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In the year of 2011, when NSPO celebrates her 20th anniversary, we're proud of the achievements of her goals set
forth in the 1st phase of the 15-year National Space Program. These include the successful launches and operations of
FORMOSAT-1/2/3, and the advancement of the Space Technology Middle-Term Plan spanned from 2010 to 2014, and
the substantial progress of FORMOSAT-5/7 programs. The success marks the important epoch in the space technology

development in Taiwan.

Under the tremendous effort of all colleagues and partners, NSPO deliver fruitful results from the development of
FORMOSAT-5 remote sensing satellite, the promotion of FORMOSAT-7 constellation under Taiwan-US cooperation,
the two successful flight tests of hybrid sounding rocket, the completion of FORMOSAT-3 5th year milestone, and the
launch of AMS-02 under multi-nation effort. These demonstrate that we gradually enjoy the outcomes exerted from
the program promotion, technology innovation, international cooperation, and data applications of Taiwan's space
program.

FORMOSAT-5 is NSPO'’s first optical remote sensing satellite attempted to integrate various domestic resources
vertically and horizontally to confront the challenges during the course of the indigenous space technology
development. With seamless cooperation among various organizations from local industry, academia and research
institutes, the successful development of several key components has demonstrated Taiwan’s competence in the arena
of space technology. FORMOSAT-5 is now formally proceeding to the integration and test phase.

FORMOSAT-7 is a follow-on program of FORMOSAT-3. This program involves 12 satellites plus one to be developed
in-house in NSPO. Those satellites will be deployed in two separate launches for GNSS radio occultation mission.
In 2011, NSPO and NOAA worked together to complete the Joint Management Control Plan, the mission definition,
and the system design. At NSPO, we have formally initiated the development of NSPO-built satellite and its key
components. It is expected that FORMOSAT-7 program will be in full progress in the coming 2012.

In addition to the two satellite programs, international cooperation is another important NSPO outreach activity.
By providing nearly real-time FORMOSAT-2 images, NSPO continues its effort to work with various international
organizations, such as Sentinel Asia, UNOSAT, International Charter, and Tzu Chi Foundation, for disaster relief and
environmental monitoring. One significant contribution of NSPO’s efforts is to support the disaster of 311 Japan
Earthquake and Tsunami. For two weeks in a row soon after the quake, NSPO has provided Japanese government with
FORMOSAT-2 images that match our humanitarian relief commitment pledged for international community. Also, in
the 5th FORMOSAT-3 Data User Conference held by NSPO, where various applications based on
FORMOSAT-3 RO data were presented and discussed, is another remarkable contribution made

for and recognized by global user community.

=

In the future, to pursue “Innovative space technology”, “Core competence heritage”, and “Elite
integrity team” will be the core values of NSPO in our course to excellence. NSPO welcome
instructions, recommendations, and supports from all aspects that may heighten the
competitiveness of Taiwan’s space technology in the international arena.

Director General of NSPO ¢z‘ o ﬂ
7/
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FORMOSAT-7/COSMIC-2 2" ESC 17025:2005 sttae Conference on the Critical
Meeting NSPO Awarded the Techr\ology fgr Optical Remote
Certificate of ISO/IEC Sensing Satellite

17025:2005 for EMC and
Antenna Test Lab

2011.04.15 2011.05.16 2011.05%.

BRELEE=R T [EHERRBE A BEAREERASTRA
RINBERBERE 1AM EVAQ) R R )

F=l ==
Celebration of the LEEE Successful Flight of Experimental
Fifth Anniversary of The E- VAC Project Completed Hybrid Rocket
FORMOSAT-3/COSMIC
Launch

2011.04.13 2011.04.12 2011.04.11

B [EREEE=RE BECHHEEXIREE SERBECRRAERE
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2011.11.18 2011.11.11 2011.11.05 2011.09.06
EHBRANEREHIER RRNZEHRL T P (2011 Rz TR ET ISR AT 2 A E8 4R
AWIRRBGBIR A ZE O E BERE N SR RGmIE #PRETESL (CDR)
AMS-02 EJif Celebration of the 20™ Sounding Rocket FORMOSAT-5 Spacecraft Bus

Anniversary of NSPO Technology Forum 2011 Critical Design Review (CDR)

NASA Presented Certificate of
Appreciation on AMS-02 to
NSPO

2011.06.01 2011.06.28 2011.07.07~07.11 2011.07.25
Bl Rl 2 ®®iBiRe STEREE TR RS 2011 F KRB R K B EIFRAZZE 1SO 9001
Rt ERITET REFEE 5 (SDR) iTEAMHE & ISO 27001 E2 1SO14001
FORMOSAT-7/COSMIC-2 Space Environmental Test
FORMOSAT-7 Execution System Design Review Technologies and Applications NSPO Awarded the Certifications
Plan Approved (SDR) Workshop of 1S09001, 15027001, and
1SO14001

2011.03.31 2011.02.23 2011.01.05~1.06

HABESSRFRINLRE BB HORER ST AHE 22 9% CMOS Applications
Se IR A RIS REERGPE in Astronomy and Space

. J:‘\ ﬁ

NSPO and the Tzu Chi Foundation Users Conference of Microwave Sciences ffal &
had signed the overseas disaster area Radiometer 2011 The Workshop on CMOS
satellite image support cooperation Applications in Astronomy and

memorandum Space Sciences
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NSPO acts as the national space agency and is responsible for the space technology development in
Taiwan. NSPO's mission objectives are to carry out the national space programs, to promote scientific
researches, to establish full capacity of the self-reliant space technology, to conduct cutting-edge space
science researches, and to implement the satellite applications to enhance the positive societal impacts.

BERLRT==
FORMOSAT-5 Program Office
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Administration Division Administrative
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Human Resource Allocation
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Engineer Administrator

ff75 A & Researcher 106 55

T# AB Engineer 30 15

i A & Technician 21 11

1TBA B Administrator 37 19

: &%t Total 194 100
nFEAB o

Researcher

BEABHAER

Education Qualification

i AE AL (%)
=R Hih Education Number Percentage

B4 Associate Other

Bachelor Bt e * -
: B+ Master 99 51

£+ Bachelor 37 19
=Rl Associate 18 g
EH A Other 2 1

A&t Total 194 100
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RERERBETE
R flEfzestE  Space Technology Services .
International Scientific Research Program B

Infrastructure Maintenance

IR BRIZH T
Sounding Rocket Program

BE=RIREE
FORMOSAT-3 Follow-o
Program

RERSETE
FORMOSAT-5 Program

2011 F&tE A REH(E) T
F—— Budget ($ M USD) B2kt (%)Percentage
BERETE 5.7 w
FORMOSAT-5 Program (19)
BE=REETE 1.84 14
FORMOSAT-3 Follow-on Program 6.1)
REERIEHTT 0.52 4
Sounding Rocket Program (1.7)
ERR RIS 0.37 5
International Scientific Research Program (1.2)
RER ARG E 1.39 -
Space Technology Services (4.7)
B RibEETE 3.17 o
Infrastructure Maintenance (10.6)
At 12.99
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Total (43.3) oo
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T S AR & HIF2 (Disaster Area assessment of Thailand Floods)

BB GEHNIAEMENL K2R OBREBRERSEROEIEIN LS EREMER " 3 REMIRERA
ERRSEIT=MRIBEEATE ) B8 E  HeBRUMFO - BRSEEBHOFETEIEUEI—EA
PR B RHR AR R R

T8 TLE Glshal Nistribution : SP04-07-84 ta 2001-13-01
o [6s o TASF T

T g B Hwrg R 2R B

“KLi00 270 130 196 LW -1 430 115 1% 0 B T 40 50 46 B 8 15 & 5 0 M & 9 @ T B B L0 U8 L0 1% 10 1% 160 10 0

ISUAL FRER S ZEREEOL KR 2o mE (s ERHAM : 2004/07/04~2011/12/31)
(ISUAL TLE Global Distribution Statistics, From 2004/07/04 to 2011/12/31.)

FORMOSAT-2 is the first remote sensing satellite developed by NSPO and was successfully launched on May
21, 2004 onto the Sun-synchronous orbit located at 891 kilometers above the ground. The main mission of

®) 1% Mission
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FORMOSAT-2 is to conduct remote sensing imaging over Taiwan as well as on terrestrial and oceanic regions of
the entire earth. The images captured by FORMOSAT-2 during daytime can be used for land distribution analysis,
natural resources research, environmental protection, disaster prevention, rescue work, etc. When the satellite
travels to the eclipsed zone, it will observe natural phenomenon such as lightning in the upper atmosphere. The
observation data can be used for further scientific experiments. Therefore, FORMOSAT-2 carries both "remote
sensing" and "scientific observation" tasks in its mission.

In 2011, NSPO supports corresponding disaster relief organizations with FORMOSAT-2 images for rescue
operations when Nanmadol and Aere typhoons slammed Taiwan. Also, NSPO provided those organizations
the aftermath images of land sliding for better disaster management. In addition, NSPO teams up with various
international organizations, such as the UNOSAT, the International Charter, the Sentinel Asia, and the Tzu Chi
Foundation, to perform relief and environmental monitoring related research efforts. In 2011, NSPO supported 56
imaging tasks for emergency response during the crises of Japan 311 earthquake @, the disaster area assessment of
Thailand floods @ and the New Mexico wildfire. These efforts have fully demonstrated the contributions of NSPO
toward the societies of Taiwan and the world.

