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Earth satellite systems in Taiwan are designed to improve environmental monitoring,

provide rapid response to disasters, and find applications in agriculture, forestry,

education and international cooperation.
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ABSTRACT | This paper presents an overview of the current

status and data applications of FORMOSAT-2, Taiwanese’s first

earth observation satellite mission. Highlights of its contribu-

tions to monitoring of global natural disasters and earth

environmental changes will be illustrated. The FORMOSAT-2

satellite successfully complements existing high spatial res-

olution imaging satellites such as SPOT-5, IKONOS, and

QuickBird, among others, with its unique capability of daily

revisits worldwide. The FORMOSAT-2 follow-up program to

ensure data continuity to the user community is briefly

introduced.
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I . INTRODUCTION

The FORMOSAT-2 (formerly known as ROCSAT-2)

satellite was developed and is managed by the National

Space Organization (NSPO) of Taiwan. Its mission is to

take daily images for disaster and environmental moni-

toring, among other purposes, with a mission lifetime of
five years [1]–[3]. The satellite was launched at UTC 2004.

5.20 17:47 by Taurus XL from Vandenberg Air Force Base

in California to a parking orbit at an altitude of 728 km. Its

mission orbit is a 14 revolution/day repetitive sun-

synchronous orbit descending over (120� E, 24� N) and

at 9:22 a.m. over the equator with minimum eccentricity.

The images taken by the remote sensing instrument (RSI)

onboard are in the nadir direction with a swath width of
24 km and a field of regard of �45� for along-track and

cross-track viewing [3]. RSI provides images for a 2 m

ground sampling distance (GSD) in the panchromatic

band and an 8 m GSD in the four Landsat-like

multispectral bands. The sensor images have a duty cycle

of 8% in every orbit period of 102.9 min during the five-

year mission lifetime.

Fig. 1 displays the FORMOSAT-2 ground track on the
global coverage with a field of regard of 45� (upper figure)

and 53� (lower figure). The transversal lines across the

ground track denote the field of regard for cross-track

viewing. Due to repetition, the daily revisit region extends

968 km around the ground track, which corresponds to the

satellite roll angle of 45� or, equivalently, the ground

elevation angle of 36.3�. Taking into account that some

regions near the equator are not covered, the total area is
less than 18% of the global area. By rolling angles up to

�53�, the global coverage can be fulfilled (see Fig. 1). As

indicated in the figure, a total of 14 strips that extend

worldwide are visited daily by the satellite. Among all the

orbits, orbit 1 covers Taiwan Island, orbits 2–4 cover Asia,

orbits 5 and 6 cover Europe, orbits 7–10 cover America,

and orbits 11–14 cover the Pacific Ocean [3], [4].
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II . SYSTEM PARAMETERS AND
DATA PROCESSING

After the satellite initially transferred to the mission orbit,

its ground track drifted eastward. The first orbit mainte-

nance was conducted on December 28, 2005, and the

ground track has shifted westward continuously over the

past 18 months. It is expected that the ground track will

shift westward for six more months and then shift eastward
for 24 months [5]. As such, the next orbit maintenance is

due in December 2009.

The image processing system implemented by the

National Space Program Office (NSPO) is used to handle

imaging scheduling, data ingestion, data processing, and

data management. After a request from users, the system

generates the tasking schedules according to the requested

areas and informs the Multi-mission Center to command
the satellite in terms of imaging and downloading image

data. The data are ingested as raw images and are

radiometrically and geometrically corrected into standard

products that can be accessed by users through the data-

management Web site [2]. Data quality assurance is

checked routinely at NSPO. The whole process can be

accomplished in two hours for an emergency operation.

Level 0 data are synchronized and demultiplexed raw data
rearranged in telemetry format and ordered in satellite

acquisition time. The format of Level 0 data is based on the

GERALD file format. Level 1 data are radiometrically

corrected, and the radiometric model is based on the

globally used linear model of gain and offset. Level 2 data

are generated through geometric correction and map

projection, and the geometric model is based on a

polynomial of degree three to express the pixel field of
view as a function of the pixel number [6].

