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Abstract The jitter caused by onboard motion components is an important factor affecting the quality of ultra-high-
resolution and super-maneuverability imaging. Given that it is difficult to conduct accurate operational detection and
identification of the jitter signal, this paper proposes a jitter detection method based on rolling shutter CMOS
imaging for space cameras and verifies and evaluates the method with digital orthophoto map/digital elevation model
(DOM/DEM) data by using high-frequency angular displacement and high-precision reference. A Gaofen satellite
launched in 2020 is discussed as an example. The analysis results show that the proposed detection method can
effectively identify the jitter characteristics in the imaging process of space cameras, and the jitter frequency is
mainly concentrated at about 156 Hz. The relative geometric accuracy of panchromatic images after compensation is
improved by about 1.2 pixel.

Key words remote sensing; ultra-high-resolution satellite; rolling shutter CMOS; jitter detection; high-frequency
angular displacement; time-resolved imaging
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Fig. 1 Satellite remote sensing sequence images captured by CMOS rolling shutter mode.

(a) Previous image; (b) next frame image
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Fig. 2 Jitter detection flow chart for space camera based on rolling shutter CMOS imaging
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Fig. 3 Jitter information statistical charts of satellite platform based on high frequency angular displacement. (a) Jitter
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Fig. 4 Statistical chart of jitter information of space camera in direction perpendicular to rail based on rolling shutter CMOS imaging
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Table 1  Absolute vibration parameters of space camera based on rolling shutter CMOS imaging

Amplitude and frequency in

Time Place

direction along rail

Amplitude and frequency in

direction along rail

Frequency /Hz

Amplitude /pixel

Frequency /Hz Amplitude /pixel

2020-08-15T11:25 Area 1 156. 036
2020-08-26T13:28  Area 2 155. 304
2020-09-10T12:35 Area 3 154. 812
2020-09-21T13:48  Area 4 155.972
2020-09-30T11:14  Area 5 156. 491

—0. 181 155. 481 —0. 135
—0.235 155. 835 —0.195
—0. 283 154. 705 —0.177
—0.199 155. 663 —0.184
—0. 207 156. 382 —0.172
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2 WUHRAMEFTS B2 AR AT LTS 2

Table 2 Relative geometric accuracy of panchromatic images before and after flutter compensation pixel
Relative error before compensation Relative error after compensation
Time Place Direction Direction Direction Direction
perpendicular to rail along rail perpendicular to rail along rail
2020-08-15T11:25 Area 1 3. 811 3.393 2.736 2. 293
2020-08-26T13:28 Area 2 5. 606 4,573 4. 366 3. 273
2020-09-10T12:35 Area 3 5. 773 3.912 4,443 2. 861
2020-09-21T13:48 Area 4 3. 006 5. 582 1.716 4. 282
2020-09-30T11:14 Area 5 6. 483 3.763 5. 203 2.513
RMS 5. 105 4,313 3. 906 3.124
4 A Academy of Sciences, 2015.
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