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Abstract: This paper analyzes the disadvantages of the current remote sensing satellite systems, and describes the concept of
the latest generation “intelligent remote sensing satellite system” and its main characteristics which mainly includes: (1) the
adaptive remote sensor system; (2) the onboard real-time data processing system; and also introduces the key scientific issues and
the key technologies involved. This paper presents the design of an intelligent hyperspectral satellite payload system with adap-
tive imaging and application mode optimization capacity, which consists of three parts: (1) a fore-field pre-judgment sensor for
regional background information acquisition; (2) a main sensor for detailed surface observations; (3) an onboard real-time data
processing and analysis subsystem. It also introduces the working principles and processes of intelligent hyperspectral satellite,
and calls for the research on some frontier scientific theories and key technologies related to the intelligent remote sensing satel-
lite system in an early stage to realize the leap-forward development in the field of remote sensing satellite in China.
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1 INTRODUCTION

In the 21st century, space remote sensing technologies are play-
ing an increasingly important role in the development of national
economy, defense and sustainable development of human society.
Satellite remote sensing and its application technologies are devel-
oping rapidly, with some new earth observation satellites coming
forth worldwide, and the concept of application orientated and
space-earth integration is fully reflected in designing and manu-
facturing of remote sensing satellite system. High spectral resolu-
tion, high spatial resolution and high temporal resolution is the
development trend of modern remote sensing technology, and some
small remote sensing satellites with very strong data acquisition
capacity for specific application purposes have been developed,
which marks that we will usher in the era of earth observation data
“explosion”. Under such situation, we really need to seriously think
about the future development trend of remote sensing satellite to
address some pressing problems in the following three aspects:

Firstly, the remote sensing satellite has an increasingly stronger
data acquisition capacity, and the growing data amount brings great
pressure on satellite data downlink transmission and post-processing.
The imaging performances of remote sensing satellites such as spatial
resolution, spectral resolution and swath width, efc. have been continu-
ously improved, which also makes the amount of satellite data increase
at a geometric rate. NASA’s data center receives data more than 3.5TB
per day (Ramapriyan et al., 2004), while only a small part are accessed
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by users. Taking the domestic situation as an example, the Miyun Sat-
ellite Ground Station of Center for Earth Observation and Digital Earth
(CEODE), Chinese Academy of Sciences (CAS), received a total of
369100 satellite images in 2008, but only 13600 images were pur-
chased by users, accounting only for 3.7% of the total amounts. There
is a huge gap between the amount of data received and the amount
of data in actual use, and the efficiency of data use is low. The huge
amount of raw data brings a huge pressure on downlink transmission
and ground processing equipments. However, we are in urgent need of
data with higher precision that meets quantitative professional applica-
tion requirements.

Secondly, the relationship between environmental backgrounds
and ground targets to be detected on the Earth’s surface are varied
and complicated, and the remote sensing characteristics of the same
type of ground targets on the Earth’s surface are also changed with
the seasons. However the specifications of a satellite sensor after it is
launched are basically unchangeable, including the foreign satellites
(Landsat/TM, SPOT, MODIS and HYPERION EO-1, efc.) and the
domestic counterparts satellite(CBERS, HJ-1A and HJ-1B, etc.)
These satellites have fixed observation and imaging modes dur-
ing their in-orbit operation, and the settings of their sensors such
as imaging spectral bands, spatial resolution, spectral resolution,
radiometric resolution and spectral response, efc. are pre-designed
and unchangeable. The data acquisition requirements are different
in the fields such as land resource survey, natural disaster monitoring,
bioenvironmental protection and military reconnaissance, but the exist-
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ing remote sensing satellites are mostly unable to timely optimize and
adjust payload imaging parameters according to different observation
targets and missions, different environments in observation areas and
different actual requirements and research purposes.

Thirdly, the automation level of data processing and the time
effectiveness of information extraction are low. The traditional
process of “satellite data acquisition-ground station receiving
and processing - data distribution-professional application”
can not meet the time-effective flexible requirements of disas-
ter emergency response monitoring and military applications,
in which data should be rapidly converted to information and
distributed on a real-time or quasi real-time manner to end us-
ers of different levels. Presently, the data acquisition capacity
of remote sensing satellite has been steadily improved, with
spatial resolution ranging from the km-level to dozens of me-
ters and even to sub-meter level (such as Quickbird, Geoeye)
and spectral resolution ranging from 100 nanometers to nano
level (such as HYPERION, CHRIS, ARTEMIS). In contrast to
the increasingly enhanced satellite data acquisition capacity,
the automation level of data processing is still low. There is too
much human intervention in the process from data acquisition to
information extraction and application, and some remote sens-
ing application tasks such as information extraction are mainly
carried out by manual visual interpretation, so it is difficult to
ensure the time effectiveness of information services. In fact,
the demand for satellite products has shifted from images to
various specific information. Common users are not concerned
about the details of complicated image processing technologies,
and real-time processing and downlink transmission of informa-
tion products will become one of the core concepts of satellite
design in future (Tomar & Verma, 2007).

In summary, The traditional satellite remote sensing technologies
can not meet requirements for fast, precise, flexible remote sensing
data acquisition and information production, so we should establish
an intelligent remote sensing satellite system with imaging mode
optimization and fast information extraction and distribution. An
overall consideration should be given to design of remote sensing
satellite systems and development of ground information processing
technologies, which is a major development trend of earth observa-
tion satellite technology with characteristics of high spectral resolu-
tion, high spatial resolution and high radiometric resolution.

This paper analyzes the current development status and char-
acteristics of intelligent remote sensing satellites in section 2.
Section 3 and section 4 presents new generation “intelligent
remote sensing satellite system”, detailed in the key technolo-
gies and system design.

2 CURRENT DEVELOPMENT OF INTELLIGENT
REMOTE SENSING SATELLITE SYSTEM

Since the end of the last century, foreign and domestic scholars
have carried out researches at different levels on issues related to
intelligent remote sensing satellites. Hyperspectral remote sens-
ing is today’s forefront of the development of international earth
observation technology (Tong, 2003). Due to the characteristics of
mass data acquisition and the urgent demand for fast quantitative
information extraction, intelligent hyperspectral remote sensing sat-

ellite has been a major trend of satellite development. The office of
Naval Research (ONR) and the Naval Research Laboratory (NRL)
have carried the Hyperspectral Remote Sensing Technology Pro-
gram (HRST). The Optical Real-time Adaptive Spectral Identifica-
tion System (ORASIS) was developed in this program to carry out
real-time satellite data processing and compression, greatly being
reduced the space-time redundancy in hyperspectral data (Wilson
& Davis, 1998). This system was originally planned to be used in
the U.S. Naval Earth Map Observer (NEMO) to demonstrate the
feasibility of hyperspectral remote sensing for coastal zone and lit-
toral environment surveys (Davis, 2000a). The report submitted to
NASA also describes the outlook on future development of intel-
ligent remote sensing satellite system, and holds that the system,
which consists of comprehensive Earth observation, onboard data
processors and data communication systems, can provide time-
effective global spatial information services to various kinds of
users (Zhou, 2001). The report clearly states that future intelligent
remote sensing satellites should be based on the demand-driven
concept, but does not discuss in detail on the implementation of
these technologies. In addition, NASA has also carried out space-
based scientific experiments, which flexibly combine various kinds
of remote sensors, navigation and positioning equipments and
ground research activities to form an automatically operating sen-
sor network. This network can manage all sensors according to the
needs of users or the priorities of emergencies. It is a good case that
combing MODIS and HYPERION, respectively with high tempo-
ral resolution and with hyperspectral resolution characteristics, to
carry out high-efficient intelligent earth observations (Chien, ef al.,
2005). Academician Li Deren (2005) hold that intelligent earth ob-
servation satellite system should have multi-layer satellite network
architecture, and perform together in the form of constellation to
provide real-time earth observation data to various kinds of users
worldwide and meet the application requirements in various fields.

Foreign remote sensing powers have attached great importance to
the research and development of onboard real-time processing sys-
tems, and have developed some satellites with smart features, such as
NEMO developed by U.S. Navy, BIRD developed by German Space
Agency (DLR), COCONUDS system developed by the European
Union and PROBA satellite developed by European Space Agency
(ESA) , etc. Compared with traditional earth observation satellites,
these systems generally have the following characteristics:

(1) Function specialization

The intelligent satellite does not primarily aims at data acquisi-
tion, but instead it is designed for some special applications accord-
ing to specific needs. The onboard hyperspectral imager and the
5 m resolution panchromatic imaging camera in the U.S. Navy’s
NEMO satellite are mainly used for fast analysis of coastal envi-
ronment, extraction of surface reflectance, ocean surface remote
sensing reflectance, water turbidity, chlorophyll, CDOM, suspended
solids sediments, water depth and bottom reflectance, efc. (Descour
& Shen, 1999). The FOCUS platform on the international space
station (ISS) is used for automatic fire detection. FOCUS incorpo-
rates Fore-view Field camera, spatially highly resolving imaging
sensors and Fourier transform infrared spectrometer to perform
functions such as potential hot spot detection, sun glint or cloud
filtering, warm surface removal and hotspot clustering, efc. The
BIRD satellite of the German Aerospace Center is also mainly used
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for detection and evaluation of thermal anomalies such as forest
fire, volcano eruption, oilfield fire and coal mine fire, etc. (Winfried,
2001). In addition, the automatic flood monitoring will also be one
of designed functions of future intelligent satellites (Yuhaniz, ez al., 2007).