For the science mission, a total of 14 papers were published based on ISUAL data. The various events ISUAL
observed and recorded include 300 sprites, 285 halos, 3393 elves, 14 gigantic jets, and 719 blue jets. These events
were illustrated in €) .

In order to provide the disaster images to the official institutions/organizations within a real time frame, NSPO
not only cooperates with domestic data distribution center but also joins Taiwan NARLs 3D GIS including the
National Science & Technology for Disaster Reduction (NCDR) and the National Center for High-performance
Computing(NCHC) to establish an SOP for providing the disaster images.

© B R#E
Statistics
BH HE B
[tem Quantity Unit
S EBABRTRE 47 18
No. of domestic government project support activities Number
STREIANNERLEERE 56 R
No. of disaster support activities (Domestic & International) Number
p BEFARE
=
ﬁ;g%jifﬁarea 117.847 Million square
9ing kilometers
TRIEE 30,987 F
Image sale (1.03) ($ M USD)
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The FORMOSAT-3 mission, a major collaboration
space program between Taiwan and the U.S.,
also known as COSMIC (Constellation Observing
System for Meteorology, lonosphere, and Climate)
consisting of six Low Earth Orbit (LEO) satellites is an
experimental “Science Mission” for demonstrating
the usefulness of Radio Occultation (RO) in operating
numerical weather prediction, climate monitoring,
and space weather forecasting. The constellation
satellites were successfully launched on April 15,
2006 and orbiting at 700~800 km altitudes with
evenly separated orbit planes for global coverage
to retrieve radio occultation signals from the U.S.
24 GPS satellites. The retrieved near real-time RO
weather data by the six satellites were integrated into
the Numerical Weather Prediction (NWP) model by

National Space Organization 15

O 21ERE=SEZSKHEAERTEE 2011 FEE

GPS # 2 8|37 57 & (The Opening Ceremony of the Fifth
FORMOSAT-3 Global Data User Workshop and the 2011
International Conference on GPS Radio Occultation)

many major weather forecast centers and research institutes for real-time weather predictions and cyclone/typhoon/
hurricane forecasts. In addition to the advanced improvement in weather forecast, the FORMOSAT-3 RO data has

been demonstrated to be valuable for the climate change observation, space weather monitoring and forecast, and

earth gravitational study & related researches.

-International Participants of the -
PS:Radio-Occultation) ™ =«




16 B R K Z=H D —BFFW

The success of the FORMOSAT-3 mission has advanced Taiwan to become one of the crucial global weather
data providers. ECMWF and NCEP through their evaluation indicated the FORMOSAT-3 RO data application
can improve the global weather prediction accuracy (at 500hPa altitude) by 6%. That is approximately 10-hour
improvement for 168-hours forecast. As a reference, the previous global model prediction accuracy improvement is
at an average of 1% per year. Therefore, the introduction of the FORMOSAT-3 RO data in the forecast assimilation
model is equivalent to a 6-year effort, saving time and cost in the forecast accuracy improvement and that is well

recognized by the international weather community.

NSPO and the Taiwan weather research community established the GPS Application Research Center (GPSARC)
to study the societal impacts of the FORMOSAT-3 RO data. As presented in the Fifth FORMOSAT-3 Global Data
User Conference and the 2011 International Conference on GPS Radio Occultation, the GPSARC has completed
in 2011 the post simulation and the Operation System Simulation Experiment (OSSE) of two critical typhoon and
monsoon cases using the impact effects of FORMOSAT-3 RO Data. Likewise, the GPSARC also completed in 2011
the climate model and space weather model simulations for the FORMOSAT-7 mission constellation development,
conducted the relevant scientific mission planning, international collaboration and popular science education.
All participants in the GPSARC unanimously praised the FORMOSAT-3 mission achievements and were looking
forward to the launch of the FORMOSAT-7 constellation.

© HiR#ER

Statistics

JHH HE =Ly
ltem Quantity

BREABERE 59 Bl
No. of country of registered users country
A E A E 1781 Ro%
Registered users Account
BEXRB(ARE) 3
No. of sounding points (Atmosphere) 3,178,863 Profile
RN (BHE) =
. a 3,090,908 Profile
No. of sounding points (lonosphere)

®) £ Mission



Annual Report 2011 17

B EREDFERRTE .
, FORMOSAT-5 Program NG

REESREESH -
(FORMOSAT-5)

TRREDRERS (UTHAREALN) AREE—FHETRENNBENGE  REBHNEASE 720 A8
HBanEH 2 ROKXERSEE - aTEMH 2 KERERE B (Panchromatic) R2A&F 4 KEERTE RS L (Multi-
spectral) #1& @ » ZH SpaceX AFMEHR Falcon 9 KETHGEIE X AKX ZEEFEEE » LT ERANETS - Ei&ia
BITREBEBIRMERIGRTS - LHIREBATENNT  EERB B2 EAMEEEEARIMAER - A
FRORAEBSER Y " FEEBEEIRET "(Advanced lonospheric Probe @ AIP) RIZ2BNE M A SN TRE A5 - AI2RE
BEEREE  FE LE - BRELTSRISFIERE -

TREIASRETEN 2011 FEHAFTHERKE - EXNBATHSEAREE  SRTAEEREABMNHEE
B RIERH
BEH B MEEETE
T KRtEREERI
BEFZHRERE
BeEmERT
ERRZERIE - HE
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BE AT EERE (Simulation of FORMOSAT-5 Imagery)
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CDMU EM

PCDU EM

FORMOSAT-5
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O EERSE T (Indigenous key components of FORMOSAT-5)

FORMOSAT-5, to be operated in a sun synchronous orbit at 720-km altitude with a two-day revisit cycle, is the
first indigenous satellite in Taiwan. A primary payload, optical remote sensing instrument (RSI), will be provide 2-m
panchromatic (PAN, black & white) and 4-m multi-spectral (MS, color) imagery @. The objectives of the program
are to serve the FORMOSAT-2 imagery users’ incessantly and to build up Taiwan’s space technology on the remote
sensing payload and spacecraft bus. A scientific instrument, Advanced lonospheric Probe (AIP) proposed by
National Central University, has been chosen as the secondary payload.

In 2011, FORMOSAT-5 program completed several milestones such as critical design reviews of spacecraft bus @
, image processing system and launch services, as well as system acceptance review of satellite operations system.
FORMOSAT-5 program moved forward steadily from design phase into fabrication and test stage. The major
accomplishments in space segment, ground segment and key components are described as follows.

In space segment, the accomplishments include spacecraft bus development, launcher design, optical RSI payload
and science payload development. FORMOSAT-5 program continues to build up the indigenous space technology
on spacecraft bus; completed the critical design review of spacecraft bus, structure designs and drawings,
detailed design of solar panel deployment mechanism, trade study on reducing reaction wheel vibration, attitude
control hardware-in-the-loop test system, X-band transmitter design, radio frequency equipment assembly, and
electrical ground support equipments. Functions of power subsystem have been validated on satellite engineering
development model with flight software build 3.0. Launch service went through its critical design review, in which
the interface designs between launch vehicle and FORMOSAT-5 were confirmed. Compatibility between satellite
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and launch vehicle was assured by passing the couple load analysis. The optical RSI payload €) is being developed
by NARL's centers of NSPO, Instrument Technology Research Center (ITRC) and National Chip Implementation
Center (CIC), as well as domestic research organizations and companies. ExM-100 structure was completed as
a test bed for preparing optical subsystem assembly procedures. Through validating the key technologies of RSI
project, RSI flight components are being fabricated and tested domestically. Science payload, interface requirement
document was also finalized in 2011.

Ground segment includes satellite operations system and image processing system. During the year of 2011,
satellite operations system accomplished test readiness review for formal qualification test and system integration
test, in addition to finishing system acceptance review. Complete satellite operations system facility will be set up
by 2012. Meanwhile, image processing system finished its critical design and test in plans for validating computer
software components and computer software units are ready for performing both unit and system tests in the next
phase.

In addition to the space segment and ground segment tasks, development of key components is also one of the
program goals. Five key components include Command Data Management Unit (CDMU), Power Control &
Distribution Unit (PCDU), Flight Software, payload Electronic Unit (EU) and CMOS Type Focal Plane Assembly
(FPA) @ . They are developed by NSPO and domestic organizations & companies. Accomplishments include
flight software build 4.0 design and testing, CDMU EMC testing and EBB (Elegant Bread Board) delivery, PCDU
environmental tests and EBB delivery, EU EBB delivery, and CMOS sensor technology validation and sensor
prototype fabrication.

