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Vibration Estimation and Imaging of Airborne Synthetic Aperture Ladar
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Abstract The cross-track baseline component of the along-track interferometry processing baseline is introduced by
the angle of pitch and yaw in the actual flight, and the accurate imaging of elevation fluctuation terrain is difficult to
obtain under the condition of vibration. In order to realize vibration estimation in airborne synthetic aperture ladar
(SAL) effectively, a kind of vibration estimation and imaging method is proposed based on interferometry
processing of three detectors with orthogonal baselines, and the signal model is established and its accuracy is
analyzed. This method need to make the field of view overlap, and it is realized by the characteristic of SAL non-
imaging optical system. The optical system containing a wide swath ground imaging detector and three vibration
estimating detectors is introduced. The impact of overlapped degree of field of view of detectors and signal-to-noise
ratio on performance of vibration estimation are discussed respectively. The imaging simulation results of the
elevation fluctuation terrain under platform vibration condition validate the effectiveness of the proposed method.
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Table 1  Size and field of view of the detector

Line detector Vibration estimating detector Vibration estimating detector
(focal plane) (focal plane) (in front of focal plane)
Along-track size /mm 0.15 2.0 2.000
Along-track field of view /mrad 0.30 4.0 4.080
Cross-track size /mm 10.00 0.4 0.400
Cross-track field of view /mrad 20.00 0.8 0.816
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Fig. 4 Layout of vibration estimating detector. (a) Receiving light path in =’y plane;

(b) receiving light path in 2'z" plane; (¢) forward movement distance determined by vibration estimating detector;

(d) fields of view of vibration estimating detector before and after forward movement
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Fig. 7 Flow chart of vibration estimation and imaging of airborne SAL based on orthogonal baselines interferometry processing
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Table 2 System parameters of airborne SAL

Parameter Value
Wavelength 1.55 pym
Bandwidth 3 GHz
Transmit beam width (along-track X cross-track) 0.3 mrad X 21 mrad
Pulse repetition frequency 100 kHz
Slant range of center of the scene 3 km
Complementary angle of incident angle 45°
Full-aperture imaging time 18 ms
Full-aperture azimuth resolution 2.6 mm
Height 2121 m
Velocity 50 m/s
Along-track equivalent baseline length 0.5 mm
Cross-track equivalent baseline length 0.1 mm
Pitch angle 3°
Yaw angle 1°
Vibration amplitude 15 pm
Vibration frequency 20 Hz
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Table 3 Parameters of target scene
Parameter Value
Azimuth interval between point targets 0.05 m
Ground-range interval between point targets 0.2 m
Azimuth size of letters scene 10.5 m
Ground-range size of letters scene 1.8 m
Range of elevation f{luctuation —1~1m
Azimuth interval between letters 0.2 m
E 1.01' T T T
4@ 0] (VA
3| \.. /N
g 0.6 % y
£ 4 [ ; ,
o 1 £ 0.2+
SVEEE == 20
g S | = _0'2:
g ol
S -0.6 % i B
4. | ~1.0 \/ \
s 0 5 6 4 2 0 2 4 6
Azimuth /m Azimuth /m
F8 HmEmEE, (QFEE b EERR

Fig. 8 Schematic diagram of scene setting. (a) Letters scene; (b) elevation fluctuation
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Fig. 9 Comparison of phase error before and after compensation. (a) Added vibration;

(b) compensated by the along-track dual-detector; (c¢) compensated by the proposed method
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Fig. 10 Comparison of imaging results before and after compensation. (a) No compensation;

(b) compensated by the along-track dual-detector; (c¢) compensated by the proposed method; (d) ideal compensation
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Fig. 11 Overlapped degree of field of view of detectors. (a) Field of view of the detectors; (b) azimuth spectrum
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Fig. 12 Residual phase error when field of view of detectors are partially overlapped. (a) Azimuth beamwidth is 0.3mrad;

(b) azimuth beamwidth is 0.6 mrad
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