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Environment Satellite 1 and its application in
environmental monitoring

WANG Qiao, WU Chuan-ging, LI Qing
Satellite Environment Center, Ministry of Environmental Protection, Beijing 100029, China

Abstract: Environment Satellite 1 (HJ-1), the first new kind satellite developed by China used for environment and disaster
monitoring, was launched in September 2008. This satellite is the milestone of China’s environmental technology development
and application. This article focuses on the application key technology research and business operations of HJ-1. First, it intro-
duces and analyzes HJ-1 technologic parameters and provides HJ-1 data examples of CCD camera, infrared camera and hy-
per-spectral imager. Furthermore, it analyzes and evaluates HJ-1 data quality in the aspects of geometric accuracy, radiance
characteristic and so on. Second, this article proposes the HJ-1 application demand in the fields of large water body environ-
mental remote sensing (RS) monitoring, regional air quality RS monitoring and macro eco-environmental satellite RS monitor-
ing. Based on the demand, this article also designs the HJ-1 application scheme which includes operation flow and data product
definitions. Finally, this article uses environmental parameter RS reversing methods to reverse aerosol optical thickness in Bei-
jing-Tianjing- Tanggu (BTT) area and to monitor chlorophyll-a concentration in Chaohu lake.
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1 GENERAL INTRODUCTION OF ENVIRONM-
ENT SATELLITE 1

1.1 Environment Satellite 1 system

Chinese government attaches much importance to satellite
remote sensing application in eco-environment monitoring. In
2003, the government proved the establishment of Environment
and Disaster Monitoring and Forecasting Small Satellite Con-
stellation (Environment Satellite 1, HJ-1), which is the special
satellite project for eco-environmental monitoring. In the first
phase of this project, research and development has been done

to establish the constellation comprised of two optical satellites
and one radar satellite (Fig.1). The second phase is to develop
four optical satellites and four radar satellites. On September 6"
2008, two optical satellites were launched successfully. The
launch of radar satellite will be completed in 2010. Examina-
tion of the feasibility of the second phase of this project will be
on the way by then. The main mission of HI-1 Satellite is to
monitor pollution, ecosystem destruction and natural disaster in
large-scale dynamically and around the clock. In the meantime,
it also forecasts development and changes of eco-environment
and natural disaster and evaluates environmental quality and
disaster damage immediately and scientifically (Wang & Wang,
2006; Wang et al., 2008).

Fig. 1 Sketch of HJ-1 satellites
(a) HJ-1A; (b) HJ-1B; (¢) HJ-1C
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The launch of HJ-1 Satellite is the limestone that China has
began to hold the advanced environmental remote sensing
monitoring system with middle-high space resolution, high
temporal resolution, high spectral resolution, wide monitoring
coverage and comprehensive observing capability using visual
optical, infrared and microwave. It also signals the possibility
that China will establish the eco-environmental monitor system
to realize large-scale, all-weather and all-day eco-environment
dynamic monitoring (Wang et al., 2005).

1.2 The effective loads of Environment Satellite 1

The effective loads of HJ-1 Satellite include a wide-coverage
multi-spectral visual optical camera, a hyper-spectral imager, an
infrared camera and a S-band SAR. The main techno-param-
eters are shown in Table 1—Table 4.

2 ENVIRONMENT SATELLITE 1 DATA AND QU-
ALITY ANALYSIS

2.1 Environment Satellite 1 data examples

After the launch of HJ-1 A/B, Satellite Environment Center,

Table 1 Main techno-parameters of wide coverage multi-spectral

CCD camera
Parameters Capability
Width/km 360 (mosaic of two CCD =700)
Sub-satellite point 30
resolution/m
Bands/um 0.43—0.52 0.52—0.60 0.63—0.69 0.76—0.90
Whole view MTF of - >
each band 20.20 20.20 =0.20 =0.14
Dynamic range
AOW-m=.S pm-y 316/197 334/195 246/145 246/163
Signal to noise (S/N)/dB 248
Gain control Each band has 2 level gains adjustable respectively
Matching precision of +03
central pixel/pixel ’
Quantitative value/bit 8

