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2025)", and is an important symbol of China's hyperspectral remote sensing capability. The satellite
operates in a sun-synchronous orbit with an altitude of 705 km and a local time of dscending node of 10:30
AM. For the detection of fine particulate matters, the satellite is equipped with a dual-polarization crossfire
payload suite composed of a high-precision particulate obersving scanning polarimeter (POSP) and an
atmospheric multi-angle aerosol directional polarization camera (DPC), so aerosol information such as
AOD and PM,; can be obtained through the joint detection of dual-polarization payloads. This paper
mainly introduces the overall technical scheme of the hyperspectral satellite and the dual polarization
payloads, and elaborates on the key design points of polarization crossfire mechnism, including the
engineering design of timing, spectral channel selection, spectral channel matching and field of view
matching. At the same time, the on-orbit performance of the polarization crossfire detection mode is
evaluated. The results show that the time synchronization accuracy of the dual-polarization payload is
better than 0.4 ms, and the field of view matching accuracy is better than 0.066 pixel of POSP, meeting the
requirement of aerosol inversion. Finally, the in-orbit measurement performance of dual-polarization
payloads is cross-verified. It is shown that the fitting determination coefficient of radiation measurement
and reference value is higher than 0.96, and the average absolute difference of linear polarization is better

than 0.0088, which meets the design requirements of in-orbit detection accuracy.

Key words: hyperspectral observation satellite; fine particulate matters detection; polarization crossfire;
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Fig. 1  Payloads configuration of hyperspectral observation satellite'®!
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Table 1 Major specifications of DPC

Parameter Specifications
Spectrum/nm 433~453, 480~500 (P), 555~575, 660~680 (P),
758~768, 745~785, 845~885 (P), 900~920

Polarization Angle/(°) 0, 60, 120

Total field of view/(°) -50~+50
Measured signal-to-noise ratio =500

Multi-angle observation =15

Spatial resolution/km <35
Radiometric calibration error/% <5

Polarimetric error/% <
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Table 2 Major specifications of POSP

Parameter Specifications
Spectrum/nm 370~390 (P), 400~420 (P), 433~453 (P), 480~500 (P), 660~680 (P), 845~885 (P),
1360~1400 (P), 1580~1640 (P), 2210~2290 (P)

Polarization angle/(°) 0, 45, 90, 135
Total field of view/(°) -50~+50
Measured signal-to- > 300 (@380, 410, 1380, 2250 nm)

noise ratio > 550 (@443, 490, 670, 865, 1610 nm)
Spatial resolution/km <6.41

Radiometric calibration <3
error/%

Polarimetric error/% <0.5
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Fig. 2 Schematic diagram of the working principle of polarization crossfire"!
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# 3 DPC 42 POSP £l 4% 77 2 kb

Table 3 Comparison of detection abilities between DPC and POSP

Detection ability DPC POSP
Spatial coverage/km 1850 1850
Spatial resolution/km 35 6.4
Spectral coverage Only visible and near-infrared Visible to short-wave infrared
Multi-angle detection 15 1
On-board calibrators No Radiation and polarization calibrators
Polarimetric accuracy/% 2 0.5
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Fig.3  Schematic diagram of second pulse timing implementation scheme
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Table 4 Comparison of spectral characteristics between DPC and POSP

Number FOsSP
Central wavelength/nm Spectral bandwidth/nm Central wavelength/nm Spectral bandwidth/nm
1 380 20 — —
2 410 20 - —
3 443 20 443 20
4 490 20 490 20
5 — 565 20
6 670 20 670 20
7 - - 763 10
8 — - 765 40
9 865 40 865 40
10 — — 910 20
11 1380 40 — -
12 1610 60 — —
13 2250 80 — —
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Fig. 4  Synchronization control schematic diagram of DPC and POSP
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Table 5 Spectral channel acquisition matching table

