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Table 1  Configuration of ocean color bands of COCTS (HY-1C/D), compared to SeaWiFS, MODIS, VIIRS, and OCTS

Wavelength /nm

pend COCTS (HY-1C/D) SeaWiF$ MODIS VIIRS OCTS
B1 402-422 402-422 405-420 402-422 402-422
B2 433-453 433-453 438-448 446-464 433-453
B3 480-500 480-500 483-493 478-498 480-500
B4 510-530 500-520 526-536 - 510-530
B5 555-575 545-565 546-556 545-565 555-575
B6 660-680 660-680 662-672 662-682 660-680
- - 673-683 - -
B7 (e 745-785 743-753 738.5-753.5 755-775
734-754 (D)
B8 845-885 845-885 862-877 845.5-884. 5 855-875
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Fig. 1 Photo of band-pass filter of integrated three visible to
near infrared bands for COCTS (HY-1D)
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Fig. 2 Normalized response spectra of B7 band of COCTS

(HY-1C/D) and other spaceborne ocean color sensors

for atmospheric correction
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Visible-NIR three-band integrated filter B7 0. 20 0.15 0.15 0.20
B8 0.16 0.12 0.12 0.16
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Table 3 Comparison of LPS among COCTS (HY-1C/D), MODIS, and VIIRS

LPS /%
Band of COCTS (HY-
1¢/D) COCTS COCTS MODIS MODIS VIIRS VIIRS
(HY-1C) (HY-1D) (Terra) (Aqua) (SNPP) (JPSS-1)

B1 (412 nm) 1.95 0.81 4.47 4. 00 1.79 5. 66
B2 (443 nm) 1. 37 0.29 2.78 1.84 1.53 3.94
B3 (490 nm) 0.41 0.25 1.01 0.54 0.82 2.68

B4 (520 nm) 0.19 0. 26 1.12 0.70 — —
B5 (565 nm) 0.31 0.59 0.82 1.39 1.16 4.18
B6 (670 nm) 0.94 0.97 1.41 0. 50 0.84 1.79

— — 1.76 0.43 — —
B7 (750/744 nm) 0.44 0.54 1. 20 0.41 0.94 0.79
B8 (865 nm) 0.27 0.33 0.99 1.77 0.28 0.32
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5 LB BRI btk BIS M RIERS B (NUCE) %, COCTS (HY-1C/D) k&

K o 3 SRR RE b R R Y S R AR R Y R S R TAEIE® 5 H A 420 T R, 2515 W
e 2R 8 A SR AR ) T e ] SR mfﬁr“aﬁmﬂséﬂz EAL AR Kt B B E L E R S 8, B o S A
P A R B . xF 18 AR | A A Ak KT i 3 R FAPTR . 45 TUPEBEHE bR X AT 55 PR 1%1115?
RS HARZ , 50 S S FEA AR IR AR A R 1 3R BUK @ 1R (5 B Y

F4 COCTS (HY-1C/D) (1 ik ae i 45 1
Table 4 Characteristics of COCTS (HY-1C/D) based on satellite on-orbit test

Band Typical radiance / COCTS (HY-1C) COCTS (HY-1D)
(mWeem “opm 'esr ) SNR RCE /% NUCE /% SNR RCE /% NUCE /%
B1 9.10 515 2.39 0.14 847 1.50 0.25
B2 8.41 767 2.55 0.14 1130 2.84 0.55
B3 6.56 668 2.81 0.28 1243 1.99 0.16
B4 5.46 650 2.41 0.16 1394 3.27 0.21
B5 4.57 637 2.41 0.14 891 3.03 0.68
B6 2.46 550 2.51 0.18 452 3.33 0.26
B7 1.61 569 3.28 0.24 534 1.68 0.08
B8 1.09 424 5.54 0.18 615 4.58 0.25
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R o A = G e A EE L, 5 E PR A
AR K 0 3 S8 AR faF MODIS 3545 6 i 4% 25 o £ 1k 1 3
i B AR X R T £ B COCTS
(HY-1C/D) B & T &1k fe i i Ak 19 /K 6 3 S AE

B T 3 BB Y 55 A e AR g, 78y 1 B AN T R
FH 't 2 I R 38 PR e 4

B v
1 2 5 10 20

Mass concentration of chlorophyll-a / (mg-m™)