Calibration precision Relative calibration 5%, absolute calibration 10%

Table2 Hyper-spectral imager main techno-parameters

Parameters Capability
Width/km 2 50
Bands/ym 0.45—0.95
Average spectral resolution/nm 5
Space resolution/m 100
Lateral visual field angle/(°) +30
Bands number 110—128
Quantitative value/bit 12
Signal to noise (S/NV) 50—100 between 0.45—0.95um
Dynamic range/(W-m™2.5r""-um™) 134
System MTF 20.2

Relative calibration 5%, absolute

Radiance calibration precision calibration 10%

Table 3 Infrared camera main techno-parameters

Parameters Capability
Width/km 720
Sub-satellite point

resolution/m 300m (10.5—12.5um), 150m (other bands)

Bands/pm 0.75—1.10 1.5—L75 3.50—3.90 10.5—12.5

MTF >0.28 =027 20.26 20.25

Radiance resolution < <

Ne Ap or Ne AT 0.5% 0.5% <1K (@400K) <I1K (@300K)

Radi- 9.32mW  0.89mW

3

ance MAX f(em®Sr)  Hem®Sr) 500K 340K
scene of

each MIN 300K 200K

band

Ground Relative calibra-

Calibration precision tion 5%, absolute cali- On-board calibration 2K

bration 10%

Matghing preci- +0.3
sion/pixel

Quantitative 0
value/bit

Table 4 S-SAR main techno-parameters

Parameters Capabitity

Polarization type Vertical launch and vertical receiving (VV)

Band S
SCAN mode: 15—25m/95 —105ku, id

Resolution/ width views in distance, single view in bearing!
Strip mode: 4—6m/35—40km (singlc «1c4)
Radiance resolution/dB 3
Minimum valid scattering 18
area ¢y /dB
Radiance stableness/dB One scene <0.6
Dynamic range/dB =30
BAQ quantitative value/bit 3

Ministry of Environmental Protection (SEC, MEP) immediatcly
carried out the work of data processing and application evalua-
tion. Fig. 2—Fig. 4 show the first batch of HJ-1 data processing
results, reflecting the basic condition of HJ-1 data in the aspects
of environmental objects’ spectra, texture and geometric char-
acters.

2.2 Environment Satellite 1 data quality analysis

During HJ-1 in-orbit testing period, China Resources Satel-
lite Center and SEC analyzed the quality of satellite data from
the geometric accuracy, precision of radiation and other aspects,
using evaluation indicators such as average gray, gray variance,
angular second moment, contrast, correlation coefficient, defi-
nition, entropy, information capacity, details of the energy, edge
energy, and power spectrum. The comprehensive evaluation
results showed that: In the default gain status, the each band
energy of HJ-1 CCD is low and the equilibrium between the
various bands is good. In the aspect of distribution of image
gray level, DN range is concentrative and the band gray range
is narrow. In the aspect of the information redundancy between
bands, HJ-1A CCD! and HJ-1B CCD2 have good correlation.

In the aspect of texture, the angular second moment is too large;
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Fig.2 .HJ-1 CCD camera data example
(Eco-environmental RS monitoring HJ-1 CCD image in northeast part of China)
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Fig.3 HIJ-1 infrared camera data example
(Eco-environmental RS monitoring HJ-1 IRS image in Qinghai Lake area)
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Fig.4 HI-1 hyper-spectral imager data example
(Eco-environmental RS monitoring HJ-1 HIS image of Laizhou Gulf, Shandong province)

