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为了获得成像质量较好且成像时间较少的新型傅里叶望远镜成像策略, 本文比较了三种降采样成像策

略 (压缩感知方法 (CS)、低频全采样方法 (LF)和变密度随机采样方法 (VD))与传统傅里叶望远镜 (FT)在图

像质量和成像时间上的差异. 分析方法如下: 利用传统 FT外场实验所获得的目标频谱数据作为基础, 三种降

采样方法 (LF, VD和 CS)分别按照各自的采样模式和重构方法实现目标图像的重构 ; 通过直观观察和

Strehl比两种方法比较三种降采样方法与传统 FT在图像质量上的差异; 通过分析成像时间的组成要素, 初

步比较三种降采样方法与传统 FT在成像时间上的差异. 分析表明: 1) 压缩感知方法的图像质量优于其他两

种降采样方法 (LF和 VD), 但略低于传统成像结果; 2) 压缩感知方法在成像质量上略低于传统 FT, 但在成像

时间上却明显小于传统 FT; 3)分析中采用的外场数据均含噪声, 这说明上述三种降采样重构过程对噪声有

较好的鲁棒性. 综合上述分析结果可以看出, 基于压缩感知的傅里叶望远镜 (CS-FT)是在实际含噪情况下可

大幅减少成像时间的优良成像策略.
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1   引　言

随着通信和气象等业务的不断增加, 对空中平

台的需求也越来越多, 这就使得对包括人造卫星在

内的空间目标的探测和识别需求日益强烈. 空中卫

星的增多, 增加了彼此碰撞的概率, 同时加剧再次

发射时的风险. 为了实现对空中己发卫星的实时监控,

并预防别国卫星的非授权探测, 需要能观测其运动

特性、姿态变化并能识别其形状. 所以, 发展对深

空暗弱目标的探测技术成为当前的迫切需要. 傅里

叶望远镜 (Fourier telescope, FT) 就是可对远距

离暗弱小目标高分辨率成像的新型技术之一 [1−7].

FT是一种结合了激光主动照明与光学合成孔

径的成像技术, 它对大气湍流的影响不敏感 [8,9], 适

用于通过大气对远距离的暗弱目标高分辨率成像.

潜在的应用包括对地球静止及同步轨道目标成

像 [10−12], 并可扩展到对快速运动的低轨目标成

像 [13−15]. FT成像基本原理与用于天文观测的长基

线干涉仪类似, 都是通过测量目标的傅里叶分量间

接成像, 但 FT能够主动改变基线配置, 因而无需

依靠地球自转就可以测量不同傅里叶分量. 测量过

程中系统与目标需保持相对静止, 因此测量时间直

接影响了傅里叶望远镜的成像能力. 采用同时发射

三光束的方案可使系统结构较为简单, 但是每次只

能测量一个傅里叶分量, 需要很长的测量时间. 采
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用同时发射多光束的方案虽然每次可测量多个傅

里叶分量, 缩短了测量时间, 但由于干涉场复杂模

式下信号提取困难, 使得同时发射光束数目受限

(约为 20多束), 故对成像时间的压缩效果有限, 并

且系统复杂度高, 对激光器功率要求很高.

近期提出的压缩感知理论 [16−20] 表明, 对于稀

疏或可压缩信号可以利用随机稀疏采样实现精确

重构. FT的成像目标一般都具有规则结构, 因而

具有可压缩性, 利用对傅里叶平面的稀疏采样测量

可以实现目标图像的精确重构, 从而大大减少测量

样本的数量, 有效降低成像时间. 基于上述特点,

我们团队开展了基于压缩感知的傅里叶望远镜

(compressed  sensing  Fourier  telescope,  CS-FT)

的初步研究 [21], 通过仿真分析验证 CS-FT的确具

有高精度重构和减少成像时间的特性. 然而, 当时

的研究并没有比较压缩感知方法与其他可降低成

像时间的方法（如低频全采样 (low-frequency full-

sampling, LF) 方法和变密度随机采样 (variable-

density random-sampling, VD) 方法）之间的性能

差异, 也没有分析上述方法中主要参数的变化对重

构结果的影响. 本文将对上述问题开展详细的分析

和验证, 通过改变包括总采样率 (total sampling

rate, TSR)、低频采样率 (low frequency sampling

rate, LSR) 和采样概率密度函数的阶数 (order of

the sampling probability density function, OPDF)

在内的主要参数, 比较传统 FT、LF方法、VD方

法和 CS方法在成像质量上的差异, 并初步比较上

述四种方法在成像时间上的差异. 上述分析所采用

的数据均来自于外场实验, 重构结果也包含了实际

噪声的影响.