Fig. 1. FORMOSAT-2 ground track on the global coverage with field of

regard of (top) 45� and (bottom) 53�. The transversal lines across the

ground track denote the field of regard cross-track viewing.

Fig. 2. The first image taken by FORMOSAT-2 on 2004.6.4 9:39 a.m.

Fig. 3. Schematic illustration of the field of regard to show the

relative altitude and view angles of the FORMOSAT-2 and other

high-resolution satellites.
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Since the RSI has been designed with highly stable

individual components and follows a full radiometric

calibration on the ground, it is sufficient for a statistical
method of relative calibration in flight to adjust the pixel-

to-pixel gain coefficient. A black-and-white pattern of 60�
60 m2 was painted in Penghu, Taiwan, for the measure-

ment of the modulation transfer function (MTF). Ground

control points are marked in Taiwan at 125 points with

5 cm accuracy and 1875 points with 50 cm accuracy, which

are useful for higher level image processing. The satellite

took the first image at 2004.6.4 9:39 a.m. in the 204th
orbit, ranging from Hsinchu to Kaoshiung in western

Taiwan. A multispectral scene in the first image is shown

in Fig. 2. Evaluations of the images taken during the first

two months show that the MTF, the GSD, and the signal-

to-noise ratio met all requirements [7], [8].

III . IMAGING CAPABILITIES

The field of regard illustrated in Fig. 3 gives a comparative

view of altitude and view angles of FORMOSAT-2 and

other high-resolution satellites in which complementary

data are achieved. These features make it very unique, as it

possesses the capability to daily take images from around

the globe with only a slight sacrifice of coverage area in low
latitudes. Table 1 gives a comparison of the revisit cycle,

Table 1 Comparison of Revisit Cycle, Orbit Altitude, and Swath Among Various Earth Observation Satellites

Fig. 4. A mosaic image formed by five strips taken by FORMOSAT-2

for large area mapping while preserving high spatial resolution of

8 m in MS.

Fig. 5. Emergency response and successive tracking of oil spill off Suao Harbor, east coast of Taiwan, on December 7, 25, and 26, 2006,

mapping in successive days (from left to right).

Chen et al. : FORMOSAT-2 Mission: Current Status and Contributions to Earth Observations

880 Proceedings of the IEEE | Vol. 98, No. 5, May 2010

Authorized licensed use limited to: National Central University. Downloaded on May 18,2010 at 03:52:36 UTC from IEEE Xplore.  Restrictions apply. 



orbit altitude, and swath among various earth observation

satellites. It is this daily revisit capability that proves very

suitable in terms of emergency response to disasters,
making FORMOSAT-2 ubiquitous worldwide, as will be

illustrated in more detail below. The detailed comparison

of FORMOSAT-2 with other similar sensors, including the

multispectral bands and imaging repeat period, can be

found in [9].

The feature of daily revisits was further extended to the

four capabilities. First is the large area imaging with

multiple strips, as shown in Fig. 4, where five strips were
mosaicked to map the island of Taiwan.

Second is the urgent imaging for an emergency

response to a natural disaster. When the freighter BTzini[
from Malta ran aground and spilled the massive oil off

Suao Harbor on December 24, 2006, FORMOSAT-2 was

able to response it by tracking the soil spill. Fig. 5 displays

successive images off Suao Harbor on the east coast of

Taiwan from December 7, 25, and 26, 2006. Freighter
BTzini[ is clearly visible from image on December 25, as

indicated on the rightmost enlarged image. The oil spill

spread southwardly for 1 km, as revealed by the dark strip

along the coast (see the enlarged image). One day later,

December 26, the spill had shrunk to about 0.3 km, as

indicated in the right image of Fig. 5. Hence, mapping

three successive days (from left to right) by daily revisits

allows us to easily track the oil spill and is beneficial for
any necessary mitigation.

There is also the capability for dynamic imaging of fast

moving objects such as the International Space Station

(ISS) that orbits at an altitude of approximately 350 km

above the surface of the Earth travelling at an average speed

of 27 724 km per hour, completing 15.7 orbits per day.