the image is smooth but texture is coarse; the band texture vary
greatly, generally decreasing according to band sequence. In the
aspect of details of the signal and information capacity, the
contrast of each band is good in general, but CCD entropy is
low. In the aspect of the image clarity, the image is clear and
power spectrum is good. The performing of image edge of sig-
nals is good, too. In short, the energy of CCD data is low and
energy balance is good between bands. Radiation quality (en-
tropy value, texture, details of the energy, etc.) and other pa-
rameters are good, too. DN values of infrared cameras are com-
paratively stable and in normal range. Infrared camera’s energy,
gray-level distribution as well as clarity have good performance
and are relatively stable. We analyzed the 4 bands of
hyper-spectral data (10, 39, 68 and 103). The results show that
the mean and variance of infrared camera’s DN values have
decreasing trends, and texture is stabile basically except the 10"
and 103" bands. To the objects which have small variance, their
contrast, clarity and energy are low. The 10" band often appears
low relativity and its angular second moment is quite different
from other bands. Therefore, the overall quality of HJ-1 data is
relatively stable and achieves the design targets basically.

3 APPLICATION DEMANDS OF ENVIRONMENT
SATELLITE 1

Regarding the tasks of national eco-environmental monitor-
ing, the application demands of HJ-1 satellite currently focus on
three areas: regional air quality, large water body environmental
quality and macro eco-environment.

3.1 Regional air quality remote sensing monitoring

Regional air quality RS monitoring has three aspects:
(1) City air quality monitoring, which focuses on monitoring
respirable particulate matter. RS monitors, warns, and evaluates
air quality in representative areas and city groups such
as Yangtze River Delta, Pear] River delta, and Beijing-Tianjin-
Hebei area. (2) Pollution of SO, and acid rain monitoring,
which focuses on the emissions of SO, and nitrogen oxides
from heavy industry areas. RS monitors, warns and evaluates
conditions in large and middle city, in areas severely polluted
by acid rain and SO,, and in large coal-fired power plants.
(3) Pollution source of industrial waste gas monitoring, which
focuses on the 6000 national control pollution sources with large
emissions of SO,. RS monitors, warns and evaluates pollution
source of industrial waste gas. (4) Green house gas monitoring,
which focuses on monitoring of CO,, CH,, Os. RS monitors,
wams and evaluates the change of environmental air quality in
areas sensitive to global climate change and sensitive eco-systems.

3.2 Large water body environmental quality remote
sensing monitoring

Large water body environmental quality RS monitoring has
three aspects: (1) Water quality monitoring of drainage area and
coastal sea, which focuses (Lee et al., 2007) on remote sensing
monitoring of chlorophyll-a, suspended matter, CDOM, surface
temperature, transparency, etc. RS monitor warns and evaluates
the water quality in important sea and rivers like Huaihe River,
Haihe River, Niaohe River, Songhuajia River, Three Gorges
reservoir, Xiaolangdi

reservoir and water resource of
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South-to-North Water Diversion Project, Taihu Lake, Dianchi
Lake, Chaohu Lake and Bohai. (2) Monitoring of drinking wa-
ter source, which includes planning protected areas of drinking
water source with assistance of satellite RS technology, inves-
tigating drinking water source area by RS; monitoring conser-
vation of water resource area, non-point source pollution moni-
toring; dynamically monitoring and controlling the construction
of large scale industries in protected upstream areas of water
source. (3) Emission of industrial dust waters monitoring,
which focuses on the chemical plants near rivers, and dynami-
cally monitors the resources of harmful substances and outfalls
of industrial dust waters.

