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AVHRR CZCS, FY-3 2

) 10 (VIRR,
MVISR-2 ) (IRAS)

(MWTS), (MWHS) |

(SBUS)

(TOU) (ERM) .,
(SIM) (MWRD .,
(MERSD (SEM), ,FY-3A
FY-3B ;FY-3C.FY-3E FY-3G ,

FY-3/AM1.FY-3/AM2
FY-3F FY-3H ,
PM2 FY-3/PM3, FY-3
& TOVS , TRMM/TMI

(MWRD, EOS/MODIS
(MERSD ,

FY-3/AM3; FY-3D.
FY-3/PM1.FY-3/
NOAA/AVHRR

~ N N o

,FY-3
(NPOESS)
(MetOp) , (MetOp/AS-
CAT), (NPOESS/Radar ALT)
(NPOESS/APS) .
(MetOp/GRAS) (ADM-AEO-
LUS/ALDIN) . FY-2A  FY-2B
, 8a bSa , 2 a
o 3 (VISSR-
D, FY-2C FY-2D , VISSR-2
5 10.5~12.5 ym
2 (SST)
. FY-2E  FY-2C )
VISSR-2., FY-2F.FY-2G.FY-2H  FY-2C.FY-2D,
FY-2E , VISSR-n VISSR-2
. FY-4 2 )
o (FY-4 O) VISSR
(MCSD , (11S)
CCD (LM), FY-4 O .
, FY-4 O EAST FY-4 O WEST,
. o (FY-4 M)
(GEO-MWRD, FY-4 M ,
FY-4 O EAST FY-4 O WEST o
,FY-4 GOES-R
(ESA) (EUMETSAT)
sat (MTG) 5 (GOES-R/
SEISS, EXIS, SUVD) (GOES-R/
MAG), .FY-1 O
GOES-R  Meteosat (MTG),

Meteo—

HY-n , N
3 , HY-1,
HY-2 HY-3. HY-1A ,2002 5 s
2004 4 , 2 a
o (COCTS)
(CZD, 10
) ADEOS/OCTS; 4 CCD
. HY-1B , COCTS
CZ1, , 80 nm
20 nm, HY-1C/1D, HY-1E/1F HY-1G/
1H , 1C,1E.1G 1D.,1F.1H
. HY-2A , Ku
Ku/C 5
, QuikSCAT . Topex/Poseidon EOS-
Aqua/AMSR-E, HY-3 C 10 m
SAR X 1m SAR, 8 3m
CCD , Envisat/ASAR
TerraSAR, , TerraSAR-X ,
HY-3A/SAR-X . ,HY-1.2.3
2015 )

(EO-1/Hyperion, ISS-JEM/HICO) .
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(Sentinel-3/SAR-ALT) .
(COMS-1/GOCD . ROCSAT-1
HY-1A  FY-1C s 6
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Fig. 2 Chinese spaceborne earth observing system (EOS)
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Table 1 Primary sensors and applications of Chinese spaceborne EOS

Satellite series  Satellite Orbit Launch date Design life/EOL date Primary sensors Primary applications
FY-1A 1988-09-07 1988-10
MVISR-1
FY-1B 1990-09-03 1991-02
FY-1C 1999-05-10 2004-03
MVISR-2 . .
FY-1D 2002-05-15 2 a
FY-2A 1997-06-10 2006-06 VISSR-1
FY-2B 2000-06-25 2006-06 VISSR-1
FY-2C 2004-10-19 2009-11-23 VISSR-2
FY-2D 2006-12-08 3a VISSR-2
FY-2E 2008-12-18 3a VISSR-2
FY-2F 2011 4 a VISSR-n
FY-2G 2012 4 a VISSR-n
FY-n
FY-2H 2014 4 a VISSR-n
FY-3A/AM 2008-05-27 3 a
FY-3B/PM 2010-11-05 3 a
FY-3C/AM1 2013 3 a VIRR, IRAS, MWTS,
FY-3D/PM1 2015 3a MWHS, SBUS. TOU, . .
FY-3E/AMI1 2017 3a ERM, SIM, MWRI, N
FY-3F/PM2 2019 3 a MERSI, SEM
FY-3G/AM3 2021 3 a
FY-3H/PM3 2023 3a
FY-4 O 2012 4 a IIS, MCSI, LM(CCD)
FY-4 M 2015 4a GEO-MWRI ’
ROCSAT-1 1999-01-27 2004-06-16 OCI, TPEI
FORMOSAT-2 2004-05-20 5a PAN-MS, ISUAL
HY-1A 2002-05-15 2004-04-01
HY-1B 2007-04-11 3a
HY-1C/D 2011 3a COCTS, CZ1
HY-1E/F 2013 3a
HY-n
HY-1G/H 2016 3a
HY-2A 2011 4
4 SCA(Kuw) .
HY-2B 2012 4 a

