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The Satellite Industry in Context

(2024 revenues worldwide in billions of U.S. dollars)
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Satellite Services

\}& Telecommunications
\\ Remote Sensing

Non-Satellite Industry

Available on the
Government space budgets + . App StO re

GETITON

Google Play

Commercial human spaceflight

§350M
pace
i::ﬁi:‘:sb“"v Rockwell Collins GPS Qualcomm X105 5G User apps
X Receiver (1977) Modem-RF (2026)
<
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Global S
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Ground Equipment

Network Equipment * https://sia.org/news-resources/state-of-the-satellite-industry-report/
$2OB GNSS Equipment
Satellite Sonsumer Equinmont https://brycetech.com/reports

Manufacturing
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Space Utilization

Total Number of Operating Satellites: 7560 (2023/05/01)

USA: 5184 Russia: 181 China: 628 Taiwan: 20 Other: 1572
Earth Technolo
Communications: Observation / Develo m§r¥t' Navigation: Space Science:
5525 Science: s 155 110
1298
Civil: Commercial: Government: Military:
168 6088 701 603
Low Earth Orbit Medg:gitE clily Geostationary
(LEQO, < 2000 (MEO, 1000 - Orbit Elliptical
km) 357&56 km) (GEOQO, 35786 km) 59
6768 143 990

https://www.ucsusa.org/resources/satellite-database
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Why so many satellites in LEO?

FOR UNFUNDED EDUCATIONAL USE ONLY

Active Satellites*: 7560
(2023/5/1) 35785km_GEO

Geosynchronous Orbit
K [E T B
(GEOQO, 35786 km)
590 satellites

Medium Earth Orbit
hith BKEf 8
(MEO, 1000 - 35786 km)
143 satellites

Low Earth Orbit (LEO, <
2000 km)
B 3h Bk &, 28
6768 satellites

https://www.ucsusa.org/resou
rces/satellite-database

* Elliptical orbit satellites not

shown in table. ’
Earth Inertial Axes

20 Jun 2022 94:00:30.000 Time Step: 30.00 sec
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Geostationary Satellite: ST-2 (4 #1255%)

ST-2 K1 Band ”RP, : _G ;
(dBW, min.) | (dB/K. min.)
& it 56.3 8.7
o i 55.6 9.0
kg 51.5 3.7
TR 55.1 7.6
A 51.3 3.7
s 50.6 1.7
TR 50.3 3.1
" E 51.0 3.3
¥ o i 50.3 3.9 ~
87 fro 3 55.6 1.7 . '3 LC |
Peak 56.4 9.4 Mass: 5090 kg

th#=EE(Z : https://www.cht.com.tw/home/campaign/gxc/c6-en/satellite-strs/index.html

Lifetime: 15 years
Orbit: 35785 km
Geostationary

Cost:
US$240M
(NT$7.76B)

BII[PRAE KEHSRBHAPIL

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



https://www.cht.com.tw/home/campaign/gxc/c6-en/satellite-strs/index.html
https://www.cht.com.tw/home/campaign/gxc/c6-en/satellite-strs/index.html
https://www.cht.com.tw/home/campaign/gxc/c6-en/satellite-strs/index.html
https://www.cht.com.tw/home/campaign/gxc/c6-en/satellite-strs/index.html
https://www.cht.com.tw/home/campaign/gxc/c6-en/satellite-strs/index.html

| EO Satellite Constellations

Iridium Starlink
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781 km orbit 540 — 570 km orbit,
66 satellites, 6 orbit planes > 10,000 satellites, 216 orbit planes
Iridium NEXT Mass: 860 kg, Cost: Gen 1 Mass: 227 kg, Cost: US$200k/sat
US$45.5M/sat
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Satellite Sizes (US Federal Aviation Administration)