®) {T1% Mission
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FORMOSAT-7 Mission Architecture

FORMOSAT-7/COSMIC-2 Program (simplified
as FORMOSAT-7 Program in the following
descriptions) is a major collaboration space
program between Taiwan and the U.S.. The
FORMOSAT-7 Program calls for 12 mission
satellites plus one NSPO-Built satellite. The
12-satellites are planned to be launched and
deployed in two clusters of 6-satellites into
the designated low and high inclination angle
orbits in 2016 and 2018, respectively. NSPO,
the designated representative for Taiwan in this
collaboration program, is responsible for system
engineering @ , the spacecraft buses, and the
mission operation, etc. NOAA, the designated
representative for the U.S., is responsible for the

required mission payloads, the launch system,
the ground system, and the data processing
system, etc.

FORMOSAT-7 Program is a follow-on program
to the successful FORMOSAT-3 Program. The
NSPO-Built satellite that is planned to be launch
in the second cluster will enhance the usefulness
of the FORMOSAT-7 constellation and will be
served as the space qualification platform for

the self-reliant key components for the future
standard bus of this class.

Zmﬁftvﬁﬁi?a—ré5'\’.;”://’1;\% (2011 F12 )
FORMOSAT-7 ESC#2 Meeting (December 2011)

Based on the mutually agreed Joint Management
Control Plan (JMCP), the Executive Steering Committee (ESC) has been established to provide joint executive
direction to the Joint Program, and to assess the performance of the Joint Program Management Office (JPMO)
which is established to manage and operate the Joint Program tasks and activities. Taiwan and the U.S. has jointly
conducted three JPMO meetings JPMO#8~#10) and the first two ESC meetings (ESC#1 and #2 — Figure 2) in 2011.
In addition, both sides concluded the System Requirement Review (SRR) that established the FORMOSAT-7 Mission
baseline (as illustrated in Table 1 below) and the system requirements at NSPO in April 2011. And the System
Design Review (SDR) has been conducted to conclude the system design and the required segment interfaces for
the mission with full representatives of all mission segments in June 2011 in the U.S.. To accurately manage the
satellite technical integrity during developing mission payload to assure the mission success, NSPO also keeps
tracing the mass and power variation.

NSPO also has made significant progresses in the development of self-reliant key components for NSPO-Built
satellite. Among them, the prototype models for a GPS Receiver and a three-axis FOG IRU (Fiber-Optic Gyro
Inertial reference Unit) had been developed. A joint task force, as a part of the mission team build-up in Taiwan,
formed by NSPO, Taiwan Typhoon and Flood Research Institute (TTFRI), Central Weather Bureau (CWB), and the
major academia research community, etc., has been established for the GNSS Radio Occultation data processing
and utilization. The implementation of the initial phase has been completed.

®) 1% Mission
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GPS Receiver
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NSPO-Built
Satellite

-Radlation & Thermal Vacuum
Test Completed
-Prototype Design Completed

Prototype Design Completed - 1-axis Prototype Completed
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(FORMOSAT-7 Radio Occultation 3-hr Distribution) (Key Component Status of NSPO-Built Satellite)

O F— RHLMHEBEHEER
Table 1 FORMOSAT-7 Mission Baseline

BEE% F—IREGT % IREEET
FORMOSAT-7 First Launch Second Launch

(R =gz e §X8,000ZARINEER
Mission Objectives 8,000 atmospheric profiles per day

o 6MEBEHE .

6 MEBEHE +1 HEEEHE

EZR

Constellation

ERSENE

Mission Payload

SETE

Science Payload

(=T
Mission Life

EETHA

Launch Vehicle

LHRIZIAMG

Target Launch Period

6 Mission Satellites
o BB 24~285F
Inclination: 24~28.5 deg.
o ERBMBEBSES20 RE
Altitude: 520 km

BEMRERE TG

EHRMH

U.S. Science Payloads:

e FFE
Radio Beacon Scintillation
Instrument

o BETHUEAE
Velocity, lon Density and
Irregularities (VIDI) Instrument

54

5 Years

EELV BB & A

2016

6 Mission Satellites +1NSPO-Built Satellite
o HBEAT2E

Inclination: ~ 72 deg.
e EBHEBRE 720 RE

Altitude: 720 km

2SR E TG

EERHENEME - BERER

Taiwan Science Payload:

Selection Criteria:

s HRRETEBERH
Supporting Radio Occultation Mission

o BUERGAMITZRIS &S
Operating in Constellation

o BEMEMELR 2 F&

Having heritage

54

5 Years

Minotaur IV series * Falcon 9 * EELV HHERE A

2018
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(Sounding Rocket 8 recovery capsule payload and the reentry flow analysis)
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The mission of the Suborbital Science Experiment Program of Taiwan is to launch sounding rockets to conduct
science experiments, assist the indigenous developments, validate the scientific instruments; the key technologies
of space components and university-based sounding rocket technologies, and to establish the technical capabilities

of launch vehicle.

In 2011, the preliminary design review of the Sounding Rocket 8 program was completed, which includes
the rocket design, fabrication schedule, integrated testing schedules and operation safety planning, and the
confirmation of the flight sequence . The preliminary design review and interface definitions with payload
system validations for the Sounding Rocket 9 program was also completed in 2011. For the Sounding Rocket 10
program, the preliminary planning for the payload interface and system validations was completed, which include

the first Neutral Particle Analyzer instrument completely designed domestically.

In the Sounding Rocket 11 pre-study program, NSPO has been in collaboration with universities in Taiwan for the
developments of experimental hybrid sounding rockets. Advanced hybrid rocket propulsion designs have been
incorporated in the present programs which lead to two launch campaigns on May 31 and September 3, 2011,
challenged an altitude of 13 km with testing of the improved telemetry systems €). Research teams of the National
Chiao Tung University (NCTU) and the National Cheng Kung University (NCKU) are involved in this program. The
flight tests of hybrid rockets carrying the instruments designed and fabricated by the university teams, demonstrated
the overall performance of the hybrid rocket system and the data linkage between the onboard telemetry and
ground reception systems, which have reaffirmed and encouraged the space technology development and

application capabilities of the university research teams.

fl
| \ Technology
. Developmant
F Launch
Oparation
,fx . ’ “E

BE N NETE B EENEE) (Hybrid
rockets second stage launch operations)
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The main tasks for systems engineering is to provide completed planning, analysis, optimization and management
for overall space program that includes the interaction between space segment, launch segment, ground segment,
and data segment, through systems engineering techniques and experiences.

The primary jobs for Division of Systems Engineering are as follows: first, to do mission definitions and analysis
from mission requirements; second, to define system and analysis cooperated with other functional divisions;
third, to establish the processes for system engineering management and engineering design tests and verifications;
and finally, to validate the final design and performance for satellite or launch vehicle that can meet mission

requirements.

O THEBIEZESE (TG) OCC K4 FOV BB ARG AEIR B e i 7 22 [ 7
(FOV by TriG OCC Antenna and the Single Assess Rotation Solar Panel )
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The main achievements for Division of Systems Engineering in 2011 are:
1. Designs and developments for CMOS imaging sensor:

Both CMOS Focal Plane Assembly (FPA) and imaging sensor are first designed and manufactured in Taiwan.
In 2011, we completed Preliminary Design Review meeting for FPA, Critical technology validation review
meeting for CMOS sensor, and conducted functional and radiation tests for prototype chips twice @ . We also
completed shipping reviews for prototypes of RSI Electronic Unit (EU) @ and solid state recorder, and EGSE. For
the establishment of CMOS test environment, we built a CIS chip signal ingestion test-set € . Since we started
to develop the CMOS sensor, the performances of CMOS sensor are improving continuously.

2. FORMOSAT-7 Mission Analysis: Based on FORMOSAT-7 satellite bus system requirements document. The
satellite bus configuration and simulation analysis have been completed, which include assessments of Field
of View (FOV) inference among antennas of POD and OCC for mission payload Tri-G, antenna for RF Beacon,
sensor |, Il for VIDI and rotated satellite solar panels @ @ .

- Sun Beta = 0 deg Sun Beta = 45 deg Sun Beta = 90 deg

Azi:+/- 60 deg - - l
OCC182 | pot oe o No N.7 No No &

LN |
)
4

POD 1 &2 | 75 degHalf-Angle Cone No &5 Yes Yes
P T
RF Beacon = 65 degHalf-Angle Cone No wm Yes wt No 3
X,
e B
VM 45 degHalf-Angle Cone No — 6 No =} No F_
L g X
SPLP 30 degHalf-Angle Cone No "'F'{,; No = ¥ No 3
! .

O EE5E FOV ERFFF M E ST (Preliminary FOV Sheltering Analysis of FORMOSAT-7)
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The EE Division focuses on the electrical subsystem and key components development, mainly on Command and
Data Handling (C&DH) Subsystem, Electrical Power Subsystem (EPS), RF Communication Subsystem, and Electrical
Ground Support Equipment (EGSE). Key components cover Command and Data Management Unit (CDMU),
Power Control and Distribution Unit (PCDU, and Remote Sensing Payload Instrument (RSI) Electronic Unit (EU).
EE Division also works on the Satellite Electrical System Verification and Validation on so-called Engineering
Development Model (EDM). In 2011, the division has made the following achievements.

