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Abstract

The Visible and Infrared Multispectral Imager (VIMI) is one of the main
payloads of the GF-5 satellite. It has 12 spectral bands covering the wave-
length from visible light to thermal infrared. The imager designed life is 8
years. In order to monitor and correct the radiometric performance of the
imager for a long time and meet the user’s demand for the quantitative re-
mote sensing application, the expandable diffuser used for calibration in full
FOV and full optical path method is designed. The solar diffuser is installed
on the front side of the optical system and does not affect the normal imaging
of VIMIL. When VIMI need calibration, the diffuser is expand to the front of
optical system via the driving mechanism. According to the characteristics of
the GF-5 satellite orbit, the requirement of the calibration energy and the in-
stallation matrix of the imager relative to the satellite, the expansion angle of
the diffuser is 39 degrees. The 430 mm x 430 mm large-size PTEE diffuser is
manufactured to ensure full FOV and full optical path calibration. The dif-
fuser’s directional hemispherical reflectance is higher than 95% from 420 nm
to 2400 nm and variation of BRDF in the direction of imager observation is
better than 2.5%. The diffuser stability monitoring radiometer is designed to
monitor the on-orbit attenuation performance of the diffuser. Results of
ground simulation experiments and preliminary on-board calibration expe-
riments were introduced.
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1. Introduction

GF-5 is a high-spectral satellite of China’s high-resolution earth observation sys-

tem. The visible infrared multi-spectral imager (VIMI) built by Beijing Institute
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of Space Mechanics & Electricity (BISME) is one of the main loads of the GF-5
satellite running in the sun-synchronous orbit (1:30 pm ascending northwards)
launched in May 9, 2018. VIMI has a swatch width of 60 km and makes observa-
tion in12 spectral bands covering the spectrum from 0.45 to 12.5 pm at two na-
dir spatial resolutions of 20 m (bands 1 - 6), and 40 m (bands 7 - 12), as shown
in Table 1.

According to the characteristics of VIMI, such as multi-band, high resolution
(large aperture of optical system), long life and high calibration accuracy, we
have investigated high quantification payloads such as MTI [1] [2], MODIS [3]
[4], VIIRS [5] [6] and OLI [7] [8] and designed a large-scale solar diffuser(SD)
and solar diffuses stability monitor (SDSM) to fulfill all optical path and all field
of view or-orbit radiation calibration. Part II briefly introduces the on-board ca-
libration instrument. Part III shows the results of ground simulation experiment.

Part IV presents the preliminary on-board calibration performance and results.

2. Overview of On-Board Calibration Schemes and
Instruments

The GF-5 satellite operates in solar synchronous orbit with an orbit altitude of
705 km. In order to reduce the effect of radiation from earth during radiometric
calibration [9] [10], the absolute radiometric calibration of VIMI B1-B6 band is
executed after the GF-5 satellite enters the full illumination area from the pe-
numbra near the Antarctic sky (EF arc in Figure 1).

The calibration instrument is mainly composed of SD, SDSM and SD driving
mechanism (SDDM). The SDDM includes a stepping motor, gear reduction
unit, emergency components, etc. The three-dimensional model is shown in
Figure 2. Before calibration, the gear reduction unit with a transmission ratio of
8:1 is driven by the stepping motor, then the SD is driven to rotate. The SD

Table 1. Some parameters of VIMI.

Band Spectral range Nadir Resolution
Bl 442.6 nm - 515.6 nm
B2 513.0 nm - 586.3 nm
B3 621.2 nm - 685.0 nm
20 m
B4 761.8 nm - 882.6 nm
B5 1.6 um - 1.8 um
B6 2.1 um - 2.4 ym
B7 3.5 um - 3.9 um
B8 4.8 um - 5.0 ym
B9 8.0 um - 8.4 um
40 m
B10 8.4 ym - 8.9 um
B11 104 um - 11.3 um
B12 114 um - 12.5 um
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Figure 2. The calibration instruments and the spreading angle.

reaches the designated position via counterclockwise rotation around the Y axis
from the +X axis to +Z axis in the imager coordinate system. The reflected sun-
light from the SD is introduced into the optical system. According to the pupil
radiance and the output digital number (DN) of the imager establishes calibra-
tion equation. At the same time, the bidirectional reflectance distribution func-
tion (BRDF) attenuation of SD is monitored and corrected by SDSM. At the end
of calibration, the SD is return to the original location, and the imager imaging
optic path is not interrupted. The SD is protected in the receiving device from
ultraviolet radiation, high-energy particle bombardment and satellite gas pollu-
tion. If the SD can’t return to the initial position at the end of calibration causing
the imaging optic path is interrupted, the emergency component of the SD is ac-
tivated, so that the driving gear of the SDDM is detached, and the SD automati-
cally returns to the initial position under the action of coiling spring, and then
on-orbit SD calibration is no longer carried out.