(2) Changeable imaging modes

The onboard Compact High Resolution Imaging Spectrometer
(CHRIS) carried by PROBA small satellite launched by ESA can
acquire hyperspectral images from 5 different viewing angles (-55°,
-36°, 0°, 36°, 55°) during a time period of 2.5 minutes, and can
chose one of among the 5 five imaging modes with different spatial
and spectral resolutions according to different observation targets
such as water body, vegetation and land, ezc. and different applica-
tion demands (Barbara & Ruddick, 2004). It can provide 62 spec-
tral bands with 34 m spatial resolution in the VNIR spectral range
of 411—997 nm, or it can be reconfigured to provide 18 spectral
bands (fully programmable) in the VNIR range (411— 1019 nm)
with 17 m spatial resolution aimed at water quality monitoring ap-
plications.

(3) Onboard real-time data processing

The onboard real-time data processing is the most striking fea-
ture of intelligent satellite, and after processing, the data amount
of information products will be reduced significantly, which will
reduce the pressure on downward transmission of products and al-
low users to receive remote sensing information directly. The U.S.
NEMO satellite employs the optical real-time adaptive spectral
identification system (ORASIS) for hyperspectral data processing,
and the processing algorithm is based on convex set analysis and
orthogonal projection technique to unmix a particular scene and
generate 10 to 20 endmembers to perform automatic data analy-
sis, feature extraction and data compression (Davis, 1997). The
onboard data processing capabilities of the BIRD satellite include
radiometric correction, geometric correction and thematic informa-
tion production of disaster warning and monitoring, efc. (Winfried,
2001). The new generation Pleiades satellite developed by France
employs the reconfigurable Field Programmable Gate Arrays
(FPGA) as an onboard Module Video Processor (MVP) to realize
data acquisition, pixel alignment, thermal control, power control
and other functions, and it uses high-performance wavelet image
compression algorithm with compression ratio up to 7 . 1 (Arnaud,
et al., 20006).

(4) Real-time data downlink

Coordinated Constellation of User Defined Satellites (CO-
CONUDS) developed by European Union, which consists of 10 polar
orbiting micro-satellites, is used for environmental monitoring. It di-
rectly transmits data without store data onboard (Verduijn, ez al., 2001).
The data acquired by the French Pleiades satellite are compressed and
then downlink at a rate up to 4.5 Gbit /s (Arnaud, et al., 2006).

In addition to the intelligent satellites with real-time onboard
processing performance, some commercial satellites that have
been successfully launched or will be launched in future also have
more smart features. For example, the WorldView-1 panchromatic
satellite launched by DigitalGlobe in September 2007 provides 0.5
m-resolution and rapid response capability, and is able to carry out
up to 24 times of continuous observations with different viewing
angles for the same target according to actual needs. The World-
View-2, has more than eight spectral bands and one panchromatic
band, and can flexibly realize the imaging mode of wide cover-

age (multiple scanning 65.6 km) and long strip (width 16.4 km)
or three-dimensional observation (width 48 km) by relying on its
strong control gyro (CMGs), greatly improving the data acquisition
efficiency of high-resolution satellite. Spot 6 and Spot 7, which are
scheduled to launch by SPOT Inc. in 2012 or later, have greater
flexibility in satellite data acquisition and optimize data collection
processes, combining long-term and short-term weather forecast
to minimize acquisition of useless data in rainy and cloudy days
(Campenon, 2009).

In general, with the rapid development of hardware technolo-
gies such as computer, communication and optical devices, etc.
and in-depth research on onboard real-time processing algorithms,
it is of great significance to carry out research and development of
intelligent remote sensing satellite systems based on application
demands. The intelligent satellite system will also help us to real-
ize the change of the earth observation mode from “getting what
we are provided” to “getting what we want”, and will improve the
earth observation efficiency and data utilization efficiency.

3 INTELLIGENT HYPERSPECTRAL REMOTE
SENSING SATELLITE SYSTEM AND ITS KEY
TECHNOLOGIES

The hyperspectral remote sensing data contains rich spatial,
radiometric and spectral information of surface features, and pro-
vides spectral curves reflecting ground objects’ features, which
greatly expand the application fields of remote sensing. It promote
the development of remote sensing technology from “qualitative
analysis” to “quantitative inversion” and create a broader space for
introduction of new theories and methods. However, as the hyper-
spectral remote sensing data have the characteristics of huge mass
and lots of spectral bands, we are faced with abovementioned three
aspects of problems in “Introduction section” while seeking new
remote sensing application fields.

With ground objects classification, target detection and emer-
gency monitoring as major application purposes, we need to take
an overall consideration in design of the remote sensing satellite
system and development of ground information processing technol-
ogy. Object classification and feature identification by hyperspectral
images were performed after bands choosing or feature extraction,
and the other bands will be completely unused. Amount of invalid
data were stored during the mentioned data process. Moreover, the
full spectral band settings to sensors without careful selection will
lead to undesired spectral response range, spatial resolution and
band SNR. Therefore, if we can start from the data source and pro-
vide spectral data with more specific physical meaning and charac-
teristics according to different surface features, this will greatly im-
prove the detection efficiency of a specific target and the inversion
accuracy of surface parameters.

Two scientific problems should be first resolved in order to
research and develop the new generation intelligent hyperspectral
remote sensing satellite system.

Firstly, we should study the theory on optimization of remote
sensing observation modes under the condition of mutually exclu-
sion among different specifications of the hyperspectral remote sen-
sor. High-precision and high-efficiency remote sensing needs strict
requirements for sensor specifications, such as spectral resolution,
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spatial resolution, radiometric resolution and time-phase resolu-
tion, etc., but the above specifications are mutually exclusive and
correlated. Therefore, based on research on spectral features of sur-
face objects and information reversion models, we should further
study the sensitivity of surface parameter inversion models to core
specifications of remote sensor and the principles and methods of
designing sensor specifications (signal to noise ratio, spatial resolu-
tion and spectral resolution, etc.), and establish mutual exclusion
model of sensor specifications. We should also combine the surface
parameter inversion model with the spectral imaging model to
study and establish the best surface parameter observation modes
under the condition of mutual exclusion of hyperspectral remote
sensor specifications.

Secondly, we should study the adaptive observation theory un-
der the support of prior knowledge and models. The low utilization
efficiency of remote sensing data is largely attributed to the fact
that remote sensors are basically acquire complex and diverse sur-
face data in a fixed imaging mode, without taking into account the
differences in remote sensing characteristics of specific surface en-
vironment and surface features. In addition, remote sensing process
is influenced by different solar irradiation or different atmospheric
conditions. So it is still difficult to remotely sensing surface type in
a real-time, and real-time imaging mode optimization is still a great
challenge. Therefore, we should study how to acquire real-time
prior information of cloud and aerosol, such as optical thickness
and radiometric dynamic range, efc. via multi-modes and different
observation modes, carry out research on data expression and
modeling methods of prior knowledge such as the surface type, the
cloud / aerosol and the surface parameter model, efc., and combine
such prior knowledge with the adaptive imaging theory to implement real-
time optimization of hyperspectral surface parameter observation modes.

The onboard real-time data processing involves fast parallel
algorithms, data compression, data distribution and transmission,
etc. On this basis, the specific data processing algorithms and ap-
plication models can be implemented in onboard hardware to carry
out onboard real-time data processing and emergency observation
production and directly downlink data and information to users
with different demands. With this system, information products can
be generated onboard and directly distributed to different types of
end users. It looks like GPS data received by most common users.
And remote sensing information service like GPS will be realized
by the development of intelligent remote sensing satellite system.
It will greatly expand the application fields of remote sensing and
improve the utilization efficiency of remote sensing data.

The key technologies involved in the intelligent remote sensing
satellite system are as follows.

3.1 Remote sensor imaging mode optimization
technologies

Presently, the satellite payload and sensor specification setting is
mainly based on basic features of the observed targets. For example,
a typical case of satellite payload specification designing for land re-
source monitoring satellites, Landsat / TM, designed 6 bands ranging
from visible to shortwave infrared spectrum and a thermal infrared
band, mainly aims to monitoring the land resources, such as vegetation,
soil, water bodies, minerals, surface temperature and other aspects; the
SPOT satellite, which imitates the payload design of Landsat, has ad-

ditional stereo mapping capability and a higher spatial resolution; the
MODIS carried by the Terra & Aqua satellites is currently the most so-
phisticated sensor operating in orbit, and its spectral resolution, spatial
resolution and radiation performance settings are based on the require-
ments of different the targets to be observed, with range of applications
involving land, sea and atmosphere fields.

With the development of hardware technology, the operation
mode and parameter settings of sensor were continuously opti-
mized. These parameter settings are still imprecise and inflexible,
and the demonstration of sensor specification parameters such as
spectral, spatial and radiometric performance, efc. is often based
on a certain environment and imaging conditions, without fully
considering the effectiveness of information extraction from im-
age data under different environmental backgrounds, causing great
difficulty in later data analysis and information extraction. For
example, the ocean color bands (8-16) of MODIS sensor are often
saturated and unusable in coastal areas with high suspended sedi-
ment concentration or inland water areas with high aerosol optical
thickness (Zhang, 2009). Once the imaging mode of a sensor is
determined, the corresponding payload’s specification settings are
unchangeable during satellite operation period. Therefore, for intel-
ligent remote sensing system, we need first to study the technology
for optimizing the imaging mode of sensor. Taking hyperspectral
remote sensing satellites as an example, with its strongest opti-
cal information acquisition capacity, and we should study the best
specification parameters of remote sensors under different environ-
mental backgrounds and for different targets and should establish
the remote sensing characteristics database for different targets to
provide basis for dynamic adjustment of payload specifications.

To develop the technology for optimizing imaging mode of sensor,
we should set out from the purposes of target monitoring and infor-
mation extraction, use a variety of space-borne and air-borne remote
sensing platforms and data acquisition methods such as ground survey
and spectral sampling, efc., and carry out comprehensive analysis of
the best settings of sensor specifications for target monitoring purpose.
We should take into consideration of the issue of optimal configura-
tion of spectral, radiometric and spatial specifications according to
change in season, region and environment. Finally, we establish the
target characteristics database and the remote sensor specification pa-
rameter database under a variety of background environments, includ-
ing parameters such as center wavelength position, spectral resolution,
radiometric response, signal-noise ratio, detection sensitivity, spatial
resolution and swath width, etc..