1. Command and Data Handling (C&DH) Subsystem

The CDMU Engineering Model (EM) development has been finished, including hardware and firmware, PCB
layout and fabrication, board assembly, test, and unit integration, Electrical Functional Test (EFT), and Electro-
magnetic Compatibility (EMC) test @ .

2. Electrical Power Subsystem (EPS)

Analyses on the maximum available solar power at different attitudes for FORMOSAT-5 imaging in the
southern and northern Hemisphere has been finished @ . The PCDU Engineering Qualification Model (EQM)

® fHE R&D
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Programmable Digital X-Band Up-converter Solid State High
Baseband Signal Cenerator Power Amplifier

O =22 REH L2 X SEER TR EEFVEE (X-band Transmitter EBB with an Output Power up to 22 Watts)

O =7BIEEFE TEERE (Prototype of RSI EU EBB)

has approved the space environmental verification test . More than one thousand wire segments have been
complete for EDM harness. A satellite model for flight harness routing and fabrication was finished.

3. Electrical Ground Support Equipment (EGSE)
The EGSE is used to support the satellite system test. The design and fabrication of FORMOSAT-5 S- and X-band
RF Rack have been accomplished € . The CDMU tests set design, fabrication, assembly, and validation test
has been finished, including its System Test Controller software. The test set provides the features to support the
auto test by Auto Test Sequence (ATS).

4. Telecommunications Subsystem
The function and performance test of the S-band Radio Frequency Equipment Assembly (RFEA) has been
accomplished. Additionally, the Telecommunication department co-works with domestic company, has
developed a QPSK-modulated X-band transmitter Elegant Bread Board (EBB) @, which includes a 100 Mbps
digital baseband signal generator, X-band up-converter, and 22 watts Solid State Power Amplifier (SSPA), which
strongly establish the technical foundation for future Flight Model (FM) development.

5. Remote Sensing Instrument Electronic Unit (RSI EU)

The EE Division is co-working with the CSIST and Camels Technology, Inc. on the RSI EU development.
Currently, the RSI EU EBB has been finished, including hardware and firmware, PCB layout and fabrication,
board assembly and test, and unit integration & functional test € . The EU contains power, camera control,
image data compression, memory control, and up to 128 Gbits memory modules.

6. System Verification & Validation (V&V):

The major achievements for satellite V&V activities are PCDU to CDMU interfaces tests and electrical power
subsystem function, performance verification and validation test.
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To support the NSPO and domestic satellite projects, including operation and emergency response for existing
FORMOSAT-2 and 3, the Flight Control Division (FCD) needs to establish necessary capability for satellite
attitude control and flight software subsystems, develop key navigation and control components, upgrade
manufacturing workmanship to aerospace-grade and acquire necessary testing facility for validation. In 2011,
those credible accomplishments or advancement that FCD deliver includes the validation of FORMOSAT-5
Attitude and Orbit Control Subsystem (AOCS) test bed, preliminary AOCS loop closure test, major revision for
FORMOSAT-5 Flight Software (FSW) and associated AOCS functional test, validation of several key technologies
for space-grade GPSR, refurbishment of EMC(Electromagnetic Compatibility) and Antenna Test Lab instruments
and its accreditation from Taiwan Accreditation Foundation (TAF), Technology transfer of Polymeric Application
on Electronic Assemblies from NASA.

AOCS Electrical Ground Support Equipment (EGSE) is one of the most critical satellite integration and test (I&T)
equipments which requires comprehensive test before real satellite fitted into test loop and reduce the risk of the
I&T schedule from unforeseen delay. Soon after the arrival of AOCS EGSE in the mid of 2011, FCD completed
the validation test of the AOCS EGSE with homemade AOCS Board Simulator @ . Later on, with the help of
the AOCS Board Simulator, the first cut FORMOSAT-5 AOCS loop closure test was completed without satellite
engineering model.

From the lessons by several global major aerospace companies, the completion of AOCS EGSE validation
and associated loop closure test prior to 1&T test campaign may save 3~6 months on the satellite engineering
development model during I&T phase.

The next credible milestone FCD deliver in 2011 is the major upgrade of FORMOSAT-5 Flight Software version
3.2 for EM (Engineering Model) from old version 3.1 for EBB (Engineering Bread Board) through significant
design change, source code revision and comprehensive module test to complete the whole process. During the
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course of upgrade, ACS Function Validation Bench developed by FCD plays the key role for the validation
of FSW version 3.2. Also, FCD take the lead in formulating satellite Telecomm (TC) and Telemetry (TM) for all
subsystems during the upgrade process.

It has been more than a decade since the establishment of EMC and Antenna Test Lab, there are many
instruments might face the aging problem. In 2011, FCD update most of those instruments, acquire necessary
backup components and certify the lab test capability to maintain the readiness of the lab for NSPO satellite
program developments and outreach services. Around the end of 2011, the lab complete the first satellite
component conducted EMC test € together in NSPO with Electrical Engineering Division.

Finally, after the development of sounding rocket GPS receiver in 2010, FCD continue its space grade GPS
receiver development project under NSPO’s indigenous component development plan. In 2011, FCD complete
several key tasks including circuit design, electronic part selection, CPU radiation characterization test, upgrade
of on-board FPGA and its firmware. In the mean time, FCD mature the protection circuit design against Single
Event Latch up (Figure 4) and associated preliminary test. The test result reveals its capability of being able to
protect GPS receiver from part latch up by cutting down electrical current within a few microseconds.
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© I SHEE M REIOBIET (High Precision Opto-mechanical Measurement Technology )

The Mechanical Engineering Division (MED) manages the Structure and Mechanism Subsystem, Thermal Control
Subsystem, Reaction Control Subsystem and Optical and Microsystem Engineering and contributes the satellite
development project in design, analysis, verification and assessments. MED is also in charge of developing core
technologies and fundamental researches for application in future satellite programs.

In 2011, MED attained accomplishments in various areas and portrayed as follows.

1. Shock response spectrum and random vibration response on satellite structure analysis @ : The analysis starts
from theoretical research on simple structure analysis correlation with experimental data which extracted from
FORMOSAT-2 satellite design information. Based on these fundamental studies, more analysis on complex
structures exposed on shock and acoustic induced random vibration environments can be progressed. Finally,
the complete methodologies for satellite structure shock vibration response analysis as well as satellite structure
acoustic induced random vibration prediction are effetely created.

2. Self-reliant Propulsion Technologies: achievement the development of the Low Pressure Thrust Measurement
Chamber, (2) two prototypes of the RCS AIT Modules, the RCS Control Unit and Simulator, and the prototype of
the Propellant/Pressured gas loading and unloading System.

3. Self-reliant upgrade of thermal vacuum chamber facility control system @ . Since Thermal vacuum chamber was
built in 1997, it needs to be upgraded for further operation and mission satisfaction. By the successful upgrade
in 2011, it is not only save over 30 million NTD, but also have the benefits of helping to reduce the satellite
testing risk and more flexibility of further system maintenance & component utilization.

4. Opto-mechanical test platform € : Optical measurement system was built to provide high accuracy
measurement of optical components and telescope system. The system had been used to measure FORMOSAT-5
RSI ExXM100 optical performance during assembly phase.

In 2011, MED attained accomplishments in satellite program as follows:

1. Satellite structure design and analysis: It includes FORMOSAT-5 satellite mechanical integral design @ ,
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satellite structure detail design and analysis. Furthermore, FORMOSAT-5 satellite harness routing design is also
completed and solar array deployment mechanism functions have been verified by engineering model.

2. Thermal Control Subsystem (TCS) design and analysis: Build the detailed thermal analytical models & and
perform the satellite thermal analysis under the different operation conditions to identify the critical thermal hot
and cold conditions. Design and measure the required radiator size and heater power to maintain the satellite

temperatures within the allowable temperature limits.

3. RCS Design and Analysis: Complete the design and analysis for the FORMOSAT-5 Propulsion Subsystem,
including the components layout and pipeline routing design @ , performance analyses, and component level
verifications, tests and reviews the RCS associated mechanical, electrical and thermal interfaces.

4. Telescope system development: Performed FORMOSAT-5 RSI structure design and analysis, thermal design and
analysis, primary mirror ISM design and verification.

