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National Central University

* Located 40 minutes outside Taipei in Taoyuan City (BkE™, near airport).
* Students: ~11000

* Established in Taiwan in 1962 as follow-on to 1957/1958 International Geophysical Year that saw the first
satellites launched to explore the ionosphere, magnetosphere.

* Programs in Space Science & Engineering, Remote Sensing, Astronomy.
* Sole Taiwan university with Space Science and Engineering Department (undergraduate and graduate).
* Taiwan’s first university space center: Center for Astronautical Physics and Engineering (CAPE).
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Evolution of NCU Space Capacity
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1960 — 1989
Space Physics, 1990 - 2010s 2015 - present

Space Weather & Environment Payloads & Instruments Space Systems Engineering
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Department of Space Science and Engineering

Formed from 2020 merger of Graduate Institute of Space
Science and Engineering and Department of Atmospheric
Science Space Science Group. Teaching and research in space
utilization.

11 current faculty (1/3 female), 2 researchers, 6 joint
appointments.

Student count:
121 undergrad, 45 masters, 10 PhD.

Student allocations:

* Undergrad: 32 per class.

* Masters: 23 per class.

* PhD: 6 per class. Joint academic-industry slots with National
Chung-Shan Institute of Science and Technology (defense
R&D body) and Taiwan Space Agency (TASA).

Students required to take classes in both science and
engineering. Inter-departmental study encouraged. Emphasis
on space physics and system integration.

First undergraduate class graduated in 2024.
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INSPIRE Members / Grﬁund Network
Member

Member with UHF / VHF

Member with X / S-Band, UHF / VHF

Institution Country
University of Colorado at Boulder USA
* International Satellite Program in Research and Education. Established Indian Institute of Space Science and India 2015
Technology
2015.
_ _ National Central University Taiwan
* Starting point for our smallsat program at NCU.
Laboratoire Atmospheéres, Milieux, France 2016
o Objectives; Observations Spatiales
* Develop constellation of small satellites for science missions and Nanyang Technological University Singapore
supporting ground network. Sultan Quaboos University Oman 2017
* Hands on curriculum for mission formulation, spacecraft engineering, Kyushu Institute of Technology Japan
operations, science data analysis. University of Alberta Canada
* https://lasp.colorado.edu/home/inspire/ University of lowa USA 2018
* Evolved into COSPAR Task Group to Establish a Constellation of Small Forschungszentrum Julich Germany
Satellites. Tel Aviv University Israel 2019
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https://lasp.colorado.edu/home/inspire/

ARCADE
______ Launched 2023/7
A lonosphere, Mesosphere,
- i . e WAL LU International Collaboration
INSPIRESat-1 R N LWSQSat SG, DE, TW, US, IN
Launched 2022/2/14 ( . '

lonosphére, Heliophysics

International Collaboration
US,IN, TW
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IDEASSat Koyo PEARL SCION-X
Launched 2021/1/24 2024 Q3 aupched 2023/11/12, 2026/6
lonosphere, Tech Flight Dynamics, ~1A, 1B 2025 lonosphere, Hyperspectral
Demo Tech Demo B5G Communications Imaging
Earth Ererrial dices Industry Partnership: ' Industry Partnership: Industry Partnership: Wistron
10 Oct 2021 04:00:16.000  Time Step: 1sAeedverse . Foxconn o



Upcoming Launch Manifest

Mission / Type

Developers

Mission Objectives

Launch Date / Provider

Deep Space Radiation Probe,
Lunar Payload

NCU

lonizing radiation, deep space
capacity building

2024/12, ispace

Koyo, . Tech Demo, Drag
3U CubeSat NCU, Aegiverse, Hex20 Characterization 2025 Q3/Q4, Skyroot
COSPAR-1, CU Boulder, NCU, LATMOS, Solar spectrum, ionizing
3U CubeSat Hex20 radiation, climatology 2025 Q3/Q4, Skyroot
PEARL-1A, -1B NCU, Foxconn Inter-satellite link, ionosphere 2025/2026
SAIS| NCU, Hex20 AlS payload qualification 2026, TBR
3U CubeSat ’ pay . ’
) Hyperspectral imaging, .
SCION-X NCU, Wistron lonosphere / upper 2026/6, SpaceX via