Himawari 8, 3500 kg NOAA-19, 1440 kg FORMOSAT-2, 768 kg FORMOSAT-7, 300 kg

Extra Heavy AN N & b e
> 7000 kg \ W - >
Heavy 4,

5400 - 7000 kg

Large

Intermediate satellite Medium satellite Small satellite Minisatellite
Smallsats 2500 - 4200 kg 1200 - 2500 kg 600 - 1200 kg 200 - 600 kc
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‘ irtIIite Nanosatellite Picosatellite Femtosatellite
10 - 200 kg 1-10kg 0.1-1kg < 0.1 kg
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SPACCE { FALCON9  FALCON HEAVY

DRAGON STARSHIP HUMAN SPACEFLIGHT RIDESHARE STARSHIELD STARLINK

N\
Py

7772

SMALLSAT
RIDESHARE PROGRAM

DEDICATED RIDESHARE MISSIONS AS LOW AS $300K*. SEARCH FLIGHTS BELOW.
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Rideshare (1L3f)
Satellite Mass . 227 kg
Design Lifetime : 5 years
Each SpaceX Falcon launch vehicle can carry 60 Starlink satellites resulting in

- A TR R R 0 Q.O 0 '0‘\0‘ 0"{‘07
reduction of individual launch cost. K .
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CubeSats ( IF#EE

PC/104 Connectors

H2 1

Space Grade
()

Lkl

= Inventory: 4,136
F’ricir‘lg Tl.com inventory .7 Oy | Price (USD)
Oty Price (USD)
1-99 $7.286 Not available 1u | $2,422 875

IRERELIEME. (ERIR. ER. EiRH, 1PN e 30T Qtlﬁ EEEEM"'E—#_?%‘QT
1U (1El&fI) =10x10x10cm FASERFIE R BN Kb EIB KERITHESIRIRTE
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Wi TEXAS INSTRUMENTS ~ Search Q 43 TEXAS INSTRUMENTS ~ Searct a

Products Applications Design resources Quality & reliability Support & training About TI Products Applications Design resources Quality & reliability Support & training About TI

Home / Data converters v / Analog-to-digital converters (ADCs) v~ / Precision ADCs (<=10MSPS) v / ADC128S102 Home / Dataconverters v | Analog-to-digital converters (ADCs) v / Precision ADCs (<=10MSPS) +

ADC128S102CIMT/NOPB @ s ADC128S102QML-SP @ s

Eight-channel, 50-kSPS to 1-MSPS, 12-bit analog-to-digital Radiation-hardened, eight-channel, 50-kSPS to 1-MSPS, 12-bit analog-to-
converter (ADC) digital converter (ADC)

DATA SHEET ADC1285102QML-SP Radiation Hardened 8-Channel, 50 kSPS to 1 MSPS, 12-Bit A/D Converter datasheet (Rev. P)
DATA SHEET Download the data sheet for the ADC1285102 07 Online data sheet

[/} View all additional information for the ADC128S102

Industrial Grade (T}R) Space Grade (Z51R)

Inventory: 4,136

Tl.com inventory 1 Qty | Price (USD) |1
Pricing
Qty Price (USD)
1-99 57.286 Not available 1u| $2,422.875

ZIHAIRE / Careful COTS (Commercial Off The Shelf):
AR B R B e A TR S AR T -
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Smallsats in Context BRYCE
Spacecraft Launched 2015 2024, by Mass Class
3000

°

® 2500 ©

S 5

= = Mass Kilograms

= ® Class Name (kg)

S 2000 3

e . o - Smallsats IJacan

s = Medium 1,201 ¢2,500
D

§ 1500 o Intermediate 2.501 o#,200
3

g % Large 4,201 5,400

e & H 5,401 47,000

“S 1000 “ e’ s 8

& B Extra Heavy > 7,001

ks =

L

g 500 s> Starlink and OneWeb Smallsats

024FEFBINERFES 97% #B
=/ N NISFE (smallsats) -

OanH
2015

2016 2017 2018 2019 2020 2021 2022 2023 2024

Source: Bryce Tech
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https://brycetech.com/reports/report-documents/smallsats-2025/
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IDEASSt System Overview