SaTESHOYUNHB YR A

1
L

O EERITHELHI LI ELERBLERE - (FORMOSATS satellite facet
thermal control design and analysis)

O FEERGEAEEL (LB Stowed) (TE: 0O EETREHE R ZSEE R (FORMOSAT5 propulsion subsystem
Deployed) (FORMOSAT-5 satellite main components layout and design)

body construction (upper: stowed, lower:
deployed))
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@ BE(EEHAEEEEESRERTE (Web-based Interactive Satellite Telemetry Display Platform)

After the launch of FORMOSAT-1, the satellite mission operation team has experienced the mission operations
of FORMOSAT-1, -2 and -3, accumulated a lot of satellite operation experience and maintenance capability on
ground facility. The operation team assures all the mission operations such as command uplink, data reception,
satellite tracking, orbit determination and control, data processing and distribution. Under the existing basis, the
goal is now focusing on technology transfer, industry academy cooperation, and the build-up of self-reliance and
technology level in domestic development and maintenance of satellite ground system to reduce the dependency
on foreign technical supports.
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Satellite Operations & Control Center
(SOCQ) is the core of satellite mission
control. It has the functions of sending
commands, monitoring state-of-health
(SOH) data, orbit determination & control,
operation planning & scheduling, and data
distribution. It was built up in 1994 under
foreign technology. However, based on the
long term goal of national space program,
NSPO initiated a research project for
industry cooperation, NSPO and ACS Inc. to
jointly develop a satellite operations control

: B T system. After two year efforts, the proto type

9 @T@?ﬁﬁﬁ?é%qjﬁﬁﬁﬁii%ﬁ@ﬂ% (Overhaul Engineering of Chung-li of the software system has been developed
TT&C Station) for receivin I .

g telemetry and sending

commands. Subsequently familiar with the trend of web-based data transfer, both parties also proceed to develop
the platform for web-based interactive display of satellite telemetry. The platform can support various browsers and
mobile devices (iPad and iPhone) for satellite SOH monitoring and data enquiry to enhance the convenience and

effectiveness in satellite operations.

Satellite ground stations are in charge of the satellite command uplink and telemetry reception. NSPO has three
S-band TT&C stations, one in the National Central University in Chung-li (TST station), two in the National Cheng
Kung University in Tainan (TS2, TS3 stations), one X-band receiving station in Hsin-chu for remote sensing data
reception. TST and TS2 station were built up in 1997. Once long term supports on FORMOSAT series satellites, the
two stations have been aged and degraded. The overhaul engineering of TS1 station started in 2010. To establish
the domestic capability in the upgrading and maintenance of a large antenna system, the overhaul engineering
was contracted to and executed by a domestic company called Teleport Access Services Inc. It was completed in
early 2011. The overhauled TS1 station has been operated against FORMOSAT series satellites for over one year,
and their main performance have been recovered back to the original design specifications. Since the domestic
self-reliance capability has been verified and proved, Tainan TS2 station followed the same approach of overhaul
engineering from 2011. This work will be completed in the middle of 2013. Much more self-reliance capability
and experience will be accumulated in this technical extent.

The main goals of both satellite operations and control are to assure the successful operations on the existing
satellite missions and the data volume of the payload. To achieve these goals, the satellite operators put a lot
of efforts to strengthen the training, survey the procedures, enhance the automation, accelerate the anomaly
reaction, and increase the facility supportability. The main perception and future challenge are how to utilize the
accumulated experience, under the cooperation between academy and research parties, to establish domestic self-
reliance capability in satellite operations control and ground facility maintenance.
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HTEIE D BB ERIE R AR IR (Proximate real time distributed image processing system)

The purpose of Image Processing is divided into following category. Those are satellite mission analysis,
design of system parameter, geometrical/radiometric correction, tasking planning and scheduling, image data
operation, development of image processing system and satellite image promotion. In this year, the total area
covered by the FORMOSAT-2 images covers around 80% of worldwide area including Libya Kufrah oasis
and Japan Hokkaido drift ice @ . In the mean time, besides regular system maintenance, NSPO also perform
the data migration from AIT3 tape to LTO archived media. This process of transferring data could ensure that
FORMOSAT-2 data preserve in security and authenticity forever.

In order to boot the FORMOSAT-2 performance on monitoring the disaster, NSPO not only keep improve daily
operation but also build distributed image processing system to facilitate the large volume data processing @ . By
utilize image processing facility, NSPO can provide the image products of whole Taiwan area in 4 hours after the
satellite raw data are received from X-band antenna. Furthermore, the fast ortho-rectification processing system
could generate the image with geometric accuracy within 20 meters.
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During 2011, NSPO participate in the multidisciplinary
project, “Development of near real-time, high-
resolution, global earth observation 3D platform
for applications to environmental monitoring and
disaster mitigation”, which conducted by NARL. This
platform integrates the infrastructure of NCDR and
NCHC to establish a standard operation procedure
for managing the domestic disaster € .

During the past few years, NSPO develop several
innovation researches in order to establish
FORMOSAT-5 Image Processing System. Currently,
the primarily system requirement and critical design
have been completed. It is worth to remark that
the data ingestion subsystem (DIS) is the first one
developed by Taiwanese. Progress this system design
requires not only knows well on board image data
compression but also utilizes the backbone of MEOS
system efficiently @ . According to proposal, this
system is designed to integrate FORMOSAT-2 system
as a multi- satellite image processing system, and is
developed by Taiwanese themselves.
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The NSPO has made progress and continuous quality improvements in 2011. For examples, she has been awarded
international standard certifications such as ISO 9001:2008 Quality Management System, 1SO 27001:2005
Information Security Management System, ISO 14001:2004 Environmental Management System and OHSAS
18001:2007 Occupational verification of continued assessment of safety and health management @ .

Quality assurance division completed the FORMOSAT -5 satellite bus system safety and reliability analysis;
hardware and software quality assurance; parts materials and processes, configuration management and work
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status at the critical design review
meeting. The satellite computer
(CDMU) and the Electronic Unit for
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engineering development software) electronic components procurement

quality assurance activities,
including setting the quality requirements of the procurement documentation and equivalent technical reviewing
performance management and processing of technical problems, the parts receiving inspection @ and acceptance.
In order to assist in resolving the contractual and technical problems, QA engineer and the contract staff went
to the supplier. compliance onsite audit in order to accelerate the completion of parts delivery from Spain in
December.

For the reliability engineering, we continued with the satellite system design process by failure mode effects and
criticality analysis (FMECA) on the FORMOSAT-5. According to the EMECA results, we recommended the design
improvements and reinforcement design weaknesses to improve the satellite systems reliability degrees. We also
assisted the flight control group to complete the FORMOSAT flight software for the Engineering Development
Model (EDM) version 3.2. For test validation results, we provided a potential program to give the programming unit
correction €, to complete the integration of satellite software quality. Also, other quality assurance activities of
the image processing system are ongoing.

RITERE T TRRIIR
(Engineering training of the avionic electronic components)
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In order to strengthen participation in FORMOSAT-5 by collaborators, the annual satellite QA training was held. A
total of 76 people completed the training. Participants included the NSPO, CMOS Sensor Inc. and ITRC engineers.
To fulfill the Flight Electronic Parts Engineering Support Services Contract, the QA held professional training courses
on the establishment of the flight of the NSPO electrical and electronic parts engineering technology capability.
The trainees included the turbine quality assurance group; the flight control group and electronic equipment R & D
personnel. A total of 18 people obtained certificates of completion. @

FORMOSAT-7 quality assurance of the satellite system procurement processes has been completed in this year.
The satellite Product Assurance Requirement Document, the Acceptance Criteria and procedures, the independent
development of satellite used parts, the materials and process quality demand and the implementation plan and
other procurement documents also have been finished.

The conference of QA reviewed network trends and community services in information security has been held at
the ISO 17025 training sessions. A total of 299 people participated. Topics included security risks, virtual private
network technical overview, personal data protection law and PC protection settings.

To maintain the satellite I&T facility, QA completed 12 QA technical support reports, 496 of instrument calibration
services, 312 environmental monitoring services, 1731 quality assurance operations support services (technical
documentation), 193quality information management system development and maintenance services, 99 hardware
maintenance and software maintenance. In additions, the education and training in environmental safety and
health such as emergency response exercises are completed to ensure the orientation of the satellite program high
quality, high reliability and high security, to provide space products and quality service.

O RTEMETTH TR
(Engineering training of the avionic electronic components)
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SAR Antenna

Radiator
\ Feed Array
! R

SAR RF Electronic Assembly

Function :
- SAR Macrocommand Execution Control - Frequency converters l
- SAR Instrument Control * Image Acquisition 1
- Exciter - Echo Signal Elaboration 1
- Radar Signal Control - High Voltage Power Supply |
- High Power Amplifier :
Power I|neT UART 1 PPST 1.Q, l 1,Q, l

——————————————————————————————————————————————————————————————————————————————————

Command file, Ancillary data,
Time Sync, Power

Data Storage

v

< X-band Transmitter el Compression+(others if necessary)

Spacecraft Bus

__________________________________________________________________________________

@ =4 SAR BIE Z5 08/ E 5 888 (Space borne SAR payload system function and interface block diagram)
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(HSI opto-mechanical system calibration platform and wave-front error
experimental verification)
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The Missions Development Program will develop future satellite missions for Taiwan. The mission is primarily

for

“Earth Observation; Disaster Prevention and Rescue” by integrating domestic requests for weather forecast

and disaster prevention. To achieve this mission vision requires the research and development of three different

space remote sensing instruments including Synthetic Aperture Radar (SAR), Hyper-spectral Instrument (HSI) and
Microwave Radiometer (MWR). Not only can the technology been development but also will the people in Taiwan
fully benefit from this successful mission.

The major accomplishments in 2011 are described as follows:

1.