12U CubeSat

atmosphere

ExolLaunch

COSPAR-2 Lunar Sentinel
6U Lunar Orbiter CubeSat

CU Boulder, NCU, LATMOS,
Hex20

Space weather, Al positioning
and navigation

2026 Q3/Q4, ispace
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Spacecraft System Architecture
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Ground Station / MISSIOn Operatlons Center
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‘} mrs Band Antenna 3
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UHF Ground Station . S5-Band Ground Station .
9600 bits per second | 2,000,000 bits per second )

Commands (up) 8 Tracklng (down) Science Data (down)
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IDEASSat Flight Results

b 15 09:34 121754316. txt
Feb 15 @9:33 121754318.txt M}; P
Feb 15 09:33 121754319, txt : GND_our
Feb 13 10:02 121755574 . txt

Mission Operations Flight Data Fault Identification
—= Feb 15 09:40 121754304.txt
P02/ 12/ 2021 09: 57: 35 Feb 15 @9:40 121754305.txt
o Feb 15 09:39 121754306.txt Battery P13
Feb 15 9:39 121754307.txt VEAT Reseb) 2 o .
Feb 15 @9:38 121754308.txt (AL Resey e [' R e VB_AT_ :
Feb 15 @9:38 121754309.txt 3 i 4 ! HE O S i §oHE AR A B § i EE AR A g i
Feb 15 09:37 121754310.txt P MR Low impedance BEimA u . "
re 15 09137 sau7say. 7 B | ¢ utiomatedad tracCkin I dla daowniin
Feb 15 09:36 121754312.txt i 1A@3us _ b) )
Feb 15 ©9:36 121754313.txt M~ 0 i e : Direct battery o
Feb 15 09:35 121754314. txt pry e connection cannot " I
s T TR command uplink a after lots of frantic

Feb 14 20:19 121755808.txt
Feb 14 20:18 121755810.txt
Feb 14 @9:51 121756986.txt
Feb 14 @9:51 121756987.txt
Feb 14 @9:50 121756988.txt
Feb 14 @9:50 121756989.txt
Feb 14 @9:49 121756990.txt
Feb 14 @9:49 121756991.+txt
Feb 14 @9:48 121756992.txt . .
Feb 14 @9:48 121756993.txt o

Feo 16 09,47 121756954 b O00d power, lInkK, an ermal margins.
Feb 14 @9:47 121756995, txt J J

Feb 14 @9:46 121756996.txt

.aerospace Wb * Early loss after approximately 2 months due
- to possible EPS Single Event Latchup.

Artcle . . . Designs revised.
Lessons Learned from IDEASSat: Design, Testing, on Orbit

Operations, and Anomaly Analysis of a First University * https://doi.org/10.3390/aerospace9020110
CubeSat Intended for Ionospheric Science

GHD QuT

61 L5 -
Qb Main "
BU4S584GZ Loy 3iup . Power
o] e, | A ebugging).
- 2 5 6-8.4V@4A @

R72
% 298

v o

R74
3.57M

™~ :
M~ 9 :
o1

T |"Usmmme e Over 700 counts of flight data to verify design.

GNDREF GNODREENDREF = GNDREF GNDREF

. o e 1 e o * Mission lifetime: > 2 months of 6-month
Yi-Chung Chiu “*¥, Loren C. Chang **'¥, Chi-Kuang Chao *, Tzu-Ya Tai "%, Kai-Lun Cheng *, Hsin-Tzu Liu -,

Rong Tsai-Lin !, Chi-Ting Liao !, Wei-Hao Luo !, Guan-Po Chiu !, Kai-Jie Hou 1, Ruo-Yu Wang !, O bJ eCtlve ]
Glenn Franco Gacal 1, Pin-An Lin 1, Sittinat Denduonghatai 1 Tsai-Ru Yul, Jann-Yenq Liu 1 Amal Chandran 23,

Kashyapa Bramha Naren Athreyas 3, Priyadarshan Hari 4, Joji John Varghese * and Mustapha Meftah °

Lessons Learned:
Flight data is an important product.