9 Technological Readiness Level

Biirse S 4 (TRL)

ololIR(ULIS SpaceQuest TRX-U 9 — /T il  GPs
. System Test, Launch '
transceiver Eyﬂperatlnns ’ TRL 9

tmmmmmm | JHF Antenna

Ante
COMM (UHF Deployable monopole 9 — - i et
Antenna antenna System/Subsystem TRL 8 i
SUNEITICN CPUTSTXOT001 o Seveopmen - , .

transmitter TRL7

SENELCRE NCU EPS 8 Technology -
L EIRL =D I 18650 Li-ion batteries 9 ii— — e
X4
EPS (Solar AzurSpace TJ Solar Cell 9 o
Assembly 3G30A

Cells

Technology
Development

op) (e BT B NCU CDH Interface Board 9

Computer and Research to Prove

Flight Microsemi SmartFusion2 9 Feasiiny t
System-on-Module

Software

NCU 3U bus 9 Basic Technology
NCU Thermal Control 9

Designed at NCU / Manufactured in Taiwan

EPS,C&DH .,
SBand

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



£ NCU GroundStation v3.3

| Beacom | Transmi ssion | Confisuration

Address 127.0.0.1 | Browse 4
Por 2015 IDEASSat Beacon Packet

Lastpacket at 2021-01-24 19:19:39 UTC

' Start RX ' Cleai BHOCU O BN Dal

Spacecraft Snacerraft Attitnide Nata -
powered on Spacecraft mode Safe Mode ADCS Mode SUN POINT attitude

successfully Onboard Eclipse Determination NO Sun Point State waiting control
into Safe : Accept Commands Since Boot 0 Latitude (degree) 37.41 successful!
mode. | Reject Command Since Boot 3 Longitude (degree) 28.47
Beacon Packet Number 121811700 Altitude (km} 540.867

Subsystems Temperature Power
Name Reboot Counts  Status C&DH 38.13 SOC (ﬂ/g) g5 28 I Battery

C&DH ) _ . )
EPS 40.5!
UHF oM ) EFPS UHF R 440 mMA State Of

Battery 1 27.43

S band STXC ' OFF o EPS ADCS 12.05 V 192.0 mA charge very
- T Battery 2 2914 - i ) ) h Ithv!
ADCS XACT OM EPS FVD 182V 4.0 mA eaitny!

UHF 22.00 ﬁ ) _
. _ oN EPSPV1 1.81V 4.0 mA

- - _5 ,
S band Last PA 50.00 EPS PV2 191V 4,0 mA
S band Last Top Board 000 Hotiery CHG 916 516.0 mA

S band Last Bot Board 000 | astEPS Sband 0.00 V 0.0 mA
I femp 1 (A1) 000 | astePsCIP 0.00 V 0.0 mA

prttng dEN I T e e Ll 0.00 | ast UHF Tx Current 636.0 CRC Check / Flag
= C . N CIPtemp3(PMU) 0.00 | ast Sband Tx Current 0.0
|_.,_| NG ©.Nad 0 ADCS Tracker Detector 34,40 OK/7E

= e ADCS External 26.84 Connected

CIP OFF
Heater - OFF
CIP Command Status 0

First flight data beacon received from SatNOGS (amateur radio network): T + 4 hours.

2 months of aliveness on-orbit achieved (objective 6 months).

BIIPRAE KERSEBERFTPIN N
Center for Astronautical Physics & Engineering 1Py o /A\FP&=
National Central University, Taoyuan, Taiwan v




International Satellite Program in Research and Education. Established 2015.

Objectives:

* Develop constellation of small satellites for science missions and
supporting ground network.

* Hands on curriculum for mission formulation, spacecraft engineering,
operations, science data analysis.

e Summer internship program at CU Boulder LASP, design reviews and
mentoring from experienced engineers and scientists.

https://lasp.colorado.edu/home/inspire/

Spinoff small satellite firm: Hex20.