3.2 Technologies for adaptive adjustment of sensor
specifications

There are mature technologies to carry out the satellite earth observa-
tion missions through ground control programming. For example, satel-
lite such as Beijing-1 micro-satellite (BJ-1), Environment and disaster
monitoring constellation (HJ-1) or SPOT satellite, can acquire data by
using side-swing of satellite according to the observation program, but
the spectral, radiometric or spatial specifications of these satellites can not
be changed. The PROBA launched by ESA in 2001 was a typical case of
ESA’s satellite design adopting new onboard technologies and autonomy
housekeeping advantages, and it can operate a large number of missions
with very little human intervention. As an onboard intelligent sensor,
CHRIS can adjust its imaging modes via pre-programming according to
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different application purposes, such as monitoring land, vegetation, water
and other aspects. The spectral bands rang from 18 to 62 and spatial reso-
lution is adjustable from 17-34 m, and spectral positions are selectable
(Mode2-ModeS5) (Barnsley, et al., 2004; Cutter, 2002).

Therefore, to realize adaptive specification parameter adjust-
ment for remote sensors, we should give an overall consideration to
application targets and performances of satellite payload, and real-
ize adaptive and optimized acquisition of data for different environ-
mental backgrounds and application demands via optimizing the
detector specifications according to different mission requirements
and targets. In future, intelligent remote sensing satellites will be
endowed with such detection capabilities as adjustable / selectable
spectral resolution, spatial resolution, radiometric resolution and
center wavelength to improve the efficiency of data acquisition,
data processing and information extraction.

3.3 Onboard real-time data processing and fast
information generation technologies

Onboard real-time data processing technologies have developed
with the signal processing hardware technologies, and some process-
ing algorithms are increasingly mature. The Coastal Ocean Imaging
Spectrometer (COIS) in NEMO satellite is used to characterize lit-
toral region environment. It uses Optical Real-Time Adaptive Spec-
tral Identification System (ORASIS) to accomplish spectral filtering
and spatial filtering and finally generate battlefield environmental
information and direct downlink (Wilson & Davis, 1999; Davis, et
al., 2000b). BIRD launched by German Space Agency (DLR) uses
the infrared detector for hot spot detection and warning based on
the thematic neural network classifiers. TacSat-3 satellite launched
by the United States in 2009 carries an image spectrometer called
ARTEMIS, which can carry out anomaly detection via onboard data
processing, distinguishing man-made targets from natural back-
grounds automatically. Many scholars proposed that FPGA (Field
Programmable Gate Array) is used as a core component for real-time
onboard processing. With an optimal design structure, FPGA can
realize parallel data processing, greatly improving data processing
efficiency. Comparing with general processors and DSP, FPGA dis-
sipates less energy and has a data processing rate 10 times at least.
(Choi, et al., 2003; Guo, et al., 2004; Wei, et al., 2008). Du et al.
proposed implementing the parallel Independent Component Analy-
sis (pICA) algorithm on FPGA, and carried out tests on the comput-
ing platform embedded with Xilinx VIRTEX V1000E, which show
that FPGA has great potential in performing complicated algorithms
on large volume data sets of large data sets (Du & Qi, 2004). Miguel
et al. proposed an FPGA-based implementation of hyperspectral im-
age compression algorithm to greatly minimize the complexity of
data processing and accomplish onboard data compression (Miguel,
et al., 2004). Morales et al. proposed an Image Space Reconstruction
Algorithm (ISRA) implementing in FPGA, which is a complex and
iterative algorithm, and the results show that FPGA has advantages
in complex computation, but its time-consuming data access is still
a main time-consuming factor of reducing processing performance
(Morales, et al., 2006). Surrey Satellite Technology Limited Ltd
headquartered in Britain that has been committed to development
of small satellites has also used FPGA to develop an onboard data
processing chips (Vladimirova, 2004). Domestic scholars have also
developed a variety of real-time processing techniques of high-

resolution data based on FPGA or FPGA + DSP (Wang, 2006;
Fang, 2006; Xu, 2006; Jia, 2006; Yin, 2007). The current FPGA-
based real-time onboard data processing algorithms mainly involves
such aspects as data compression (Cook & Harsanyi, 2002; Davis,
2002), neural network (Loyola, 2002), dimension reduction (Du &
Qi, 2004), endmember extraction (Valencia, ef al., 2005) and image
space reconstruction (Morales, 2006), efc. FPGA has become a core
onboard real-time data processing component and will play a big role
in future hyperspectral remote sensing image processing and appli-
cation projects. However, some current high performance real-time
processing systems are still realized by “FPGA + DSP” combined
structure to meet actual demands. Therefore, “FPGA + DSP” com-
bined structure may be a transition scheme while fully digging the
performance of FPGA.

However, these real-time processing algorithms are still lower-level
data-preprocessing algorithms. It is still difficult to implement higher-
level algorithms that are based on expert models and directly generate
information desired by users. Therefore, the future intelligent remote-
sensing satellites will combine data acquisition with applications, and
implement application models or analysis models in satellite hardware
to incorporate data processing and analysis process into the data acqui-
sition system as a whole so as to directly extract thematic information
onboard. For the natural disaster monitoring, intelligent remote sensing
satellite can directly generate thematic information such as location of
disaster and damage scope and level, ezc. .

3.4 Satellite maneuver control and multi-access
information sending technologies

The programmable maneuver control capacity is an important
feature of future intelligent satellite. As shown in the previous
paragraphs of this paper, the existing ground programming tech-
nologies to realize observation missions and observation modes are
relatively mature, but it is still unable to flexible downlink satellite
data to users. However, an important concept of intelligent satellite
is that different level users can directly receive satellite information
products, similar to choosing TV channels flexibly, without com-
plex data reception, analysis and re-distribution processes.

Therefore, the intelligent satellite system will enable ground staffs
to closely interact with the satellite and its payloads. Except the adap-
tive observation capability of satellite, ground staffs can upload in-
structions of different image modes according to actual demands, and
the satellite can generate different information and send them to differ-
ent users on a real time or quasi real-time basis. The intelligent remote
sensing satellite system can realize high-efficient seamless integration
of data processors and remote sensors with flexibly adjusting imaging
specification parameters, and users can conveniently acquire thematic
information of interesting regions without complicated skills and spe-
cial processing equipments.

End Users can be divided into different levels. Higher-level
users can directly raise their customization requirements and even
apply for uploading their data processing and application models,
and lower-level users can only select production from standard
product catalogue. The intelligent remote sensing satellite system
greatly improves the effectiveness of information generation and
information distribution. It will be a major innovation of existing
earth observation technologies in terms of data acquisition capacity
or information extraction efficiency.
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4 DESIGN OF INTELLIGENT HYPERSPECTRAL
SATELLITE PAYLOADS

The intelligent hyperspectral satellite imaging system with imaging
mode optimization and adaptive adjustment capacity consists of a fore-
field pre-judgment camera and a main camera. The former is used for
cloud or aerosol identification and estimation, coarsely estimation of
surface coverage and background radiometric information in imaging
zones and assisting the main camera to optimize imaging modes, and
the later is used for surface observations with an optimal mode.

In order to save onboard resources and facilitate integration with
existing ground systems, the adaptive observation system can work in two
ways (Fig. 1): (1) under the premise that targets and observation missions
are known, the user can set some imaging parameters according to their
own needs, the ground system will establish the initial observation mode
via analysis of imaging coupling models according to the existing surface
coverage information and the basic characteristics of remote sensor, and
send it to the satellite for programming and acquisition of data in intended
areas; (2) before reaching intended areas for data acquisition, the satellite
will estimate the cloud, aerosol and background radiation via the onboard
fore-field pre-judgment system and real-time processors, and then optimize
observation modes such as gain adjustment, ezc. to realize adaptive obser-
vations. The operation of the adaptive observation mode mainly involves
technologies in two aspects: establishment of a ground observation mode
database for determining the initial observation mode, and real-time data
processing and analysis by the onboard prejudgment system for adaptive
optimal mode selection.

We should carry out analysis of the coupling model between
surface parameter imaging indices characteristics and sensor speci-
fications, integrate basic surface information into sensor imaging
modes, set adjustable specification parameters for sensors through
imaging modes optimization, and finally establish an observation
mode database. We should set initial observation mode via fast
interpolating from observation mode database according to users’
requirements. The observation modes include: ordinary common

user mode and expert mode. When the ordinary common user

model is selected, the system will provide best data acquisition
mode. As the onboard resources are limited, when a certain specifi-
cation is highlighted, other imaging specifications will be adjusted
accordingly to the observation mode. For example, when the swath
width demands or other special demands are set, the system will
automatically determine spatial resolution, central wavelength,
spectral resolution, dynamic range, signal to noise ratio, quantita-
tive levels and other specifications. But with fixed swath width and
demands, common users can reselect spatial resolution, and now
the other specifications will be adjusted accordingly to maintain
the best observation scheme under restriction conditions. If certain
specification does not meet the relevant requirement (for example,
the signal to noise ratio is too low), the system will give a warning.
In the expert mode, you can randomly set imaging specifications
without any restriction condition. In addition, you can also update
the observation mode database of the ground system or the onboard
observation mode database via satellite-ground communication to
realize adaptive adjustment of satellite sensor specifications and ob-
servation modes according to ground programming requirements.

The entire transmission process of the hyperspectral intelligent
observation satellite is shown in Fig. 2, including data acquisition,
onboard real-time processing and information product.

