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Abstract: To address the image blurring caused by micro-angular vibration in high-resolution spacecraft remote sens-
ing imaging, this study thoroughly examined the effects of micro-angular vibration characteristics, such as ampli-
tude, frequency, and initial phase, on the imaging quality of remote sensing cameras. This examination was con-
ducted from three distinct perspectives: theoretical modeling, simulation analysis, and experimental verification.
First, based on imaging principles, an image degradation model was established to analyze the mechanisms behind
image blurring and geometric deformations induced by micro-angular vibration. Next, we investigated the influence

of angular vibration parameters on image shift. Analytical expressions for the modulation transfer function (MTF) of
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different angular vibration frequencies were derived, and the effects of angular vibration amplitude, frequency, and
initial exposure time on MTF were examined. Then, a simulation platform was constructed using MATLAB. The
modulation transfer function area (MTFA) served as an evaluation criterion, enabling us to quantitatively analyze the
contributions of angular vibration amplitude, frequency, and initial exposure time to image blurring. Ultimately, a
vibration experimental platform was set up to validate the influence of various angular vibration parameters on imag-
ing quality. Our findings revealed that image quality deteriorated as angular vibration amplitude increased. When the
amplitude of the angular vibration at a frequency of 100.0 Hz increased from 0.006 4° to 0.028 1°, the MTFA de-
creased from 0.277 6 to 0.119 2. Under the impact of low-frequency angular vibration, the image quality was related
to the initial phase, amplitude, and frequency of the angular vibration. High-frequency noninteger-period vibrations
can cause fluctuations in the MTF curve, and the impact of noninteger-period vibrations on imaging quality decreased
as the angular vibration frequency increased. When the exposure time was an integer multiple of the angular vibration
period, the impact of the initial exposure time on the image quality became negligible. The effect rules of micro-
angular vibration on the geometric accuracy of remote sensing images can provide theoretical support for the meas-
urement and suppression of micro-angular vibrations in high-orbit remote sensing cameras.

Keywords: micro-angular vibration; remote sensing imaging; image degradation; modulation transfer function
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Fig.16 Physical diagram of the experimental system
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Tab.1 Parameters of the array scan camera
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Fig.17 Curves of MTFA variation with angular vibration
amplitude under different angular vibration fre-
quencies
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Fig.18 Curve of MTFA variation with angular vibration
frequency at frequencies of 20.0—400.0 Hz
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Fig.19 Curve of MTFA variation with angular vibration
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T,25.0Hz.100.0 Hz. 175.0 Hz 3 MATRSIHARL M
PRENSAT , EEAAREIL, 153 L) 4A G 2]
TR AIRSNEIEIMGR. ANFEMAIRSIIET 2005
BEEET 20 MTF #hZenidl 20 s, ] LI HARA
FAIRBNEEAS [FI ) G MR 20 ) MTE 2R B i B 4%
K, E AR AR ST B ECRE R R/, AR 8] 25.0 Hz
i 4 MTFA FrifEZ8 0.0395, 100.0 Hz B}
MTEA #rifEZ R 0.0013, 175.0 Hz B} MTFA #rifE2
- 0.010 1, 156 £ 4 31 450 25 8 1 40) e W 't s 220 % g
BT A SER RN, ELAA PR R A Ay B (Rl 4 A5 Ry
W AR BREDGH 2% MTF B 5200,

1.0

=
S o0s
0
0 0.2 0.4 0.6 0.8 1.0
73 [A1 S5 %/ (cy/mm)
(a) fAPRBNIZE 25.0 Hz
1.0 =
\
-
S o0s
. N~
0 0.2 0.4 0.6 0.8 1.0
2[4/ (cy/mm)
(b) f¥RsHATZ 100.0 Hz
1.0 <
E \
S 0.5} \ ‘
f.\¢i\:—‘_-:_ _

0 0.2 0.4 0.6 0.8 1.0
25 A%/ (cy/mm)

(c) PRI 175.0 Hz
B 20 3R EYIRERLRZ T MTF fh4k
Fig.20 MTF curves at the three frequency points with
different initial exposure times
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