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Sensors and applications of Chinese Sensors and applications of Chinese spacebornespaceborne EOSEOS
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Chinese satellite ocean observing systemChinese satellite ocean observing system ———— Ocean Color SensorsOcean Color Sensors

• Ocean color sensors are carried 
by FY-n, HY-n and HJ-n. 

• FY-1D/MVISR-2 ≈ AVHRR + CZCS
HY-1B/COCTS ≈ ADEOS/OCTS
FY-3A/MERSI ≈ EOS/MODIS
HJ-1A/HSI ≈ ISS-JEM/HICO

They indicate the rapid
development of satellite ocean
color sensors in China from 
2002 to 2008.

• Observation data from 8-9 ocean
color sensors could be obtained.
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Chinese satellite OBSChinese satellite OBS ———— infrared and microwave radiometersinfrared and microwave radiometers

• Infrared and microwave
radiometers used to retrieve SST
are carried by FY-n and HY-n. 

• FY-1D/MVISR-2 ≈ AVHRR + CZCS 
FY-3A/VIRR ≈ AVHRR 

HY-1B/COCTS: two IR channels. 

FY-3A/MWRI, HY-2A/RAD: 
5-channel

FY-3A/VIRR + FY-3A/MWRI ≈
Chinese high spatial resolution
SST (GHRSST)

• FY2D, 2E/VISSR-2 can provide high
temporal resolution SST data.

Observation data from >10 SST
sensors could be obtained.
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Chinese satellite OBSChinese satellite OBS ———— Microwave altimeters & scatterometersMicrowave altimeters & scatterometers

• ALT and SCA are carried by HY-2 satellites. HY-2A will be launched in 2011.
• ALT: dual frequencies (Ku, C); 

SCA: Ku frequency

Observation data from 4-5 altimeters could be obtained.

Observation data from 4-5 scatterometers could be obtained.



DRAGONESS Final Meeting, Guilin, China, 17-18 May 2010

Chinese satellite OBS Chinese satellite OBS ———— Microwave SARsMicrowave SARs

• SARs are carried by CRS-n, HJ-n
and HY-n. 

• CRS-1/SAR(L): launched 27/04/2006
CRS-3/SAR(L): launched 12/11/2007, 
CRS-5/SAR(L): launched 15/12/2008,
CRS-6/SAR(L): launched 22/04/2009,
CRS-8/SAR(L): launched 15/12/2009.

• HJ-1C/SAR (S): launched in 2011. 
HY-3A/SAR (C): launched in 2012. 
HY-3B/SAR (X): launched in 2017. 

Multi-frequency and multi-platform 
SARs will be probably in orbit
concurrently. 

Observation data from >10 SAR
sensors could be obtained.
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Chinese satellite OBSChinese satellite OBS ———— High spatial resolution optical sensorsHigh spatial resolution optical sensors

• High spatial resolution optical 
sensors are carried by HY-n, ZY-n, HJ-
n, DMC/BJ-1 and CRS-n.
• They can be used for coastal zone 
monitoring and analysis of coastal 
SAR images.
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Chinese satellite ocean observing systemChinese satellite ocean observing system ———— SummarySummary

• 7 spaceborne series:
FY-n, HY-n, HJ-n, CRS-n, ZY-n, DMC/BJ-1, SZ-n, 

• 55 satellites:
22 FY-n, 15 HY-n, 9 CRS-n, 8 ZY-n, 1 DMC/BJ-1 

• 2 constellations: 
HJ-1 = 2 optical sensors + 1 SARs 
HJ-2 = 4 optical sensors + 4 SARs 

• 7 spacecrafts: SZ-n
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Comparison of Chinese and other international similar sensorsComparison of Chinese and other international similar sensors
———— ocean color sensors
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Comparison of Chinese and other international similar sensors Comparison of Chinese and other international similar sensors 
———— infrared sensors
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Comparison of Chinese and other international similar sensors Comparison of Chinese and other international similar sensors 
———— microwave radiometers
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Comparison of Chinese and other international similar sensorsComparison of Chinese and other international similar sensors
———— microwave altimeters
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Comparison of Chinese and other international similar sensors Comparison of Chinese and other international similar sensors 
———— microwave scatterometers