SAR Payload Development Project: Space-borne SAR missions and associated payload systems have been
surveyed and studied to set up the SAR mission system and payload definitions in Taiwan. The user service and
observation requirements as well as the elementary mission requirements are also deduced. A system function
and interface block diagram is proposed as shown in Figure @ .

. Microwave Payload Antenna Research Project: The research team has done the work including MWR/SAR

reflector-type simulation and design, MWR rotating platform design, SAR deployment mechanism design,
space-borne SAR/MWR antenna configuration and weight/material estimates, etc. The second-phase review
meeting for MWR antenna requirement analysis was also completed.

. HSI Prototype Development Project: Design review review meetings such as SRR, SDR, and CDR have been

successfully held for different phase of HSI payload system development. The opto-mechanical calibration
platform had been established at NSPO in order to develop the technology for HSI system design verification @ .
The first phase of the ITR review for the prototype model was also completed.

MWR Mission Development Project: The weather forecast and disaster mitigation related user needs for space-
borne MWR payload applications in Taiwan have been surveyed and assessed. The MWR mission team has
conducted the User Requirements Review € and delivered the Applications Requirements Document and the
User Requirements Document.

. MWR System Development Project: The MWR system development team has conducted the feasibility study

and SDR, delivered the Feasibility Analysis Report and the Payload System (covering six frequency bands)
Design Report. In order to validate the system function and specifications, a single band radiometer prototype
model has been designed.

© vuREsTEAEREAE SIS (MWR Mission Requirements User Conference)

g R&D
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In a bid to enhance the development on the self-reliant technology, aerospace-related science and engineering
development, NSPO and NCKU have aimed at establishing a long-term cooperation between both parties.
Through the approach of matching fund, the laboratories for satellite propulsion engineering development
will be built up. The objective of this cooperation project is intended to develop the hydrogen peroxide
mono-propellant satellite propulsion system, which is considered in the category of green propulsion. The
established technologies will be verified by the demonstrative, engineering, and quasi-flight modules. It is
highly anticipated that the success of this particular project may consolidate indigenous satellite propulsion
capability within Taiwan.

In 2011, the Agreement Sign-up Conference @ and the first Mid-term review were achieved according to the

development plan. Major tasks been achieved in 2011 about the self-reliant key components and system are

listed below.

1. The design, assembling and preliminary performance test for the Thruster and Propellant Tank Demonstration
Models @ .

2. The architectural design and the construction license review for the Propulsion Laboratory. The contract of the
construction has been issued by the end of 2011.

3. The restoration engineering for the Vacuum Chamber.

4. Two sets of Assembly and Integration Test Modules € , and workmanship check for domestic vendors/
manufacturers.

5. The Control Interface Module and the Simulation Interface Module @ for the propulsion system.

6. The propellant and pressured gas loading and unloading system.

7. The construction and performance verification of the Low Pressure Thrust Measurement Chamber.

g ’
(The Prototype of Control Interface'™Module )

@) B ERRL RIS A AE4E (Thruster and Fuel Tank Performance Test Module)

©) it ZH SR (RCS Assembly and Integration Test Modules)
@ 385251 E (Propulsion Assessment Interface)

® fHE R&D
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D BE_SF2HEVKEEE (The global area covered by the FORMOSAT-2 images)

FORMOSAT-2 satellite was launched in 2004 and remains in good operating condition more than 7 years. The
total area covered by the images is more than 20,000 times of the territory of Taiwan @ . Regarding to the disaster
management application, it is crucial to obtain the accurate and timely information from devastated area. Due to
the daily revisit capacity, FORMOSAT-2 could take initial image and continuously monitoring after large disasters
occurred over the world @ . Meanwhile, those data also has been applied on various aspects such as environment,

education, diplomacy and agriculture.
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2003/0310 2011/03/1 2011/03N12 2011/03/13 2011/03/14

2011/0317 2011/03/18 2011/0319

2011/03/20 2011/03/21 2011/03/22 2011/03/23 2011/03/24

2011/03/15

@ BK 311 Kb EEERGHREE (FORMOSAT-2 time-serial images of 311 Earthquake)

National Space Organization has established four
distribution centers for satellite images throughout
Taiwan. Those are National Taiwan University Spatial
Information Research Center, National Taiwan
Normal University FORMOSAT-2 Image Application
and Distribution Center, National Central University
Center for Space and Remote Sensing Research and
Nation Cheng Kung University Disaster Prevention

Research Center. Each distribution center has the
technical expertise and experience in handling

satellite images. To provide professional and

quick services to satisfy the clients' general needs,

these centers are well staffed and equipped with O FHA—BEAERRZ ARERRER ZBEEERS
SRER 2 73 $8 (FORMOSAT-2 monitoring the environmental

modern hardware. The industry's capacity is also , A
change of natural ecological protection areas on Salvador)

well integrated so that the application areas for

FORMOSAT-2 can be greatly expanded. Meanwhile,

each center also cooperate with international institute to promote the utilization of FORMOSAT-2 image on
various aspects such as the monitoring drift ice on Hokkaido of Japan, environmental change of natural ecological
protection areas on Honduras € , academic cooperation project with Missouri State University and diplomat
project with Nicaragua government. Through those successful projects, the academic and diplomatic channel have
been established, which benefit on both Taiwan and international community.

®) ARE Service



Annual Report 2011 National Space Organization 59

] %%SéEAJYHtH§H%J
~ .Integration and Test Services IS

BIRXZHROFERAAIE 1994 F9 BHIEHL S ERIIERIRE — » =« ZSRARINEEFEE VLKA
A EEAME— %ﬁx?ﬁﬂ{""‘@Bﬂtmﬁﬁﬂgfﬁﬂaiﬂ;ﬁﬂﬁﬁiﬁiﬁ °
2011 FremZ TRAFHBRIFEERMR S BIRRANT

1. BRINEIAT UFFO BERERRIRIEEHTRI
R B R K ZZERAIETE (Ultra-Fast Flash Observation » UFFO) BEIFF S ERIZ2RIEFTSE - (EHFBEEREEAIE
EFRTHEPFEREREBEERFFTERVINBESHIRE - XZEHFOEEERBRATREERIK  a8#
BRI EIRENAIG © - AXRIH L REZENFE R G ET - BREPHEEEEE S HhE - BEEKFHERL
NF——5hR » #15 UFFO BIRRERX S EEE @ 1ShlIRRKFTERH -

2. STRTERIARE NIEHEHECE T (PCDU) BEZEAIK @ -
TRE AR ENEFIERDECE T (PCOV) BEAXZHROEAREHEMRE TREMET 4 BHEES
N2 EHIERSEC - FEFE 8 A EZRERER - REBEE PCOU THEAZLSRIRBHINEEMFLER - REIE
BhiGTECHERETBEMEE - EXUEATTHEERHEE

3. SERRAYA CKUTEX T2 2 B 2282 Al - IRENAIG © HE SRR
BN B A 2RI 2R R R ME E R BERIMEEE -

4. SERRZRARRZE+—RAETSCHI S AT E M E R IRENAIR |
EERZE+—RAE MR EPMBERIMERREMFERE TRAISEMY - MRS EREPAIH ER
SR M E R ERERARER -

5. SERRAZR L BERTE GPSR V4 BEZIHEREIAIM -
BASEAZRrR D EEHTR GPSR TT#E2 SMEERET BAEHERET - LIRS R RS BB T 2 T8
BIRME o

@ UFFO 4% RIS (UFFO system assembly & test preparation)



K &

5.
= [ Pl P

@) AT PCDU BB Z= RIS B AR 225 (FORMOSAT-5 € CKUTEX #iEr 2R #8I5, (NCKU CKUTEX micro satellite

PCDU thermal blankets components installation and vibration test set-up)
preparation for the thermal vacuum test )

The Satellite Integration & Testing (I&T) Building is located adjacent to the office of National Space Organization

(NSPO) in Hsinchu Science-based Park. The construction of the Satellite Integration & Test Building was

commenced in September 1994. It's the only Satellite I&T Building in Taiwan. The Satellite Integration & Test
Building has so far completed satellite tests for "FORMOSAT-1", "FORMOSAT-2", and "FORMOSAT-3".

In 2011, the following test services were conducted and associated test objectives were also completed:

1.

NSPO Successfully Conducted UFFO Instrument Environmental Tests: Ultra-Fast Flash Observatory (UFFO),
an international collaboration satellite project, is designed to observe the instantaneous signals of gamma-ray
bursts. NSPO and UFFO teams successfully completed thermal vacuum test and vibration test in July 2011
with excellent collaboration. The success of UFFO testing activity demonstrates the commitment of NSPO
in support of the domestic science community and also boosts the visibility of NSPO in the international
cooperation of the space science mission.

Completed FORMOSAT-5 satellite Power Control & Distribution Unit(PCDU) component thermal vacuum
test: The Power Control and Distribution Unit (PCDU) is developed by the joint team of NSPO and Chung
Shan Institute of Science and Technology (CSIST). PCDU EM is the first delivered made-in-Taiwan spacecraft
key components for FORMOSAT-5. Thermal vacuum test was completed in August after went through 8
temperature cycles. This activity marks a new milestone of FORMOSAT-5 moving toward the verification phase
of the key indigenous components.