Shown in Fig. 6 on the left is the picture of the ISS, while

the on the right is the image taken by FORMOSAT-2 on

February 8, 2007. As is clearly illustrated, a well-focused

image of fast flying ISS can be taken by FORMOSAT-2.
Fig. 7 displays the first ever satellite optical image of the

Amundsen-Scott South Pole Station (90 deg S), taken on

October 6, 2006, by FORMOSAT-2. The pronounced

bright strips reveal the wind blowing over the station. This

case demonstrates that FORMOSAT-2 is the only high-

resolution imaging satellite currently in operation that can

cover worldwide areas on a daily basis, and its imaging

capability includes the geographic poles [9].

Fig. 6. (Left) ISS picture and (right) image taken by FORMOSAT-2 on February 8, 2007, showing the dynamic imaging capability offered

by the FORMOSAT-2 satellite.

Fig. 7. The first satellite optical image of the Amundsen-Scott South

Pole Station (90� S) taken by FORMOSAT-2 on October 6, 2006.
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Table 2 FORMOSAT-2’s Contribution to International Charter Disasters [11]
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Before closing this section, it may be worth mentioning

the data supply and timing, which concern many users.
The FORMOSAT-2 normal imaging operations sequence

and the required times are shown as follows:

• ordering 2 h;

• scheduling 2 h;

• imaging 2 � 24 h;

• acquisition 2 h;

• processing 2 h;

• distribution 2 h;

• total 12 � 34 h.
The shortest time lag from an event to the acquisition of

the first image is about one half-day. The daily repetition of

FORMOSAT-2 simplifies the operations, scheduling, and

processing, and users can easily request emergency acquisi-

tions. A quick algorithm for geometric corrections and change

detections has also been developed for urgent image

processing. The area of interest is first identified in as much

Table 2 (Continued)
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detail as possible, such that the geometric correction and the
cross-correlation can be quickly performed by means of a

bilinear transformation with sufficient accuracy. The change

detection including the shape deformation and spectral

response is then processed automatically. By virtue of the

daily repetition, this process can even be done in the raw data

domain because, for a specific target area imaged on different

dates, the viewing angle remains almost the same every day.

The whole process from the awareness of an event to the
delivery of the images is expected to be finished in just four

hours, offering a very quick response.

IV. CONTRIBUTIONS OF FORMOSAT-2
TO EARTH OBSERVATIONS

A. International Charter Disasters [10]
The International Charter is the BCharter on Cooper-

ation to Achieve the Coordinated Use of Space Facilities in

the Event of Natural or Technological Disasters.[ The
charter’s purposes are Bin promoting cooperation between

space agencies and space system operators in the use of

space facilities as a contribution to the management of

crises arising from natural or technological disasters.[ The

charter Baims at providing a unified system of space data

acquisition and delivery to those affected by natural or

man-made disasters through Authorized Users.[ NSPO

joined the International Charter in 2006. Since then,
SPOT Image/NSPO has provided images captured by

FORMOSAT-2 in 43 events, as listed in Table 2 [10].

Recent examples of responses to global nature disasters are

discussed below.

On May 12, 2008, a great earthquake of Richter

magnitude 8.0 occurred in Wenchuan County, Sichuan,

China. A comparative evaluation from images in Fig. 8

(left) before and (right) after the quake reveals widespread
damage to structures. The mudded river caused by

extensive landslides is notable. The landslide blocked

Fig. 8. FORMATSAT-2 images of Beichuan County (left) before and (right) after the quake showing the great impact of the quake to the city.

Images were taken two years apart.

Fig. 9. Update of Tangjiashan Quake Lake, Beichuan, China, from June 3 to 8, 2008.
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rivers, destroyed the bridge, and created unstable lakes,
posing serious threat to human lives. The village was

almost completely flooded. The two images were taken

exactly two years apart, providing an excellent pair of

images for change detection and damage assessment. Fig. 9

(from left to right) displays images by UNOSAT based on

FORMOSAT-2 images taken from June 3 to 8, 2008, of the

Tangjiashan quake-created lake, aided with prequake

imagery recorded on May 14, 2006. This map presents a
satellite-based water and damage assessment for the

affected towns and villages along the flooded Jianjiang

River valley, resulting from the earthquake-created lake

and landslides. More details are available on the UNOSAT

Web site. The Dujingyan Irrigation System, a UNESCO

registered World Heritage Site, is basically in healthy

condition, as shown in Fig. 10. Nevertheless, many

buildings, including some ancient temples located in the
surrounding area, were severely damaged by the quake

[10], [11].