DRAGONESS Final Meeting, Guilin, China, 17-18 May 2010

Comparison of Chinese and other international similar sensors Comparison of Chinese and other international similar sensors 
———— microwave SARs
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The CRS-3/SAR (L) 
image with internal 
waves

2008-06-18 17:31:59  
30.02 N, 123.95 E  
19000×20000 pixels

Comparison of Chinese and other international similar sensors Comparison of Chinese and other international similar sensors 
———— microwave SARs
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Observation of green 
tides by CRS-1/SAR (L) 
in Qingdao in the summer 
of 2008. The background 
is a MODIS RGB image.

Comparison of Chinese and other international similar sensorsComparison of Chinese and other international similar sensors
———— microwave SARs
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Comparison of Chinese and other international similar sensorsComparison of Chinese and other international similar sensors
———— hyperspectral imagershyperspectral imagers



DRAGONESS Final Meeting, Guilin, China, 17-18 May 2010

• Overall, the technical performance of Chinese current on-orbit 
and planned satellites and sensors is comparable to that of 
satellites and sensors launched early this century by NASA, ESA,
etc.

• The main gap in visible, infrared, microwave radiometers is 
radiometric accuracy and ΝΕΔΤ. 

• The main gap in microwave altimeters is the height 
measurement accuracy. 

• Microwave SAR imaging of sea surface is good. 
• There is some problems on ocean observations by the 

hyperspectral imager. 

Comparison of Chinese and other international similar sensorsComparison of Chinese and other international similar sensors
———— SummarySummary
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OnOn--orbit Chinese satellite ocean observing systemorbit Chinese satellite ocean observing system

• FY-3A / MERSI, HY-1B / 
COCTS and HJ-1A / HSI are 
used for ocean color. 

• FY-1D / MVISR, FY-2D / VISSR-
2, FY-2E / VISSR-2, FY-3A / 
VIRR, HY-1B / COCTS and FY-
3A / MWRI are used for SST. 

• FY-3A / MWRI are also used 
for sea surface wind speed. 

• CRS-3, 5, 6, 8 / SAR are used 
for ocean dynamics, sea 
surface targets, shallow water 
topography and so on. 

• The other 19 sensors are used 
for coastal zone observations.
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• 31 on-orbit sensors

• 5 microwave sensors and 
active sensors, only 16%. 
CRS-3, 5, 6, 8 / SAR data is not 
readily available

• 26 visible and infrared sensors, 
84%

• The operational data products 
and ocean monitoring are 
limited by the clear sky. 

OnOn--orbit Chinese satellite ocean observing systemorbit Chinese satellite ocean observing system

———— SummarySummary
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Among 31 on-orbit sensors, 
12 on-orbit sensors for the retrieval of ocean data products.
19 high spatial resolution optical sensors for observation of coastal areas and 
sea surface targets.
CRS-3, 5, 6, 8/SAR (L), data products of ocean dynamics, sea surface
characteristics such as ocean waves etc., no data distribution website. 

• FY-3A/MWRI, retrieval of SST and SSW. It doesn’t work. 
• FY-3A/MERSI, HY-1B/COCTS and HJ-1A/HSI, retrieval of ocean color 

parameters. 
• FY-3A/VIRR, FY-1D/MVISR-2 and HY-1B/COCTS, retrieval of  SST. 

FY-2D/VISSR-2 and FY-2E/VISSR-2, retrieval of SST. 
• Following introduction will focus on the ocean data products of FY-3A/MERSI, 

HY-1B/COCTS, HJ-1A/HSI, FY-3A/VIRR, FY-3A/MWRI and FY-2D, 2E/VISSR-
2.