本文的后续部分包括以下内容: 第 2部分简要

介绍 FT的成像原理 , 第 3部分简要介绍 CS-

FT的成像原理和图像恢复方法, 第 4部分对四种

方法的成像质量进行详细的分析和比较, 第 5部分

对四种方法的成像时间进行简单的分析和比较,

第 6部分对本文的工作进行总结. 

2   傅里叶望远镜简介

FT的工作原理在很多文献中已经有较为详细

的论述 [22−25], 其系统组成和图像重构流程的示意

图分别如图 1和图 2所示. FT采用３束 (或更多)

经过移频和准直的激光束同时照射目标, 通过改变

地面发射基线位置实现改变空间频率的目的. 目标

反射光包含了与发射基线空间频率相对应的目标

频谱信息. 光学能量接收系统收集目标反射光, 经

过时间解调和相位闭合处理后可以得到与发射基

线空间频率相对应的目标傅里叶分量. 在获得足够

多目标傅里叶分量的基础上, 通过逆傅里叶变换

(IFFT) 即可重构目标图像.

FT的主要优点为: 主动合成孔径, 通过增大

基线以实现几十米甚至上百米的有效口径合成; 可

免疫大气湍流的影响, 不需要复杂昂贵的自适应光

学系统; 将目标的空间信息调制到时间域, 不需要

高光学质量的接收镜, 只需大面积的能量接收镜

（光桶）即可实现高分辨力成像. 

3   基于压缩感知的傅里叶望远镜

CS理论一经提出, 就在多个应用领域受到高

度关注. 其中重要的一例是, CS技术解决了核磁

共振成像  (nuclear  magnetic  resonance imaging,

MRI) 图像重构时间过长的难题 [18]. MRI的基本
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图 1    傅里叶望远镜系统示意图

Fig. 1. Scheme of the Fourier telescope. 
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图 2    图像重构示意图

Fig. 2. Scheme of the image reconstruction. 
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原理是通过专用设备对 K空间数据 (空间频域)

进行采集 , 然后通过 IFFT重构目标图像 . 这与

FT成像原理的核心部分—通过发射基线配置实

现对目标空间频谱采集, 然后通过 IFFT重构目标

图像— 十分相似 , 所以完全可以借鉴 CS-

MRI的压缩感知应用方式和重构算法, 从而形成

CS-FT.

CS-FT技术包含以下几个重要环节: 1) 传统

FT数据获取和目标频谱估计技术, 这是 FT成像

的基础; 2) 利用小波变换和全变分（total variation,

TV）变换等方法对待恢复目标进行稀疏表示, 使得

只需要远低于奈奎斯特-香农 (Nyquist-Shannon,

N-S) 采样的观测数据 y 就可以精确恢复目标图像;

3) 对目标空间频谱进行随机采样 (通过发射基线

的随机配置来实现), 使得观测矩阵与稀疏变换矩

阵不相关, 满足压缩感知技术的使用要求; 4) 建立

图像恢复优化模型, 通过优化算法恢复目标图像.

CS-FT和后面将分析的 LF方法和 VD方法

均属于降采样方法. 降采样方法的最大优点是只需

要稀疏采样目标频谱即可重构图像, 和传统 FT相

比可大大缩短成像时间. 上述三种降采样方法的区

别在于采样模式和重构方法的不同. 对于 LF方法

来说, 采样模式只采样目标频谱的低频部分, 重构

方法采用高频频谱补零, 然后整个频谱进行 IFFT.

由此可见, LF方法的高频信息缺失, 理论上会造

成最高分辨率降低. 对于 VD方法来说, 采样模式

为随机采样目标频谱, 重构方法采用缺失频谱补

零, 然后整个频谱进行 IFFT. 由此可见, VD方法

的高频信息无明显缺失, 理论上最高分辨率下降较

小, 但随机降采样和简单 IFFT会引入较大的重构

噪声, 从而引起图像模糊. 对于 CS方法来说, 采样

模式为随机采样目标频谱, 重构方法采用压缩感知

的恢复算法重构图像. 基于压缩感知的恢复算法可

有效抑制由随机降采样和简单 IFFT引入的噪声,

由此可见, CS方法既能保留最高分辨率又能克服

降采样带来的噪声缺陷, 故理论上 CS方法的重构

质量应优于其他两种降采样方法 (LF和 VD).

