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摘要：10波段可见一红外扫描辐射计是我国楹轧FY一1C气泉卫星上的主要有效#i-戟．丰文舟绍了该仪器的构成、探涮 

波段、探测嚣、在鼽信号处理器和运行表现． 
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INTRoDUCT10N 

The Chinese FY一1C mete0r0l0zical satellite 

was 1aunched successfully in China by a CZ一4B car— 

tier rocket in Taiyuan Satellite Lauuch CeRte~oxq． 

May 10 ．1 999．The satellite accurately entered the 

sun—synchronous orbit at a height of 862．8km with 

an inclination of 98．8。and a period of 102．23 min， 

and descending time of 08：34．The main payload 

0{FY—IC is a 1O-band visible—IR scanning radiome— 

ter with 1．26farad instantaneous—field—d-view (I- 

FOV)and 1．1km resolution at the nadir． 

1 Composition of the Radiometer 

The radiometer(shown as Fig．1)is composed 

of fl scanner system，an optica1 system，visible and 

infrared detectors，image information processor， 

reference blackbody，radiant cooler and electrical 
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Fig．1 The scanning radiometer 

围 1 扫描辐射计 

system．The 45。scan mirror rotating at 360rpm is 

used．By means of the 1-FOV cross—track scanning 

and forward flight of the satellite，the two—dimen— 

sion image of the earth is formed．Figure 2 is the 

block diagram of the radiometer． 
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摘要 10 泼llI:可见红外扫描辐射计是我国捏轨 FY-1C 气卑卫星上的主要有提荷量，本文介绍了i:t仪器的构成、探删

班段、探测器、在轨信号处理器和运行量现.
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INTRODUCTION 

The Chinese FY -IC meteorological satellite 

was launched successfulIy in China by a CZ-4B car

rier rocket in Taiyuan Satellite Launch Centeτon 

May 10'\1999. The satellite accurately entered the 

sun-s归lchronous orbit at a height 01 862. 8km with 

an inclination 01 98.80 and a period 01 102.23 皿m.

and descending time 01 08 : 34. The main payload 

01 FY-IC is a l o-band visible-IR scanning radiome 

ter with 1. 26mrad instantaneous-field-of-view (1-

FOV) and 1. lkm resolution at the nadir. 

1 CompositioD of the Radiometer 

The radiometer Cshown as Fig. 1) is composed 

of a scanner system ‘ an optical system , visible and 

ìnfrared detectors , image information processor , 
reference blackbody I radiant cooler and electrical 
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Fig.l Tbe scanning racliometer 
固 1 扫描辐射汁

system. The 450 scan mirroI rotating at 360rpm is 

used. By means 01 the IFOV cross-tr.ck scanning 

and forward flight 01 the satellite. the two-dimen

sion image of the earth lS formed. Figure 2 is the 

block diagram 01 the radiometer. 

, 
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Fig．2 Block diagram of the 10-band scanning radiometer 

图2 10波段扫描辐射计流程囝 

Table 1 The detecting bands of lO-bnnd scanning radiometer 

表 】 l0通道扫描辐射计的挥刖波段 

2 Detecting Bands 

The radiometer has 10 detecting bands， 

among which the bands 1～ 6 are the same as in 

AVHRR on NOAA satellite．The bands 7～ 9 are 

used for observing ocean water color．The hand 10 

is located in the vapor—absorbing spectrum area and 

it s combined with band 2．which is 1oeated in no 

vapor--absorbing spectrum area to estimate the con-- 

tent ef vapor in atmosphere．Because the band 1， 

band 9 and band 7 are located at R，G，B of the 

spectrum ，respectively， the FY一1C can get real 

color image of the earth once a day． 

The detecting bands of the radiometer are list— 

ed inTable 1． 

3 Optical System 

Figure 3 shows the optical configuration of the 

10一band scanning radiometer．The incoming scene 

radiation is reflected and collected by a folded tele． 

scope． The collected radiation is then relayed 

through diehroic beam splitters to separate the ra— 

diation into four parts-- each part encompassing 

four，two，one and three bands of the FY一1C indi— 

vidaally．The radiation in the fonr separate wave-- 

length intervals is directed by four corresponding 

维普资讯 http://www.cqvip.com 

、_.-

32:? 虹外与毫米波学报 19 卷

Ra.d latlOT1 

Rod，四， C"""