The multi-spectral images in intended imaging areas acquired
by the onboard fore-field camera will be directly processed with
FPGA-based information processing system hardware to accom-
plish the cloud identification and the background identification of
imaging areas. Then the results will enter into the onboard control
center, or users can upload prior knowledge or imaging require-
ments to the onboard control center, and the onboard control center
will select the best imaging mode according to these information
and mode database. At last, the instructions will be sent out to
the hyper-spectral main camera to acquire images with the best
mode. These images will be directly processed by the FPGA-based
processing chips with corresponding data processing algorithm
(flood monitoring, hot spot detection and target identification,
etc.), the processed information products will contain much lower

Satellite source arrangement and imag-
ing parameters adaptive adjustment

v~ Real-time prior
e knowledge

Data acqusition based
on adaptive observa-

Initial optimized

tion mode imaging mode

O O O] Demands
misi=ikat, B

Data acquisition region

Ground station Users

Fig. 1 ~ Schematic diagram of adaptive observation mode
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Fig. 2 The intelligent observation data processing process

amount of data, which will be finally stored onboard and downlink
distributed according to different user levels and types.

The onboard real-time processing is critical to realize intelligent
observation, so processors with best hardware processing efficiency
and low power consumption should be selected. FPGA is consist
of a large number of programmable logic units, and such hardware
resources can be designed as different computing systems accord-
ing to different application requirements. FPGA can implement
parallel processing to improve data processing performance. FPGA
has not only solved the problems of custom circuit, but also over-
come the disadvantage of limited number of gate circuit of existing
programmable devices, so it is a good choice in design of onboard
system. Therefore, onboard real-time data processing should be
implemented by FPGA, parallel process should be used in process-
ing algorithms as much as possible. Algorithms such as geometric
preprocessing, radiometric preprocessing and information extrac-
tion, efc. should be integrated to accomplish one-off generation of

information process from raw data to information products.

5 CONCLUSION

The development of remote sensing satellite started late in China,
and there is a gap between China and developed countries in innova-
tion capacity in the aspects of satellite system design and payload
specification settings. This gap shows not only in technologies but
also in design idea and management system, which should be changed
and innovated. The development and design of satellites and sensors
should be consistent with the development of ground application in or-
der to establish a mutual technology system. And application-oriented
concepts behave in the whole process of remote sensing system design,
manufacture and acceptance. In order to develop intelligent remote
sensing system, firstly, we should tightly combine data processing

User management

(hyperspectral)

system

algorithms, application models and data simulations according to dif-
ferent application fields, application objects and emergency demands,
which is a fundamental work. Secondly, we study corresponding tech-
nologies such as adaptive imaging mode transformation and onboard
real-time data processing. Thirdly, we can also fully utilize airborne
remote sensing platforms while research the satellite intelligent remote
sensing systems. As we know, most of remote sensing satellite systems
with innovation features have gone through airborne tests and valida-
tions. So, both of the adaptive observation technologies and real-time
data processing technologies can be validated by airborne remote sens-
ing tests.

Nowadays, some new concepts and new technologies are devel-
oping rapidly in current space remote sensing fields. Also, China has
made great progress in satellite remote sensing after nearly two dec-
ades’ development, which has also played an important role in various
fields of national economic and social development. The continuous
enhancement of national economy provides solid foundation for the
development of China’s remote sensing satellites. Therefore, we should
carry out systematic planning of intelligent remote sensing system to
promote the development of satellite remote sensing to achieve a great
leap forward, and launch scientific and technological development pro-
grams as soon as possible to promote the development of frontier tech-
nologies such as space-earth integration, intelligent observation and
intelligent data processing, etc.. We should work hard on the frontier
of scientific and technological innovation and development, only then
will we further promote the development of satellite remote sensing to
achieve a great leap forward and become one of the world’s powerful
countries from great countries in the field of satellite remote sensing.

REFERENCES

Arnaud M, Boissin B, Perret L, Boussarie E and Gleyzes A. 2006. The



422 Journal of Remote Sensing

#ERFER 2011, 15(3)

pleiades optical high resolution program. Proceeding of the 57th
IAC/IAF/IAA. Valencia: International Astronautical Congress:
IAC-06-B1.1.04

Barbara V M and Ruddick K. 2004. The Compact High Resolution Im-
aging Spectrometer (CHRIS): the future of hyperspectral satellite
sensors. Imagery of Oostende Coastal and Inland Waters. Bruges:
The Airborne Imaging Spectroscopy Workshop

Barnsley M J, Settle J J, Cutter M A, Lobb D R and Teston F. 2004. The
PROBA/CHRIS mission: a low-cost smallsat for hyperspectral multi-
angle observations of the earth surface and atmosphere. /EEE Trans-
actions on Geoscience and Remote Sensing, 42(7): 1512-1520

Campenon P. 2009. SPOT 6/7: continuity of SPOT 5 services in high resolu-
tion. Beijing: the Sixth International Symposium on Digital Earth ISDE

Chien S, Cichy B, Davies A, Tran D, Rabideau G, Castano R, Sher-
wood R, Mandl D, Frye S, Shulman S, Jones J and Grosvenor S.
2005. An autonomous earth-observing sensorweb. [EEE Intelligent
Systems, 20(3): 16-24

Choi S, Scrofano R, Prasanna K V and Jang J W. 2003. Energy-efficient
signal processing using FPGAs. Monterey, California: FPGA’03

Cook S and Harsanyi J. 2002. Onboard processor for compressing HSI
data. Washington, D.C: The 31st Applied Imagery Pattern Recog-
nition Workshop(AIPR’02)

Cutter M A. 2002. CHRIS data format. London, U.K: SIRA Electro-
Optics: 1-31

Davis C O. 1997. The Hyperspectral Remote Sensing Technology
(HRST) program. Washington, D.C.: In Proceedings of the ASPRS
Meeting: Land Satellite Information in the Next Decade. II. Source
and Applications: 2—5

Davis C O. 2000a. Spaceborne Hyperspectral Technology: The Naval
EarthMap Observer(NEMO) [J/OL]. [2011-01-31]. http://www.
scs.gmu.edu/~rgomez/EOS%20Lectures/SLecture%2029%20
Sep%2003/DoD/NEMO.pdf

Davis C O, Horan D M and Corson M R. 2000b. On-orbit calibration of
the Naval EarthMap Observer (NEMO) Coastal Ocean Imaging
Sepctrometer(COIS). Imaging spectrometry VI, Proceedings of SPIE,
Bellingham: The International Society for Optical Engineering: 250-259

Davis C O. 2002. Coastal Ocean Imaging Spectrometer (COIS). Wash-
ington, D.C.: Naval Research Laboratory

Du H and Qi H. 2004. An FPGA implementation of parallel ICA for di-
mensionality reduction in hyperspectral images. IEEE International
Geoscience and Remote Sensing Symposium. Anchorage: 3257-3260

Fang H. 2006. Research on key technologies of on-satellite real-time
image compression equipment. Changsha: National University of
Defense Technology: 34-46

Guo Z, Najjar W, Vahid F and Vissers K. 2004. A quantitative analysis
of the speedup factors of FPGAs over processors. Proceedings of
the 2004 ACM/SIGDA 12th international symposium on Field
programmable gate arrays. Monterrey: [s. n.]: 162—-170

Jia Y H. 2006. Research on anomaly detection methods and realization
in hyperspectral image. Harbin: Harbin Institute of Technology:
12-62

Li D R and Shen Y. 2005. On intelligent earth observation systems. Sci-
ence of Surveying and Mapping, 30 (4): 9-12

Loyola D G. 2002. Combining neural networks for the near-real-time
processing of satellite data. Intelligent Systems, 2002 First Interna-
tional IEEE Symposium: 233-237

Miguel A C, Askew A R, Chang A, Hauck S, Ladner E R and Riskin A

E. 2004. Reduced complexity wavelet-based predictive coding of
hyperspectral images for FPGA implementation. The Data Com-
pression Conference (DCC’ 04): 1-10

Morales J, Santiago N, Leeser M and Fernandez A. 2006. Hardware
implementation of image space reconstruction algorithm using FP-
GAs. 49" IEEE International Midwest Symposium on Circuits and
Systems, 433436

Ramapriyan, H, McConaughy G, Morse S and Isaac D. 2004. Intel-
ligent systems technologies to assist in utilization of earth obser-
vation data. Earth Observing Systems IX, Proceedings of SPIE.
Bellingham: [s.n.]: 3922-3925

Tomar G S and Verma S. 2007. Gain & size considerations of satellite
subscriber terminals on earth in future intelligent satellites. IEEE
International Conference on Portable Information Devices: 1-4

Tong Qingxi. 2003. The present status and future of hyperspectral re-
mote sensing. Journal of Remote Sensing. Vol.7: 1-12

Valencia D, Plaza A, Vega-Rodriguez M A and Pérez R M. 2005. FPGA
design and implementation of a fast pixel purity index algorithm
for endmember extraction in hyperspectral imagery. Chemical and
Biological Standoff Detection III, SPIE: 599508-1-599508-10

Verduijn F F, Algra T, Close G J, Lee C, Denore B J and Williams J.B.
2001. COCONUDS? Two years on preliminary program. Berlin:
3rd IAA Symposium on Small Satellites for Earth Observation: 2—6

Vladimirova T. 2004. ChipSat—a System-on-a-chip for small satellite
data processing and control architectural study and FPGA imple-
mentation. Surrey Satellite Technology Ltd

Wang H T. 2006. FPGA-based design and realization of high-resolution
real-time image processing system, Chengdu: Chengdu University
of Electronic Science and Technology: 10-51

Wei H W, Yang R Z and Tang M H. 2008. Research and realization of
real-time acquiring and processing technology based on FPGA.
Microcomputer Information, 24(5-1): 84-86