Department of Space Science and Engineering, Center for Astronautical Physics and Engineering,

National Central University, Zhongli District, Taoyuan City 320317, Taiwan;

yc.small.phi@gmail.com (Y.-C.C.); ckchao@jupiter.ss.ncu.edu.tw (C.-K.C.); silentazrael@gmail.com (T.-Y.T.); - -
owen851201@gmail.com (K.-L.C.); skysean123@gmail.com (H.-T.L.); {0980016moi@gmail.com (R.T.-L.); T h e re IS n o tGSt m o re co m p re h e n S Ive th a n
mgbs84929@gmail.com (C.-T.L.); sao31345@gmail.com (W.-H.L.); jessest94106@g.ncu.edu.tw (G.-P.C.);

zzx851203tw@gmail.com (K.-J.H.); andy19961010@gmail.com (R.-Y.W.); glenn.gacal@obf.ateneo.edu (G.EG.); re a I i ty .

pypy46146@g.ncu.edu.tw (P-A.L.); sittinat.d@ku.th (5.D.); u06j394aj4y3@gmail.com (T.-R.Y.);

jyliu@jupiter.ss.ncu.edu.tw (J.-Y.L.)

2 Laboratory for Atmospheric and Space Physics, University of Colorado at Boulder, Boulder, CO 80303, USA; F a I I faSt . Rev I s e q u I c k I y .
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https://doi.org/10.3390/aerospace9020110

@ Available online at www.sciencedirect.com
o . ADVANCES IN
s ScienceDirect SPACE
RESEARCH

COSPAR publicati
Advances in Space Research 68 (2021) 26162630 (a publication)

www.elsevier.com/locate/asr

The INSPIRESat-1: Mission, science, and engineering

Amal Chandran ***, Tzu-Wei Fang ", Loren Chang°, Priyadarshan Hari°
Thomas N. Woods ?, Chi-Kuang Chao ¢, Richard Kohnert?, Ankit Verma “
Spencer Boyajian?, Yi Duann ¢, William Evonosky *, Mallikarjun Kompella ¢,
Rong Tsai-Lin °, Anant Kumar“, Sarthak Srivastava®, Bennet Schwab ?,
Robert Sewell “, Mayuresh Sarpotdar °

* Laboratory for Atmospheric and Space Physics, University of Colorado Boulder, CO 80303, USA
® Cooperative Institute for Research in Environmental Sciences, University of Colorado Boulder, CO 80303, USA
 Department of Space Science and Engineering, Center for Astronautical Physics and Engineering, National Central University, Taoyuan City 32001, Taiwan

d Indian Institute of Space Science and Technology, Thiruvananthapuram 695547, India
“ Satellite Research Centre, School of Electrical and Electronic Engineering, Nanyang Technological University, 639798, Singapore

Received 3 September 2019; received in revised form 9 June 2021; accepted 14 June 2021
Available online 24 June 2021

Joint development by students at NCU, University of Colorado at Boulder, and
Indian Institute of Space Science and Technology as part of INSPIRE summer
internship starting in 2017.

Initial flight experience with IDEASSat allowed for identification and
implementation of ground segment bug fixes to support INSPIRESat-1.
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DAXSS Fl 2022070
Data saved to On Board Computer are

NCU GroundStation

(0 B C) S D C a rd S. 2022-02-21 17:42:14 LT/ 2022-02-21 09:42:14 UT

UHF
MICRO D

Address | 127.00.1
Pot [ 4017

Command Verb (noop |

"""" 02-21 16:09:23 Receive beacogs
02-21 16:10:23 Receive beaco
02-21 16:53:18 mop
§221-16:53:52 noop

02-21 17:40:03 Receive beaco
02-21 17:40:13 Receive beaco
02-21 17:40:23 Receive beaco
02-21 17:40:34 Receive beaco
02-21 17:40:43 Receive beaco
02-21 17:40:53 Receive beaco
02-21 17:41:04 Receive beaco
02-21 17:41:13 Receive beaco
02-21 17:41:23 Receive beaco
02-21 17:42:13 noop

DAXSS Signal (cps)
GOES XRS-B (W/m?)