TlR[泣也汇10'

V路}l1R，S认同IR

DETECTORS 

SlgnB.l Amph日阳

DC Restor&lJ.on 

AfÐ Ccuw酣阳

k咀萨 SlgrLB.I
-回归x

1 ])08Mb'p5 

8872Kb'p5 

? 

Clv.;k S,ild L咱幽I Ct配四

Flg. :2 Block diagram of the lO-band scanning radiometer 
图 2 10 破段扫描辐射计流程图

Tab1e 1 The detecting bands or lo-band s四nning radlometer 
表 1 10 通遭扫描辐射甜的黯测撞段

吧吃rial numb e-r 

8 

9 

1ο 

2 Detecting Bands 

Detecting band rμm' 

0.58......0.68 

0.84 ,-..., 0.89 

3.55---3.93 

10.3.......1 1. 3 

11. J 飞 12. 5 

1. 58..... 1. 64 

0.43......0.48 

0.48......0.53 

0.53......0.58 

0.900......0.965 

The radiome,er has 10 de'ecring bands 咱

among whi c-h the bands 1 -- 6 are the same as in 

A VHRR on NOAA sa,ellite. The bands 7 ~ 9 are 

used for observing ocean water color. The band 10 

is located in fhe vapor-absorbing spectrum area and 

it is combined with band 2. which is located in no 

vapor-absorbing spectrum area to estimate the con 

tent of vapor in atmosphere. Because the band 1. 

band 9 and band 7 are located at R. G. B of the 

spectrum. respectively. the FY-1C can gef real 

color image of the earth once a day. 

Objects 

Cloud , Ve-getat lOn 

Ve-getation I Atmospheric cOTrection 

Flre and Night te-mp e-rature 

Oc e-an and land surf fLce te-mp e-ratur e-

Ocell.n lI.od land Surh.Cof temp e-rature 

CroP watE'1 contt'nt and soil mOlstur e-

口 cean wfLtt'r co10l 

Oct'an W fLtt'r ("0101 

Oct'an wfLtt'r co1or 

Vapor C'Onte-nt 

The detecting bands of fhe radiomefer are lisf 

ed in Table ]. 

3 OptlcaJ System 

Figure 3 shows the optical configuration of the 

10-band scanning radiometer. The incoming scene 

radiation is reflected and collected by a folded tele 

scope. The collected radiarion is then relayed 

through dichroic beam sp1iners tO separate the ra 

diation into four parts-each part encompassing 

four. two. one and three bands of the FY -lC indi

vidually. The radiafion in fhe fouc separafe wave

length intervals is directed by four corresponding 
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Fig．3 The optica|system of the scanning radiometer 