Wilson L T and Davis C O. 1998. Hyperspectral remote sensing
technology (HRST) program and the Naval EarthMap Observer
(NEMO) satellite. San Diego: Infrared Spaceborne Remote Sens-
ing VI Meeting

Wilson T M and Davis C O. 1999. Naval EarthMap Observer (NEMO)
Satellite. Imaging spectrometry V, Proceedings of SPIE, Belling-
ham: The International Society for Optical Engineering: 2—11

Winfried H. 2001. Thematic data processing on board the satellite
BIRD. Proceeding of SPIE: 4124191

Xu X F. 2006. An in-orbit real-time approach of imagery compression
based on large amount of remote-sensing data. Changchun: Chang-
chun Institute of Optics, Fine Mechanics and Physics, CAS: 24-80

Yin Y. 2007. FPGA- and DSP-based design and realization of image
multi-function card. Chengdu: Chengdu University of Electronic
Science and Technology: 13-56

Yuhaniz S T, Vladimirova T and Gleason S. 2007. An intelligent
decision-making system for flood monitoring from space. ECSIS
Symposium on Bio-inspired, Learning, and Intelligent Systems for
Security. Los Alamitos: IEEE Computer Society: 65-71

Zhang H. 2009. Aerosol optical properties and atmospheric correction
of remote sensing imagery for case 2 waters. Beijing: Institute of
Remote Sensing Applications, CAS: 83-92

Zhou G. 2001. Architecture of Future Intelligent Earth Observing Satellites
(FIEOS) in 2010 and Beyond. Norfolk: National Aeronautics and Space
Administration, Institute of Advanced Concepts (NASA-NIAC)



BRI TR RS

423

DE RS

KT

FRERLERE XIS E e R BR A0, JEsT 100190

i)
=

1

o T TN ERIE DR RGN LR, i8R TH—

CEREEE DR ARG MM ML BT, X

HH T S AR DO SR b B AL R AT R, TR X R G BR[O B R R AT P

W Wit T B 1A A AR L RE T i

RERDEHE TRA MG RS ARG T IX i

B

BT AR R A . T T R TR 1) 08 S LA K SR S AL BEAN 3BT 3 3R . X R RDLIE LRI T

VEJFEL AR AR T4,
r 7R T 3 AT P 5 e T
F4ER

HESES: TP701 XERPREAD: A

I o [ PR R S RERE IR TR R GE TR — SepiiT e AR B I SCHER R BT, PASEBL

BREER IR, ROGBIEREAENI, A, ST el ] A

IR S 2011, BREER DR RS, mECAR, 1503): 415-431
Zhang B. 2011. Intelligent remote sensing satellite system. Journal of Remote Sensing, 15(3): 415-431

1 5

5

HEA2 V2R, i R 3 B AR A ] R 4 i
Ntk 2 m R ke A0 ] B g 1 v A A R ok i
2, DEEEIIN HBEARM A RBHH R, Eix L
— SO R UL TR AL, I S R
Hi— AP A EEL S AR 1 S T 2R e i TR s A5 3]
SRR FE A PR T3 B 5% 3 R T e 25 [ 4
PER | G BER I ] B [, — gk
HRAEFARSE . o FH B LA ok 1 3 J /N Tt VA
B, XEEER A AR R B HRET 1
B, FEXFIERT, i S 2 BUE R TR ek
KRR I), LA Bl C 201 iR 208 i 20 i —
SEBA [a), R ERBLE LR 3 T

B, 1R BRI EAR ok o . d
FRERS, 25 TR FATEUE RIS A3 R B R ).
IR TR AT A HE | i HER R R IR 5855 5
PERERU R WL, Al T B B DU LT g 8
o N, SEEINASATEREFLYGE 3.5 tbir UL %L

iR BHA: 2010-09-27; EITHH: 2010-11-22

EEWH: FEESSEMBTRRRRI731HRI) 23 [ RENN #e

FE—EEE N ki,
SCIFIENY 8045 . E-mail: zb@ceode.ac.cn.

St

Jid o

Pii(Ramapriyan 55, 2004), 1 EIE A HUE
HA AR/ —853 . AR ERIE SRS, T ERE
R %o b XL H o ) 25 2 3 R T A A0 2008 4 A2 i
ST R EWE36.91 7 5, (HHA1.36 15t
W, TS H R 193.7 % o BUE 3R B Fl S
Pl & 2 AE R B RO 25, Bl il FHAOR IR
MM HL, 38 HE R ) S e et 45 TR B8 ) A% Al
THAE IR A R B R . B — i FRATHE R =
R A A A Lol i FHER 5
B, ML IAEETY S S5O0 H AR R Je 2K, BD
i [i) A 750 i Ay 19 38 SRR b B 2 R ] T AR e, H
TR A R G S AR R A — AR,
Landsat/TM, SPOT. MODIS., EO-1% T2, LI
HECBERS . HI-1A . HI-1B% L2 fEHis 1T 1A]
A E I 5 iU AR, R BRI B =
[ 53 HE . SGIG A HER L SRS o PR RO e [ S
BB AR A PSR I [ AR . [ B R A
SPZ0rE 3 4RIl I PO 282 R VS TAR LK X i 50 MEN -1
PR R A AR, B 3228 R TR TC A AR 5 L

EiBE AU S R (S5 2009CB723902),
(1969— ), B, Ht, B, HAASIW, FEOT R EDGIHERR, BRI S, CRRIB 1202



424 Journal of Remote Sensing

#ERFER 2011, 15(3)

W52 . UL 55 FULI DX 3k PR B8 AN ], A4 7
SKFNBIFFE B A5 09 A [a) 0 2847 2 50046 Al 3 i P Ak
FEE PR %

0= BRI A S ERREAL, 5B AR B
ROMEEZE . RGN TR R AR — b T 1 ik
H—H 5 e —E N T R TCTA I AR L
Bt R I N W R e A S 1 F A AR
PEEER, T 2o s R e 0 oA 7 B T S A Bl S it
AR BRI R P T2, B, @& PR
AR HCRE T AN o, =S A 0 HERR A 3L+
K KL (A1Quickbird, Geoeye); JGitk o #ER M
FEYOREE S BIGPOKR M (WMHYPERION, CHRIS, AR-
TEMIS). HIXFAWEsE Y RS IGEE T, £diE A
LA FK PR AIRT A B SRR B ARG
N AR AT T L, —fF B4R IEEE
BN TAER FE LN T B 3, 5B MRS
DURBERTROM: . SEBs b, AR A MR e
28 N JEMGAS B i [ o B 2R ALY L5 R, i ]
FAIEA T BUR AL B Z B AR 20y, A SE Ak
I AL Ll ™ i © A AR AR T O 3
&2 —(TomarflVerma, 2007).

25 TR, ARG TR 1 B R O 2l LA TR
BLOERR . ST 00 1 BRI AR EORE R i A R
K, FEMEEA TAERUREA AL . 5B Pu ™
MRS RER TERS, HERTERSK
TR TS A FRE R K e G 55 7% 1, 31X I S Hif T [77]
A E L EDGIE . AR PR MO TR R K
) — ARV T 1]

ARSCE TR Re I TR R R R BLR AR
BRI S “ERRERTAERS , MHSE
HEROR . RGBT T TR A
) AR TR RS R B

W20 22 AR TR, [ A3 R e s DA
[T T ARZ RS . ik i R Y 4
JEH AR R R UY (FE PR, 2003), B T Rtil 1
B AR AR BURE AL, ST A S AR BRI
DL Rt s B AR A PR oK, motikE i TR R
etk —HRFEERDERGELENER. £
A S5 2= 1 i i 12 S R TR (Hy perspectral
Remote Sensing Technology Program, HRST)H', >k

FHSZR H 38 WG 1H5] R S8 (Optical Real-time Adap-
tive Spectral Identification System, ORASIS)# 174 I~
B SC PR RAR , KORREIR T ek Aot iy i 2
JUAYE (Wilson Fil Davis, 1998), iX— &G0 ITRI%E7,
FEENEMO LA I, FHTHARRIE S GG B
i MR I RS A Y T4 7% (Davis, 2000a), 7F3E
NASAMA ARG P AR ReiE R DA R 5L R
AT TR, YCNIZR G 2R UG 8 B
B BCR AL BR R R AR B R AL, B R
Z A P B At v I ) 43k 23 1R) £ U 55 (Zhou G,
2001). ZH A BAEAFE T AR BEiE B TR DU P
T ROMBR SIS, FAZR 5 X I R AR S AT
JEIFPEANEIR . AN, NASAWITRE T HI Rzt
RIS, KRR | AU AR A R b TR
A PSS B TE R A SHaf TR IR LS, FRIEH 7
SREHE R R SIS R LR AR 2P TGRS
454 v i TEPTERMODISEE Al G HY PERIONL
PEHATE BEAL XS LI (Chien S 45, 2005)%5, Zsflif~
Bt FITL K (2005 ) TA A B BEXT HB LM T2 52 3R 48 R
L2 TR, i IR TR 2CLH A I I 45 Dy
W TAE, SAaBRas SR P SR AR s XL 45 A
SR TUN HFFR BE B

— S R SRR AR i A T R S
WFRFAR KR, CATFURIIHITT & — L HoAg F e g
FRIER TR, WSEEIFZAMNEMO DA | 7 E TR
AYBIRD/N LA . BKIMCOCONUDS 48 . Kkas Jmiy
PROBA T4, AHXS TAEGEX HOULI T2, X 4e T
ARG  EA W R