On May 2, 2008, Chile’s Chaitén Volcano erupted,

blanketing the region in volcanic ash and releasing plumes

of ash and steam for several weeks, as shown in Fig. 11. In

addition to the threat of ashfall or an explosive eruption,

the town was flooded as ash and debris from the volcano

choked the surrounding rivers [12].
To feature the importance of high temporal resolution

while maintaining high spatial resolution, the following

FORMOSAT-2 highlighted images for major disasters in

2007 within a short period are listed. Due to the page limit,

images are displayed for visual inspection, as shown in

Fig. 12 [9]. It should be emphasized that in particular,

Fig. 12(c) and (d) demonstrates FORMOSAT-2’s quick

response to natural disasters; images were available just two
days after the events. The bright areas were cloud covers.

• Fig. 12(a) shows imaging of 35 W Bridge,

Minneapolis, Minnesota, on August 3, 2007, just

two days after the bridge collapse (August 1, 2007).

• Fig. 12(b) shows imaging of Naha airport,

Okinawa, on August 27, 2007, after the airplane

explosion (August 20, 2007).

• Fig. 12(c) shows imaging of Peru on August 17,
2007, two days after the Peru earthquake of

magnitude 8.0 (August 15, 2007).

• Fig. 12(d) shows imaging of Mexico on August 23,

2007, two days after Hurricane Dean’s landing

(August 21, 2007).

• Fig. 12(e) shows imaging of Greece mosaicked with

Google Earth on August 28, 2007, two days after

the Greek forest fires (August 25, 2007).

B. Imaging Over Polar Areas
Global warming has heated up interest over the exten-

sive Polar Regions. To support the International Polar

Years activities, FORMOSAT-2 images were acquired

from the spring of 2006 to the spring of 2008 [11], [13].

Fig. 10. Optical images of Dujingyan taken by FORMOSAT-2 (left) before and (right) after the quake on November 3, 2006,

and June 5, 2008, showing it generally little affected by the earthquake.

Fig. 11. FORMOSAT-2 image of Chile’s Chaitén Volcano eruption,

acquired on May 19, 2008.
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Among them were 307 targets in northern polar areas,

including glaciers and ice shelves in Greenland, Canada,

and Russia, as well as 37 targets in Antarctic areas,

including Crane Glacier, Wilkins Ice Shelf, and Mertz

Glacier. FORMOSAT-2 provides unprecedented imagery

data with 2 m spatial resolution in terms of daily, weekly,

Fig. 12. Feature images from FORMOSAT-2 of global mapping of major disaster showing emergency response capability due to its high temporal

resolution. (a) 35 W Bridge, Minneapolis, MN, August 3, 2007, just two days after the bridge collapse (August 1, 2007). (b) Naha airport, Okinawa,

on August 27, 2007, after the airplane explosion (August 20, 2007). (c) Peru on August 17, 2007, after the Peru earthquake of magnitude 8.0

(August 15, 2007). (d) Mexico on August 23, 2007, after Hurricane Dean’s landing (August 21, 2007). (e) Greece mosaicked with Google Earth on

August 28, 2007, after Greek forest fires (August 25, 2007).
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monthly, seasonally, and yearly changes in the targets.

Fig. 13 illustrates imaging areas of Polar Regions of

FORMOSAT-2, indicated by pink-colored strips, between

2006 and 2008, featuring daily revisits over the Polar

Regions. The unique feature of the high spatial resolution

over these regions offers fine details of ice shelf breakups
and was not available before.

Fig. 14 displays a relatively cloud-free image acquired

on March , 2008, showing details of the disintegration area

just after an active disintegration ceased [14].