本文建立的 CS-FT图像重构优化模型如下: 

min
{
∥M · Fu · x−y∥2+λ1 · ∥W · x∥1+λ2 · TV(x)

}
(1)

x

Fu

其中 min为取最小值运算符,    为目标图像, y为

对目标图像傅里叶分量的随机稀疏采样, M为随

机稀疏采样模板,    为欠采样傅里叶变换算子,

λ1 λ2

W 为离散小波变换算子, TV为全变分变换算子,

 和   为正则化参数. 上述优化模型可以看作是

正则化的最小二乘问题, 其中乘法项包括了图像的

变换稀疏性先验和 TV稀疏性先验. 本文采用了非

线性共轭梯度结合回溯线搜索算法解决 CS-FT的

图像恢复问题 [18,21].

λ1 λ2

下面详细介绍一下 CS-FT重构方法. CS-FT

的非线性优化算法采用 Matlab编写, 其中的小波

变换算子利用了Wavelab工具包[26] 中的Daubechies

小波函数, 计算机模拟基于现有代码 [25]. 实验过程

中正则化参数   和   均设定为 0.01, 优化过程均

经过 8次迭代. 傅里叶平面的随机稀疏采样模板利

用多项式概率密度函数, 通过Monte-Carlo算法生

成. 考虑到目标图像低频部分信息较为集中, 因此

采样模板对傅里叶平面低频部分进行了 N-S采样.

某次随机生成的变密度采样模板图像  (TSR为

30%, 低频 N-S采样率为 10%) 如图 3所示. 

4   四种重构方法成像质量的分析与
比较

本文利用Molniya-1卫星图像进行了实验, 以

分析和比较四种图像重构方法 (N-S, LF, VD和

CS) 之间的性能差异.

下面简单介绍一下四种重构方法各自所包含

的主要步骤.

N-S重构方法: 该方法是传统的 FT重构方法,

在接收到目标完整信息后, 利用信号解调、相位闭

合、频谱估计和图像恢复等步骤重构目标图像.

LF重构方法: 利用传统 FT方法获得目标频

谱, 然后只取频谱中的低频部分, 高频部分赋零值,

再利用 IFFT重构目标图像.

 

图 3    目标频谱的采样模板

Fig. 3. Randomly sparse sampled template. 
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VD重构方法: 利用传统 FT方法获得目标频

谱, 然后利用随机采样模式获取目标频谱, 没有采

样的频谱值赋零值, 再利用 IFFT重构目标图像.

CS重构方法: 利用传统 FT方法获得目标频

谱, 然后利用随机采样模式获取目标频谱作为测量

值, 接着根据随机采样模式和稀疏变换类型获得压

缩感知传感矩阵, 最后利用非线性共轭梯度算法重

构目标图像.

FT在实际成像过程中存在一些误差源的影响

(包含光束指向误差、大气湍流引起的到达角变化、

光束移频频率漂移、激光散斑噪声和探测器散粒噪

声等), 而这些误差源在实际成像过程中是无法避

免的. 所以在分析过程中采用外场实验数据 (包含

上述误差影响), 以研究噪声对四种重构方法的影

响程度. 下面简单介绍一下外场实验装置.

外场实验的主要目的是验证传统 FT对下行

链路 (目标到接收镜) 大气湍流的免疫性和实际噪

声源对系统成像性能的综合影响 [27,28]. 发射和接收

光学系统的原理示意图如图 4和图 5所示, 两者的

实物图分别如图 6和图 7所示. 目标由胶片打印图

片加漫散射体构成, 实物图如图 8所示.

在后续分析与比较中, 将改变重构算法中的三

个主要参数 (TSR, LSR和 OPDF), 比较在不同参

数条件下, 四种重构方法在成像质量上的差异. 下

面介绍上述三个主要参数的物理含义和取值范围.

TSR为三种降采样方法 (LF方法、VD方法

和 CS方法) 重构图像所需要的目标空间频谱数目

与传统 FT(满足奈奎斯特采样定理, 即等间隔采

样) 所需频谱数目的比值, TSR的取值范围是 [0, 1],

更小的 TSR表示所需的频谱数更少, 成像时间也

相应降低.

LSR和 OPDF这两个参数只有在变密度采样

中存在 (即在 VD方法和 CS方法中存在), 一般在

变密度采样时, 频率较低的频谱选择等间隔采样

(满足奈奎斯特采样定理), 频率较高的频谱选择变

密度采样 (满足多项式概率密度函数的随机采样,

即频率较低的采样率高, 频率较高的采样率低).

LSR是指对于变密度采样来说 (VD方法和

CS方法所采用), 等间隔采样的频谱数目与总采样

频谱数目 (等间隔采样数和变密度采样数之和) 之

比, LSR的取值范围是 [0, 1], LSR的取值越小表
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图 4    发射光学系统

Fig. 4. Schematic diagram of the optical transmitter. 
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Computer

Light scattered

by the object

Secondary mirror
Primary mirror

图 5    接收光学系统

Fig. 5. Schematic diagram of the optical receiver. 