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
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Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— FY-3A/MERSI data products
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http://fy3.satellite.cma.gov.cn/arssen/ 

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— FY-3A/MERSI data products
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MODIS  
RGB & FAI  
2009/07/02
10:35

MERSI  
RGB & FAI  
2009/07/02
10:15

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— FY-3A/MERSI data products

Hu,  A novel ocean color index to detect floating algae in the global oceans. Remote Sens.Environ. 113:2118-2129. (2009) 
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Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— HY-1B/COCTS data products
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Comparison of AVHRR, COCTS and MODIS SST on 6 April 2009 & the statistics
NOAA-17 AVHRR SST HY-1B COCTS SST Terra MODIS SST

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— HY-1B/COCTS data products
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Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— HJ-1A/HSI data products (Planned)



DRAGONESS Final Meeting, Guilin, China, 17-18 May 2010

The noise and spectral reflectance of HJ-1A/HSI data
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Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— HJ-1A/HSI data products (Planned)
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Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— FY-3A/VIRR data products
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Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— FY-2D, 2E / VISSR data products
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Brightness temperature images at two infrared channels of FY-2D/VISSR

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— FY-2D, 2E / VISSR data products
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Ocean data products and data delivery 
of 12 on-orbit Chinese sensors
12 sensors can provide L1 data, 
mainly SST and ocean color 
parameters.

• FY-n data service website is in both 
Chinese and English. Other websites 
are in Chinese.

FY-n and HJ-n websites provide 
browse, query, order and download.

HY-n website only provides browse 
and query. Its data ordering and 
delivery need to apply manually.

There is no website for CRS-n data 
services, and the data delivery needs 
special applications.

HJ-1A/HIS data website only offers 
data in the China seas. The level 1 
data over ocean is inaccurate.

HY-1B/COCTS L1 data is not stable. 

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— Summary
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Statistics on data products and services of on-orbit 
Chinese satellite ocean observing sensors 

• Among 31 sensors, only 12 
for the retrieval of ocean data 
products, 39%; 

• 7 can provide data browse, 
query, order and download in 
their websites, 23%. 

• Compared Chinese with 
international ocean observing 
satellite systems, there is a 
greater gap on the retrieval 
algorithms and data services 
than the hardware system. 

Ocean data products of onOcean data products of on--orbit Chinese ocean observing sensorsorbit Chinese ocean observing sensors
—— Summary
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Operational retrieval algorithms for Chinese ocean color data Operational retrieval algorithms for Chinese ocean color data 
—— Bio-optical algorithm

• FY-3A/MERSI and HY-1B/COCTS can provide ocean color data products. 
So far, no technical documents and algorithm theoretical basis documents 
(ATBD) have been published. 

• According to papers, an introduction of operational bio-optical retrieval 
algorithms is given here. 
In Case 1 water, the statistical retrieval algorithm of SeaWiFS OC4 is used.
In case 2 water, the statistical algorithm is based on in-situ data measured 
at 81 stations in the Yellow and East China Seas in April 2003 by National 
Satellite Ocean Application Service (NSOAS). 
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The bio-optical statistical retrieval algorithms of HY-1B/COCTS in the Yellow and East 
China Seas are as follows. 
The statistical retrieval algorithm for Chlorophyll concentrations (CHL) is:

2
0 1 2lg lg lgC c c Xc c Xc= + × + ×

443 555 412 510( / )( / )aXc R R R R=

a= -1.0,             c0= -0.37457, 

c1= -3.7278,      c2= -3.0679.

The statistical retrieval algorithm for TSM Concentrations is:
0 1 555 670 2 490 555lg ( ) ( )S s s R R s R R= + × + + × +

where s0=0.638188,     s1=23.93439,      s2=-0.53107
When TSM is lower than 300 mg/L, then

s0=0.58213,      s1=23.84071,      s2=-0.48532
The statistical retrieval algorithm for CDOM absorption ag is:  

2 3 4
0 1 2 3 4lg lg lg lg lgY y y Xy y Xy y Xy y Xy= + × + × + × + ×

412 510 443 555 670( / )( /( ))dXy R R R R R= +

Where, d=0.23, a regional constant,
y0=-0.93942,    y1=5.01,    y2=62.62175,     y3=231.1851,     y4=269.3769

So far, there are no publications for the bio-optical statistical retrieval algorithms of 
FY-3A / MERSI in the Yellow and East China Seas

Operational retrieval algorithms for Chinese ocean color data Operational retrieval algorithms for Chinese ocean color data 
—— Bio-optical algorithm
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• The operational atmospheric correction algorithms for data products of two 
sensors are introduced. 
In Case 1 water, the standard algorithm of Gordon and Wang is used.
In Case 2 water,
FY-3A / MERSI still uses the standard algorithm; 
HY-1B/COCTS divides Case 2 water into low and high turbid water, and 
Arnone’s iterative algorithm and an optimization method based on in-situ 
Rrs are applied respectively.