ALT(Ku,O),

HY-2C 2015 4 a
RADC(5 bands)
HY-2D 2018 4 a
HY-3A 2012 5a SAR(X,1m).SAR(C.
HY-3B 2017 5a 10m) .CCD(3m)
CBERS 1 1999-10-14 2003-08-13
CCD. TRMSS, WFI
CBERS-2 2003-10-21 2 a
CBERS 2B 2007-09-19 2a CCD. WFI, HR
CBERS-3 2011 3a CCD, TRMSS, WFI,
CBERS,
2y CBERS-4 2013 3a PAN-MUX (PAN-MS)
" ZY-2A 2000-09-01 2010-04
7Y-2B 2002-10-27 2a HR. PAN-MS .
7Y-2C 2004-11-06 2 a

7Y-3 2011 4~5 a HR,PAN-MS,CCDX2
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1
Satellite series  Satellite Orbit Launch date Design life/EOL date Primary sensors Primary applications
SZ-1 1999-11-20 1d
S7Z-2 2001-01-10 6 d s
SZ-3 2002-03-25 7 d
S7Z-4 2002-12-30 5d o CMODIS,
S S7-5 2003-10-15 1d M3RS, SBUS, TOU,
SZ-6 2005-10-12 5d ERM, SIM, etc.
SZ-7 2008-10 5d
S7Z-8 2011 nd TG-1
TGn TG-1 2011 2 a
DMC DMC/BJ-1 2005-10-27 5a PAN-MS N
CRS-1 2006-04-27 2010-02-04 L-band SAR
CRS-2 2007-05-25 2 a HR, PAN-MS
CRS-3 2007-11-12 2a L-band SAR
CRS+4 2008-12-01 2a HR, PAN-MS
CRSn (?RS—S 2008-12-15 2 a L-band SAR
or YGon CRS-6 2009-04-22 2 a L-band SAR N
CRS-7 2009-12-09 2 a HR, PAN-MS
CRS-8 2009-12-15 2 a L-band SAR
CRS-9 2010-03-05 2 a HR, PAN-MS
CRS-10 2010-08-10 2 a L-band SAR
CRS-11 2010-09-22 2a HR, PAN-MS
HJ-1A 2008-09-06 3a CCD, HSI
Hn HJ-1B 2008-09-06 3 a CCD, IR
HJ-1C 2011 3a S-band SAR .
HJ-2(4+4) 2012 3a CCD, IR, HSI, SAR
s ,
o 3~38 s o 3~7
N N N ,
A ’ o
B 3~8
OCEAN COLOR SEA SURFACE TEMPERATURE
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Fig. 3 Chinese satellite missions carrying ocean color sensors
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Fig. 4

Chinese satellite missions carrying infrared and

microwave radiometers
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Fig. 5 Chinese satellite missions carrying

microwave altimeters
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Fig. 7 Chinese satellite missions

carrying microwave SARs
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Fig. 6 Chinese satellite missions

carrying microwave scatterometers
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Fig. 8 Chinese satellite missions carrying

high spatial resolution optical sensors
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SST o

. HY-n
(ALT), 2011 1 ALT
HY-2A, Ku C ,
HY-2A/ALT Jasonr1.2. 3, Envisat/ ALT, CryoSat-
2/SIRAL, Sentinel/ SRAL, NPOESS/ALT
) 4~5 ALT .

Topex /Poseidon,

, HY-n
(SCAT), 2011 1 SCAT
HY-2A, Ku , QuikSCAT, HY-
2A/SCAT ERS-2/SCAT. Coriolis/WindSat,
MetOp/ASCAT, OceanSat-2/SCAT, GCOM/Sea-
Winds ,NPOESS/CMIS , 4~5
SCAT » WindSat
) o 4 5

. 7
HY-n
SAR 2006 4 27 CRS-1/SAR
(L, CRS-3.5.6.8.,10, 2011
HJ-1C/SAR(S),2012 HY-3A.3B/SAR
(X. O, SAR )

SAR o
SAR R ERS & Envisat/SAR (C)

, TerraSAR-X ., COSMO-SkyMed/SAR
(XD . RADARSAT-1/SAR (C) )
ALOS/PALSAR(L), 8§~9  SAR

o »SAR o
8
o 7 STHY-n.ZY-n.
HJ-».DMC/BJ-1 CRS=n 30 m
) 2 )
, SAR .