(1) Yge & Hl

B DRSS IGEN EEEH W, MR X
FLe L ARYERA T R TR, 2 ENEMO T
FEE B S AR5 mar PR AL, 3
BT R BSR4, SRR R | I
TSR KRR M . 4K . CDOM., &TF
. KR, KRS R4 (WilsonflDavis, 1999); [
Brzs [l FFOCUSY- 5 AT A 8h XG4, FOCUS
LA R RUARBL . 123 (8] 2 BE R AH LRI Fourier£T 4
PG TS S AE SR . R BB Bl = JeBis |
WEHh R bR . PO RAESEIhE; T8 E FHiR Y BIRD
TPREEHTHRMR K. KILEEE . il EAET 5
KPR H PRI 53PS (Winfried, 2001). %546, by
TE A SR AR R BE PR BRI iz —



(SR - Y MRS 425

(Yuhaniz 2§, 2007).,

(2) By 42

KK %5 JRy & S I PROBA /N T3 B 4 281 X 3 8 15 4y
HER LS (Compact High Resolution Imaging
Spectrometer, CHRIS) 1] 7£2.57 81 2 (N AR ELS A BE 1
TR (-55° . =36° , 0° . 36° | 55°), JRREMR
P KA . A ANl M SN R ORI AR AN 7R, 5K
ESFPA ] 23 [R] RO 73 HER G AR U Y e 46 (Barbara
FIRuddick, 2004). B LIFE411—997 nmiik Bt R HL
62N BL . 34 mZS M- HERENR, ] DLET X 7K o ik
TR TEEL, K EA AR N AE411—1019 nmi Bk
B8N BE . 17 m23 [ PR iy s ik &

(3) B s b B

B S SE A A B g TR S S R R
—, RIS AAF B R R, TR NE
At F 77 ) ] s A1 745 18 R A B, T A 2 ¢ g FH
e, 2 ENEMO TR By moGis As b 2R S
NEETESUN R GEORASIS,  HA R AL HE R ™ 1 4R
MIAIE S B AR A, X S 55 o A 1 10—20
ANuIG, SEILH ShEURE AT . RO SR R BN TR 45
(Davis, 1997). BIRD L 7EFUE AL PRAE ) G5 HR 5]
REIE LA I DA R 5 5 R W & A B 4 7= 4
(Winfried, 2001), %E#FH A F—1CPleiades LA K
TR E MBI ] ge A 1551 (Field Programmable Gate
Arrays, FPGAYWE ML E L ERALEE RS (Module
Video Processor, MVP), SZIUEHE-RLE . 140055 .
s EAETIRE, SCRHARBRR PR RE N RS
grAE, JR4RHLEIAT ¢ 1(Amaud 45, 2006).

(4) Bdgm T %

MR COCONUDS(Co-ordinated Constellation of
User Defined Satellites) 58 F1 108 L2 4R, HT
I, B N, SEREE S T R (Ver-
duijn %, 2001); [ HPleiades V2 BHE 485 5k 46
Ji LAEiik4.5 Gbit/sAyE B T % (Arnaud 4%, 2006),

B LA HA B S A PR E A Rl iR R DR
Fh, HETC L) K a8 AR g B gl T
EREAE LR S B, Digital Globe/ F]
FE20074E9 H & 5 T HA 0.5 m43 H% A World View- 1
PG DR, B APk ae S, R
TR T — H bR HEAT 221K 240K 1 14 48 £ 3 E N
Wil J5 2 S World View-2 5285 8/ 22 ik i Be 14> 42
B, MREE R KBS I FE I (CMGs) IT AR 4

oK RIE ST R (Z Uk M Hi65.6 km) . K 5%
5 (16.4 km) B LI (IR 9548 km) G0, ok
P MR DR AR RERCR . SPOTAHITHI T
20124FLUJE L BFHISPOT 6 MISPOT 7 1152 7E K 41 B
75 T A R R, 245G K0 R 1 Y S
e, Wl B R AU B TCRCE s AR, Ak T 5
KAEILFE(Campenon, 2009),

BAKE, BEEITENL, @15 . e
AR R R A B S A BRI R AE
7%, DI RON A5 | TR e iR TR R 2
AEEZEY, "JREHNRAERR DR “AHaZAt
27 B B AR AT AR, R
TG SCR AR R RO

3 Ffem Ci TR R g LG
HERR

o T R RS £ 5 M A2 R) | R A R
THEE, R e A we R LR L, T
WO i TR, HEHE TR IEEOR N “E P
P # ERSGE” BN, I EH TS T AR
FIHERIE TN R R A A ] o (HUR, o R
LG TIISEENERES 16y W NN 25 25 2 L S S D i
LB B A R, oty i in s 5 prigid iy 3477
[T =TGRS IS T G WS T e

DA 32 . EAR PRI 2 i Iy 1oy P
it 2R IR TR RGBT R T BAL B AR K 4T
I8 WG R BT M) 2 2 U TN
RS T B B ARSI, T A B
MISE AR, I L S B0 73 BT R e
Peffeft. miH., ZICkHEn el E s S8R
TEALBETE N N ] 2 (6] B M Be (R ke . I
I, ACRBE KRR A, ARG AR ) A B e
AT B A BLAT SR BT R SCRIRRE 93 B
KR BE AR ki B PRI RE A R S JU
iR

WA T — AR AR i eI R R T AR 1 SE
PS5 TR ] L

— N7 R G AR LR 2R T i )
AR R BIE . IR RS E . R
X AR A D EIE R a5 [E R ARt
PR I PEREAMRSEOR, [Hadigdrn Lik

21

ca

j‘%
7



426 Journal of Remote Sensing

#ERER 2011, 15(3)

PERERR bR B HAHSCH . PRI 2 e s My e v e A
S BRTFEIER 1, WFFE RS RO AR R
T AL DR A BRI . DFFE IR IR RO TR B (1R 1R
o ST B Ok e B A U SR A5 3%
ST AR AR AR, R HIR SRR AR 5

R REL Y S EACRE RO TPl B VAP Lt L A
FRAME T Bt R S B A s

T3 — ARSI R AR SR T AR R A
IOV IR o 2 R A1 SRR Y — A i A
1 73 R A S ] — [f S AR MU R e 2 A 1
FHAE, B TEEIRE M R IR N i JErE Y
Z5r. [N, BEEHEZEDLI . RAFMETI,
TSR ST I 1 RS AR PO RN, O AR =X
(SO AR B R PR, R, 75 25T ey )
AR BRI = . S BOGE R LU AR
SEEhAST RIS e AR B, BIEHR R . =/
VA AN R S HR R A S I R B R 2eh 5 @7
%, RS BRI B ARSS A, DA R SRS
ST i S AL

PEL -l o €/ M LRGNV ST B RN
Bl R4 . B o3 R R i S A O BOR RE . 7E5E
IERTSEHEA b, e Bl Ak S AR R A T A
Wik, SCELAL AR S A BRI A2 7
FERTEE XA A P s R A TR AV B B MR IR
%o MRBT R BRI B RSE, 5 R 5T LITE
B I B R AR B o P, SR IAE
GPSEURE BEAE B Il | kel . IRIERME R
1255 O GPS AL AL i 1o Y RE 12 8% T8 R Gy K A L)
S, AR R R IR RFE R, i e R SER
PO IR

BRE R G R R TR R S EEOCHEOR
e

3.1 ERESETITEEXEAFEAR

HAT, PAERGSSHORE F 2RI B br
FEAFHIE, 4. Landsat/TM &R %1 T3 AL =5 HF-HRMI B
GRSl & TN AT WG B LT A 61 T Bt
FIARLLIME B, Rets I THEbE . 4. KiK. o
7L HIERIR AR 2 T I, Rl b BT IR T AL 2 A
FRPRIIH I BLZ ) 534, SPOT A7 {5 fLand-
sat R BB HRY[Rl Iy, B30 7 2 A 15 fg
HEE TS PR, A Terra & Aqua L2 254K

IMODISTL &5 H B TE RS 1T 14T 55 B oh Z AL
IR, PR S PR AR ERE SRR
Yo TR E AR I T SR A T, W R i
TR,

Bl E R R R A S, A5 IR TARRI R S 8k
EAWSRMA . RSN, XS ETRAN
NG AN 2%, AT OLTE . s R HES
OB UE L F — B A ASAR M, MR L% E
AN R BE 5% 55T R B % 715 S B U A 4L
PE, N JE BRI S A A B SR IBCH Sk — g R ME . AN
MODIS & [ 7E K (L 8— 1635 By, 78 27T
T T B3 U IR 2 VR B A R T P i K AR IX B A 1
MR JCEE R, 2009), — EAZRGES T AR
WG, RN AR AR e TS T JE Tk ks
PR, B ReiE R S 1 e BT 18 s AR
RFAR, DISGAAAE B ARERE ) fiim i st ek TR
i, WFFERFR SeAEE . AN bR e R 2k
W Sg, s BRRIERRF IR, AT bR oS
PR SRR KR

SR R TAER AL, F5 2 I AN {5 2 48
WHMH R, 2R, PLERE BT &
L R BCC R T, BT i
BRI R s | AR & 2 AR AR AL G
TR, 25 AT SE BRI B ) T 7 15 B e i R
MM SEL, RN 2P ST HARRR R
PEAE R SR, A oo iR
SYPER . RRGTN | RN BRI R | A3 E B
R PR PR BRI R 55 4

3.2 ERSZSHEEMATEAR

R o 0 e R S B L LA 55 e R L H
R, WS EBI-) . BT SIEK PAEMHI-),
SPOTIVA2, AT MR XISl S0 1 2 M AR AR A
R e T RNRETE UG BRI | dRaT . A RdER.
WRZs JR1200 14F 5 B FTPROBA T IR T RiZS Jay o S ) S
FEARRME L ARSI REE, BT e
R T AR SO T 217 K RS E R . %
PR RERICHRISIG SR, nIARYEN A H (i i
Ty AR R G 435 S AN ) o it
Hiu L AR RUKAARSE Dy R I, e BN 18—
62, ZE[AI PRI T—34 mrl i, 1M EOE BTS2 Bl
AR E (Bamsley 25, 2004; Cutter, 2002).