During on-orbit SD calibration, the spreading angle a of SD is 39 degree, solar
zenith angle is ranging from 76 degree to 66degree. In order to realize the cali-
bration of all-optical path and all-field-of-view, the SD size is 430 mm x 430
mm .The scale of SD can calculate based on simple geometric relationship ac-
cording to the imager field of view and the distance between the SD and the
primary mirror size. The materials of SD are polytetrafluoroethylene (PTFE) with
high diffuse reflectance, flat spectrum, high Lambert and stable on-orbit perfor-
mance. Figure 3 shows the DHR of the calibrated SD measured in laboratory.
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Figure 3. Directional hemispherical reflectance (DHR).

The reflectance of the SD is higher than 95% in the 420 - 2400 nm spectral re-
gion, and the spectrum is flat.

The Lambert property of SD is tested in laboratory. As shown in Figure 4,
only the BRDF of Bl and B2 bands at imager observation angle is given here.
The BRDF change of SD in use angle is less than 2.5% indicated its good Lam-
bert property.

The SDSM directly monitors the attenuation of SD in Bl, B3, B4 and B5
bands. The attenuation in B2 and B6 bands is obtained indirectly from the at-
tenuation data of known bands. The solar irradiance/SD reflectance radiance can
be observed by the SDSM through the shutter switch controlled by the solenoid
valve. The SD and SDSM are shown in Figure 5. The attenuation of BRDF of SD
is corrected by the signal ratio of solar irradiance and SD reflectance radiance
and its historical data comparison.

The relationship between the attenuation H(4,,7) and the output DN of
SDSM is as follows.

DNy, ,(4;) A(t)cosO,,,,
DNy, (&)  cosby,, DN, (%) cosby,

DNy, (4;) A(ty)cos 6,

sun,fy

H(A,1) =

where DNy, (4,), DN, ,(4) are the observed values of SD and sun by SDSM
after dark current is subtracted respectively. A(t), A(t,) are the cosine correc-

tion factors of SDSM at tand ¢, time respectively.

3. Ground Simulate On-Orbit Calibration

In order to verify the calibration efficiency of SD on orbit, simulation experi-
ment is carried out on the ground using solar simulator. The solar simulator
(SSM) collimates the beam outgoing, and the opening size is 20450 mm, which
ensures that the beam can cover the SD completely, as shown in Figure 6.

The radiation emittance of SSM is set to 0.8, 0.5, 0.3 and 0.1 solar constant
(SC). The imaging parameters of VIMI are set and the output DN is recorded.
The measurement results are shown in Table 2. Figure 7 shows the relationship
of output DN of B1 and B6 band with SC.
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Figure 4. BRDF of the diffuser.

Figure 5. SD and SDSM.

Figure 6. Ground simulate on-orbit calibration.
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Figure 7. The DN value of VIMI changing with the solar constant.
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4., On-Orbit Calibration Performance

The first on-orbit SD calibration was carried out for the full spectral imager
VIMI on August 28, 2018, and the site calibration was carried out over the
Dunhuang site on September 11, 2018. For the same region as shown in Figure
8, the two calibration results were compared. As shown is Table 3, the results of
two calibration methods have good consistency except B4 and B6 band.

Since launched from May 9, 2018, several times on-orbit calibration experi-
ments have been carried out and SDSM monitored the stability of SD and ob-
tained calibration coefficients at different time as shown in Figure 9.

It can be seen from the figure that the SD has no obvious attenuation and the
calibration coefficient is relatively stable, but with seasonal fluctuations. It may
be caused by the different incidence angle of the sunlight causing the different

stray light in different seasons.

Table 2. Output digital signal under different imaging parameters.

Bl B2 B3 B4 B5 B6
0.8 SC 2004 2088 3536 3007 1851 3544
0.5SC 1545 1578 2720 2398 1450 2780
0.3 SC 1351 1368 2338 2094 1240 2274
0.1 SC 1128 1142 1943 1778 1043 1899

Table 3. The comparison of two calibration results.

Bl B2 B3 B4 B5 B6

DN 1216 1465 1485 1284 1519 1285
Radiance based on SD calibration W/m?/sr 99.5 97.9 85.5 56.8 14.7 52
Radiance based on site calibration W/m?/sr 96.8 95.2 90.7 63.6 14.2 4.5

Relative deviation (%) 2.8 2.8 -5.8 -11.3 34 13.5

Figure 8. The region used for comparison.
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Figure 9. The calibration coefficients at different time.

5. Conclusion

This paper introduces the GF-5 VIMI’s on-orbit solar calibration method and
the design of calibration instruments, including SD, the emergency exit design of
SD and SDSM et al. The ground simulation experiment and on-orbit calibration
performance are introduced. The results show that the SD has no obvious atten-
uation and the calibration coefficient is relatively stable, but with seasonal fluc-
tuations. This phenomenon may be caused by stray light. Follow-up work need
to collect more monitoring results to determine whether the variation changing
periodically with the season certainly. If it is determined that need to establish
the model of stray light changing with illumination and observation angle to

improve the accuracy of attenuation monitoring and absolute calibration.
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