[
o
B

card Slot

Science data

F anaIyS|s
(Image: T. Woods)

noop | No-op| /|

i ClearTx

- _-_li"E’EI---Il-l.

3
180:00

Connecteo
Figure 3: Connectors of C&DH interface board. 0 parameters seperate by space for more than one i i f.j

TSR YL E e L e
cv* 47497 ARRKRA
Is1 UhF Rx Spacecrait
Spacecraft Mode | SAFE
Onboard Eclipse Determination ECLIPSE
Accept Commands Since Boot | 21
Reject Command Since Boot . 0
CCSDS Second Count 207381
Power , SubSystem
Fuel Gaune Qa &a

INSPIRESat-1: T+31 months
Spacecraft operational.
Hands on operations training for students
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Satellite Communications Developments
TAIPEI B8 TIMES

Sun, Mar 12, 2023 page1 SRS : ' \‘ Ta|\Na

Digital ministry to set up satellite Internet network

ADDED SECURITY: The satellite network would allow the government to stay in contact with N \f
key agencies and allies should an attack cut Internet cables = '-

E _-=1_1_1=I£ f9€1‘¥1

BERERDER RORET R '

The Taiwan Space booth at the 2022 SATELLITE Conference and Exhibition in Washington is
pictured in an undated photograph.

Map of submarine cables leading to and surrounding Taiwan. (Submarine
Cable Map screenshot) Photo courtesy of the Industrial Technology Research Institute

Space and LEO B5G satellite communications identified as key =~ Taiwan OEM electronics and 5G communications firms actively
national priority for robust communications. involved / trying to be involved in LEO satcom supply chain.
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FOCUS TAIWAN

CNA ENGLISH NEWS

Science & Tech

Hon Hai satellites could soon be on their
way into space

11/06/2023 09:24 PM f Yy <+ P Listen

T

=X0 3
=X0 =X0
LAUNCH  LAUNCH .
Experience and Flight Heritage in NCU Smallsat Design and Communications " ‘ '—--—'=.v—-—-.—?_- . ,
with Foxconn ‘- e W -. :
" * o #—— — ; | . -
PEARL-1C, 1H (Launched: 2023/11/12): B | 1. S B
Ku/Ka band communications payload =NOLAUNCH ey 3 ) W
PEARL_']A, 1B (Launch 2025) Photo courtesy of Hon Hai Precision Industry Co. Nov. 6, 2023
Inter Satellite Link https://focustaiwan.tw/sci-tech/202311060022
BlIPRASE XFHESEARKEHRAPIL ~N
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Subsidy

| Free Accommodation
| Travel Reimbursement

2024 International SpaceTech Startup
Supporting Program

Application until May 10t | Services

| Industry Matchmaking
| Field Verification
| Global Expansion

\—\_

Qualification

Company established in less than 10 years

Sub-Sectors of the Space Industry :
- Satellite Manufacturing / - Launch Industry / - Ground Equipment
- Satellite Services / - Other Space Applications

Subsidy
p subsiay 9

i s| # Q !
- f | Accommodation: 1 bunk bed \J;]%%E | 7/24 co-working space access: 1 hot seat
‘ i QN . - |
\ % | 1 Round-trip ticket (max. $2,500 USD)
N 4
{ Resource [
e T "
i “'".
" r(;%h Supply chain and : Field verification 300 Corporate '
O ecosystem matchmaking |¢— in 5G, maritime, D innovation tour
and drone applications
Q
| Promotion @ Industry AN Global
. : i oHHo :
and marketing é,% co-creation \??S%/ expansion
\-\“‘x.. e //
Global Application Preliminary Selection Online Pitch Review Finalist Announcement
Program Application Time:
Schedule From now ~ April 1st-14th, 2023 April 28th, 2023 May 2023
March 3lst, 2023
Link | https://taccplus.com/en/international-program
BIPRAZE XFRSEABARPIH

Center for Astronautical Physics & Engineering
National Central University, Taoyuan, Taiwan
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DSRP

National Central University

NCU Deep Space Radiation

Taiwan's First Moon Landing

@) SpaceBD W@itrr¥ NS

M2_DECv3.3_PDR/LET
600000.0

Natienal Contral University

400000.0 A

_ N

—200000.0 A

Sun-Earth Barycenter Rotating ¥ (km)