9 AR K (0 38 B A 1T AR I A BRI 4 E 3 A, (a) COCTS (HY-1C) 5 (b) COCTS (HY-1D) ; (¢)MODIS (Aqua) ; (d) VIIRS
(SNPP)
Fig. 9 Global chlorophyll-a mass concentration from spaceborne ocean color sensors. (a) COCTS (HY-1C); (b) COCTS (HY-1D);
(¢) MODIS (Aqua); (d) VIIRS (SNPP)
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] 152 AR AT LA 500 55 A% B0 M i E 8] H 40, 1 1
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COCTS (HY-1C/D) 3k 45 i 4 BR g 7 0 4 22 00 i i
B 43 A AR B — E, HoE R i i 5 MODIS #il VIIRS A
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Abstract

Objective

Precisely fabricated optical film elements of high performance are the basis for quantitative remote sensing

instruments. For the Chinese ocean color and temperature scanner onboard HY-1C/D satellites [COCTS (HY-1C/D)],

excellent characteristics such as precisely positioned spectral response, low stray light coefficient, and low polarization
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sensitivity are needed to reduce the effects of atmospheric absorption and scattering. The realization of these targets
ultimately requires the development of specific optical films, such as multichannel integrated filters and optical films with

low polarization sensitivity.

Methods Based on the optical thin-film characteristic matrix theory, we employ commercial software to calculate the
spectral and polarization properties of band-pass filters at different incidence angles of light. Additionally, we also study
the spectral and polarization effects caused by the spatial angular frequency distribution of light and simulate the spectral
and polarization properties of converging beams in COCTS (HY-1C/D) through an integration method. Dual ion beam
sputtering is adopted to prepare multichannel integrated band-pass filters on a single substrate at 90 °C to ensure reliability
and spectral performance. The Jones matrix method is utilized to analyze the effect of different optical elements on the
polarization sensitivity of the system, and film designs with special polarization tuning are finished for the key optical
elements. The polarization sensitivity of the system is regulated and reduced by the mutual compensation of polarization

characteristics among different optical elements.

Results and Discussions The integrated filters are well prepared as shown in Fig. 1, the simulated spectral distribution
of the filter in the converging beam matches very well with the measured results as shown in Fig. 3, and after a variety of
environmental simulations and reliability tests, the spectra remain consistent as shown in Fig. 4. The polarization
characteristic analysis of the filters ensures that the polarization sensitivity of all the filters is less than 0. 31% as shown in
Table 2. The sound polarization design and mutual compensation of optical films ensure that the system polarization
sensitivity is effectively controlled. Equipped with well-coated optical elements, COCTS (HY-1C/D) exhibits excellent
relative spectral response and low polarization sensitivity when compared with the approved space-borne radiance sensors
for ocean color detection, such as MODIS and VIIRS. For COCTS (HY-1D) launched in June 2020, the B7 band for
atmospheric correction still has a bandwidth of 20 nm, without overlapping with atmospheric water vapor or oxygen
absorption bands as shown in Fig. 2. The measured average polarization sensitivity is less than 1% at the scanning angle
of 0° (Fig. 8 and Table 3). The chlorophyll-a mass concentrations of global ocean from COCTS (HY-1C/D) exhibit
relatively high consistency with MODIS and VIIRS products, which indicates the satisfactory capability of COCTS (HY-

1C/D) for quantitative remote sensing as shown in Fig. 9.

Conclusions Quantitative space remote sensing requires remote sensing instruments with accurate detection bands and
low polarization sensitivity to reduce the effects of atmospheric absorption and scattering, and optical thin films play a key
role. The technology of multichannel integrated band-pass filters on the single substrate can effectively reduce stray light
and inter-channel crosstalk light, thus becoming the development direction of band-pass filters for quantitative remote
sensing. To obtain the precise spectral response of the instrument, the influence of beam angle distribution on the spectral
properties of band-pass filters should be fully considered in the design and fabrication processes. To reduce the polarization
sensitivity of the instrument based on optical coating, we need to pay attention to the polarization regulation of each optical
thin film and the complementary polarization characteristics of different components. The application of advanced optical
thin film technology in COCTS (HY-1C/D) guarantees high-quality quantitative ocean color remote sensing and imaging,
and the products of COCTS (HY-1C/D) show satisfactory performance.

Key words oceanic optics; Chinese ocean color and temperature scanner; quantitative remote sensing; optical film;

multichannel integrated band-pass filter; polarization sensitivity
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