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Research on the Signal-to-Noise Ratio in Sliding Spotlight Mode
Down-Looking Synthetic Aperture Imaging Ladar
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Abstract Under far field simulated conditions by using collimator with 15 m focal length, we present a sliding
spotlight mode of the down-looking synthetic aperture imaging ladar (SAIL). Based a single point target echo
collection equation, the signal-to-noise ratio in sliding spotlight mode is analysed. Theory and experiment confirm
that the sliding spotlight mode can improve signal-to-noise ratio when we can extend the effective acquisition time
length.
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Fig. 1 Noise model of sliding spotlight mode SAIL system
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Table 1 System parameters

Parameter Value
Focus of transmitter/receiver main lens /m 1.2
Focus of orthogonal direction cylindrical lens /mm 150
Size of inner optical field /mm?* 7X7

Scan range of orthogonal direction cylindrical lens /mm 2.46~7.66

Orthogonal direction sampling rate /(kSa/s) 10
Travel direction sampling rate /(kSa/s) 2
Detection range /m 15
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Table 2 Experiment parameters

' Translatory velocity — ?Rotation speed ?*Scanning speed 'Sampling time *Total illumination
Number /(mm/s) /L /s] /(mm/s) /ms time /s
1 0.25 3.82X10°" 39 133.3 266.6
2 0.2 0.0014 27 192.6 385.2
3 0.06 3.82X10° 14 371.4 742.8

Note: 1. Targe's translatory velocity; 2. rotation speed of SAIL system platform; 3. scanning speed of orthogonal direction
cylindrical lens in inner optical field; 4. samping time of orthogonal direction cylindrical lens in each period; 5. total illumination
time of target within data collection window.

OB KSR 1A HY 1550 nm SO BB B AR RO T 23R SCER ar B 1) B Y 81 S R S
A 12 A R O B R OPL U AT O H B e, B 45 B A B AE S 0d 5 NT PXT-5105 3R 4R
LabVIEW F& 5 42 i 2547 Ko R AR A5 8] 2 M 35 5 il id Matlab 45 B4 kb B I% R 171 3 45 5 ok
17 YR AR IR B KA B 4 P 5 R 6 4F 3 AL S I A AR, T LU B Bl A IR 1] B ) T 58 B 1) B
[F) 7 1 (3R 2 v 0 s NF D) B 384 o, M P A B AR G O 0 o e 28 TR AR R LA 3 1 25 4 v

4 4k 1w

SCHR T — O B R R B AL AR T R L 15 m AR AT R B BT B 4 1 3 S S 5 3
E 7 9 30 5 SRR T LS 3o 4 KA R A i K By S A R L 0 R — B LR S bR B %
.

& % x #

1 Liu Liren. Principle of down-looking synthetic aperture imaging ladar[J]. Acta Optica Sinica, 2012, 32(9): 0928002.
XISE N BHAS RALAR RO R TR TR ()] . d22E 4, 2012, 32(9): 0928002.

2 Beck S M, Buck ] R, Buell W F, et al. Synthetic-aperture imaging ladar: laboratory demonstration and signal processing
[7]. Applied Optics, 2005, 44(35): 7621-7629.

3 Chen Shanqiu, Liu Wenjin, Dong Lizhi, et al. Constraint study on deformable mirror in close-loop adaptive optics system
[J]. Acta Optica Sinica, 2015, 35(12): 1201002.
PREER, XIC2h, HHE, & MAEHAEN L REEREARERWIR )] oM, 2015, 35(12):
1201002.

4 Liu Liren. Principle of auto-scanning synthetic aperture imaging ladar using hyperbolic wavefront differnce [J]. Acta
Optica Sinica, 2015, 35(1): 0128001.
XUSEN L SUHBE T 22 B 0 B A AL AR MO R IR R AL . OB AR, 2015, 35(1): 0128001,

5 Lu Zhiyong, Sun Jianfeng, Zhi Yanan, et al. Elctrically controlled parabolic wavefront scanner in down-looking synthtic
aperture imaging ladar[J]. Acta Optica Sinica, 2014, 34(8): 0828002.
PR, Phage, B, % EARE ML REOE G E R B E Iy s m A U] ¥k, 2014, 34(8):
0828002.

6 Luan Zhu, Sun Jianfeng, Zhi Yanan, et al/. Two-dimensional imaging experiment of down-looking synthetic aperture ladar
under simulated far-field conditions[J]. Acta Optica Sinica, 2014, 34(7): 0710003.
g8 A7, IhaEE, BUEAE, 5. ERA AL R FARIE S AT T g e (1] JeE IR, 2014, 34
(7): 0710003.

7 Luan Z, Sun ] F, Zhou Y, et al. Down-looking synthetic aperture imaging ladar demonstrator and its experiments over
1.2 km outdoor[J]. Chinese Optics Letters, 2014, 12(11): 111101.

8 Liu Liren. Principle of self-interferometric synthetic aperture ladar for 3D imaging[J]. Acta Optica Sinica, 2014, 34(5):
0528001.
XA H TS AR MO = 4008 F kR T] . StaE2# 4, 2014, 34(5): 0528001.

9 LuZY, Zhang N, Sun ] F, et al. Laboratory demonstration of staticcmode down-looking synthetic aperture imaging ladar
[J]. Chinese Optics Letters, 2015, 13(4): 042801.

0828001-5



ot % % i1

10

11

12

13

14

15

Zhang N, LuZ Y, Sun ] F, er al. Laboratory demonstration of spotlight-mode down-looking synthetic aperture imaging
lada[J]. Chinese Optics Letters, 2015, 13(9): 091001.

Liu Liren. Synthetic aperture laser imaging ladar (IV): unified operation mode and two-dimensional data collection
equation[]]. Acta Optica Sinica, 2009, 29(1): 1-6.

XN A BILEBOE SRR F X V)« G — TR 48l = 1] . Jes2=4, 2009, 29(1): 1-6.

LuZY, Sun] F, Zhang N, et al. Improvement of the signal-to-noise ratio in static-mode down-looking synthetic aperture
imaging ladar[C]. SPIE, 2015, 9617: 96170K.

Liu Liren. 2D Fourier-transform imaging algorithm for synthetic aperture imaging ladars[J]. Acta Optica Sinica, 2014,
34(1): 0128001.

XN A AL AR HOE AR B 2K 0 4R B AR R iR R [T bR SR, 2014, 34(1): 0128001.

Xu Qian, Zhou Yu, Sun Jianfeng, et al. Research on the speckle influenced resolution imaging of synthetic aperture
imaging ladar[J]. Acta Optica Sinica, 2014, 34(9): 0928001.

WA B, v, AL B RIL AR WO R T S OB RN A B BT LR RS )] e R, 2014, 34(9):
0928001.

Xu Qian, Zhou Yu, Sun Jianfeng, et al/. Analysis of integrated speckle receiving characteristics based on synthetic
aperture imaging ladar[J]. Acta Optica Sinica, 2014, 34(3): 0328002.

OAE, A R, IR, AL B ALEBDE R T S BB R LR S T U] . LSRR, 2014, 34(3): 0328002,

0828001-6