3.3 Macro eco-environmental satellite RS monitoring

Macro eco-environmental satellite RS monitoring has five
aspects: (1) Regional eco-environment monitoring. It focuses
on monitoring of biophysical parameters, surface vegetation
parameters, eco-evaluation factors and eco-classification factors.
It investigates changes of land-use, ecological composition,
ecological structure, ecological functions, ecological degenera-
tion and bio-diversity. At the same time, it monitors the regions
like the national natural reservations and important ecological
function reservations dynamically. (2) National ecological
security warning. It monitors and evaluates the change of ecol-
ogical environment such as vegetation destruction, soil erosion,
land degeneration and grassland desertification caused by
resource exploitation. It also monitors and warns the main
eco-environmental problems and ecological fragile regions,
ecological interlaced zones, changes of ecological sensitive
regions types, space distribution and ecological system’s ser-
vice functions. Further more, it monitors and evaluates the
environmental influence of critical national projects (including
Three Gorges Dam Project, South-to-North Water relocation
and railway road project in Qinghai and Xizang) dynamically.
(3) Regional eco-environmental quality evaluation. RS synth-
etically evaluates regional and drainage area eco-environmental

quality in the aspects of ecological security, health of ecological
system, bearing of ecological environment. It also warmns the
ecological trend of national key regions, important ecological
function zones and natural reservations, and reflects the eco-
logical security condition and trend in time. (4) The eco-enviro-
nmental quality monitoring in the country districts, which
includes RS investigation and evaluation of soil pollution, mac-
roscopic RS monitoring of types of soil pollution in typical
regions (such as sewage irrigating area, mining area, oil field
and abandoned industrial area), monitoring environmental
changes in farm produce area, RS investigating non-point pol-
lution in key drainage regions and countryside and RS moni-
toring environmental changes of area around farm products
base and farm producing factories. (5) Monitoring of effect of
national ecological protection project. It mainly monitors the
ecological projects dynamically, for example protection of
natural forest, recovery of natural grassland, projects of return-
ing farmland to forest, returning grazing land to grass, returning
farmland to lake, prevention and control of desertification,
water-soil conservation, prevention and recovery of rocky
desertification. (6) Monitoring of environmental disaster and
environmental pollution accident. It tracks and monitors unex-
pected environmental disaster and accidents (for example sand
storm, flood, earthquake, fire, red tide, oil leakage, algae
blooming, heat pollution and eutrophication), and reflects the
distribution, type, area, level and space-time change, and then
warns and predicts the trend.

4 OPERATION APPLICATION DESIGN OF ENV-
IRONMENT SATELLITE 1

4.1 Integral operation flow

HJ-1 operation flow begins with gaining and processing data,
followed by environmental information reversing, then analyz-
ing and evaluating, finally producing and issuing data (Fig. 5).

Basic data Theme data Application data Production
production production production services
o > > —
Radiance calibration Basic data
Air information RS Air information RS production service
reversing analyzing & evaluating
Geo-reference
Theme data
Water information RS Water information RS production service
Environment Image fusing reversing analyzing & evaluating
S: t;;l;te Application data
Image transforming Eco-environmental - production service
Oth information RS EC_O;enVlr:gmn;nsml
er i information -
satellites’ ) feversing analyzing & evaluating Synthgncal da_m
data Image interpret production service
Data Information Analyzing & Producil_'ng &
processing reversing evaluating Releasing

Fig. 5 Integral operation flow
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According to the requirements of environmental RS moni-
toring tasks, we first collect basic supporting data, such as HJ-1
images, other useful satellite images, geometric spatial data,
environment background data, field water environment data and
social-economic data. Data processing includes radiance cali-
bration, geometric correction, image fusion, image mosaic,
image enhancing, image transform and image interpretation,
After these processing procedures, we can get environmental
RS monitoring basic data products. The next step is environ-
ment feature information extracting and parameters reversing,
including air quality RS monitoring information, water envi-
ronmental quality RS monitoring information, bio-physical
parameters, land surface physical parameters and nature
eco-environmental RS monitoring information (Gordon et al.,
1994; Jiménez-Munoz & Sobrino, 2003). Such information and
parameters consist of the specific environment RS monitoring
products. With the environmental background data and envi-
ronmental monitoring data, we use RS technology to analyze
and evaluate eco-environmental quality, air quality and water
quality according to environmental protection requirement, in
order to get environment RS monitoring application products.
Finally, we get comprehensive data products of HJ-1 satellites

through synthetic analysis, maping and report with field data.
With web service, we can provide basic data products, specific
theme data products and application data products for various
kinds of users.