INSPIRE Members / Ground Network
Member

Institution Country Joined
University of Colorado at Boulder USA
Indian Institute of Space Science and India 2015
Technology
National Central University Taiwan
Laboratoire Atmosphere_s, Milieux, Erance 2016
Observations Spatiales
Nanyang Technological University Singapore
Sultan Quaboos University Oman 2017
Kyushu Institute of Technology Japan
University of Alberta Canada
University of lowa USA 2018
Forschungszentrum Julich Germany
Tel Aviv University Israel 2019
Kuwait Association f_or the Advancement of Kuwait 2024
Science
Universidad Nacional de Ingenieria Peru 2024

BII[PRAZ XKEHZSRBEHRFAPIL

Center for Astronautical Physics & Engineering
National Central University, Taoyuan, Taiwan
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leEAS's"at/
. |INSPIRESat-2

Launched 2021

Launched 2023 eSS % = -i

INSPIRESat-3 ‘ - - S ‘INSPIF?ESa’t
Launched 2022 .~ INSPIRESat-5

-~ T

- OWLS/

HEZH RI/)NHEFEXBRELERBETRESFER -
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NCU Ground
Last packet at: 2022-02-14

Attutude

ADCS
Sun Point

BIIPRAET XERSERBMRZHAAPIL
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National Central University, Taoyuan, Taiwan




DAXSS Flare 2022070

=2 1> /8= KL 2 B %
1. ﬁ*ﬂﬁ?“ﬁ]ggﬂﬂ SD ‘E TE ?J:1 GroundStation W
I73Y ¢

2022-02-21 17:42:14 LT / 2022-02-21 09:42:14 UT 1Py

r—
——
e
—
b

UHF —_
27 ( N
MICRO D Address 127.0.0.1

i Port 4017
. 02.21 16:09:23 Receive beacojl
°°°°° | e T ; 02-21 16:10:23 Receive beaco
oo°‘_’fo ©000 r smp 1 m Runmﬂg 02-21 16'5318 noop .
Command Verb |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

Connected

DAXSS Signal (cps)
GOES XRS-B (W/m’)

=
L=
s

Front
Micro SD
card Slot

4. NEERTE
(Image: T. Woods)

180:00 06:00

NCy: 437497523
cv* 437497ARKA

Spacecrait
1 Spacecraft Mode SAFE
Frequency Display  Waterfall Display | Time Dbmain Display | Constell: e
l | | , Onboard Eclipse Determination ECLIPSE
Intensity Display: Color ] et PRI EAN Y | .
2.00e+01 . Accept Commands Since Boot 21
— 150201 tfiict Reject Command Since Boot 0
.g 1.00e+01 £ CCSDS Second Count 207381
¥ 5.00e+00
0.00€+00 B | Power SubSystem
20.00 | | 000 2000 : Fuel Gauae Qa R/

| 'l.,#re ﬁ“?y‘““. AR INSPIRESat-1: > T + 4 years
s e BESTHERE - EITHEE -
W‘“  gt RHBEDHRITEERES -

‘ ? - il
indows | Blackman harris r.M M iy s T TR S ; i
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Upcoming Launch Manifest

Launch Date /

Mission / Type Developers Mission Obijectives Provider
Koyo, NCU, Aegiverse, Tech Demo, Drag 2026/7, SpaceX
3U CubeSat Hex20 Characterization Transporter 17
Solar spectrum
COSPAR-1, CU Boulder, NCU, . o
3U CubeSat LATMOS., Hex20 ionizing radiation, 2027 Q3/Q4, SpaceX
climatology
PEARL-1A, -1B Inter-satellite Iink, 2026/4, SpaceX e BT | (Ea RiEnEtE
2 x 3U CubeSat NG, [Foeemi lonosphere Transporter 16.5 " oy EmnnER .
SAISI AlS payload
3U CubeSat NCU, Hex20 qualification 2027, TBR
) Hyperspectral imaging,
SCION-X NCU, Wistron lonosphere / upper 2026/7, SpaceX

12U CubeSat

atmosphere

Transporter 17

BII[PRAZ XKEHZSRBEHRFAPIL

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




7 a0 TR

EB2Y et Nz
l BE
o &&LT&J .1

e
LRh®.

S8 i

BII[PRAE KEHSRBHAPIL

Center for Astronautical Physics & Engineering

National Central University, Taoyuan, Taiwan

Next on the Pad: SCION-X
 (SClintillation and IONosphere eXtended)

A f'._.a * 12U CubeSat now undergoing flight model

;;:'It "
-

fabrication and integration.