Completed CKUTEX experimental satellite thermal vacuum test, vibration test & mass properties measurements
for National Cheng-Kung University: To support domestic university build up the capability of micro
experimental satellite development and validation techniques.

Completed the avionic component vibration test of #11 sounding rocket feasibility study project. The avionic
component vibration test is conducted to evaluate the avionic component reliability in extreme environmental
conditions. It also can detect the root cause of failure or damage during evaluation processes.

Completed the component level thermal vacuum & vibration tests of the NSPO self-reliant spacecraft GPSR
development model Ver.4 : To validate the thermal and structural design of the NSPO self-reliant spacecraft
GPSR component and the operation reliability in orbit and launch environment conditions have been
evaluated.

RS Service
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O sEsEERRBERRENILHEBEEEZE (Dr. Jay-San Chen, Director General of the Bureau of Standards, Metrology and
Inspection (BSMI) presented the Certificate to NSPO in the ceremony.)



The EMC and Antenna Test Lab of NSPO has been operated to characterize the component electromagnetic
compatibility and antenna pattern in support of various NSPO satellite projects. In the mean time, the lab also
provides EMC related test and measurement services to customers from industries, government agencies, academia,
and research institutes. For electromagnetic compatibility, the lab is capable of providing the testing services in
accordance with military and civil standards. As for the antenna measurement, the lab is capable of providing
7-axis automatic antenna characterization services from regular to large sized antennas with frequency ranged
from hundreds MHz to tens of GHz. Up to date, the lab has provided services for a variety of domestic customers
including ITRI, ETC, NCTU, Jonsa Technologies Co., Ltd, RF Castle Electronics Co., Ltd, etc.

The EMC and Antenna Test Lab of NSPO filed the application for certification to Taiwan Accreditation Foundation
(TAF) in June of 2011 and was granted the official recognition in November of 2011. The Certificate recognizes
the lab is fully complaint to the ISO 17025:
2005 standard. The item certified by TAF is: (F)

"Antenna pattern measurement with frequency 4 passamannes \\
ranged from TGHz to 6GHZz" which covers EEEW
assorted antennas of GPS, GSM1800, WiFi,

Bluetooth, S-band (satellite), and base stations. uin-ﬁ.;:;nqtn.
The whole process took only amazingly short Bl bt e
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related to NSPO FORMOSAT-2 and 3)
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Space Science Education Outreach in 2011 could be divided into the five sections of Special exhibitions, Space
Environmental Test Technologies and Applications Workshop, Science education, Academic education/Publications
and Visit, as detailed below:

1. Special Exhibitions

Three special exhibitions were held in 2011 including “A Changing Earth and Disaster Prevention Technology
Special Exhibition,” “2011 Science Season: Technologies of Future,” and “20 Years of Flying towards Space:
Formosa’s Space Dream.” These exhibits displayed content such as large-scale posters of the FORMOSAT series,
satellite image diagrams, rocket launch models, simulation animations, etc. In addition, our colleagues took
“FORMOSAT-2 reflects on the world,” “2012 Space Weather,” and “FORMOSAT-3, the most accurate space
thermometer” as topics for interacting with the public, which allowed participants to better understand our
nation’s space technologies. @ @

2. Space Environmental Test Technologies
and Applications Workshop

The Space Environmental Test
Technologies and Applications
Workshop has been held for four
consecutive years with impressive
results and has received praise from
all parties. Basic theories learned in
the classroom are combined with
practice through implementation
exercises to enhance the proficiency
of domestic academics and young

students in the practical operation

S Vil 88

of various space environment . o - .
© KBRS R E R E 4 (Space Environmental Test Technologies
and Applications Workshop)

®) XE#E Education Outreach



3. Space Science Education Outreach

5.
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tests and to inspire trainee interest towards
science. A curriculum that coordinates site LI | Ii
visits and practical operation conveys a deep  |[R§ L - 1“'””“"“ ””‘1 EN y
understanding of the practice of satellite . ol hq- i ' '
measurements. Through this event’s specially ! '
designed curriculum, a chance at a glimpse into
space technology is offered to domestic college
and university students, postgraduate students,
and even university professors and members of
the industry, in an effort to cultivate future space
technology talents. €

O = %/M’;ie%:ﬁﬁ’éﬂf%ﬂ?ﬁ%%*%A (FORI\/IOSAT3
Data Application Science Competition Press Conference)

- Scientific Applications and Education Outreach of FORMOSAT-2 and 3

Organized by NSPO, National Taiwan Normal University, and National Central University, the FORMOSAT-2
and FORMOSAT-3 Science Camps were implemented separately. Activities such as training camps and
competitions can guide the logical thinking and innovation of high school students in the field of scientific
research and allowe space knowledge and technology to be integrated into daily life; in addition, in order to
care for disadvantaged and outlying island students, a scientific exploration education promotion camp was
held to fulfill the children’s dream of glimpsing space. @

- “Picosat Systems Course” Distance Learning Courses

In collaboration with National Formosa University, National Cheng Kung University, Feng Chia University, and
Tamkang University, an inter-university “Picosat Systems Course” distance learning course was established to
promote space education, spur domestic students a trend of Pico satellite’s design and creation, and enhance
the enthusiasm of all students in the Taiwan region towards space technology.

. Academic Education and Publications

Focusing on the promotion of domestic education in earth science and geographic information, and providing
data to various universities for remote sensing imagery research, we also collaborate in the production
of syllabuses with schools at all levels as promulgated by the Ministry of Education to integrate telemetry
technology into official or extra-curricular teaching materials as a way of promoting telemetry applications in
education. Educational applications of teaching and promoting telemetry imagery total approximately 20 items,
including teaching materials for elementary schools, junior high schools, high schools and universities, and
lesson plans that collaborate even more closely with numerous international academic plans.

Visit

In 2011, a total of 97 tiers representing 3,830 people toured NSPO. The group itinerary of the “2011 Taiwan
Tech Trek” to thoroughly visit Taiwan listed our center as an attraction. NSPO provides the best learning
environment for space science and technological capabilities to overseas Chinese, while comparatively
enhancing this center’s visibility. In the future, NSPO will continue space education outreach, open our
Satellite Operations Control Center and Satellite Integration & Test Facility to the public for tours to allow the
public to understand the achievements and contributions of NSPO to space technology.
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Bl 52 CKUTEX BEERIERE E-VAC
Experiment Microsatellite-
~ oCKUTEX and E-VAC I

@O HvE 2 EaeEEEER (Microsatellite assembly and configuration)
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@ R BURIBIEER RIS A (Test configuration of microsatellite for
thermal soak test in vacuum environment)

The Experimental Microsatellite Project was
designed and developed @ by CKUTEX team
in National Cheng-Kung University (NCKU);
NSPO helped this project through instructing
and educating the team by the technology
transfer of microsatellite development,
the project review and monitoring. The
CKUTEX satellite environmental tests had
been conducted @ in 2011 before the flight
model was delivered to NSPO in the Pre-
Shipment Review (PSR) meeting € and the
project was successfully completed in Final
Review (FR) meeting. The Experimental
Microsatellite Project has been executed for
3 years from 2008 to 2011. The goal of this
project has been fully achieved by successfully
establishing university capability in the

microsatellite development of system (with all subsystems) design, analysis, integration and test, quality assurance, etc.

The E-VAC project has developed a sophisticated scientific instrument prototype, which is an excellent domestic

team effort by NCKU and NSPO. The mission objective of the E-VAC space instrument is to investigate vertical

atmospheric coupling and to image ocean colors. The E-VAC project completed its Final Review in April 2011.

v AL -

HERITEEZIER (Microsatellite flight model delivery in PSR meeting)
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The ceremony of the 20" anniversary of NSPO was held on November 11, 2011 at Hsinchu Science Park @ .
Minister Lou-Chung Lee of National Science Council and leaders from all sectors provide personal guidance
and recognized 20 years of painstaking NSPO operation. The successful execution of the FORMOSAT-1,
2 and 3 satellite programs laid a concrete foundation for the autonomous development of our country’s
space program, cultivated outstanding talents in space technologies, and established international renown.
Every colleague in NSPO should be encouraged to uphold an unyielding and confident R & D spirit to face
more rigorous challenges in the future and continue the struggle to cultivate Taiwan’s development of space
technologies.

An Open House event was held on November 12, including:

1. Satellite Operations Control Center, Satellite Integration & Test Facility, various facilities, and an R & D
achievement exhibition @ : Exhibitions included experimental sounding rockets, Remote Sensing Instrument
(RSI), Fiber Optic Gyros, etc. This was the first time Fiber Optic Gyros were displayed at close range to the
public. By touring the exhibition, guests were able to understand the process of our nation’s space technology
development and various types of core equipment.

2. DIY Paper Satellite and Water Rocket Event: Assembling 3D Paper Satellite Models by Hand (Figure 3) allowed
guests to understand basic satellite knowledge such as structure and components; water rockets were made with
recycled bottles and launch experiments were performed. Participants became familiar with the principles of
rocket launch through the process of hands-on construction @ .