Another striking feature image showing ice cracking was

taken over Alert, Canada’s North Pole Command Centre

(�62.4165� E, 82.5747� N). Fig. 15 shows, from left to right,

images from three consecutive days (March 25–27, 2006)
taken at the same time. As is shown, the width of the ice

crack varied from about 600–800 m wide to narrower and

then to even wider than that observed on the first day [9],

[11]. Fig. 16 displays images taken exactly one year later,

revealing ice disintegration. Images over the same area on a

bimonthly basis were also acquired by FORMOSAT-2 on

March 27, May 27, and July 27, 2007, to reveal the ice

breaking and melting process, as shown in Fig. 17.

C. Environmental Conservation
NSPO is committed to providing images on the

ecological environment for mapping its states and for

analysis of its resources, and to the participation in and

promotion of global ecological preservation and research

activities [15]. One example is shown in Fig. 18, depicting
images of Uluru-Kata Tjuta National Park and Ayers Rock,

Australia, taken on June 4, 2008. Ayers Rock is one of

Australia’s most recognizable natural symbols. The world-

renowned sandstone formation stands 348 m high, with

most of its bulk below the ground, and measures 9.4 km

(5.8 mi) in circumference. The park preserves a natural

heritage and a traditional hunter-gatherer culture, both of

great value. It is the remains of erosion that began around
500 million years ago. According to the UN Environment

Program World Conservation Monitoring Center,1 Kata

Tjuta is composed of 36 steep-sided rock domes of gently

dipping Mount Currie conglomerate consisting of pheno-

crysts of finely grained acid and basic rocks, as well as

granite and gneiss in an epidote rich matrix.

V. FORMOSAT-2 FOLLOW-UP PROGRAM:
FORMOSAT-5

To ensure the data continuity, NSPO has managed to
develop a follow-up program, FORMOSAT-5, with mission

life of five years. According to NSPO, the missions of the

program are as follows:

1) to develop a spacecraft bus platform and establish

optical instrument capability by integrating do-

mestic research and development resources;

2) to conduct leading space science missions;

3) to utilize remote sensing technology for the
applications of disaster mitigation and environ-

ment monitoring;

4) to supply remote sensing images for the users of

FORMOSAT-2.

Fig. 13. Imaging areas of polar regions of FORMOSAT-2, indicated by pink-colored strips, from 2006 to 2008 on various temporal visits.

Fig. 14. FORMOSAT-2 MS image of Wilkins Ice Shelf, Antarctica, on

March 8, 2008, immediately after disintegration began, showing

complex, highly fragmented ice blocks. Details see [14]. 1http://www.unep-wcmc.org/.
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Fig. 15. FOSMOSAT-2 MS images of Alert, Canada, in three consecutive days at the same time from March 25 to 27, 2006, from left to right, showing

the ice cracking changes.

Fig. 16. Same as Fig. 15 but from March 25 to 27, 2007, exactly one year later, from left to right, revealing ice disintegration.
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The satellite orbit decision is driven mainly by

application areas targeted on large area coverage,

environment change detection, disaster urgent acquisi-

tion support, and global warming and commodities

shortages, among others. A lower orbit at 720 km sun-
synchronous orbit is selected. With the same spectral

resolution and bands, the image data downlink availabil-

ity is more than seven orbits per day. The mission is

capable of possessing multiple operation modes, includ-

ing large field of regard, high agility for multitasking,

mosaic, stereo imaging, large duty cycle, and fine attitude

control accuracy [16]. Tentative system specifications are

given in Table 3, giving a comparison of the main
characteristics.

VI. CONCLUSION

FORMOSAT-2, the first earth observation remote sensing

satellite of Taiwan, is healthy and working on its mission

orbit of 891 km for almost five years. It is the only high-

resolution imaging satellite capable of providing daily
coverage of worldwide areas including the Polar Region.