—400000.0 A

| * Deep Space Radiation Probe radiation dosimeter payload developed by NCU for ispace Hakuto-R
PR N | e Mission 2 Resilience lander to measure deep space radiation environment and effect on

—600000 0 —400000.0 —200000.0 0.0 200000.0 400000.0 600000.0

Sun-Earth Barycenter Rotating X (km) e I eCt ro n iCS .
Figure: post-launch ~ lunar swing-by

RESILIENCE LANDING * CubeSat compatible version: Compact Radiation Probe (CRP). Launch on COSPAR-1 3U

G mission 2024 Q3.

* First Taiwan mission beyond Low Earth Orbit.

* RADFET dosimeter: Radiation dose inferred from increase in threshold voltage of radiation
sensitive field effect transistor. Dose rate can be calculated by regular sampling.

e SEU counter: NAND flash memory periodically scanned for bit errors, which are corrected and
counted.

B PRAS XERZ2RERHARAPIL > N
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National Tsing Hua University

" easamnsany
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Total lonizing Dose for Lunar Payload *

e over 3 months: =\
/2. 10 krad (100 Gy) with 2 mm aluminum
D - | shielding.
i o | Twice the dose required to cause
;* | _ cardiovascular and central nervous
" | - system damage and death within 3

days.
BUPRAE XEHSRPRHARPIL
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Deep Space Radiation Probe

BANDAINAMCO
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Snace Lentury nar olate

2023/12/12: FM complete, shipped to Japan.

2024/01/15: Unpackaging, final update, and formal transfer to ispace.’
2024/09/12: Integration complete. Launch in December.




' PSEUDC RANGE I
CORRECTIONS

GPS s =" DATA LINK
. TONTALI
— - — " gy

T ._ CORRECTIONS PROC ESSOR
MOBILE STATION
REFEREMCE STATION

e i
-ENSSER 2z

#w O+ M BZ = i =
Space Research Center, RAPIDTEK & NCU

B PRAS XERZ2RERHARAPIL
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LEO Small Satellite Applications:

* B5G Ka band communications.

* Satellite Internet of Things (loT) platforms.

* Navigation & Timing.

Small satellite self sufficiency.

Space situational awareness capacity development.
Applied Space Weather / Environment Research:

* |onospheric effects on GNSS & applications.

* |onizing radiation environment monitoring.

Microgravity / biomed experiments.

Moving beyond LEO with new rideshare opportunities.
Partnerships to support industry missions / capacity building.

Continuing to provide students the opportunity for hands on
learning and international exchange through participation in small
satellite missions and consortiums such as INSPIRE and COSPAR

TGCSS.
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Better space weather forecast could have Space Maathar./
saved SpaceX Starlink satellites from solar Essentials -~

storm

By Tereza Pultarova published 26 days ago

But experts know how to fix it for the future.

0000060

Orbit

With no drag

o
With drag

Satellite
Drag Region

https://www.space.com/spacex-starlink-satellite-loss- Atmosphere expends due to auroral
space-weather-forecast heating. Increased satellite drag.
A PRAS KENBERZHRPI N
Center for Astronautical Physics & Engineering A CAPE
J

National Central University, Taoyuan, Taiwan


https://www.space.com/spacex-starlink-satellite-loss-space-weather-forecast
https://www.space.com/spacex-starlink-satellite-loss-space-weather-forecast

System Architecture

Spacecraft in orbit beyond Earth’s . Crosslink AP RRe
atmosphere. Depending on the R ] T Py ﬁhiﬁﬁg
application, spacecraft can be - L
remotely piloted, crewed, or
autonomous.

Link Segment
Signals in the electromagnetic
spectrum that connect the terrestrial b Link Segment
segment and the orbital segment. - o R B
Includes uplink, downlink, crosslink.

Downlink

Terrestrial Segment
Equipment within the terrestrial

domains required to operate or A - hay 3y YV L ew  ———mapa = | Terrestrial Segment
exploit a spacecraft e e T TR [ = 3 T B
/7 : 7*’ e \ (e = A »y
Control Stations Ground Stations Launch Sites User Equipment
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