(ISR

BB T A RS 427

PR, 7 55 B i 2 M 1 3 oL 9 Y I
7% SN B s A TR AT PERE , ARIEE 55 7oK
FEARXTRAE 38 i A RC B AR R G s An S 4L
S S TET 1) A [7) BI85 A0 7 FH 0 S 0 a1 3 1o
AR . AR AR 2 1L 2 s B AT il 70 Bt
ROAEEHER . RO R PER L RS
g TR/ TR BRI AE ST, PR BE AR AL B
SRR

33 ELIHEIHLESERREERIER

B 1 B0 S A Ak B R Bt 2 1 5 Ak LA R
RIEM AR, BHErEL PR H B # . NEMO
TR R Y i TR BB 15 (Y (Coastal Ocean
Imaging Spectrometer, COIS)H TR+ 5%
IS, R SE A A 3 RO R G o8 UG 1S
e zs [ e ug e, SCHA IS B N R
(WilsonfllDavis, 1999; Davis %, 2000b), fi[E
23 [A] ol (DLR) B X BIRDHE 2 Y 2L /MR 45 2L T
L PP 28 D 24 43 24 i 52 IR KO T S s PR o
WFNFE . 5 E20094F & 5 i TacSat-3 LEFEE T
ARTEMISHE DGR, % DR RG] @it 2 FEdE
e A BT S H R, RS TR L H AR A A AR
A IX IR, IRZA i, RIFPGA(Field
Programmable Gate Array)ffEh & I SCHF B AR .0
HF, K RHFPGARAFHYBITE5H, REW 52 LAY
FFATAL R, R R B AL FAS R, L ad FH AL PR A
FIDSP R SE 154 Re#E, AL e /Dl 2 w1045 LA
[ (Choi %, 2003; Guo %, 2004; FHET %,
2008). DuAlQi(2004) 4 iR HIFPGASZHL T 47
ST A3 43 BT (parallel Independent Component
Analysis, pICA), Ff7£LIXilinx VIRTEX V1000E}
Bob Rz B 6 B TR, R IFPGASEBL AL
LI H R E K J1. Miguel35(2004) 821 T
— ML TFPGASL IR LI KRR 48 50k, ok
FRRE B DB b PO R R, SE R A R 4
Morales5(2006) 42 i >R JHFPGASE F N 44 . L
AR AR Y G s ) B 57E (Image Space Re-
construction Algorithm, ISRA), Z5RFERIAFPGATE
LR Z T T B A R, (AR A R A
58K RN R RN R, — B T/ D
SR Y 0 [ 5 0 2 W) R HTFPGASR SEBLE HEs
AEFLES B (Vladimirova, 2004). [E 225 FHHFPGA

77 B HFPGALS A DSP Iy U 98 T 45 F i 43 PR
B SRR EE R (RS, 20065 F5ES, 20065 1R
ik, 2006; B{&4E, 20065 FiR, 2007), HAl
B TFPGAR A b 52 At A Bk 32 5295 TR R 4
(Cook F1 Harsanyi, 2002; Davis, 2002). fHZ:K
#4(Loyola, 2002). F#4E(DufilQi, 2004). ¥mocik
I (Valencia %%, 2005), [E{4%5 (65 H (Morales,
2006)%F J 1 . FPGADTL 48 R B 1 B0 S Asf Ak PHA%
OSEIA, WA E LR R R R S
N TR RO MO R . H, HRrRe
e PERE SC AT b B R G5 R 5 B3R i FPGAFIDSP I 41
B USRIk R SE PR R . FrLL, fER M ZIEFPGA H
BERER R, % A DSPL & 45 F th 2 —Fh it
BRI

SR, X LE ST AL AR AT AR S B4 e 54l il
AEEEAH OGO B, SEBRIE T LD AR P
PR FH AR 27 0 5 v S A AR AR R IR . A
B, R e R T ARK 1 e A AR IBURI N, 45 &
e, KR TR E AR TR I, iS5 At
AT 5 BEE AT SR AR IR e o —1A, BdEik
BUR W TR R b A PRI 5 B . 7E AR K E R
Ly, B heiE R TA R B E R E . %
KW ZRBENLEER.

3.4 IENMEHEEFEEZHEAERA

] R AL BIA i BE DR AR AE TR Y E B
JZ— o FHT, 7 2 AR S BOULINAE: 55 F U A
DT C 28 AR, BT R EARA IR TC LS R
T AR P, TR RE R R TR A — ) E R
AR A [ JZ U P AT A A O [ 2 A 15 0™
mi, IR RAUIE—FE A R TG, JOHR 2 A%
el T AR R R

P, B RE TR R GORE S BT 53 0 T2 R H
PRSI S, BT RS A &L AE
Jisbh, ML BT IR AR 5 2 AL A R LA
154, TR T SEm sy R L5 B k2 ARl
KA. FREERR IR RGBT SRR ]
R R AL PR A SOCEE SR AL, T R AR
L REFNHE LT RO PR 8, 30T LAGE ik 23t 1
i, T EHBARAH T SO XA L5 L

PP R 3 AR G0, v 9 FH Pl LUK i fkss
A BE BRI E R ZOR, Bl LA Bi Ak A



428 Journal of Remote Sensing

#ERER 2011, 15(3)

LAY, ARZOH P L REXTBRIES™ iy H S Hh e %
BOR. FREEER TR R TH a4 K
T A2 B R o T B R CRE 1 38 2 A R
SRR TT I, A2 Xk AT X UL I 5 S8 ) —
RAEIH o

4 BREEDCHE REARE T R
BAT TARRECACAL AN FE R 55 A8 A e 1
B NS 2R G AL AR BT AL BRI LA EARAL, AT H T
= R RAG Y, DL ROSAR X It R 8
TR SRR, BT ALY RS
AR s 5 0T AR U R A A L AR
WL o

T AR R BEIRRE T S A i RS,
I3 UL 28 48 T LASR BR P A7 ST AR (BT 1) . — b
JEAECH FARFIAE 55 b2 T, AP il LRSS K
BRI R SR, M R SRR A A e B
R B AR AR AR, W SRR SRR AT,
SERIAE VLI, I ik 22 TR T T 0 DX ot 1)
SMARARI; Dy — P TR B TUE XA TR Ak
W, i A B AT B 2R GRS A b B e A T X 5
L IRIBCRI I SR AT AOAG Y, SR LR
R VR AE IR AL, SEBL A TSR . A
T P AR B AT 2 2 K P 5 AR . — T T
Mo AR B, TR E R MR, i —

Jr iR b T 3R G AR Y S b B 55 508,
T AE AR

F5E M S AR TSR I SRR S bkl B A A
LRI B, WOl A o] s A
BEREE S EL, s AR A o R
MRS A R, Wl P R s AT AR, S8Rl
P WLIAE 2 PR TR o ORIARE X 5253 P P
LHAEA PR, TP BT, REPRALR
FIBFEIRBRE R, T PR EWEAR, S4ET
B ABhRET, HARTER SRR o N AR, ik
FEMRTEREA TR, RGEAERERSPER,
DU SR ShAER . (M AR TR
8, AR P 7R e R S AT R A, T LA
VERRZS (A1 PR, X HABAE RS B AU N 5 %
TRFFATHAAERR S T IR 7 % o Q2RI bR
AN RTFR, WER R, RESGHTELE. TR
BEECR] DI B B AR, A2 520, st
Lot n] Dhadad B — b 5 s i R S a2 LA
DA CECHE P, AR b 1 2 A R S TR A 54
FTUEI A 3 R UL

HRAEA SR TR R G R DA, B
RE—A F SRR — i 5 B TR R R (#12)

LA S TR AR LRI AR X3 22tk
1%, HEEC 5 HFPGAM L5 B AL R Gerd {4 i1 7
AbER, SE Rz AR X SR, SRR AR

EEmIRSE, WALl D B AR SR g iR el R

TARVHRICE 528

HiAL T
FIAIHL

s
s
s
s
// /
D
s
pd /
e S
s A /
g /

El1

. S

! [T s pow

32

BIAAIE
G

=i

HTHI

=

FE AR s T



ki, HEER AR 429

SERRANR
g TR

AL
ESni))

PSR

FPGALb3

FIARI 2 SR

b ok ey
SR

REAR?
Mg R ES RO

54
1

%

15
+®

LB

<X
a €

K2 &

&

KREVE LERIRS, B LEHRSRIEXSEL, 7F
B SR T AT I ARG e 8, IR thde 45
G AR R AR R B I S G B
A H AR R A AR CHE K I e . H
PRSI I FPGA I AL BEOES i, Ab LS (1) & =
i i BRRRR IS &, RERHA PSR RS, #%
TR PRI, W45 2505 B o Btk A 1 2
TAERERTT &

it SIS A P S B BRI (1 T A B 4
FERE A0 BRALCR | DI RE T TR A BE B e A AR A
FPGAJE: FH K2 19 1T 4 232 4 PRLOT ALY, i S i
B VR AT AR AEAS 5] g o FH 75 SR B E O R 1 343 &R
gt, J HRENS SC BT A BIOR 4R = R gt A PR RE
FPGABREAEUE T /2 il LEE A/, MU T 545 v G
AT TSRO PR AR S, R A E Rt
HEZ—. Hik, 2 ESeatEdEab B R FPGAS 732
B, AL R ER A TR, K LA e
ST HRAME AR S R A TR, — RS
IR LA B 5 2 A e