, CRS#n. HJn.
(SAR),

2
Table 2 Chinese high spatial resolution optical

sensors for coastal zone monitoring

/m

Optical sensors Spatial resolution

HY-3A.3B/CCD 3
FORMOSAT-2/ PAN-MS 2,8
ZY-2A.2B.2C/HR.PAN-MS 2,5
CBERS-1.2/CCD 20
CBERS-2B/CCD.HR 20, 2
CBERS-3, 4/PAN-MUX 10, 2
HJ-1A, 1B/CCD 30
HJ-2(4)/CCD <30
DMC/BJ-1/PAN-MS 32, 4
CRS-2.4.7.9.11 0.5~2
3 . HY-1B/COCTS
SeaWiFS , , 2
s . HY-3A/MERSI
MODIS , s
b o
s MERIS . 3

4
. FY-3A/VIRR
3.7.11,12 ym 3

AVHRR, AATSR. MODIS
,HY-1B/COCTS

11 12 ym 2 . HY-1B/COCTS
FY-3A/VIRR AATSR MO-
DIS, AATSR. MODIS
AVHRR, . N \
N , MODIS
5 ( )
. FY-3A/MWRI  TMI ,
/ )
) . HY-2/RAD  AM-
SR-E , / , 89GHz,
, . WindSat
HY-2/RAD AMSR-E ,
6 . HY-2A/ALT
Topex/Poseidon , .
7 . HY-2A/SCAT
. . . Quik-
SCAT . . )

QuikSCAT,
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Table 3 Comparison of ocean color sensors

