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Adaptive Spectral Imaging Based on a Multiple-Gain Imaging Method
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Abstract In this study, an adaptive multiple-gain imaging method was proposed based on a pushbroom imaging
spectrometer to meet the demands of high dynamic range (DR) monitoring using an ocean color remote sensor.
Further, the advantage of the pixel-by-pixel adaptive readout method was explained by analyzing the differences in
case of DR and the signal-to-noise ratio (SNR), and the corresponding system design was presented. The limit of
full well charge was determined based on the ocean imaging scene, and the optimal number and proportion of gains
were obtained via system simulation based on the constraints associated with respect to SNR and DR. The results
denote that the optimal imaging effect can be obtained when the number of gains is four and the full well charges are
2.5 Me ™ (ultra-low gain), 500 ke  (low gain), 100 ke (medium gain), and 20 ke (high gain). Based on this
setting, the total DR of the spectral imaging system can become 116 dB; the average SNR of each channel under
typical radiance becomes 767.37. Furthermore, the medium-resolution atmospheric radiation transfer model was
used to verify this imaging mode. The conditions with respect to the channels meet the requirements of DR and
SNR, except for the 10th channel of the cloud that appears to be out of saturation.
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Table 1 Parameter setting and signal to noise ratio requirements of payload

Main optical

Grating

efficiency /arb. units

Quantum
o ) SNR(typical) /arb. units
efficiency /arb. units

Band /nm
efficiency /arb. units
Bl:. 375.0-395.0 0.085509 1
B2: 402.0-422.0 0.266243 1
B3: 433.0-453.0 0.358966 1
B4. 467.5-482.5 0.463363 1
B5: 482.5-497.5 0.479922 1
B6: 510.0-530.0 0.516239 1
B7. 555.0-575.0 0.562384 1
B8: 607.0-627.0 0.539584 1
B9: 630.0-650.0 0.531985 1
B10:657.5-672.5 0.522113 1
B11:676.0-686.0 0.491244 1
B12.702.5-717.5 0.468914 1
B13:740.0-760.0 0.431699 1
B14.812.5-827.5 0.379597 1
B15:845.0-885.0 0.409370 1

0.55 =260
0.74 =500
0.85 =500
0.91 =500
0.92 =500
0.94 =500
0.95 =500
0.95 =500
0.93 =500
0.91 =440
0.88 =340
0.83 =360
0.75 =320
0.57 =200
0.46 =230
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Table 2 Parameter setting of MODTRAN

Setting
350—920 nm

(28740-10840 cm ™ 1)

A vertical or sloping path from

Parameter

Spectral range

Atmospheric path )
an elevation to space

Boundary temperature /K 300
Volume fraction of
X 380
CO,/10°
Ozone
‘ 0.642
content /(10 % g+ cm %)
Water vapor
2.92
content /(g * cm %)
Visibility /km 23
Observation height /km 100
FWHM /cm ™! 1
Atmospheric type Mid latitude summer
Aerosol Marine type
Observation azimuth /(%) 0
Revolution time /d 180
Solar altitude angle /(*) 60
Observation zenith angle /(°) 180
Cloud pattern Cumulus
Cloud bottom height /km 0.66
Cloud top height /km 3.0
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