Operational retrieval algorithms for Chinese ocean color data Operational retrieval algorithms for Chinese ocean color data 
—— Atmospheric correction algorithm
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• At present Chinese satellite ocean color data products play a ‘supporting 
role’ of MODIS data products in operational monitoring of ocean ecology 
environment and ocean ecology disaster, for example, the quasi real-time 
monitoring of green tides in Qingdao in 2008 and 2009. 

• Reasons are given as follows:

Firstly, no strict operational retrieval algorithms for FY-3A / MERSI and HY-
1B / COCTS have been developed yet. There are no recognized evaluation 
results on errors of ocean color data products yet.

Secondly, it is quick and convenient to download the MODIS data, and 
SeaDAS software for data display and processing is also provided. There is 
a limit to the quantity of download data for FY-3A / MERSI, and a software 
tool only for image display is provided. Data of HY-1B / COCTS can be 
obtained by manually filling application forms, and the software tool is not 
available.

Operational retrieval algorithms for Chinese ocean color data Operational retrieval algorithms for Chinese ocean color data 
—— Summary
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Operational retrieval algorithms for Chinese satellite SST data Operational retrieval algorithms for Chinese satellite SST data 
and the data assimilation of SST data into ocean models and the data assimilation of SST data into ocean models 
—— retrieval algorithm

• HY-1B/COCTS, FY-3A/VIRR and FY-2D/VISSR can provide SST products.
So far, no technical documents and ATBD of sensors providing SST data 
products have been published. 

• HY-1B/COCTS is the earliest sensor providing SST data products. Its retrieval 
algorithm is as follows

Where , SSTguess is the first guess SST, a = 0.0968204, b = 2.036246, c = 0.742046, d = -261.98 
Statistical regression of the brightness temperature from AVHRR and MODIS 
infrared channel is used to determine the retrieval coefficients.

sat 9 9 10 guess 9 10SST ( )SST ( )(sec 1)a bT c T T d T T θ= + + − + − −

Comparison of SST data between HY-1B / 
COCTS and NOAA / AVHRR. 
The bias is 0.8 ℃, the RMSE is 0.94℃, and 
the correlation coefficient is 0.95. 
The data set compared includes 5000 match-
up data, and the time difference is less than 
6 hours 
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The variability of SST during the period of 1993-2006 from (top) 
the assimilation experiment, (middle) the observations, (bottom)
the experiment without assimilation.

The AIPO (Asia and Indian-Pacific Ocean) 
ocean reanalysis system is developed and 
reanalysis data has being delivered by IAP / 
CAS. It includes a multivariate ocean data 
assimilation system. 

The data assimilation uses Sea Level Anomaly 
(SLA) data, which are merged by multi-
altimeter data provided by CNES AVISO 
website, and high resolution SST data, which 
are merged by AVHRR and AMSR data. 

Operational retrieval algorithms for Chinese satellite SST data Operational retrieval algorithms for Chinese satellite SST data 
and the data assimilation of SST data into ocean models and the data assimilation of SST data into ocean models 
—— data assimilation
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Suggestions on current Chinese satellite ocean observing systemsSuggestions on current Chinese satellite ocean observing systems

1. The instrument 
configuration and time 
coverage should be 
coordinated by China 
National Space 
Administration (CNSA) 
among six Chinese 
operational satellite Earth 
observing systems affiliated 
with related application 
agencies.

For example:
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Suggestions on current Chinese satellite ocean observing systemsSuggestions on current Chinese satellite ocean observing systems

2. The ocean data products and operational retrieval algorithms for 12 on-
orbit sensors should be developed, improved and evaluated to meet the 
requirements of the international GEOSS and various applications in China.