HY-1B/COCTS FY-3A/MERSI Envisat/MERIS EOS/MODIS OrbView-2/SeaWiF$S
R EAMER(CNSA) T+ EARTMCNEA) R(ESA ASA ASA
MIMERHE0A) PR TRACMA) BATARESA)  REAFMRMNAsL _ REFHRNASA)
TR 4. 798km, 98.8deg,  HR4N. 836km 98.75deg.  HR41L. 800 km. 98.55deg. HRHL. 705 ki 98.2deq. 10:30 FEACKL (Terra)  H#, 705km, 98.2deg,
10:30+30min PEAEEL  10:00-10:20 FEAERT 10:00 P& K or 13:30 THAE4 (Aqua) 12:00 R3S
pIL Y 3100km 3200km 1150km 2330 km 2801km
BiLER 10bits 12bits 16bits 12 bits 10bits
et 1100m 250m (bands 1-5) 300m/1200m 250 m (bands 1- 2) 500 m (bands 3-7) 1100m
1000m (bands 6-20) (all bands) 1000 m (bands 8-36)
55 10% (bands 1-8) 7% (bands 1-4, 6-14) <4% 5% (bands 1-19, 26) <5%
LS 10% (bands 15-20) 1% (bands 20-25. 27-36)
SNR, SNR NEAp SNR (typical) SNR SNR
T Band 1, 440; 2, 600; Band 1, 0.45%; 1700 Band 1. 128; 2, 201; 3, 243; 4, 228; 8, 880; Band 1, 499; 2, 674;
NEAp, 3,590;4,560; 5,525,  2-3,04%;4,045%; 9. 838; 10, 802; 11, 754; 12, 750; 13, 910; 3, 667; 4, 640; 5, 596;
NEAT 6, 390; 7, 400; 8, 415 6-7,0.1%: 8-14, 0.05% 14. 1087: 15, 586; 16, 516 6,442; 7.455; 8, 467
B 1 412 nm, 20 nm 6 412 nm, 20 nm 1 412 5nm, 10 nom 8 412pm 15am 20 3750nm,180nm 1 412 om 20 nm
2 443 nm 20 nm 7 443 nm, 20 nm 2 442 5nm, 10nm 9 443pm 10nm 21 3959 nm, 60 nm 2 443 om, 20 nm
3 490nm, 20 nom 1 470 nm, 50 nm 3 490 nm. 10 nm 3 469om 20nm 22 3959 nm, 60 nm 3 490 nm, 20 nm
4 520nm. 20 nm 8 490 nmm, 20 nm 4  510nm. 10 nm 10 488nm 10nm 23 4050 nm, 60 nm 4 510 nm. 20 nm
5 565nm, 20 nm 9 520 nm, 20 nm 5 560 nm. 10 nm 11 531nm. 10nom 24 4466 nm, 65 nm 5 555 20 nm.
6 670nm. 20 nm 2 550 nm, 50 nm 6 620nm 10 nm 12 551nm 10nm 25 4515nm, 67 om —
7 750 pm 20 nm 10 565 nm 20nm 7  665nm 10nm 4 555nm 20mm 27 6715nm 360sm O 6700m,20nm
8 865nm 40nm 11 650 nm_ 20 nm 8 68125nm 75am 1 645om S0nm 28 73258m 300nm / /65nm 40nm
9 10350nm 100nm 3 650 nm, 50 nm 9 70875om 10nm 13 667nm 10nm 29 8550nm, 300nm & 8065nm 40nm
10 11950 nm, 1100 nm 12 685 nm, 20 nm 10 753.75nm, 75nm 14 678 nm. 10nm 30 9730 nm. 300 nm
13 765 nm, 20 nm 11 760625nm,3.75nom 15 748 nm, 10 nm 31 11030 nm, 500 nm
14 865 nm, 20 nm 12 778.75nm 15 nm 2 858pm 35nm 32 12020 nm, 500 nm
4 865 nm, 50 nm 13 865 nm 20 nm 16 870nm 10nm 33 13335n0m 300 nm
15 905 nm, 20 nm 14 885nm. 10 nm 17 905o0m. 30nm 34 13635 nm. 300 nm
16 940 nm, 20 nm 15 900 nm, 10 nm 18 936 nm, 10 nm 35 13935 nm, 300 nm
17 980 nm, 20 nm 19 940npm 25nm 36 14235 nm, 300 nm
18 1030 nm_ 20 nm 5 1240 nm, 20 nm
19 1640 nm. 50 nm 26 1375 nm, 30 nm
20 Zi30nm, 50 nm 6 i640nm 24 nm
5 11250 nm, 2500 nm 7 2130 nm, 50 nm
4
Table 4 Comparison of Infrared sensors
FY3A/VIRR Envisat/AATSR EOS/MODIS NOAA-N/AVHRR
rf [H S5 T, E [Hifg i KSR
BRI : ) ,I‘ H% ,JEE ﬁi"}) ik #1752 ] 3 (ESA) 35 5 4L HNASA) ;,’:‘Hf KR
il Hdh, 793km 98 Sdcg ST S36km. 93.75deg, 261,800 km,98.55 deg, #Z#L, 705 km, 98.2deg, 10:30 [#7%7 f5i(Terra) %401, 854km, 98.74deg,
10:30£30min FF22s 10:00-10:20 B4 i 10:00 F22 03 or 13:30 42 fi(Aqua) 13:37 A2
A 3100km 2900km 500km 2330 km 2900km
=G 10bits 10bits 12 bits 12 bits 10 bits
(A4 1.1km 1.1km 1km 1km (bands 8-36) 1.1 km
L 7 H better than 0.5 K 9 L5 e
AR IK@300K(bands 9-10)  1K@270K(bands 3-5) {absalute, 503 50 k), 1% (bands 20-25, 27-36, absolute) Traceable to NIST
Detter than 0.1 K
(relative, 1 1km)
SNR, NEAT NEAT NEAT NEAT NEAT
NEA, Band 9-10, 0.2K@300K  Band 3, 0.3K@300K: Band 5, 0.08K@270K; Band 20, 31-32, 0.05K@300K Band 3B-3
i 4-5, 0.2K.@300K 6-7, 0.0SK@270K 22-23 007K @300K 012K @ 300K
NEAT T b i =
ﬁa 1 412 nm, 20 nm 7  4551nm 50 nm 1 555nm, 20 nm § 412nm, 15nm 20 3.66-3.84 pm 1 630 nm, 100nm
2 443 nm, 20 nm 8 505 nm. 50 nm 2 659 nm, 20 nm 9 443 nm, 10 nm 21 3959 nm. 60 nm 2 862 nm, 275 nm
3 490 nm. 20 nm 9  555nm. 50 nm 3 B65nm, 20 nm 3 469nmm,20nm 22 3959 nm. 60 nm 3A 1.58-1.64 pm
4 520 nm, 20 nm 1 630 nm. 100 nm 4 1610 nm. 300 nm 10 488 nm, 10nm 23 4050 nm. 60 nm 3B 3.55-3.93 um
5 565 nmm. 20 nm 2 865nm. 50 nm 5 3.55-3.85 um 11 531nm, 10nm 24 4466 nm, 65 nm 4 10.3-11.3 pm
6 10 1360 ym. 0.07 um 6 10.35-11.35 nm 12 551 nm. 10nm 25 4515 nm. 67 nm 5 11.5-12.5 um
7 6 L600pum. 0.09 um 7 11.50-12.50 pm 4 555nm,20nm 27 6715 nm, 360 nm
8 3 3.55-385um 1 645nm,50nm 28 7325 nm, 300 nm
Sl 4 i0.3-1i.3 pm i3 667 mm, i0mn 29 8550 nm, 300 nin
10 11.4-12.5 Hm 5 14 678 nm, 10nm 30 9730 nm, 300 nm
15 748nm, 10nm 31 10.78-11.28 pm
2  858nm,35nm 32 11 7T-I2 27 pm
16 870 nm, 10nm 33 13335 nm., 100 nm
i7 905nm. 30nm 34 i3
18 936nm, 10nm 35 1193w nm 300 nm
19 940nm, 25nm 36 14235 nm, 300 nm
5 1240 nm. 20 nm
26 1375 nm. 30 nm

1640 nm, 24 nm
2130 nm. 50 nm
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Table 5 Comparison of Microwave Radiometers
HY.2/RAD FY.3A/MWRT EOS Agna/AMSRE TRAMM/TAT iolis/WindSat
P aR] PN (CNSAY RN JS(CNSA) EEEMENASA)  EETRE(NASA) 2020 0 EEEENNCLO(NRL) 00
S R(S0A) o B U4 R(CMA) H A 54 FS(JAXA) HA 54 FJAXA) EETF i S(AFRL)

il PESh, 963/965km, 99 3deg.  HEH). 836km_ 98 75deg. H3h, 705 km, 98 2deg, B, EKmFAE

i 6:00 or 18:00 AT £ 10:00-10:20 PFAZ 5 1330 AFEH 402km. 35deg

HiE 1600km 1400km 1450km 878km

UL, Band 1-2, Band 1-2, Band 1-2, Band 1-2

e 6.6 GHz, 350MEHz, VH, 10.65GHz, 180MHz, VH;  6.925 GHz, 350MHz, VH;  10.65GHz. 100MHz, VH;