图 3 扫描辐射计的光学系统 

aft-optics assemblies，respectively．Four fibers are 

used in bands l，7．8 and 9 and the radiationis sent 

via the fiber to the silicon detectors．Silicon detec． 

tors are also used in hand 2 and band 10．The PC— 

HgCdTe detectors cooled by the radiant cooler 

working at 105K are used in bands 3，4 and 5．The 

PV-HgCdTe detector working at room temperature 

is used in band 6．Bandpass filters set before the 

detectors form the required ten spectral bands． 

The error between measured and designed values 

of central wavelength is less than 1 ．The IFOVs 

of each detecting hand are al1 1．26mrad． 

In order to simplify the optical system，the 

cornnlon IFOV of the optical system is not used． 

IFOVs of 4 bands are 1ocated at the optica1 axis 

and registered，IFOVs of other 6 bands are ar． 

ranged on both sides of the optical axis along the 

CH5 

CH9 

CH1O 

CHI 

C1t2 
OH4 CH3 

Cm  

scanning direction． Bands 5，9，10 have a 

lead of two sampling periods．band 7 has a 

lead of four sampling periods and hands 3，8 

have a lag of two sampling periods from the 

axis(shown as Fig．4)．The images of dif- 

ferent bands can be registered basically af- 

ter processing on the ground． 

4 Detectors 

Single-element Si detectors are used in 

the four visible detecting bands with an el- 

fective sensitive area 0．7mm ×0．7mm．The 

peak response at 0．9⋯m is better than 0．5 

A／W and the response at 0．43|nn is better 

than 0．1 5A／W after using violet-enhancement 

technology．This helps the radiometer to improve 

the ahility to observe ocean chlorophyl1 content． 

The hand 6 uses PV-HgCdTe detector work． 

ing at room temperature with the sensitive area of 

0．4mm×0．4mm and D ≥ 3×10“cmHzl／gW ． 

The three-element LW —IR PC—HgCdTe detec． 

tors with micro—filters are operated at 105K cooled 

by a radiant cooler．The D is hetter than 1×10“ 

emHz W at 3．55～ 3．93t~m and 2×1010CmHz ／ 

W — at 10．5～ 12．5“In．The sensitive area of each 

element is all 0．25mm× 0．27mm．The power con— 

sumption of three detectors is less than 1 0mW ． 

5 Radlant Cooler 

The radiant cooler adopts two-stage adiahatic 

supporting structure and the radiators are open to 

FourWordsAI- T帅 Words Alle|d O朝廿IlFOV Wo|dsBehind 

Fig-4 The arrangement of 10 bands IFOV 

图4 lO个波段瞬时视场的排列 

deep space． By the relay optics， the IR 

radiation is coupled to the detectors set on 

the second stage cold patch． The cooling 

power ja more than 20mW at 105K and ex一 

— — ceeds the heating power produced by bias 

current of three IR detectors working． 

The radiant cooler has an anti-contami— 

nant cover．In the early period of satellite in 

the orbit，the anti-contaminant cover was 

closed and the radiant cooler was heated to 

disperse the vapor preventing the decrease 

of IR band signal caused by vapo r depo sit 

on the cool lens surface．The heating power 

维普资讯 http://www.cqvip.com 
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Fig. 3 The optical system of the scanning racliometer 
图 3 扫描辐射计的光学革统

aft-optics assemblies. respectively. Four fibers are 

used in bands 1 t 7.8 and 9 and the radia t.ion is sent 

via the fiber to the silicon detectors. Silicon detec

tors are also used in band 2 and band 10. The PC

HgCdTe detectors cooled by the radiant cooler 

working at 105K are used in bands 3.4 and 5. The 

PV -HgCdTe detector working at room temperature 

阳 used in band 6. Bandpass fìlters set belore the 

detectors form the required ten spectral bands. 

The errQr between measured and designed values 

01 central wavelength is less than 1 %. The IFOVs 

01 each detecting band are all 1. 26mrad 

In order to simplily the optical system , the 

common IFOV 01 the optical system is not used. 

IFOVs 01 4 bands are located at the optical axis 

and registered , IFOVs of other 6 bands are ar

ranged on both sides 01 the optical axis along the 

CHS 
CH9 

CH10 

m
m
m甲
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Fig.4 The arrangt'mem of 10 bands 'IFOV 
图 4 10 个波段瞬时视场的排列

scanning direction. Bands 5 , 9 , 10 have a 

lead 01 two sampling periods , band 7 has a 

lead of lour sampling periods and bands 3 , 8 

have a lag 01 two sampling periods from the 

axis {shown as Fig. 4 l. The images of dif

lerent bands can be registered basically af-

peak res ponse a t O. 9μm is better than O. 5 

A/W and the response at O. 43μm is better 

than O. 15A/W after using violet-enhancement 

technology. This helps the radiometer to improve 

the ability to observe ocean chlorophyll content. 