* Launch aboard SpaceX Transporter 17, 2026/7.
590 km SSO.

Science Payloads:
* Compact lonospheric Probe (CIP)
* HyperSCAN (Hyperspectral Camera Analyzer)

* Solar Extreme Ultraviolet Probe

Tech transfer to Wistron.



~ SCION-X Systm Archltecture

#ifndef HYPERSCAN H_ Eag " # SCIONX-FSW

{* Flag to indicate th ### Todo

e ; i i ¥
ADCS CubeSpace CubeADCS S o 48 extern uints ¢ bel ERE | 5 e b
- ' I : i{ 8  ## Unreleased vo.

COMM (UHF SpaceQuest TRX-U
transceiver)
COMM (UHF Deployable monopole antenna

~ — ﬂ : S #H#% New
S) f 3 A _ = 74 . CoreUARTapb ins
L4 | y . o . » N . ' -

// UART_instance_t g_uar =

Structure of Hyf%é'

You, 1 hour ago | 3 authors
typedef struct{

uint8_t _buFfer[Hs_ |=—
uint32_t image_captu o

317 | uint32_t timestamp;

i uintl6_t sf2_current ¥

uintle_t sf2_tempera -=

### Changed

- wait 5s in "wait
Commissioning” and
- wait 5s in "ADCS
next step

- move UART and PD
“Cdh_Protocols_Ini
- rename adc_volta
- rename adc_curre
- rename adc_tempe

COMM (X-band VR LI RS e

transmitter) = O’ o W 35 G B (s Il TR

EPS (Battery & NCU 12U EPS 7 | b o (§ o : = i e LS T “" mdd"
Control PCBs) 18650 Li-ion batteries 9 e G N s A w | coorn T 2 ot

g 7 N e R 53 i e L 90 uinti6 t cmos temper ] 23 #44 Reference
EPS (SOIar Cells) _ 9 > 3 ‘ “;" '&‘ 3 7 91 | uintitl:t c-os::emzer‘ =)
‘ E \ 92 JMS_t; i
ET Space Power TCSP29A

Triple-Junction Solar Cell 8
Assembly

CDH (On Board NCU 12U OBC 8

Computer and
Flight Software) W V[ EENS Bl A 9
System-on-Module .

e SCION-Xis the largest small satellite developed to date by academia in Taiwan.

* 5/7 subsystems designed at NCU and manufactured in Taiwan!

Significant challenges in handling the increased electrical power requirements, as

NCU 12U bus 8 :
NCU Thermal Control 3 well as the large data size of hyperspectral data.
Designed at NCU / Manufactured in Taiwan * |Integrated and undergoing environmental testing. On target for delivery to launch

services provider by mid-April 2026.
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Microsemi Smart N, 3 ;,
Fusion SOC based L) Y
DH 2

RN N/ ' » I U VY EEEENEMRG L RG  FEE - D
AT 7 ' 2 _ F Hex20 il 58 45 AR 1T B E (ISRO -

UAE Space Agency - COSPAR

University of Colorado Boulder LASP ) -

Battery Pack

EPS with 3 UHENHE ¢ %%EEE;@ﬁ IJ\\I_LSPI&E H%%E%.Eﬂ?ilﬁ
sl Transceiver ISP ER RS - Bmsl ~ Bk -
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A hands-on introduction to Space Systems Engineering for Cont inuing Professional Developme t {\‘_I:H:EHZE tt )
Professionals Surrey 1 NCU MIRIBE ~ B4FAEEXZTEE
g N\ f ~ : %—u °
RF Circuit and Systems Radar and Remote Sensing Satellite Communications ¢ l%géi\ﬁz&;\%-gi'ffﬁ 5 S\EE x /_\1/.EA .

o %Ejﬂfﬁ Surrey Satellite Technology Ltd.
(SSTL) 1985 TE1i£ University of Surrey spinoff -

Concessions available ', Concessions available '. Concessions available 3
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