4.2 Operation application data product design

Considering HJ-1 capability and demand of environmental
monitoring, we design the HJ-1 data product in 10 levels. Raw
data, 0 level data, level O data products, level | data products
(system radiance calibration products), level 2 data products
(system geometric correction products), level 3 data products
(high precise geometric correction products), level 4 data prod-
ucts (orthorectification products), level 5 data products (image
processed data products), level 6 data products (theme data
products), level 7 data products (application products). The
level 7 data products direct to application synthetical reports,
which combine monitoring, analysis, evaluation. In product
form, level 7 data products combine remote sensing maps,
thematic maps, statistical charts and a written report on the
whole. The detail scheme of operation application data products
is shown in Table 5.

" Table 5 The scheme of operation application data products for HJ-1

Product name Product introduction
Raw data Received satellite down-stream raw code data files.
Level 0 data Raw data after decompression, frame synchronization, formatting.
Level 0 | Level 0 data products Standard scene product obtained through level O data framing.
System radiance calibration products Based on optical level 0 data, carrying out allocation between bands and system radiation calibration.
Standard | Level 1 Based on radar sensor level 0 product, formating geo-referenced products after imaging step. Prod-
tandar . ucts include single-look complex type (SLC) image products and single-look geo-referenced images
SAR hic referenced product; X ; . 8 5
Data geograp noed procucts (strip mode), multi-look (MLC) image products and multi-look geo-referenced products (strip and
Products scan mode).
Based on optical sensor level 1 product, after geometric correction.
Level 2 | System geometric correction products Based on radar sensor level 1 products, after systematic geometric correction processing. They have
map projection information and include strip mode products and scan mode products.
Level 3 | High precise geometric correction products ,}:;'z:,dn ;)tl;()l:vel 2 data product, after geo-correcting based on ground control points and satellite orbit
Advanced R . . . . R ,
Data Level 4 | Orthorectification products Based on high precise geometric correction pmducg. after geo-correcting based on satellite orbit
Products information, ground control points and ground elevation mode! information.
Level 5 | Image processed data products Baspd on high precise geometric correction products, after image process methods such as masic,
fusing, filtering, sharpening, etc.
Landuse and ecological classification data [ Based on landuse and ecosystem classification system, after automatic classification and manual
products interpretation.
Biophysics parameters products Vegetation index, leaf area index, primary productivity data products, etc.
Themati Surface physic parameters products Surface evapotranspiration, soil moisture, surface reflectance data products, etc.
ematic
Data Level 6 . Landscape fragmentation, landscape richness index, landscape dominance index, biological abun-
Products Landscape ecology index products dance index products, etc. ¥
Water environmental RS monitoring the-
matic products 2 Chlorophyll-a, suspended matter, transparency, water surface temperature and other data products.
Air environmental RS monitoring thematic . . R .
products Aerosol optical thickness, water vapor content, respirable particulate matter and other data products.
Ecological RS application products Ecological RS monitoring and assessing application products.
Application Water environmental RS application prod
Data Level 7 ucts PP p Water environment RS monitoring and evaluating application products.
Products
Air environmental RS application products | Air environment RS monitoring and evaluating application products.
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5 EXAMPLES OF ENVIRONMENT SATELLITE 1
APPLICATION

S.1 Reversing aerosol optical thickness in
Beijing-Tianjing- Tanggu (BTT) area based on

Environment Satellite 1 data

We used four scenes Environment Satellite 1 data on 20®
Sep. 2008 to reverse aerosol optical thickness in BTT area. The

data path-row number is (2, 64), (1, 68), (453, 65), (453, 69).
The technology flow is as Fig. 6 and results are shown in Fig.7
and Fig.8 (Remer er al., 2006).