The band 6 uses PV-HgCdTe detector work

ing at room temperature wíth the sensitive area of 

O. 4mm XO. 4mm and D" 运 3 X lOllcmHzuzW- 1 • 

The three-element LW-IR PC-HgCdTe detec

tors wÎth micro-filters are operated at l05K cooled 

bya radiant cooler. The D' is better than 1 X 10" 

cmHz >l' W-' at 3, 55-3. 931'm and 2 X 101OcmH.'12 

W-'at 10. 5-12.5I'm. The sensitive 盯ea of each 

element is all O. 25mm X O. 27mm. The power con

sumption of three detectors Ìs less than lOI丑W.

5 Radlant Cooler 

CHJ 
CH8 

The radiant cooler adopts two-s臼ge adia ba tic 

supporting structure and the radiators are open to 

deep space. By the relay optics , the IR 

radiation is coupled to the detectors set on 

the second stage cold patch. The cooling 

power is more than 20m W at 105K and ex-

._ ceeds the heating power produced by bias 

current of three IR detectors working. 

The radiant cooler has an anti-contam.Î

na'nt cover. In the ea r1 y period of satellite in 

the orbit. the anti-contamÎnant cover was 

closed and the radiant cooler was heated to 

1.2臼w

disperse the vapor preventing the decrease 

of IR band sign.l caused by vapor deposit 

on the coollens surface. The heatinp: power 
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Fig 5 Image signal processor configuration 

图 5 图像信号处理器的构 成 

was 40W ． After 30 days， the anti—contaminant 

cover was opened according to the command， 

heating stopped and radiant cooler began to work． 

W hen the radiator reaches 105K，three IR bands 

started to work，then the radiometer was in nor 

mal working state． 

6 Image Signal Processing 

For each detecting band the signal bandwidth 

of the 10 band radiometer is 0．04 Hz～ 15．7KHz． 

the sampling period is 25ps，and data are digitized 

in 10bit．The image signal processor with its COn— 

figuration shown as Fig．5 has two functions： 

· Rate buffer and form CHRPT information 

frame 

· Depressing the resolution of image，cor 

recting the geometrical distortion from scanning 

and forming GDPT information frame． 

At the orbit altitude of 870km ，the angle sub． 

tended by the earth is 123．25。． Considering that 

the ground resolution of image drops notably while 

viewing the earth edge，only the part of scene in 

formation of 士 55．4。is digitized． The data are 

stored 1n the RAM in the way of quickly storing 

and slowly reading．The data read from the RAM 

are expanded to 332．4。on the tlme axis to make in 

formation rate compressed by three times． The 

synchronous code，tjme code， attitude code and 

reference blackbody signal for radiation correction 

will be inserted in the remaining 27．6。，and the in— 

formation fc)rmat of CHRPT with a rate of 1．3308 

M bps is formed finally．Each frame of image signal 

consists of 2218O words and iIs format is shown ln 

Fig．6． 

Although the CHRPT image signal is still 

transmitted jn the S．band．the rate of CHRPT im— 

age signal is double of that of the HRPT signal of 

0AA satellite．The current ground stations for 

NOAA satellite should be improved so as to receive 

the rea1．time image data sent from the Chinese FY一 

1C M ete0r0logical Satellite． 

In order to get world cloud image and 1et the 

record volume not be tOO large，we process the im 

age signals of bands 1，2，4，6 in the way of picking 

up one from each three scan 1ine data． Then the 

scan 1ine data of both sides between ± 55．4。of 

nadir are divided into 11 sections，written in RAM 

2 4 IO 10 60 l00 l408 20480 lO0 

Fig．6 The format of image signal 

图6 图像信号格式 

维普资讯 http://www.cqvip.com 
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FLg.5 ImagE' signal ç.-rDC'essor ..:on fLguraúon 
图气 图像信号处理器的相成

stored III the RA]'vl in the way of qUl ckly ~toring 

and slowly reading. The data read frorn the RAM 
are expanded tu 332. 4~ on the time axis 10 make in 

formation ra te compres :s.ed by three tlmes. The 

synchronous code. time code. attirude cude and 
reference blackbody signal for radiation correction 

will be inserted in the remaining 27. 6c
• and the in

formation format of CHRPT with a rate of 1. 3308 

Mbps is formed finally. Each frame of irnage signal 
consí :s.ts of 22180 word :s. and its format is shown III 

