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Fig. 1. Ground-based detector observable area.
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#1 Ka=5TDEMNYHESEH
Table 1. Physical parameters of the FY-3 satellite.
HSEZ A JUTRST /mm kL V2 RS VT ES
PEAK 4460 x 2200 x 3790 F46ZR i M 0.81 0.1
G1] SR107TH& 0.87 0.17
IR MR 40 x 7800 x 3790 IR IR BH Ha, 0.86 0.9
e LG 0.88 0.93
#2 Koa=5TDEMNPESH
Table 2.  Orbital parameters of the FY-3 satellite.
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Fig. 4. During the observation period, (a) the elevation angle and
cosine between the normal of satellite’s side and the direction of

range of the FY-3 satellite to ground-based detector, (b) the angle
detector, (c) the simulated temperature field of the FY-3 satellite,

(d) the infrared spectral irradiance of the FY-3 satellite on the detector and the infrared spectral irradiance of geosynchronous

satellite measured by BASS.

059501-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 68, No. 5 (2019) 059501

4.3 IREXEHREFME

Yo = 10, H (25) SR AGELLAMDE I B
B A 2 T R A ) S5 S0 R R AT AR, AN 5
Firs; no= 2 0F, 4T (25) sUEAUE LM G IEEE TS
IR R EEFNRAL, 40l 6 s,

4.4 RS

WAL 4(a) Bz, 6L HA (] T X b T % 0
TN A ARHIE A (AR H K. ZERIERY 15 min HL, A
AR A-10°—70°; RHEAZR{E A 1000—5000 km.
P EERM AR (5 S A LR 250, K
T b SR 28 Xt A b T A ORI X . b A

305

300

295

2901

Temperature/K

285,

—e— TEMPRIEE
——n = LINEHEE

280
(a)
275 * * * * * *
9:50 9:52  9:54 9:56 9:58 10:00 10:02 10:05
Time(hour:minutes)
5

Area/m?

A T AW IR, Fh T A8 2l | A8 PRI v
DAL OO0 P el A S 5 i) TR T A s i A
2. W 4(b) A 4(c) Fis, TE 9:50—10:05 JHHE],
TR E , T TR TR0 85 14 7]
DA OUERA B AR, X 3T # 4(d) ' 8—14 pum
Mg M Ze iy 22 5. X EEIE 4(d) B = =
5 I RIERIAS ERYLLAM GG B F BASS &
SRS () HER R0 DR LT AMGRE, AT gk ik
— 2, HARE AN BE W OREATE], X ] 1R
ARURHERRTE.

I 5(a) 7S S5 R80 BE AR 30T R AU 114 1 B2
T 22 UAE 15 K 2247 302 i TR B v pR A0
JETEARHRON |, IR EAERR A 2RI AR B3RS TR

45

40 f —— PRBHHH

——n = 1SR
35
30
251
201

151

101

lw, T
9:50 9:52 9:54 9:56 9:58 10:00 10:02 10:05

Time(hour:minutes)

TE WL S8 0 , () 45280 BE 15 A B PR T8 9 LU, () A5 28T AR R T 222 X R 0 2 45 522 T AR A L

Fig. 5. During the observation period, (a) the comparison of the color temperature of n = 1 and solar panel temperature, (b) the

comparison of the emissivity-projected area of n = 1 and satellite’s projected area.
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Fig. 6. During the observation period, (a) the comparison of the higher temperature of n = 2 and solar panel temperature, (b) the

comparison of the area corresponding to higher temperature and the area of solar panel, the comparison of the sum of the areas of n

= 2 and the projection area of the satellite to the detector.
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Abstract

Satellite infrared spectra based on ground-based detector are affected by complex factors such as satellite
surface temperature, solar radiation, observation angle, etc, whose change cannot be detected in external field
experiment. Therefore, it is impossible to analyze what are the main factors that affect the satellite infrared
spectra. At the same time, due to the lack of physical information about the satellites through the external field
experiment, the validity and physical significance of retrieving features from satellite infrared spectrum cannot
be explained. In view of the above problem, a method to model and analyze satellite thermal infrared spectra
based on ground-based detector is proposed. It is a feasible research method to accurately establish satellite
thermal infrared spectrum model based on the ground detection, then to analyze the simulated infrared
spectrum data. Firstly, considering the solar radiation, earth radiation, detectable range of the satellite on the
detector, observation angle, atmospheric attenuation, etc., the satellite thermal infrared spectrum model can be
established more accurately. Then, taking FY-3 satellite for example, the physical and orbital parameters of the
satellite are set up, and the 3—14um infrared irradiance of the satellite on the pupil of the detector is calculated
by using the model. Meanwhile, the main factors affecting the infrared spectrum of the satellite are analyzed.
Finally, the equivalent temperature and equivalent area are extracted by fitting the satellite infrared spectrum
with the Planck formula. And they are compared with the physical properties of the satellite. The results show
that among the various factors, with the satellite’ movement, the change of the visible state of the satellite
induced by the satellite’s movement is the main factor that affects the satellite infrared spectrum. The physical
meanings of the equivalent temperature and equivalent area can also be explained effectively. The equivalent
temperature is close to the temperatures of the solar panels, and their temperature difference is only about 15 K.
The change of equivalent area is consistent with that of the satellite projected area. Moreover, it is also found
that there is a large temperature difference between the solar panels and the body, which makes their infrared
spectra obviously different. Therefore, it is hopeful to obtain the areas and temperatures of the solar panels and
the body respectively. This research can make up for the shortcomings of the external field experiments and

promote the monitoring and recognizing of satellites by ground-based infrared detectors.
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