Since its inception, it has documented an enormous

number of observations pertaining to Earth science and

ecological niches, sites of world heritage, and disastrous

incidents worldwide. In particular, urgent responses

significantly contribute to disaster investigation and

environment monitoring for recent events. The images

Fig. 17. FORMOSAT-2 images over the same area acquired on March 27, May 27, and July 27, 2007, to reveal bimonthly

ice breaking and melting process.

Fig. 18. FORMOSAT-2 image of Uluru-Kata Tjuta National Park and

Ayers Rock, Australia, acquired on June 4, 2008.
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taken by the satellite from 2006 to 2008 in polar areas have

been distributed worldwide and have contributed signifi-

cantly to the International Polar Years activities. To ensure

data continuity to the user community, FORMOSAT-5 is in

the planning stage and is scheduled to launch in 2013. In

summary, FORMOSAT-2 and the future FORMOSAT-5,

with their unique capability of daily revisits and global

coverage, are expected to have an impact on many aspects
such as disasters, the environment, agriculture, forestry,

education, and international cooperation. h

APPENDIX
THE FORMOST-2 SATELLITE AND RSI
SPECIFICATIONS

The spacecraft bus specifications are as follows:
• total weight: 741 kg (bus þ payloads);

• power generation: 802 W;

• pointing: 0.12� accuracy, 0.02� knowledge;

• position knowledge: 9 m;

• propellant: 81 kg N2H4;

• data rate: 4 kbps for S-band uplink, 1.6 Mbps for

S-band downlink, 120 Mbps for X-band downlink;

• data storage: 41 Gb;
• agility: roll 10� in 25 s and 30� in 45 s; pitch 45�

in 60 s.

The RSI specifications are as follows:

• spectral bands: one panchromatic (PAN) band and

four multispectral (MS) bands with central wave-

lengths of 670, 485, 560, 660, 830 nm, respectively;

• GSD: 2 m for PAN, 8 m for MS;

• swath width: 24 km;

• registration: after ground processing;

• pointing capability: �45� roll and pitch;
• focal length: 2896 mm;

• pupil diameter: 600 mm;

• type: Cassegrain with refractive corrector;

• charge coupling device (CCD): TH 7834 for PAN,

THX 31547 quad-linear CCD for MS;

• integration time: 0.308 ms for PAN, 1.232 ms

for MS;

• processing rate: 10 Mpixels/s for PAN, 5 Mpixels/s
for MS;

• pixel encoding: 8 bits;

• compression ratio: 2.8 and 3.75 for PAN, 1.7 and 3.

75 for MS;

• mass: 113 kg;

• power consumption: 161 W for imaging, 73 W for

standby;

• image product: PAN, MS, PAN+MS;
• acquisition mode: recording (RECORD), direct

data transmission (DDT).

REF ERENCE S

[1] J. S. Chern, J. Ling, and Y. S. Chang,
BROCSAT-2, a small satellite for two remote
sensing missions,[ presented at the 53rd Int.
Astronaut. Congr., Houston, TX, Oct. 10–19,
2002, paper IAC-02-IAA.11.2.05.

[2] F. Wu, A.-M. Wu, and C.-J. Shieh,
BDevelopment of image processing system for
ROCSAT-2,[ in Proc. 5th Int. Symp. Reducing
Cost Spacecraft Ground Segments Oper.,
Pasadena, CA, Jul. 8–11, 2003, JPL.

[3] A. M. Wu, W. T. Shiau, and J. S. Chern,
BGround track control of a daily repetitive
orbit,[ presented at the 55th Int. Astronaut.
Congr., Vancouver, BC, Canada, Oct. 4–8,
2004, paper IAC-04-IAF-A.7.05.

Table 3 Comparison of Key Parameters of Two Satellite Missions

Chen et al. : FORMOSAT-2 Mission: Current Status and Contributions to Earth Observations

890 Proceedings of the IEEE | Vol. 98, No. 5, May 2010

Authorized licensed use limited to: National Central University. Downloaded on May 18,2010 at 03:52:36 UTC from IEEE Xplore.  Restrictions apply. 