Fig.6. 
Although the CHRPT image signal is still 

transmitted in the S-band. the rate of CHRPT im
age signal is double of that of the HRPT signal uf 

;";'OAA satellite. The current ground statiom:. fur 
~OAA satellite should be improved so as to receive 

the real-time ímage data sent from the Chínese FY 

1C Meteorological Satellite. 
In order to get world doud image and let the 

record volume not be too large ~ we process the im 

age signals of bands 1 ~ 2 嘈 4 ， 6 in the way of picking 
up one from each three :s. can line data. Then the 

scan line data of both sides between 土 55. 4' of 

nadir are divided into 11 sections 嘈 written in RAM 

After 30 days. the anti-contaminant 

cover was opened according to the cummand. 

heating :s.topped and radiant cooler began to work 

When the radíator reaches 105K. three IR bands 

was 40W. 

started to work. then the radiometer was in nor 

mal working state. 

Image Signal Processing 

For each detecting band the signal bandwidth 

of the 10-band radiometer is 0.04 Hz-15. iKHz. 

the :sampling period i:s. 25阳咽 and data are digitized 

in lObi t. The image signal proce :s.sor with lts con
figuration shown a :s. Fig. 5 has two functions: 

• Rate buffer and form CHRPT inforrr>atton

6 

frame 

Depressing the re :s.olution of ímage t cor
recting the geometrical distortion from sca f1 ning 

and forming GDPT information frame 

At the orbit altitude of 870km. the angle sub
tended by the earth is 123. 25'. Considering that 
the ground resolution of image drop :s. notably while 

viewing the earth edge ~ only the part of scene in 

formation of 土 55. 40 is digitized. The data are 
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at different speed and read Out at the same speed to 

correct the geometrical distortion from scan．The 

average resolution is 3．1kin and signal output 

speed is 88．72Kbps． 

7 Performance of the Radiometer in Orbit 

main specifications of the 10——hand scanning ra—— 

diometer are shown in Table 2． 

Figure 7 is the first cloud image of FY一1C me— 

teorological satellite and Fig．8 is the first IR cloud 

image of FY一1C meteorological satellite．W e hope 

that the FY一1C meteorological satellite can work 

The FY一1c t llit w 1 “ h d mt。 rh 
n。rmaUy and reach its expected 1ifetime 。f tw。 