ﬁ'f—t}'fﬁt 34, 34, , 34,

10.7GHz, 250MHz, VI 18.7GHz, 200MHz, VH; 10.65GHz, 100MEz, VI 19.35GHz, 500MHz, VH;
5.6, 5.6 5-6 5.
18.7GHz, 250MHz, VH: 23 8GHz, 400MHz, VH: 18.7GHz, 200MHz, VH; 21 3GHz, 200MHz, V-
B 7-8, 7 6-7.
23 8GHz, 400MHz, V, 36.5GHz, 900MHz, VH, 23 8GHz, 400MHz, VH, 37.0GHz, 2000MEF
37GHz, 1000MHz, VH 89 GHz 2x2300MHz, VH.  36.5GHz, 1000MHz, VH 85 5GHz 3000ME
NEAT 1-70.5K 10.63K; 2 0.54K;
89 0.8K 40.47K; 50.7iK;
7031K: 8052K; 9 093K
FOv 12 100km: 12 51X85km 12 37x63km
34 62km; 34 30x50km 34 18x30km
56 36km; 56 27X45km 5  18x23km
7 30km; 78 18x30km. 67 9x16km
§5 1i8km 510 S$xiSkm 85 5X7km
Pixel 140 9x |okm 1-7 91x139km 12 40x50km
11 45x4km 89 46x139km 38 20x25km
1Z 45x06km 9-14 10X 25 km;
15-16 10X 125km
1722 5x125km
At 40 deg. 53 deg 1-11 55 deg: 53 deg 1-2 53.5 deg;
12 545deg 3-8 49.9 deg;
9-14  55.3 deg;
15-22  53.0 deg;
6
Table 6 Comparison of Microwave Altimeters
HY-2A/ALT Envisat/ALT Topex/Poseidon Jason-1 CryoSat

il 1 e A T T A Y bk M P B T A e Py o — . W R A S B Bl AT A COAN bike 2 57 Pl B AT A Y

LAIERL ) AL AMICIND ALY WA IR TR ES A, FKE T ALMIINASA) FKE T RLMAIUNADA) BATT IR mI(ESA)
[ %57 R (SOA) ¥ B %5 ] 102 (CNES) 2 47 i) H Ly (CNES)

il Heh, B, e, dEKmEE, A, B PR, WA, AR AmE S,
[1 753 Ny 00 2Aq~ QNN e 09 S An~ 1228 rees ELAne 122&80e £LAn T Tl O A
263km, 99.3deg 800km, 98.5deg 1336km, 66deg 1336km, 66deg 717km, 92deg

EHFHM) 14/168 3s 10 10 369 (30 day sub-cvele)

TAES# Ku, 13.58 Ku, 13.575 Ku, 13.6 Ku, 13.575 Ku, 13.575

(GHz) C,525 S.32 Sz C,53 (LRM, SAR, SARIn)

BRER 320, 80, 20 (Ku) 6 5, 20 () 320 (Ku, C) 320 (Ku, ©) 350 (Kn)

(MHz) 320, 160 (C) 160 (S)

= A B R
16 8 6 6 0.25

(km)

K B (cm) 5-8 4.5 42 B8 1.6-2.7
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Table 7 Comparison of Microwave Scatterometers
HY-2A/SCAT ERS-2/SCAT QuikSCAT MetOp-A/ASCAT GCOM W2 W3/SeaWinds

BrREI] TEMKRF (CNSA) M= fal s (ESA) FHFAMRNASA) B ZmfE (ESA) HEFHRH (AXA)
EFEHFR (SOA) EEFHHNASA)

Sl 41, 963/965km i, 785km 4. 803km Hedh, 817km 4, 699 6km

00 4. 1000 s A 00 s 1020 A L 00 £ n»:.l: Qo 74 N0-10 RS L 00 104 1220 Ras A
993deg, 12:00 AR 98 5deg, 1030 fEAF/N  98.6deg, 6:00 F13L A 98 7deg, 09:30 3L A 98.10deg, 13:30 FAEA
A B AN T A rn ac r an

o R A 14/ 108 35 4 25

TesB Ku c Ku C Ku

AR HH WV A% HH VWV vv HH WV

(AP 50 km 25 km, 50 km 25 km 50 km. 12.5 km, 25 km. 50 km
>1350 km (HH) 1400 km (HH) 1400 km (HH)

X 500 km 550 kkm*2

>1700 km (VV) 1800 km (VV) 1800 km (VV)