5 45 &

i TR R SR AP B, TR Rt

MRS

(PG

AEXLI Ko Ak 2 7

EAT IR BT A RIHTRE ) — AR, 505
et A —E 20 . X2 AR B E RO
JrTr, AR AU A A 5 T A AR 2R, A
B[R N AT L85 T AL AR TLR SR AR AT
RESHEN s s, RS
AEORZRGE, DAL S 1) 2R B R T2 RS
i, WS R e R PRI, X TR A e
TRARGORUL, — 5 HZE XA R AN HIZERL . ANfH]
TR PO SN C MBS 5 M b3 6 (S £ R VA E L
TS R B R A, R, X2
—ANIERER T AR, FEMCEERD I, AFSERHRIAY A 1)
ISR L R S AL PR AR o 53— 7,
TEIT I R a8 RETE IR DT TS R [T In , BE5E 73 A
SRR 6 . EPR 2 B R X TUAE
MARGERIR I HZ D T s i B A Be . o
T 3 UL B AR G 2 S i Ak BEROR B ] DL
TS R RS AT ROR AT AT PRI

I FE s s ) U LS . BT RR R K
o P TR REOR 2 20 24 1 R R B E 2 U
KR, TelE RPN U
BRI ERETETT AW SRt v [ i
TSR EBUE T IR kRl . Pk, 78
KR R TR R G5 I ALK, REITR



430 Journal of Remote Sensing

#ERER 2011, 15(3)

— S R R — AL SRR | RELIN S R
AL AR AR PR O, (et Hh [ T R i

REFERENCES

Arnaud M, Boissin B, Perret L, Boussarie E and Gleyzes A. 2006.
The pleiades optical high resolution program. Proceeding of the
57th IAC/IAF/IAA. Valencia: International Astronautical Con-
gress: IAC-06-B1.1.04

Barbara V M and Ruddick K. 2004. The Compact High Resolution
Imaging Spectrometer (CHRIS): the future of hyperspectral sat-
ellite sensors. Imagery of Oostende Coastal and Inland Waters.
Bruges: The Airborne Imaging Spectroscopy Workshop

Barnsley M J, Settle J J, Cutter M A, Lobb D R and Teston F. 2004.
The PROBA/CHRIS mission: a low-cost smallsat for hyperspec-
tral multiangle observations of the earth surface and atmosphere.
IEEE Transactions on Geoscience and Remote Sensing, 42(7):
1512-1520

Campenon P. 2009. SPOT 6/7: continuity of SPOT 5 services in high
resolution. Beijing: the Sixth International Symposium on Digital
Earth ISDE

Chien S, Cichy B, Davies A, Tran D, Rabideau G, Castano R, Sher-
wood R, Mandl D, Frye S, Shulman S, Jones J and Grosvenor S.
2005. An autonomous earth-observing sensorweb. /EEE Intel-
ligent Systems, 20(3): 16-24

Choi S, Scrofano R, Prasanna K V and Jang J W. 2003. Energy-efficient
signal processing using FPGAs. Monterey, California: FPGA’03

Cook S and Harsanyi J. 2002. Onboard processor for compressing
HSI data. Washington, D.C: The 31st Applied Imagery Pattern
Recognition Workshop(AIPR’02)

Cutter M A. 2002. CHRIS data format. London, U.K: SIRA Electro-
Optics: 1-31

Davis C O. 1997. The Hyperspectral Remote Sensing Technology
(HRST) program. Washington, D.C.: In Proceedings of the AS-
PRS Meeting: Land Satellite Information in the Next Decade. II.
Source and Applications: 2—-5

Davis C O. 2000a. Spaceborne Hyperspectral Technology: The Naval
EarthMap Observer(NEMO) [J/OL]. [2011-01-31]. http://www.
scs.gmu.edu/~rgomez/EOS%20Lectures/SLecture%2029%20
Sep%2003/DoD/NEMO.pdf

Davis C O, Horan D M and Corson M R. 2000b. On-orbit calibration
of the Naval EarthMap Observer (NEMO) Coastal Ocean Imag-
ing Sepctrometer(COIS). Imaging spectrometry VI, Proceedings of
SPIE, Bellingham: The International Society for Optical Engineering:
250-259

Davis C O. 2002. Coastal Ocean Imaging Spectrometer (COIS).
Washington, D.C.: Naval Research Laboratory

Du H and Qi H. 2004. An FPGA implementation of parallel ICA for
dimensionality reduction in hyperspectral images. IEEE Interna-

tional Geoscience and Remote Sensing Symposium. Anchorage:

3257-3260

Fang H. 2006. Research on key technologies of on-satellite real-time
image compression equipment. Changsha: National University
of Defense Technology: 34-46

Guo Z, Najjar W, Vahid F and Vissers K. 2004. A quantitative analy-
sis of the speedup factors of FPGAs over processors. Proceed-
ings of the 2004 ACM/SIGDA 12th international symposium on
Field programmable gate arrays. Monterrey: [s. n.]: 162-170

Jia Y H. 2006. Research on anomaly detection methods and realization
in hyperspectral image. Harbin: Harbin Institute of Technology:
12-62

Li D R and Shen Y. 2005. On intelligent earth observation systems.
Science of Surveying and Mapping, 30 (4): 9-12

Loyola D G. 2002. Combining neural networks for the near-real-
time processing of satellite data. Intelligent Systems, 2002 First
International IEEE Symposium: 233-237

Miguel A C, Askew A R, Chang A, Hauck S, Ladner E R and Riskin
A E. 2004. Reduced complexity wavelet-based predictive cod-
ing of hyperspectral images for FPGA implementation. The Data
Compression Conference (DCC’ 04): 1-10

Morales J, Santiago N, Leeser M and Fernandez A. 2006. Hardware
implementation of image space reconstruction algorithm using
FPGAs. 49" 1IEEE International Midwest Symposium on Cir-
cuits and Systems, 433-436

Ramapriyan, H, McConaughy G, Morse S and Isaac D. 2004. Intelli-
gent systems technologies to assist in utilization of earth obser-
vation data. Earth Observing Systems IX, Proceedings of SPIE.
Bellingham: 3922-3925

Tomar G S and Verma S. 2007. Gain & size considerations of satellite
subscriber terminals on earth in future intelligent satellites. IEEE
International Conference on Portable Information Devices: 1-4

Tong Qingxi. 2003. The present status and future of hyperspectral
remote sensing. Journal of Remote Sensing. Vol.7: 1-12

Valencia D, Plaza A, Vega-Rodriguez M A and Pérez R M. 2005.
FPGA design and implementation of a fast pixel purity index
algorithm for endmember extraction in hyperspectral imagery.
Chemical and Biological Standoff Detection I1I, SPIE: 599508~
1-599508-10

Verduijn F F, Algra T, Close G J, Lee C, Denore B J and Williams J.B.
2001. COCONUDS? Two years on preliminary program. Berlin:
3rd IAA Symposium on Small Satellites for Earth Observation: 2—6

Vladimirova T. 2004. ChipSat-a System-on-a-chip for small satellite
data processing and control architectural study and FPGA im-
plementation. Surrey Satellite Technology Ltd

Wang H T. 2006. FPGA-based design and realization of high-reso-
lution real-time image processing system, Chengdu: Chengdu
University of Electronic Science and Technology: 10-51

Wei H W, Yang R Z and Tang M H. 2008. Research and realization of
real-time acquiring and processing technology based on FPGA.
Microcomputer Information, 24(5-1): 84-86

Wilson L T and Davis C O. 1998. Hyperspectral remote sensing



o

gk, BEERE

LR DR RS 431

technology (HRST) program and the Naval EarthMap Observer
(NEMO) satellite. San Diego: Infrared Spaceborne Remote
Sensing VI Meeting

Wilson T M and Davis C O. 1999. Naval EarthMap Observer
(NEMO) Satellite. Imaging spectrometry V, Proceedings of
SPIE, Bellingham: The International Society for Optical En-
gineering: 2—11

Winfried H. 2001. Thematic data processing on board the satellite
BIRD. Proceeding of SPIE: 412-4191

Xu X F. 2006. An in-orbit real-time approach of imagery compression
based on large amount of remote-sensing data. Changchun: Chang-
chun Institute of Optics, Fine Mechanics and Physics, CAS: 24-80

Yin Y. 2007. FPGA- and DSP-based design and realization of image
multi-function card. Chengdu: Chengdu University of Electronic
Science and Technology: 13-56

Yuhaniz S T, Vladimirova T and Gleason S. 2007. An intelligent de-
cision-making system for flood monitoring from space. ECSIS
Symposium on Bio-inspired, Learning, and Intelligent Systems
for Security. Los Alamitos: IEEE Computer Society: 65-71

Zhang H. 2009. Aerosol optical properties and atmospheric correc-
tion of remote sensing imagery for case 2 waters. Beijing: Insti-
tute of Remote Sensing Applications, CAS: 83-92

Zhou G. 2001. Architecture of Future Intelligent Earth Observing Satellites

(FIEOS) in 2010 and Beyond. Norfolk: National Aeronautics and Space
Administration, Institute of Advanced Concepts (NASA-NIAC)

Bt F 325 25 3Lk

Bt 2006, TLELEMG ST FR4E 4 1 R R 5. Kb
Bl AR R 34-46

VAR, 2006, mGIE RIS AT S H AR ik M S AR 5T
WA JRTE s MR TR 12-62

BT, WK, 2005, AR LI R gL MR,
30(4): 9-12

B, 2003, EOGHGEIRMOBAE S Kok, BECHIR. L
% P12

T, 2006. 5 BRI EGAL B R G FPGA T T 2 SE I
R TR R 10-51

FRED, B8, HEEHE. 2008, JETFPGA RS} R AL M4,
AR ETI. HOTEPUEE. 24(5-1): 84-86

PRIKEE. 2006, —Ffi R R ek R PG B2 L SR R i
K RERE R KGR ENURS WEAT ST 24-80

JHR. 2007. HETFPGAFIDSPH RIS ZIfig R i 5 520,
AR P RMERAE: 13-56

T 2009, SIRIBOGEARRE K T KR O A IERFSE.
ale T ERRE B BN VST 83-92