predetermined orbit at 09 ：33 a．m．-Beijing 

Time．on May 10 t 1 999．The scanning radiome— 

ter began to work at 11：1 6 a．m．，the ground sta 

tion received the real——time image signal of four visi— 

ble bands，tWO N—IR bands and one SW IR band 

from the satellite at once．The radiant cooler began 

to work on June 9 after the heating for outgassing 

for about orte month．On】une 10 ，the tempers— 

ture of the cooler’S patch reached 105K，three in— 

flared bands were switched on and image signals of 

ten bands of the scanning radiometer were trans— 

mitted．The image data of FY一1C satellite are be 

ing applied in weather forecast，flood monitoring． 

forest fire monitoring，vegetation index estimation· 

observation of ocean chlorophyll， monitoring of 

the global weather and ocean temperature，etc．It 

has worked normally for more than one year．The 

Fig．7 The first cloud image taken from FY一1C 

meteorological satellite 

图 7 FY一1C气象卫星第 一张云图 

years 

Fig．8 The first IR cloud image taken from 

FY lC meteorological satellite 

图 8 FY一1c气象卫 星第一张红外云图 

Table 2 The m ain specifications of the 

lO-Imnd scanning radiometer 

表 2 10通道扫描辐射计的主要特性 

Parameter Measured Specification 

Number of detecting bands 

IF0V 

Ground resolution of image 

Detector 

Cogler 

De tection sensitivity 

Optical apertu 

Scanning rate 

Data quant J~tion 

DB r4J．te 

Weight 

Power consumption 

l0 

1_26mr 

1．1km 

．
PV HgCdTe，PC—HgCdTe 

Radiant cooler．105K 

NE△p≤ 3X 10一 (Bands1t 2t 

7，8，9，10) 

NE a20~ I×10一 (Ba nd 6) 

NE 0．27K (BBnds 3，4t 

5) 

~200mm 

360rpm 

lObit 

1．3308M bps 

53kg 

44W 

维普资讯 http://www.cqvip.com 
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at differe-nt spee-d and r e-ad out at rhe- :same speed to 

corre-ct rhe- geometrical distortion from scan. The 

average re-solutÍon is 3. lkm and signal output 

speed is 88. 72Kbps. 

7 Performance of the Radiometer in Orbit 

The FY-1C satellite was launched into the 

predetermined orbit at 09 33 a. m.. l3e ijing 

Time. on May 10飞 1999. The scannrng radlome

te-r began to work at 11 16 a. ffi. • rhe ground sta 

rion re-ceived the real-time image signal of four VISI

ble bands. twO N-IR bands and one SW-IR band 

from the satellite at once-. The radiant cooler began 

to work on J une 9th aft e-r th e- heating fùr outga~sing 

for about une- month. 00 Jun巳 10th • the tem阴阳

ture- of the- cooler's patch reache-d l05K. rhree- in 

frared bands were- switche-d on and image slgnals of 

te-n bands of the scanning radiomete- r were trans 

mitted. The image data of FY-1C satel1 ite are be 

ing applie-d in w e-ather for e-cast. flood monitorÍng. 

forest hre monitorÍng.vegetation Índex e-stimation. 

observation of ocean chlorophyll. monitorÍng of 

the global w e-ather and oce-an tempe-rature-. e- tc. 1t 

has worked normally for more than one year. The 

Fig.7 The ficst cloud image taken fcom FY-1C 
meteorological sate l1ite 

图 7 FY -lC 气靠卫垦第一张孟圈

maÍn specifrcations of the lO~band .scanning ra 

dÍometer are- ~hown in Table 2. 

FÍgure 7 is the fir :s t cloud image of FY~lC me~ 

teurulogical satellite and Fig. 8 is the first IR cloud 

image of FY~lC meteorologÍcal satellÍte-, W e- hope

that the FY-1C meteorological satellite can work 

normally and re-ach its e-xpe-ct e-d liferime of twO 

years 

F哩.8 The first IR cloud image taken from 
FY ~ lC meteorologic-al satellite 

图" FY-1C 气卑卫星第一张红外孟图

Tabl t" 2 Tbe main specifjcatlons of the 
lo-band scaDDio.g radiome阳r

表 2 10 通道扫描辐射计的主要特性

Parameter Measuroo Spe口fication

Number 01 detectmg bands ln 

IF口V L 26mr 

Ground resolutLon of image L lkm 

De tector Sl. PV-HgCdTe.PC-HgCdTe 

Cooler Rad1ant coo缸. losK 

Detect10n :;;ensitL...ity )l E.:lp豆 3 、<1 0 飞Bandsl.2.

口ptical aperture 

Scanning rate 

Data quant1zatlon 

Data rate 

Weight 

Power consumption 

7.8.9.10) 
XE.:lp:;;:1 、''1 0~~( Band 刷

:'\E.6.T:;;:O, 27K (Bands 3, 4. 

5) 

<þ200mm 

360rpm 

10b1t 

1. 3308Mbps 

53kg 

..明F
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