This event attracted many young people, totaling more than 600 from Hsinchu-area colleges and universities,
middle/elementary school students, and the family and friends of employees. In addition to receiving a
lasting impression of the development of our national space program, participating guests also increased their
understanding of and familiarity with space technologies through observation and hands-on events.

€ HFHE2MIER (DIY Paper Satellite Models) O Tk AEFEST (DIY - Water Rocket Launch
Experiments)
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Bl ERESEE =R DEETRSF,
FORMOSAT-3 Fifth Anniversary
—o of Operations I

@ =/5=% (FORMOSAT-3 / COSMIC)
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it it The FORMOSAT-3 constellation
o for Radio Occultation (RO)
mission consisting of six satellites
@ in Low Earth Orbit (LEO) was
launched on April 15, 2006. It's
the first constellation weather
satellites launch in cluster
formation. On April 15, 2011,
the FORMOSAT-3 has reached
the 5th anniversary since launch
and has accomplished the
intended mission goals of the
“Constellation Observing System
for Meteorology, lonosphere,
and Climate”

The FORMOSAT-3 constellation
@D EE =55 R EEEREE 5" Anniversary Celebration of FORMOSAT-3 Launch) orbiting the Earth for 5 years

has retrieved 2.56 million
and 2.64 million RO profiles for Atmosphere and lonosphere, respectively. The FORMOSAT-3 has attracted 1508
registered global data users in 55 countries for weather forecasting, climate monitoring and related research
studies. FORMOSAT-3 has proven to upsurge the accuracy of the predictions of hurricane/typhoon/cyclone
behavior, significantly improve long-range weather forecasts, and monitor climate change with unprecedented
accuracy and was appraised as the “The Most Accurate and Stable Thermometer in Space” by the international
weather community. The FORMOSAT-3 RO data is as well evaluated as one of the most influential systems for the
future Earth observation and monitoring. The FORMOSAT-3 constellation RO data also significantly contributed to
the major scientific breakthroughs in ionosphere, such as standing waves study, mid-latitude ionosphere anomaly,
plasma caves, El Nino / La Nifia observation, and pre-earthquake observation, etc. In addition, the FORMOSAT-3
global RO data also enable the continuous observation of the vertical temperature profiles in the stratosphere
above Antarctic for ozone studies and global climate change observations. The FORMOSAT-3 scientific results have
been presented in hundreds of SCI papers and thousands of the conference reports worldwide. The FORMOSAT-3
mission achievements have also been published in many major international articles and journals: Nature, Science,
TAO, BAMS, Spectrum, Geoscience, Remote Sensing, and ECMWF & JCSDA Newsletters.

NSPO took the opportunity of the 5th anniversary of the FORMOSAT-3 launch conducted the FORMOSAT-3/
COSMIC Data Users Workshop along with the 2011 International Conference on GPS Radio Occultation at
Howard International House between April 13 and 15, 2011 in Taipei. More than 150 international global
users and researchers from 18 countries participated in this event and jointly witnessed the five-year mission
achievements. Dr. Guey-Shin Chang of NSPO Director General invited Dr. Jay Fein of National Science
Foundation (NSF) and Dr. Richard Anthes of University Corporation for Atmospheric Research (UCAR), the
key representative contributors of the U.S. joint mission partners, in the cake cutting celebration event for the
completion of the fruitful five-year mission achievements @ .
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NASA Presented Certification of
__oAppreciation on AMS-02 to NSPO I

ALPHA MAGRETIC S-I'ICIHDMI'IIH

N.'.1H|'HM \I 1 CROA MEFATION

O =HERAZHE AMS-
02 FFERFR (NASA AMS-
4. 02 Project Certificate of
Appreciation)

REREEE TR (AMS-02) 72 2011 & 5 A 16 BEEMNERIEIZR KZH2E (NASA) KZEHEESR (Space Shuttle
Endeavour / STS-134) SE8IFZE » SBMBEIFERZRUL - ETRIPHBEE  HERERERZAHE - ZEE

ZeHBE (NASA) HRIBBEREHR @ - RIBRZHDOE AMS-02 STEEBEEEL - XD 2002 FIEERFE
%éﬁi AMS-02 518 BiNibEE— PR M BN ATHKE  FTEEFTEFM4RATIHRERE2EAER
iREERE » IBFISTATTE & 115 NASA IR - LB MEE AR EMBAESEESE

AMS-02 on board the Space Shuttle Endeavour (STS-134) was launched on May 16 at Kennedy Space Center,
Florida, USA. AMS-02 is the major physical science experiment on the International Space Station (ISS) that will
collect data for a decade. NSPO is the only space agency in Asia invited to join AMS-02 project. Due to the success
of the AMS-02 mission, NSPO received the NASA's Certificate of Appreciation for the dedicated service in support
to the AMS-02. NSPO is one of major partners of the AMS-02 project and has made the significant contribution
to the success of the AMS-02 development, particularly in the thermal vacuum tests of electronics crates of AMS-
02 detector. This certificate represents the NSPO's space technology is recognized by the international space
community.
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HIRXANEFLHEEBETEZEFEESE.
The Cooperation Memorandum
between NSPO and Tzu Chi

. Foundation I

ARZEROTRE RS H B EUSAIEES  HNREXEHRE—SERFHESAFEEEDR - AEEEER
BAERERE  BRDE-SHEDXRRZNE - EHENEERNGXEENRRIETHNERNY - HRFEHE
EERERTENRES 55502011 F£3 A 31 HEEERBE S GHRERITSFRSK

NSPO's FORMOSAT-2 satellite with its daily-revisit capability can provide very helpful information for first-
time and continuously monitoring the disaster areas. Based on the humanitarian relief spirit, Tzu Chi Foundation
frequently went to the disaster areas at the first time to help victims. As recognizing the importance of the satellite
images to support the global relief operations and to show Taiwan’s responsibility to international society, both
organizations had signed the cooperation memorandum on March 31, 2011 in Hualien Tzu Chi Foundation.

O KEHhLEEEECEEERINEFEXRIEAERRR

(The cooperation memorandum of the satellite images support signed by NSPO and Tzu Chi Foundation )
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Bl UARS B2 ROSAT BTEESE |
Re-Entries of UARS and ROSAT
. Satellites I

SEAFMIFEE UARS 122011 £ 9 B 24 HEE O - FBREBXITAEEZ ROSAT 1£ 2011 F 10 B 23 HE

& @ o HINFIASERIREMIR 80% L ERETE - MEREERRRIEE - HERERIRRFAR - AH.ORIF A

NRLMLISE-00 Density Model 5t E#i& - IFFH Ground Contact Analysis ZEfEFEILEEE RS @ IRRITEPRH
SKEBAMAZE » WMAE NSPO ML MIRERIAZRE -

@ =FHAEE (NASA) UARS BLEEEIE - /&R 2011.9.24 11:00~15:00 ° SREFEEEER 11:45~12:45 (AATRFTR )
SEEARTF - JREMK B © (Orbit simulation chart of the NASA™ s satellite UARS at 2011.9.24 11:00~15:00 Taiwan
time. The satellite was confirmed to re-enter over the Pacific Ocean during 11:45~12:45 (shown as red line) without any
damages reported.)
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NASA's satellite UARS (Upper Atmosphere Research Satellite) re-entered on September 24, 2011, and then DLR'’s
satellite ROSAT (ROentgen SATellite) also re-entered on October 23, 2011. Since the probable falling locations
covered over 80% of the global area, the satellite re-entries triggered people anxiety. Beginning several days
before the reentry, NSPO calculated the orbits using NRLMLISE-00 Density Model, and accurately predicted the
surveillance time through the ground contact analysis. The simulation results were reported to the Office of Disaster
Management of the Executive Yuan, and posted on the NSPO public website for the references.

@ 7=EIf A 0 (DLR) ROSAT BB E#EE - ZiEp5R] 2011.10.23 8:30~11:30 * RETETHTER 9:45~10:15 (LIATARFIR )
SEAEENE ¥ - JRIEME(ATIBE © (Orbit simulation chart of the DLR" s satellite ROSAT at 2011.10.23 8:30~11:30 Taiwan
time. The satellite was confirmed to re-enter over the Indian Ocean during 9:45~10:15 (shown as red line) without any
damages reported)
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KZEHRDHR 201 FEREZORES  FEERRCHERRBEEEN  REEERCAHXRNIETER:
Bk o FEFGEBENMEZHIET AR ILNRAER . DLBERRIPGES OEEIAAZZHE  FlF
BENER  AEZEARANEETEHR TRANIGERGE) - BERCENSRE A ERIIRAE -

National Space Organization (NSPO) launched the charity sale to raise funds for the support projects to assist
underprivileged. Without the help of volunteers, who devote and support the NSPO with the time and effort, it
wouldn't be able to turn the project into a success. All contributions from individual supporters, sponsorship and
fundraising will be directed to Yu An Retarded Children's Home Miaoli R. O. C. This will enable the continuous
support, assistance and education to help them through their lives. NSPO would like to thank everyone who helps
us to achieve our goal in helping the underprivileged to have a better future.
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