe B 2. 3 4 B3 ATE & it T 3 45 R HEcP o
ﬁﬁ%ﬁi’?ﬁfpméﬁm4m%ﬁmﬂiﬁﬁﬁ? e g £l S e
B AL - BREIDTGHAEFAINR -RERNTIRFAL BT 27 iy T3 =
PryrpREFREErE 2 T HEREPFLIE, FF ! AFERELF 9N
MR SR E A AT RS o B EARY o MAERTE PUE 0 B U 0 R B ) RSV RS
F o BT F G STAUE R P o ATE B enER fruag TR 0 K NASA Tk B endE fuif

(PRSI S SRR N LA SIS e S CRAR I PG BRI R RS
TRTRHPAYT P AE R I RFFTRE EFPEERITA Y S F % s AU

HoXBEFA OB HTEOHRBETR  APRTRFEREATLRE LT LR
Bt s g efdgatac 4 oo I P R Y L EtE R c R ER PRSP L E A

[EX
#g\mo

-nl&

Makie 1 ) AFERIBELE C FHHRN T ER > SFH L TR

67



2021 %5 b4 ﬁﬁpf I‘ I 1Y 2P2A-11

PR RBAFERMPPREEE N AERE

2= s 21
2.F [FiEn

&)
’e‘té
s
&
w

sEmE U inRF Iy B Al A AR BT BB R 2 o
1@ﬁ$ﬁ+§%;ﬁi%ﬁ§?fﬁ
‘HBE A AR EFTF R
SR S B RBEAPAL Y
*jocelyn@pssc.ncku.edu.tw

£ }# & (Extended abstract)
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£ }# & (Extended abstract)

The Gamma-ray Transients Monitor (GTM) is a science payload to fly on Formosat-8B for
monitoring Gamma Ray Bursts (GRBs) and other bright soft gamma-ray transient events. In this
talk a preliminary feasibility study of deploying a variant version of GTM on a lunar lander
(Lunar Lander GTM, LLGTM) is reported. LLGTM consists of 13 sensor units facing different
directions to cover half of the sky. Each sensor unit is composed of a GAGG scintillator array (50
mm x 50 mm x 8 mm) to be readout by SiPM with 16 pixel-channels. With more sensor units
than GTM has and a 50% duty cycle, the lower background level on the lunar surface than in the
low Earth orbits makes it possible for LLGTM to detect more than 90 GRBs per year (GTM, with
a 36% duty cycle, is expected to detect about 40 GRBs per year). More importantly, besides
being capable of localizing GRB directions by itself with different detected flux levels of each
sensor, LLGTM may work together with GTM, or other GRB monitors, to achieve much better
localization accuracy with the arrival-time-difference method, in particular because of the much
longer Earth-Moon baseline than those among low Earth orbits. It will help a lot for detection of
GRB afterglows and host galaxies and the identification of GRBs with gravitational-wave events

and high-energy neutrino events.

B 4£3% @ Lunar lander, Soft gamma-ray instrument, Gamma Ray Bursts
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Feature Line Embedding based on Support Vector for
Hyperspectral Image Classification
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ORI S B e
*yingnongl218@csrsr.ncu.edu.tw

£ K4 & (Extended abstract)

In this paper, a novel feature line embedding (FLE) algorithm based on support vector
machine (SVM), referred to as SVMFLE, is proposed for dimension reduction (DR) and for
improving the performance of the generative adversarial network (GAN) in hyperspectral image
(HSI) classifi-cation. The GAN has successfully shown high discriminative capability in many
applications. However, owing to the traditional linear-based principal component analysis (PCA)
the pre-processing step in the GAN cannot effectively obtain nonlinear information; to overcome
this problem, feature line embedding based on support vector machine (SVMFLE) was proposed.
The proposed SVMFLE DR scheme is implemented through two stages. In the first scatter matrix
calculation stage, FLE within-class scatter matrix, FLE between-scatter matrix, and support vec-
tor-based FLE between-class scatter matrix are obtained. Then in the second weight determina-
tion stage, the training sample dispersion indices versus the weight of SVM-based FLE be-tween-
class matrix are calculated to determine the best weight between-scatter matrices and ob-tain the
final transformation matrix. Since the reduced feature space obtained by the SVMFLE scheme is
much more representative and discriminative than that obtained using conventional schemes, the
performance of the GAN in HSI classification is higher. The effectiveness of the proposed
SVMFLE scheme with GAN or nearest neighbor (NN) classifiers was evaluated by comparing
them with state-of-the-art methods and using three benchmark datasets. According to the
experimental results, the performance of the proposed SVMFLE scheme with GAN or NN
classifiers was higher than that of the state-of-the-art schemes in three performance indices. Ac-
curacies of 96.3%, 89.2%, and 87.0% were obtained for the Salinas, Pavia University, and Indian
Pines Site datasets, respectively. Similarly, this scheme with the NN classifier also achieves
89.8%, 86.0%, and 76.2% accuracy rates for these three datasets.

i 4237 @ HSI classification; feature line embedding; dimension reduction; support vector
machine; gener-ative adversarial networks
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£ K4 & (Extended abstract)