A& A 38deg & 44deg 18deg~59deg 46deg & S4deg 45~65deg 46deg & S4deg

FEMBREE 2~24m/s 4~24m/s 3~20m/s 4~24 m/s 3~20m/s

REMBRHE 20vs 5 10% 2m/s 2ms 2mis 2 10% dm/s

Re R  20deg 20deg 20deg 20deg 20deg
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Table 8 Comparison of Microwave SARs
HI-1C/SAR HY-3A.B/SAR TerraSAR-X Envisat /ASAR Radarsat-2/SAR
REEN  FEBAE (CNSA) FEA (CNSA) BEEATG  KAEARESA)  IIE K RCSA)
REE/ R IBMCAMEA) EHEHR (SOA) (DLR)
K H4%h,500km,97.37deg., $$0,799.9km 98 48deg., H%h,514 8km, %, 800km, 98 .55dey H2#1,798km, 98.6deg.,
6:00AM [E3Z 5 6:00AM P35 97.44deg.18:00PM  10:00AM P#7¢ i5 6:00AM P75 it
Rz 4
ERAER ) 31 29 11 35 24
W% NESZ <20dB -16~-23dB -19~-35dB -22~--30dB
W|ERE 3B <1 5dB 1~-3.1dB 15~35dB <1dB
THEE S x c x c c
TS, FWEEL Eass, ML 10, 5, L, HHEX, 30, 5,  EREE, 3@EEM)3TRR), 20,
ol 5, 40, 1, 20~40, HH+VV or 1~2, 10, HHor VV, HHor HV o1 VV or VH, 30—49
Py VVor HH, HHVV, HH+HV or HH+VV or 15~45 §Hﬂﬁﬂﬁit, S(Ebgﬂr‘]);g(l"&l‘]). 50,
. 31~44 15~60 VV+VH, HH+HV PR, N oV, 0=
" E=l i FAHR, 15-60 VV+VH.m 30, 56~100, ﬁlﬂﬁﬁvs(ﬁ'ﬁn{;@%ﬂﬁvso'vwm
FH, 20, 100, 5, 60~80, M@, 25,150, 20~55 HH or VV, iy o d
BUAR, S iy amer AEER ahnme,  SRLAEAR, DEERASSCOTRM). 25,
. 31~44 15~60 HE+HV of 3~8§, 30, Tt HESHV-VV+VH, 20~41
A B Sk VVUSUH HH+ nr W 56 ~ 100 B o =N
B T TN ¥ vV, antyyor SV, 39 ’ :Emmwr:{mx\.» D\thlﬂJ) SLABLM), LD,
G 10, 120~150,  15~60 HH+HV or VV+HH or HEHV+VVHVE, 20~41
HHVV. WL, VV+VH. HV+HH ot ¥ maw c;ﬁ)\nm) VR(EF BT FY*26( 2 1T 1),
15~60 100, 650, 20~4s VHHVV, 75, HHor or VH, 4960
HH+VV or kR, 1545 PR, ZS(MHI‘])’ZGUH_‘LI‘]), 100,
HH+HV or 16, 100, WL, ;i‘:gﬂv"'w"fm"”'m*ﬂv"fww“'
b mve  miaw,  A8ECummmooen) o
SREWER, VV+VE, 15~37 Bo—ds e ‘
100, 650, SREMBS, g, o)), 300,
R ATEEBR R LI =1E HH or HV or VV or VH or HH+HV or VV+VH ,
HH+HV or 300 MHz {3, HHorVV, 20~46
VV+VH, 15~37 FEMEH, 10000 5 F)*1000%7 B2 1),
15~60 500, HHor HV or VV or VH or
HH+HV or VV+VH,20~49
9
Table 9 Comparison of hyperspectral imagers
/pm /nm /m
Hyperspectral imager  Spectral range Band number Band width Spatial resolution Swath/km
HJ-1A/HSI 0.45~0.95 128 5( ) 100 50
, , 0.4~1.0
EO-1/Hyperion 220 10 30 7.5
0.9~2.5
ISS-JEM/HICO 0.38~1.0 124 5 100 50
8 . HY-3A/ . CRS-3.5.6.8,10/SAR N
SAR(X) TerraSAR-X . . 22
b b o
. . 10
HY-3A/SAR(C) Envisat/ASAR Table 10 In-orbit Chinese spaceborne ocean observing sensors
Y b Y
Chinese sensor Ocean application Smilar sensor
b
FY-1D/MVISR-2 . \ AVHRR, CZCS
. HJ-1C/SAR 2 2 /
) . Terra FY-2D/VISSR-2 . GOES/IMAGER
SAR-X, FY-2E/VISSR-2 . GOES/IMAGER
FY-3A/VIRR . . AVHRR, CZCS
3
FY-3A/MERSI s MODIS
s FY-3A/MWRI , s s TMI
38 s 10 FY-3B/VIRR s s AVHRR, CZCS
8 FY-3A.3B/MERSI.HY- FY-3B/MERSI . MODIS
1B/COCTS HJ-1A/HSI . FY-1D/ , , ,
FY-3B/MWRI TMI

