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The development of outer space
technology 1n Taiwan
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o £ % & 5% (mission definition)

¢ X 7%F L#2 Space

Engineering

- f#71 2 space segment (satellite)
- # A launcher (rocket)
- ¥, 2% 56 ground segment
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Space segment

Satellites have sensors and other
equipment to enable missions such
as missile warning, intelligence,
navigation, communications, and
weather monitoring.

RS

Launch segment
Launch vehicles and facilities
place satellites in orbit.

User segment

Users in the air, at sea, and on
land rely on equipment that
communicates with satellites to
perform functions such as
communications, positioning,
and timing.

Ground segment

Ground systems perform functions such
as tracking and controlling satellites,
processing data the satellites provide,
and routing satellite communications.

Source: GAO analysis of Department of Defense (DOD) documentation. | GAO-19-458T
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Artist Rendition of Solar Wind
Created by: K. Endo

,-7 Photo Courtesy of Prof. Yohsuke Kamide National Geophysical Data Center
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High Frequency Waves Pass Through the Atmosphere
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https://www.ngdc.noaa.gov/stp/iono/ionohome.html

https://www.swpc.noaa.gov/phenomena/ionosphere
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ROCSAT-1 (FORMOSAT-1)4& % — 4%

Ionospheric Plasma Electromagnetic Instrument (IPEI)
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Occurrence Distribution of Density Irregularities
from Year 1999 to 2004
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Global distributions of density irregularities for four difference seasons from 1999
to 2004 shown in colorcoded scales to indicate the probability of irregularity

occurrences. (Su et al., 2006)



FORMOSAT-2 #&# —#¢— Daily Revisit Capability
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Formosat 2, with unique capability of daily revisit,
gives you the easiest way to work for change detection.




Support to Worldwide Nature Disaster Relief

2GS UNOSAT ¢

satellite imagery for all

Sentinel Asia

2004 Southern Asia Tsunami

2008 Wilkins Ice Shelf Corruption

2008 Wenchuan Earthquake

2011 Eyjafjallajokull Volcano
Shinmoedake Volcano

2011 Japan Earthquake

FORMOSAT-2 has supported more than 236 events across 57 countries since its launch.



FORMOSAT-2 - ISUAL (Science Payload)
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FORMOSAT-3/COSMIC
il =

Global Real-time

Weather (Meteorology)

Space Weather (lonosphere)
Observation and Prediction

The FORMOSAT—3/COS|V||C program is an international
collaboration between Taiwan and the United States that will
use a constellation of SIX remote sensing microsatellites to collect
atmospheric data for weather prediction and for ionosphere,
climate and gravity research. Data from the satellites will be made

freely available to the international scientific community in near real-

time.



FORMOSAT-3/COSMIC
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e FORMOSAT-3/COSMIC
Constellation was launch at 01:40
UTC, April 14, 2006 (Taiwan Time:

April 15 2006) at Vandenberg Air
Force Base, CA. Minotaur Launch

e Maneuvered into six different
orbital planes (inclination ~72 ) for
optimal global coverage (at ~800
km altitude).

e Five out of Six satellites are in good
health and providing science data.



GPS Radio Occultation 3% 2 37, 8]

Total sounding: 4,000,000+ profiles
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Atmospheric and Ionospheric F3/C RO Sounding

lonospheric Sounding
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3D Ionospheric plasma Structure
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Liu et al. (JGR 2010)



EIA in M-month

FORMOSAT-3/COSMIC Global FixUT MAP, M-month, 0000UT
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Liu et al. [SGP 2015]
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The diurnal mean S4-index geographic distribution in equinoxes (345 days to
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December 22th) during the F3/C operation period 2007-2014. Liu et al. [SGP 2015]
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Fig. 1 Global distributions of ground-based GNSS receivers (red
triangles) from IGS and 1-day F3/C RO soundings (cyan dots) reveal
that the GNSS receivers are mainly on continents and the F3/C
soundings are distributed nearly uniformly around the globe. The dots
stand for the distribution of daily F3/C observations, and red triangles
refer to 123 ground-based GPS/GLONASS receivers



2 3% ¥ /& B Taiwan Global Ionosphere Map (TGIM)

(TR BB IE A - B4 > BHLEPIFALIE )

TGIM, 2014, DOY240, 0000-0020UT
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FORMOSAT-5 #&#4 #.8%

Mission: To build up Taiwan’s self-reliant space technology on the remote sensing satellite system
and to continuously serve the global imagery users’ community of FORMOSAT-2.
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Smart Agility Capability
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FORMOSAT-7/COSMIC-2 #& 4t 3%
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Mission: To depioy an operational cbnstellab%tem of 12 sateil‘:tes to performGNSS RO atmospherlc and
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#a 4 £ 9% FORMOSAT-7/COSMIC-2

* In 2010, the Taipei Economic and Cultural Representative Office in the United States
(TECRO) and the American Institute in Taiwan (AIT) signed an Agreement, the
development, launch and operation of FORMOSAT-7/COSMIC-2.

 The FORMOSAT-7 constellation will deploy 6 satellites into the low inclination orbits to
provide meteorology data at low and mid latitudes.

* The volume of data generated will be 3~4 times that of FORMOSAT-3/COSMIC, and will
greatly increase the amount of atmospheric and ionospheric observation data available

at low latitudes.

Qccultation Locations for COSMIC-2, 24 Deg, 24 Hrs

3 <7l fi °

FORMOSAT-7/COSMIC-2
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Global Ionospheric Specification(GIS)
(F BAFAESB I~ RAL ~ B AL Rp FFALIE)

GIS profiles (F7C2-GPS)
2019-08-12; 0000 UT GIS profiles (F7C2-GPS)
(1415 GPS stations, 64 RO soundings 2019-08-12; 0000 LT
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.~ CENTER FOR ASTRONAUTICAL PHYSICS
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BIPRAS AFRSEARZHTPL
NCU Center for Astronautical Physics & Engineering

Taoyuan, Taiwvan

We built satellites
AR R !

CENTER FOR ASTRONAUTICAL
PHYSICS AND ENGINEERING

http://cape.ss.ncu.edu.tw/
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