Synthetic aperture radar (SAR) satellites, which have abilities to probe the Earth’s surface
through clouds and to operate at nights, has becoming one of major means to detect disasters and
surface changes in recent years. With increasing number of SAR satellites internationally, repeat
land monitoring via SAR satellites is realizing. One of powerful applications for SAR satellites is
to detect surface displacements by using the phase information, which can be helpful for the
hazard mitigation and scientific studies of disasters with surface displacement like earthquakes,
volcano eruption, landslides, and land subsidence. For the island of Taiwan, which is located at
the active boundary zone between the Eurasian and Philippine Sea plates, it is crucial to
quantifying surface displacements during earthquakes. One can use the information of coseismic
displacements to determine damage areas, to map surface ruptures and associated structures, and
to predict earthquake-triggered landslide areas. In order to detect surface displacements, the
differential SAR interferometry (DINSAR) technique is well-accepted method to measure
centimeter-level surface motion in the range direction. Because the limitation of the side-view
geometry of SAR satellites, the powerful DINSAR technique cannot resolve displacements in the
azimuth direction. Therefore, other techniques such as pixel-offset tracking and multiple aperture
interferometry (MAI) are invented to provide the estimates of surface displacements in the
azimuth direction. In this project, we aim to examine and integrate the varied techniques to
construct three-dimensional surface displacements for different earthquakes and SAR images.
The three-dimensional surface displacements can provide comprehensive observations for

analyzing seismogenic fault motion and surface damage.

B 423% ¢ coseismic deformation, 3D displacement field, data fusion, earthquake hazards

73



: e o9 T ] _
2021 55 kg ﬁ] F?f}"% R/ 2P2B-5

LhmE BT ¥ R RO 2 TR

I E
'R R AR AR S
*yutingkuo@ccu.edu.tw

£ K4 & (Extended abstract)

Since the resolution, band, and coverage of each type of sensor are different, the features of
landforms and spatial information identified are also different. In recent years, airborne and drone
technology has achieved rapid development, and it is becoming an important way to obtain
regional object types because of its flexible, comprehensive and dynamic characteristics.
Recognition technology based on these data can make full use of the geometric and texture
information in the image, which can explain the attribute characteristics of ground objects.
Compared with satellite data, the spectral information in these data was less detail. The main
purpose of this sub-project is to integrate the images taken by different sensors, to develop the
data fusion technology, and to improve the interpretation of the ground objects. In addition, we
hope to enhance the resolution of satellites and preserve multi-spectrum information in order to
increase the accuracy of image classification. Through the stable cycle of satellites and this
technology, it believes that in terms of timing, it can enhance the monitoring of more subtle

changes in cities, forests, rivers, landforms, and land information.

B 4#£3% © image fusion technology, multiple sensor, surface monitoring
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Miss Wei-Rong Huang
E-mail: wrhuang@spl.ss.ncu.edu.tw
Phone number: 886-975-064-194

EnduroSat provides exceptional NanoSats and space services for business,
exploration, and science teams. Its focus is on the development of next generation

constellation and exploration programs.

The company’s Shared Satellite Service allows multiple customer payloads to be
integrated on a single NanoSat at a fraction of the current cost and without the
traditional complexity. The service streamlines space operations by covering all
aspects of the process - from payload integration and launch all the way to data
command and control via simplified cloud-based user interface. Its goal is to help
drive innovation at the final frontier by providing easy access to space to visionary

entrepreneurs, scientists, and technologists.

EnduroSat’s software-defined CubeSats undergo vigorous tests in a leading space
qualification laboratory. All modules and systems are compliant with the CubeSat

standard and have flight heritage.

With an annual growth of 250%+, EnduroSat is one of the fastest growing space

companies in Europe.

Proud member of the International Astronautical Federation (IAF), EnduroSat’s
team exceeds 90 talented developers, engineers, and scientists, currently serving

more than 110 clients worldwide.
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National Central University (NCU) has been dedicated to promoting space science and
technology since its inception in Taiwan in 1962. In 1990, the Graduate Institute of Space
Science and Engineering (now the Department of Space Science and Engineering) of
NCU was established. It was the very first and top institute for the education and research
of space science and technology in Taiwan with prominent researchers. The Department
covers a wide range of research topics in space science in order to cultivate a new
generation of space technology professionals. With this strong academic foundation, the
Center for Astronautical Physics and Engineering (CAPE), the first university-level space
science center in Taiwan, was founded in 2018. CAPE covers a complete spectrum of
space research; it integrates space payloads and space sensors, small satellite
development, telemetry tracking and command stations (TT&C), and the mission
operations control center (MOCC) to conduct scientific research in ionospheric weather
forecasting, earthquake precursors, tsunami forecasting, and remote sensing for air
pollution. CAPE is dedicated to enhancing the space technology capacity and academic

standards in Taiwan.
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(1)

NCU CAPE is actively involved in the development of small satellite missions for
space science and technology demonstrations, using both self-developed and
commercial off the shelf components. The first of these spacecraft, IDEASSat,
was launched and successfully began operations in January 2021. Additional
follow-on spacecraft are planned to further improve the NCU 3U bus design, as
well as perform technology demonstrations for hyperspectral imaging and Ka
band telecommunications. CAPE is also involved in the development and
operations of two international spacecraft missions, which will be launched over
the next three years. CAPE also performs research on ionospheric space weather,
particularly with respect to its effects on satellite navigation and communications
through scintillation. As such, CAPE is committed to supporting Taiwan’s
development of B5G Low Earth Orbit communications satellites through both
hardware and software development, as well as space environment monitoring and
forecast.
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