MVISR-2, FY-2D/VISSR-2,
3A.3B/VIRR.HY-1B/COCTS

FY-2E/VISSR-2, FY-

FY-3A.3B/MWRI

,FY-3A.3B/MWRI
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10

Chinese sensor

Ocean application

Smilar sensor

HY-1B/COCTS

HY-1B/CZI

’

OTCS, SeaWiFS

FORMOSAT-
2/PAN-MS

IKONOS

CRS-3/SAR(L)
CRS-5/SAR(L)
CRS-6/SAR(L)
CRS-8/SAR(L)

CRS-10/SAR(L)

CRS-2/HR
CRS-4/HR
CRS-7/HR
CRS-9/HR
CRS-11/HR
CRS-2/PAN-MS
CRS-4/PAN-MS
CRS-7/PAN-MS
CRS-9/PAN-MS

CRS-11/PAN-MS

HJ-1A / HSI N N \ Hyperion, HICO
HJ-1A/CCD . Landsat 7/ETM-+
HJ-1B/CCD N Landsat 7/ETM-+
) Landsat 7/ETM-+,
CBERS-2/CCD

SPOT 5

Landsat 7/ETM-+,

CBERS-2B/CCD

SPOT 5
CBERS-2B/HR QuickBird
7ZY-2B/HR IKONOS
ZY-2B/PAN-MS IKONOS
ZY-2C/HR IKONOS
ZY-2C/PAN-MS IKONOS

DMC-BJ 1/PAN-MS

Landsat 7/ETM-+
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Chinese Spaceborne Ocean Observing Systems and Onboard Sensors (1988—2025)

HE Ming-Xia', HE Shuang-Yan', WANG Yun-Fei', YANG Qian',
TANG Jun-Wu?, HU Chuan-Min"*
(1. Institute of Ocean Remote Sensing, Ocean University of China, Qingdao 266003, China; 2. National Satellite Ocean Ap-
plication Service, Beijing 100081; 3. University of South Florida, St. Petersburg, FL 33701, USA)

Abstract:

tween 1988 and 2025 are comprehensively collected, including historical, in-orbit and planned (or future)

Information on the Chinese spaceborne earth observing satellite (and spacecraft) missions be-

satellites. A detailed introduction of eight satellite (and spacecraft, space station) series including
FengYun satellites (FY-n), ocean satellites (HY-n), resource satellites (ZY-n), environment satellites
(HJ-n), Chinese Remote Sensing satellites (CRS-n), Disaster Monitoring Constellation / BeiJing-1 micro-
satellite (DMC/BJ-1), ShenZhou spacecrafts (SZ-n) and TianGong space stations (TG-n) is given. All a-
bove satellite (and spacecraflt, space station) series are capable of ocean observation, and therefore com-
prise the Chinese satellite (and spacecraft) ocean observing system. Furthermore, the satellite (and
spacecraft, space station) observing systems for ocean color, sea surface temperature, sea surface height,
sea surface vector winds and Synthetic Aperture Radars (SAR) are listed respectively according to on-
board sensors. The performance of sensors onboard the Chinese and other similar ocean observing satel-
lites are compared and discussed and the gap is pointed out. The 38 in-orbit sensors onboard Chinese o-

cean observing systems and other similar satellite sensors are listed.

Key words: Chinese spaceborne ocean observing systems; satellite sensors; Ocean Color (OC) ; sea sur-
face temperature (SST); sea surface height (SSH); sea surface winds (SSW); synthetic
aperture radar (SAR)

1 CSA  http://www. space. gc. ca/

FY-n : http://www. cma. gov. cn/; http://nsmec. cma. JAXA  http://www. jaxa. jp/

gov. cn/; http://www. gmss. cn;http://61. 232, 252. 2/ Il

HY-n : http://www. soa. gov. cn/; http://www. nsoas. ADEOS Advanced Earth Observing Satellite

gov. cn AFRL Air Force Research Laboratory

ZY-n : http://www. cresda. com/cn/ ALDIN  Atmospheric Laser Doppler INstrument

DMC/BJ-1 shttp://www. blmit. com. cn/ ALT microwave ALTimeter

HJ-»n : http://www. jianzai. gov. cn/rs/; http://www. AMSR-E Advanced Microwave Scanning Radiometer -EOS

cresda. com/cn/ APS Aecrosol Polarimeter Sensor

S7Z-n : http://www. cas. ac. en/; http://www. cnsa. gov. ASAR Advanced Synthetic Aperture Radar
cn/ AVHRR Advanced Very High Resolution Radiometer
CRS»n : http://www. gov. cn/; http://www. cnsa. CAS Chinese Academy of Sciences

gov. cn/; http://www. cas. ac. cn/ CBERS China-Brazil Earth Resources Satellite

I0CCG http://www. ioccg. org/sensors/current. html; CEOS Committee on Earth Observation Satellites
WMO  http://www. wmo. ch/pages/prog/sat/GOSresearch. ht- CMA  China Meteorological Administration

ml; CMODIS Chinese Moderate Resolution Imaging Spectroradiometer
CEOS http://www. eohandbook. com/eohb05/ceos/part3 3. html
JCOMM  http://www. jcomm. info/