DPC runner sequence DPCn:lhan— POSP detection DPC runner sequence DPC channel POSP detection
Lap 1.-Channel 1 490P1 - Lap 2.-Channel 1 490P1-No imaging Nadir imaging
Lap 1.-Channel 2 490P2 Nadir imaging Lap 2.-Channel 2 490P2-No imaging
Lap 1.-Channel 3 490P3 - Lap 2.-Channel 3 490P3-No imaging Nadir imaging
Lap 1.-Channel 4 565 Nadir imaging Lap 2.-Channel 4 565-No imaging
Lap 1.-Channel 5 670P1 - Lap 2.-Channel 5 670P1-No imaging Nadir imaging
Lap 1.-Channel 6 670P2 Nadir imaging Lap 2.-Channel 6 670P2-No imaging
Lap 1.-Channel 7 670P3 — Lap 2.-Channel 7 670P3-No imaging Nadir imaging
Lap 1.-Channel 8 Dark Nadir imaging Lap 2.-Channel 8 Dark-No imaging
Lap 1.-Channel 9 763 — Lap 2.-Channel 9 763-No imaging Nadir imaging
Lap 1.-Channel 10 765 Nadir imaging Lap 2.-Channel 10 765-No imaging
Lap 1.-Channel 11 865P1 - Lap 2.-Channel 11 865P1-No imaging Nadir imaging
Lap 1.-Channel 12 865P2 Nadir imaging Lap 2.-Channel 12 865P2-No imaging
Lap 1.-Channel 13 865P3 - Lap 2.-Channel 13 865P3-No imaging Nadir imaging
Lap 1.-Channel 14 443 Nadir imaging Lap 2.-Channel 14 443-No imaging
Lap 1.-Channel 15 910 — Lap 2.-Channel 15 910-No imaging Nadir imaging
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Fig. 6  Results of synchronous observation and acquisition time difference in orbit
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8  In-orbit cross-calibration results of DPC and POSP of the hyperspectral observation satellite.
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Table 6 In-orbit requirements and test results of DPC

Items Specification requirements Test results
442.50 £ 21, 489.90 + 22.4 (P), 563.10 £ 21.6, 669.45 +
433~453, 480~500 (P), 555~575, 660~680
Spectral range/nm 20.6 (P), 763.25 £ 10.23, 763 + 41, 863.50 + 35.2 (P),
(P), 758~768, 745~785, 845~885 (P), 900~920
909.40 + 21.8
SNR =500 568.3~717.9
Polarimetric
<2 <0.62
error/%
Radiometric
<5 2.3~4.7
calibration/%
FOV/(°) 50+£0.5~50+0.5 +50.07
Spatial resolution
<3.5 <3.32

at nadir/km

% 7 POSP 28L& K Bl X 4

Table 7 In-orbit requirements and test results of POSP

Items Specification requirements Test results
370 £3~390 + 3,400 £ 3~420 + 3,433 £ 3~453 + 3, 380 + 19, 409.5 £ 19,442 £ 19
480 £3~500+ 3, 660 + 5~680+5, 845 +5~885+5 489.5 £ 20, 669.5 £ 19, 865.25 £ 19,
Spectral range/nm
1360 + 5~1400 = 5, 1580 + 5~1640 + 5, 1378.5 + 41, 1612 + 62, 2256 + 70
2210 + 10~2290 + 10
SNR > 100 (@380, 410, 1380, 2250 nm) > 594.73 (@380, 410, 1380, 2250 nm)
> 240 (@443, 490, 670, 865, 1610 nm) > 1346.07 (@443, 490, 670, 865, 1610 nm)
Polarimetric error <0.005@P<0.3 <0.004@P<0.3
Radiometric calibra-
<5 <442
tion error/%
FOV/(°) = +50° > +53.6
Spatial resolution at
<10 <641
nadir/km
:I: A
4 75 w

Fe G T LI TR R 3R i UK U B 5 A G WY 5% B, 363 T 7 A R, RN B A R A
T AT L E L AR G 22 A O IR R O S IR MACE R JEE AR R B O T 45 2 A L - B 1%
A [ B B UOR Rl ST R IR AS KRR, 38 I mrohs B AR 1 345 KU 2 A1 B AR R
AR A PRI, SREOULIN X I PM, S IR IRSHUE B o A AR TRARIA 1 ot v i 1 22 i R 52 K A X
TR R, E RS DR OGIE VLRC AR AL UL BC S5 TR, Il 78 JUB0 X i % 52 K A% Ik
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