3. Every satellite application agencies should quickly improve websites of 
satellite data product services to bring them in line with international 
standards. The websites of data products established by NASA and ESA 
are good examples.

4. Technical and algorithm theoretical basis documents for satellite ocean 
color and SST data products should be provided as soon as possible.

5. Operational retrieval algorithms for ocean data products of microwave 
sensors, including SAR, MWRI, SCAT and ALT, are weak. Their data
products should be developed.
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Suggestions on future Chinese satellite missionSuggestions on future Chinese satellite mission

1. Virtual constellations of domestic and international multi-satellite similar sensors. 

Chinese and international similar sensors during 2005 –2025, such as ocean 
color, SST, SAR, have already constituted a long time continuous observation of 
multi-satellite platforms. Research and development of virtual constellations is 
timely. 

This can refer to the ocean color radiometry virtual constellation (OCR-VC)
approved by CEOS in September 2009. The proposal and build of the virtual 
constellation concept serve to existing projects and is committed to increase 
mutual beneficial cooperation.
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2. High-resolution multi-sensor synchronous observing system combining 
SARs with high spatial resolution optical sensors / hyperspectral imagers.

From 2006 to 2009, five L-band SAR satellites were launched. The planned 
SAR satellites will work at L, S, C, X-band. 

In addition to FY-n satellite series, the other five satellite series all carry 
high spatial resolution optical sensors. 

They compose the optical - microwave high resolution multi-sensor 
simultaneous observing system, which may be the characteristics of 
current Chinese satellite ocean observing system. 

To establish simultaneous high-resolution multi-sensor observing system 
accords with relevant parts of 16 major special projects in Chinese 
medium-and long-term program for science and technology development 
by 2020.

Suggestions on future Chinese satellite missionSuggestions on future Chinese satellite mission
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3. A new concept of satellite for Chinese coastal monitoring – high-resolution
ocean color sensors onboard geostationary satellites. 

Due to the complicated sea conditions, changeable aerosol and frequent 
cloud cover, some key application issues (for example, monitoring and 
forecast of ecological disasters such as red tide, green tides, oil spills, etc.) 
meet difficulties on satellite observation and monitoring in Chinese coastal 
area. 

High-resolution sensors first mean high spatial and spectral resolution.
Geostationary satellites provide observations with high temporal resolution, 

which leads to a requirement of high radiometric resolution. Table 33 shows 
application examples in the coastal zone and their typical resolution 
requirements. Table 34 shows the spectral and resolution requirements of 
some applications in coastal zone.

Suggestions on future Chinese satellite missionSuggestions on future Chinese satellite mission
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Application examples in the coastal zone and their typical resolution requirements

Suggestions on future Chinese satellite missionSuggestions on future Chinese satellite mission

3. A new concept of satellite for Chinese coastal monitoring – high-resolution
ocean color sensors onboard geostationary satellites. (Continue)
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Spectral and resolution requirements of some applications in coastal zone

Suggestions on future Chinese satellite missionSuggestions on future Chinese satellite mission

3. A new concept of satellite for Chinese coastal monitoring – high-resolution
ocean color sensors onboard geostationary satellites. (Continue)
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7 spaceborne series

55 satellites, 

2 constellations

7 spacecrafts:

WP2 SummaryWP2 Summary
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WP2 SummaryWP2 Summary

6 types of sensors for ocean observing : 
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WP2 SummaryWP2 Summary

31 on-orbit sensors

5 microwave sensors and 
active sensors, only 16%. 
CRS-3, 5, 6, 8 / SAR data is not 
readily available

26 visible and infrared sensors, 
84%
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WP2 SummaryWP2 Summary

12 on-orbit Chinese sensors provide L1 
data, mainly SST and ocean color 
parameters. HY-1B/COCTS L1 data is 
not stable

FY-n and HJ-n websites provide 
browse, query, order and download.

HY-n website only provides browse 
and query. Its data ordering and 
delivery need to apply manually.

There is no website for CRS-n data 
services, and the data delivery needs 
special applications.

HJ-1A/HIS data website only offers 
data in the China seas. The level 1 
data over ocean is inaccurate.
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Thanks for your attention !


