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Synthetic Aperture Lidar Imaging Detection Based on
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Abstract Synthetic aperture lidar (SAL) can obtain high-resolution and high-data-rate images for remote target
with small optical aperture under large forward squint angle condition. Thus, SAL can be an important mode of
optic imaging detection. In this study., the working mode, system scheme. performance parameters, and key
technologies of SAL with 100 mm diameter, 20 km detection range, and 0.05 m resolution are analyzed. A concept
of a diffractive optical system conforming to the dome is proposed to reduce the aerodynamic influence and volume
and weight of the equipment. The laser beam broadening and one-dimensional beam scanning method based on
frequency scanning change is studied, and the beam pattern simulation results are presented by using the model of
microwave phased array antenna. The results show that the SAL imaging detection technology based on curved-
conformal diffractive optical system is feasible.

Key words remote sensing; diffractive optical system; synthetic aperture imaging; lidar; laser beam scanning
OCIS codes 280.3640; 280.6730; 050.1970

’ o

1.0640 pm, 100 mm
10 prad, 10 km

: 2019-08-23; : 2019-09-27; : 2019-10-21
(GF0314)

* E-mail; lidj@mail.ie.ac.cn

0428001-1



0.1 m, 20 km
0.2 m,
D) 3’\’4
° 1.0640 #m,
3 GHz ,
(14 prad),
5 cm o
3 s
(SAL) -
e, (
) s
(SAR)
, [3]
s SAL R
, SAL
SAR sl
SAR ,
Ka Wt , THz
. SAL
THz , SAL ,
SAL ,
[8]
[9-10] ,
[11-12] y
SAL o

s SAL
,SAL
(DBS) ,
.DBS o
DBS 1 o
1 DBS

Fig. 1 Diagram of forward-squint strip-map imaging and

DBS imaging mode
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Table 1 SAL system parameters for strip-map imaging

Parameter Value
A /pm 1.0640
P /kW 3
T,/ s 1
PRF /kHz 100
Average power of transmission /W 300
Flight altitude /km 1
$ /O 2.8
0y +0,/mrad 1.5, 0.25
Swath(ground range direction, range 33, 5
transverse) /m
020/ M 0.05, 0.05
Target scattering coefficient 0.2
0./ 87
V/(me+s " 200
d /km 20
D /mm 100
7 0.9
Nr 0.8
Nm 0.5
Torh 0.5
7D 0.5
F,/dB 3
Electronics system loss 0.75
Atmospheric loss 0.25
Risymin /dB —25.4
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Table 2 SAL system parameters for DBS imaging

Parameter Value
$ /() 5.7
Swath(ground range direction, range
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Fig. 6 Folded phase curve and beam pattern of diffractive primary mirror. (a) Phase curve without fold; (b) phase curve

folded by 27t; (¢) beam pattern in +60° range; (d) beam pattern in £0.01° range
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Fig. 14 Beam pattern corresponding to different wavelengths. (a)(b) 1.0640 pm; () (d) 1.0638 pm; (e) () 1.0636 pm
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Fig. 16 Phase curve and beam pattern of curved-conformal diffractive primary mirror. (a) Phase curve without fold;

(b) beam pattern in +60° range; (c) beam pattern in +0.01° range
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Fig. 17 Wave path difference and phase error between curved-conformal diffractive primary mirror and planar

primary mirror. (a) Wave path difference; (b) phase error
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Fig. 18 Optical path diagram of laser beam one-dimensional frequency scanning
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