[4] A.-M. Wu, Y. Liu, L. Wu, F. Wu, and
C.-J. Shieh, BFORMOSAT-2 images for daily
monitoring,[ presented at the 56th Int.
Astronaut. Congr., Fukuoka, Japan,
Oct. 17–21, 2005, paper IAC-05-B.1.4.02.

[5] J.-S. Chern, A.-M. Wu, and S.-F. Lin,
BTwo-year state-of-health trending of
FORMOSAT-2,[ presented at the 57th Int.
Astronaut. Congr., Valencia, Spain,
Oct. 2–6, 2006, paper IAC-06-B5.3.04.

[6] L.-H. Chang, M.-F. Chen, and N.-Y. Chen,
BMeasuring inter-band spatial separation by
using cross-correlation operation,[ presented
at the 25th Asian Conf. Remote Sens.,
Chiangmai, Thailand, Nov. 22–26, 2004,
paper A-1.4.

[7] C.-C. Liu, BProcessing of FORMOSAT-2
daily revisit imagery for site surveillance,[
IEEE Trans. Geosci. Remote Sens., vol. 44,
pp. 3206–3214, 2006.

[8] C.-C. Liu, J.-G. Liu, C.-W. Lin, A.-M. Wu,
S.-H. Liu, and C.-L. Shieh, BImage processing
of FORMOSAT-2 data for monitoring the

South Asia tsunami,[ Int. J. Remote Sens.,
vol. 28, no. 13–14, pp. 3093–3111, 2007.

[9] A.-M. Wu, F. Wu, and C.-J. Shieh, BUrgent
image processing for a daily revisit satellite,[
presented at the 58th Int. Astronaut. Congr.,
Hyderabad, India, Sep. 24–28, 2007, paper
IAC-07-B1.4.07.

[10] J.-S. Chern, BEarth observation results of
FORMOSAT-2 from June 2004 to February
2005,[ presented at the 5th IAA Symp. Small
Satellites Earth Observ., Berlin, Germany,
Apr. 4–8, 2005, paper IAA-B5-0205P.

[11] J.-S. Chern, A. M. Wu, Y. N. Liu, and L. Wu,
BAn introduction to FORMOSAT-2’s global
effectiveness,[ presented at the 6th IAA
Symp. Small Satellites Earth Observ.,
Berlin, Germany, Apr. 23–26, 2007,
paper IAA-B6-1002.

[12] NASA Earth Observatory. [Online]. Available:
http://earthobservatory.nasa.gov/
NaturalHazards/view.php?id=19916

[13] C.-C. Liu, Y.-C. C. S. Huang, S.-Y. Yan, F. Wu,
A.-M. Wu, S. Kato, and Y. Yamaguchi,

BMonitoring the dynamics of ice shelf
margins in Polar Regions with high-spatial-
and high-temporal-resolution space-borne
optical imagery,[ Cold Regions Sci. Technol.,
vol. 55, pp. 14–22, 2009.

[14] T. Scambos, H. A. Fricker, C.-C. Liu,
J. Bohlandera, J. Fastook, A. Sargent,
R. Massom, and A.-M. Wu, BIce shelf
disintegration by plate bending and
hydro-fracture: Satellite observations and
model results of the 2008 Wilkins ice shelf
break-ups,[ Earth Planetary Sci. Lett., vol. 280,
no. 1–4, 15, pp. 51–60, 2009.

[15] J.-S. Chern, J.-J. Miau, S.-S. Chen, and
S. Wang, BInternational cooperation and
contribution in earth observation of
FORMOSAT-2,[ presented at the 59th Int.
Astronaut. Congr., Glasgow, Scotland,
Sep. 29–Oct. 31, 2008, paper IAC-08-B1.1.8.

[16] J.-S. Chern, A.-M. Wu, and S.-F. Lin, BLesson
learned from FORMOSAT-2 mission
operations,[ Acta Astronaut., vol. 59,
pp. 344–350, 2006.

ABOUT T HE AUTHO RS

Kun-Shan Chen (Fellow, IEEE) received the B.S.E.E.

degree from National Taiwan Institute of Technol-

ogy, Taiwan, in 1985 and the M.S. and Ph.D. degrees

from the University of Texas at Arlington in 1987 and

1990, respectively, all in electrical engineering.

