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Throughout the review of several typical space-borne low-light remote sensing devices onboard the

Abstract
domestic and international satellites, this paper introduces the design principle and components of the Medium
Resolution Spectral Imager-Low Light (MERSI-LL) onboard FY-3E. It describes the special three gain combination
design of MERSI-LL low-light band (LLB) for the characteristic of large dynamic range of radiance signals on the
twilight orbit. The working principle of the MERSI-LL onboard calibrator based on solar diffusing/transmission
board is described in detail. In this paper, the selection of three gain channels and normalized fusion processing
methods are given, and processing procedures of low-light channel data are introduced. The paper summarizes the
several calibration methods for LLB including on-board calibration, vicarious calibration, ground-based artificial
light source calibration, and cross calibration. The quantitative scientific product retrieval capability of MERSI-LL is
briefly summarized, and the near-constant contrast ( NCC) image products generated based on MERSI-LL
observation data are displayed. The generation process of typical nighttime light products from LLB is mainly
described. Examples of its products and potential applications are given. Finally, based on the lessons of data
processing and product generation of Early morning Satellite MERSI-LL LLB, the future improvement ideas and

application perspectives of the instrument are discussed.
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Table 1 Parameters of domestic and foreign low-light imaging satellites and instrument
. Range of spectral Spatial Swath /  Quantization / L
Satellit Count Sens Applicat
Hette ountry ensor band /nm resolution /m km bit bplication
Weather monitoring or
military reconnaissance.,
DMSP USA OLS 400-900 2700 3000 6 cloud detection,
lighting, fire, and other
applications
. Quantitative nighttime
14 (HGS); .
NPP/ VIIRS/ . data detection, and
USA 500-900 750 3040 13 (LGS/ L
JPSS-1 DNB . clouds, fishing boats,
MGS) . .
and fire detection
International Lightning
S USA 400-1000; Lightning detecti
pace / LSO Y 400 ~200 10 ightning detection
Station Russia Sprite: 763 and city light
(1SS (757.6-768. 1)
. Commercial high
Panchromatic . .
EROS-B Israel 500-900 0.7 — 16 resolution night data
band sensor . .
acquisition services
Nighttime Highly sensitive
o light remote detection of night light
LJ-101 China . 480—-800 130 260 12 .
sensing scenes with large
camera dynamic range
450-900 10 Sustainable
Low light (blue: 430-520; . devel t goal
SDGSAT -1 China ,OW & He (panchromatic) ; 300 12 e (?pm'en goa
imager green: 520-615; . monitoring and
40 (RGB) .
red: 615-900) evaluation
Imaging and
.. MERSI- quantitative remote
FY-3E China 500-900 1000 2500 12 . L.
LL/LLB sensing applications for

large dynamic range
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Table 2 Instrument parameters of MERSI-LL
Serial number Characteristic Specification
1 Detector channels 1 channel for low light band, 6 channels for infrared bands
2 Quantization 12 bit
3 Scanned area —54.7°—50°
4 Scanner speed 40 remin '
5 Number of scan line sampling points 1536(~1000 m), 6144(~250 m)
Stability of scanning period is smaller than
6 Scanning stability
0. 25 pixel integration time
7 Band MTF (modulation transfer function) > 0.3
8 Band registration Inter-channel registration accuracy is <<0. 25 pixel
9 Instrument life expectancy >8 a
# 3 T PG RE R A TIOR8 I P B EOR

Table 3 Channel performance of MERSI-LL

Maximum detectable

Minimum detectable

Typical radiance

Band Spectral band radiance L, or radiance L, or L, or o Measurement
Sensitivity
number center /pm  maximum brightness minimum brightness typical brightness accuracy
temperature T . temperature T, temperature T,
4X107° Wem “esr !
B L . L 7 50%
1 0.70 9X10 " Wem “esr ' 3X10 ° Wem “esr | (night) ,
55107 Wem Zesr !
200 10%
(day)
2 3. 80 350 K 186 K 300 K 0.25 K 0.4 K
3 4.05 380 K 185 K 300 K 0.25 K 0.4 K
4 7.20 270 K 186 K 270 K 0.30 K 0.4 K
5 8.55 330 K 185 K 270 K 0.25 K 0.4 K
6 10. 80 345 K 185 K 300 K 0.30 K 0.4 K
7 12.00 345 K 185 K 300 K 0.30 K 0.4 K
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Fig. 1 FY-3E/MERSI-LL instrument model and low-light band detector arrangement. (a) Instrument model diagram;

(b) low-light band detector arrangement
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Fig. 2 Schematic diagrams of design of on-board calibrator of FY-3E/MERSI-LL. (a) Schematic diagram of field of view of
calibrator and incidence angle of sun (Y, is direction pointing to cold air, and Z, is direction pointing to Earth);

(b) schematic diagram of MERSI-LL LLB on-board calibration
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Fig. 3 Preprocessing of FY-3E/MERSI-LL LLB
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