NASA http://www. nasa. gov/

CNES Centre National dEtudes Spatiales

CNSA China National Space Administration

COCTS Chinese Ocean Color and Temperature Scanner
COMS Communication, Ocean, Meteorological Satellite
CSA Canadian Space Agency

CZCS Coastal Zone Color Scanner

JPL  http://www. jpl. nasa. gov/
GSFC  http://www. gsfc. nasa. gov/
ESA http://www. esa. int/

CNES http://www. cnes. {r/ CZ1 Coastal Zone Imager

DLR http://www. dlr. de/en/ DLR German Aerospace Centre




12

(1988—2025) 103

DMC Disaster Monitoring Constellation

DRAGONESS DRAGON in support of harmonizing European and
Chinese marine monitoring for Environment and Security System
ENSO
EOS Earth Observing System

El Nino-Southern Oscillation

EPS Ensemble Prediction System
ERM Earth Radiation Measurement
ESA European Space Agency
EUMETSAT European Organization for the Exploitation of Mete-
orological Satellites

EVA Extra-Vehicular Activity

GEO-MWRI GEOstationary MicroWave Radiation Imager
GEOSS Global Earth Observation System of Systems

GHRSST High Resolution Sea Surface Temperature

GMES Global Monitoring for Environment and Security

GNSS  Global Navigation Satellite System

GOCI
GODAE Global Ocean Data Assimilation Experiment
GOOS

Geostationary Ocean Color Imager

Global Ocean Observing System

GRAS GNSS Receiver for Atmospheric Sounding
GSFC Goddard Space Flight Center
HICO Hyperspectral Imager for the Coastal Ocean

HR High Resolution camera

HSI Hyper Spectral Imager

IIS Interferometric Infrared Sounder
IOCCG International Ocean Colour Coordinating Group
IPEI TIonospheric Plasma and Electrodynamics Instrument
IR  multi-spectral Infrared Camera

IRAS Infrared Atmospheric Sounder

IRMSS Infrared Multi-Spectral Scanner

IRSA Institute of Remote Sensing Applications

ISS International Space Station

ISUAL Imager of Sprites and Upper Atmospheric Lightning
JAXA Japan Aerospace Exploration Agency

JCOMM  Joint WMO-IOC Technical Commission for Oceanogra-
phy and Marine Meteorology

JEM Japanese Experiment Module

JPL  Jet Propulsion Laboratory

LM Lightning Mapper

M3RS Multi-Mode Microwave Remote Sensor

MCA  Ministry of Civil Affairs

MCSI
MEP

Multiple Channel Scanning Imager
Ministry of Environmental Protection

MERIS MEdium Resolution Imaging Spectrometer

MERSI MEdium Resolution Spectral Imager

MERSEA Marine Environment and Security for the European Ar-
ea

MLR Ministry of Land and Resources

MODIS Moderate Resolution Imaging Spectroradiometer

MOST Ministry of Science and Technology

MVISR Multichannel Visible Infrared Scanning Radiometer
MWHS MicroWave Humidity Sounder

MWRI

MWTS MicroWave Temperature Sounder

MicroWave Radiation Imager

NASA National Aeronautics and Space Administration
NCSB  North China Sea Branch

NDVI Normalized Difference Vegetation Index

NIST National Institute of Standards and Technology
NOAA National Oceanic and Atmospheric Administration
NPOESS National Polar-orbiting Operational Environmental Sat-
ellite System

NRL Naval Research Laboratory

NSOAS National Satellite Ocean Application Service
OCI  Ocean Color Imager

OCTS Ocean Color and Temperature Scanner

ORSI  Ocean Remote Sensing Institute

OUC  Ocean University of China

PAN-MUX / PAN-MS Panchromatic and Multi-spectral camera
RAD microwave RADiometer

SAR Synthetic Aperture Radar

SBUS  Solar Backscatter Ultraviolet Sounders

SCA  mocrowave SCAtterometer

SSH Sea Surface Height

SST Sea Surface Temperature

SSW  Sea Surface Winds

SeaWiFS Sea-viewing Wide Field-of-view Sensor

SEM Space Environment Monitors

SIM  Solar Irradiation Monitor

SOA  State Oceanic Administration

TOU  Total Ozone Unit

TOVS TIROS Operational Vertical Sounder

TMI TRMM Microwave Imager

TRMM Tropical Rainfall Measuring Mission

VIRR Visible and InfraRed Radiometer

VISSR Visible and Infrared Spin Scan Radiometer

WFI Wide Field Imager

WMO World Meteorological Organization