Since 1992, he has been with the Faculty of the

Center for Space and Remote Sensing Research,

National Central University, where he holds a

Remote Sensing Distinguished Chair Professor-

ship and is Director of the Communication Re-

search Center. His research activities involve the areas of microwave

remote sensing, image processing and analysis for remote sensing data,

radio and microwave propagation, and scattering from terrain and ocean

with applications to remote sensing and wireless communications.

Prof. Chen is a Fellow of Electromagnetic Academy. He is Founding

Chair of the IEEE GRSS Taipei Chapter. He is an Associate Editor of the

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING and Deputy Editor in

Chief of IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND

REMOTE SENSING.

An-Ming Wu received the Ph.D. degree in me-

chanical engineering from National Taiwan Uni-

versity, Taiwan, in 1989.

He is currently a Senior Research Fellow with

the National Space Organization, Taiwan, respon-

sible for FORMOSAT-2 satellite operations. His

research interests include system simulation,

orbit dynamics, and image processing.

Dr. Wu is a corresponding member for Engi-

neering Sciences of the International Academy of

Astronautics.

Jeng-Shing Chern received the B.S.M.E. and

M.S.M.E. degrees from National Cheng-Kung Uni-

versity, Taiwan, in 1969 and 1971, respectively, and

the M.S. and Ph.D. degrees in aerospace engineer-

ing from the University of Michigan, Ann Arbor, in

1977 and 1979, respectively.

From 1973 to 2000, he was a Research Scientist

with the Chung Shan Institute of Science and

Technology. Between 2000 and 2007, he was a

Senior Research Fellow, Director of ROCSAT-2

Program, and Deputy Director General of the National Space Organization.

Currently, he is a Professor in the Department of Aviation Mechanical

Engineering, China University of Science and Technology. His research

activities involve the areas of missile systems, remote sensing satellite

systems, orbital dynamics, trajectory optimization, guidance and control,

and aviation system engineering and management. He is an International

Advisor for the Journal of Guidance, Control, and Dynamics, an Editorial

Member of the Journal of Aeronautics, Astronautics and Aviation, and a

Coeditor of Acta Astronautica.

Prof. Chern is an Associate Fellow of the AIAA and a member of the

International Academy of Astronautics.

Liang-Chien Chen received the bachelor’s and

M.S.E. degrees from National Cheng-Kung Uni-

versity (NCKU), Taiwan, in 1972 and 1974, respec-

tively, and the Ph.D. degree from the Department

of Civil Engineering, University of Illinois, Urbana,

in 1985.

He was with the Institute of Photogrammetry,

NCKU, from 1985 to 1986. Since 1986, he has been

a Professor with the Center for Space and Remote

Sensing Research, National Central University,

Taiwan. He is in charge of the Earth Resource Satellite Ground Receiving

Station and the Digital Photogrammetry Laboratory. His research

activities are focused in the domain of digital photogrammetry,

geometrical data processing for remotely sensed images, image feature

extraction, three-dimensional reconstruction, lidar processing, and

terrain modeling.

Wen-Yen Chang received the B.S. degree in

mechanical engineering and the M.S. and Ph.D.

degrees from the Geophysics Institute, National

Central University, Taiwan.

Since 1991, he has been with the Natural

Sciences Department, National Science Council,

Taiwan, where he is now a Program Manager. After

the Chi-Chi earthquake in 1999, he joined to plan

an integrated program of earthquake and active

fault research. From 2002 to 2009, he was an

Executive Member and Supervisor of the Chinese Geophysical Society of

Taiwan. His research activities involve seismology, specifically, velocity

imaginary, and anisotropic study.

Dr. Chang is a member of the American Geophysical Union, Chinese

Geoscience Union, and Chinese Geophysical Society.

Chen et al.: FORMOSAT-2 Mission: Current Status and Contributions to Earth Observations

Vol. 98, No. 5, May 2010 | Proceedings of the IEEE 891

Authorized licensed use limited to: National Central University. Downloaded on May 18,2010 at 03:52:36 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