In order to evaluate the reversing precision, we compare the
reversing result with MODIS aerosol product. After images
mosaic processing, we unify two pictures’ project into Equal
Geographic Project and resample them as the same resolution
Fig.9 and Fig. 10. After these processes, we get 486 corre-
sponding point pairs. Between these pairs, the absolute error is

HJ-1 CCD data,
hyper-spectral data

Stratosphere
aerosol data

Adjusting stratosphere aerosol and
absorbing gas influence

Choosing aerosol mode in different
area or seasons automatically

f DEM data ;

Separating field and gas in different

)
Computing aerosol optical

seasons around the country

thickness by multi-band data

1
/ /

Aerosol optical
thickness

Aerosol
lookup table

Establishing Aerosol lookup table of
multi-band

Fig. 6 Aerosol optical thickness reversing flow based on HJ-1 data
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0.104, average error is 0.148, and correlative index is 0.890.
Because the aerosol arithmetic of MODIS is mature, the com-
paring result above shows the reliability of HJ-1A aerosol
product to certain extent (Liou, 2002; Bendix et al., 2003).

5.2 Reserving chlorophyll-a in Chaohu lake based
on Environment Satellite 1 data

We use HJ-1B CCD data on Jun.4™ 2009 to reverse chloro-
phyll-a in Chaohu lake. The technology flow and moni-

toring result are demonstrated in Fig. 11 and Fig. 12. The result
shows 29.19% of the water area is on level 3, 43.87% on level 4
and 24.73% on level 5. In the area near the north bank, algae
bloom area is 35.72km?, which is 4.69% of the total lake area.
The chlorophyli-a concentration of northwest area is higher
than that of east area and chlorophyll-a concentration in north
area is higher than in south area. The average concentration of
chlorophyll-a is 62.70 mg/m’,

Observe geometrical RS reflectivity
information image
Parameter Bands choosing Season area, etc.,

/

computing | (more than 3 bands information
Central wavelength Parameter
of each band computing
/ Optical Radiance ratio Specific inherent
parameters f, Q, etc. image optical properties
CoefTicient matrix

establishing

Matrix computing

/[

Chlorophyll-a
concentration map
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6 PROSPECT

Successful launch and application of Environment satellite 1
indicates that the environmental monitoring technology in
China has entered a new era of “heaven and earth integration”.
However, the environmental RS in China still has a lot of prob-
lems to solve, such as problems with effective sensor research,
key techniques of environmental RS and operation system con-
struction of environmental monitoring. In the future, we will
establish Environment Satellite 2 system including 4 optical
satellites and 4 radar satellites and develop multi-spectral
polarization imager, water environmental hyper-spectral imager
with programming ability, atmospheric environmental infrared
hyper-spectral imager and multi-polarization synthetic aperture
radar in C band. These sensors will satisfy the needs of envi-
ronmental monitoring of multi-bands multi-characteristics, high
spatial resolution, high spectral resolution, high temporal reso-
lution, high precision monitoring and realize large-scale,
all-weather and all-day eco-environment dynamic monitoring.

Meanwhile, our goal in the new era is to provide information
service of national environmental RS dynamic monitoring. This
indicates that lots of work should be done in the future in order
to form operation system of environment RS monitoring. Such
work includes developing technology of environmental RS data
processing, information product producing and service, devel-
oping key RS reversing techniques of water, atmosphere and
ecological environmental parameters, developing environment
RS monitoring and evaluating methods, construction of infor-
mation service system of environment RS dynamic monitoring
based on Chinese satellites data such as Environment satellites,
enhancing application n of environment RS monitoring in some
fields such as important drainage water environment, regional
atmospheric environment, important ecological function re-
gions and natural reserve regions. These will largely contribute

to the realization of “heaven and earth integration”.
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