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Abstract: The geostationary satellite-borne differential optical absorption spectrometer detects the
atmosphere by whiskbroom imaging. Aiming at the requirements of signal-to-noise ratio bigger than 1 000
and the spectrometer's detection period of less than 10 min in high-speed detection mode and less than 1 h
in high-resolution mode, the CCD imaging system was designed. Selecting CCD47-20 as the detector, the
imaging circuit was designed to realize the sample and upload of image signal. The effects of frame co-
added and binning on the time and spatial resolution were analyzed. Combined with the characteristics of
the frame transfer CCD, the imaging method of swinging the mirror when reading the last frame of each
position was designed, and the number of frame co-added and binning were set reasonably to achieve the
purpose of optimizing the imaging cycle. Under 1s exposure time, the detection period is 515 s in high-
speed mode and 3 315 s in high-resolution mode, and the signal-to-noise ratio is greater than 1 000 in both
two modes. In the pollutant observation experiment, there is no missing frames or duplication occurred.
The CCD imaging system meets the detection requirements of the geostationary spaceborne differential

optical absorption spectrometer, and provides a technical reference for the design of a spectrometer
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imaging system eventually applied to a geostationary satellite.
Key words: Remote sensing; Imaging spectrometer; Spectral image; Array CCD; Timing design
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Fig.1 Optical schematic of differential absorption spectrometer
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Fig.2 Imaging system structure of geostationary satellite-borne DOAS spectrometer
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Fig.3 Operation diagram of whisk-broom imaging
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Table 1 Main parameters of CCD47-20

Parameters Value
Pixel size 13 pmX13 pm
Active pixels (H XV) 1024 X1 024
Quantum efficiency at 300~500 nm >50%
Maximum readout frequency 5 MHz
Output responsivity 4.5 uV/e
Peak charge storage 100 ke /pixel
Dark signal at —25°C <100 e /pixel/s
Readout noise at —25°C at 1 MHz(RMS) <6 e
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Table 2 Parameters of high-speed and high-resolution observation mode

Detection mode High speed mode High resolution mode
Average signal to noise ratio 1131 1131
Spatial resolution at 40°N (N/SXE/W) 10 km X 20 km 5 km X5 km
Detection cycle time (maximum) 515 s 3315 s
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Fig.6 Photo of pollutant observation experiment
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