 

图 6    发射光学系统实物图

Fig. 6. Physical layout of the optical transmitter. 

 

图 7    接收光学系统实物图

Fig. 7. Physical layout of the optical receiver. 

 

图 8    目标实物图

Fig. 8. Physical picture of the target. 
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示等间隔采样的比重越小.

OPDF是指变密度采样中所选择的多项式概

率密度函数的最高次数, OPDF取值范围是正整

数, 一般选择 [3, 10]之间的正整数, 取值越大表示

随着频率的增加采样率下降得越快.

为了定量描述重构质量的差异, 对传统 FT方法

的重构图像进行阈值去噪, 所得结果作为标准图像,

计算不同方法的重构图像与标准图像相比的 Strehl

值. Strehl值的范围是 0—1, Strehl值越接近 1则

图像质量越接近标准图像. Strehl值的计算公式为 [25]
 

 

Strehl =
max |Ostd(m,n)⊗Ocons(m,n)|2∫∫

O∗
std(m,n)Ostd(m,n)dxdy

∫∫
O∗

cons(m,n)Ocons(m,n)dmdn
, (2)

 

Ostd (m,n) Ocons (m,n)

⊗
其中,    和   分别为标准图像和

重构图像的二维光强分布, m 和 n 为二维坐标,  

为相关运算符, max为取最大值运算符, *为复共

轭运算符. 

4.1    OPDF 影响的分析

令 TSR = 0.2, LSR = 0.2. 当 OPDF分别为

3, 4和 5时, 重构结果如图 9所示. 因为 OPDF只

影响采用变密度采样模式的重构方法, 故只有 VD-

FT和 CS-FT受其影响. 从图 9可以看出, CS-FT

重构性能随着 OPDF的增大而略有下降, 故应尽

量选择较小的 OPDF. 根据前面对 OPDF的含义

和取值的介绍可知, OPDF越小表示随着频率的

增加采样率下降越慢. 这里的分析说明, 实验所采

用的目标频谱主要集中在中低频, 高频信息较少. 

4.2    LSR 影响的分析

令 TSR = 0.4, OPDF = 2.6. 当 LSR分别为

0, 0.1, 0.3和 0.4时, 重构结果如图 10所示. 因为

LSR只影响采用变密度采样模式的重构方法, 故

只有 VD-FT和 CS-FT受其影响. 从图 10可以看

出 ,  CS-FT重构性能变化的大致趋势是随着

LSR的增大而略有下降 , 故应尽量选择较小的

LSR. 根据前面对 LSR的含义和取值的介绍可知,

LSR越小表示等间隔采样的比重越小. 这里的分

析说明, 实验所采用的目标频谱的低频信息不多,

信息主要集中在中频部分. 

4.3    TSR 影响的分析

令 LSR = 0,  每次重构尽可能选择最小的

OPDF. TSR的变化范围为 0.05—0.8, 重构结果如

图 11所示. 从图 11可以看出, CS重构性能随着

TSR的增大而提升, 但 LF-FT和 VD-FT的重构

性能也随 TSR的增大而提升. 当 TSR = 0.8时,

虽然从 Strehl比来看, CS-FT仍然大于 LF-FT和

VD-FT(差别已经很小), 但从直观感受来说, LF-

FT, VD-FT和 CS-FT的重构效果与 N-S-FT几

乎无差别 . 通过 Strhel比和直观观察可以得出 ,

CS-FT的优势主要体现在 TSR较小 ( < 0.4) 的

时候. 根据前面对 TSR的含义和取值的介绍可知,

更小的 TSR表示所需的频谱数更少, 成像时间也

相应降低. 由此可见, 与其他降采样方法 (LF方法

 

OPDF=3

OPDF=4

OPDF=5

(a) Strehl=0.64463 (b) Strehl=0.65534

(c) Strehl=0.63783 (d) Strehl=0.64991

(e) Strehl=0.63047 (f) Strehl = 0.63862

图  9    OPDF的影响　(a) 和  (b) 分别是 OPDF = 3时的

VD图像和 CS图像 ; (c)  和  (d) 分别是 OPDF = 4时的

VD图像和 CS图像 ; (e)  和  (f) 分别是 OPDF = 5时的

VD图像和 CS图像

Fig. 9. The effect of the OPDF: (a) and (b) are the VD im-

age  and  the  CS image,  respectively,  when  OPDF = 3;  (c)

and (d) are the VD image and the CS image, respectively,

when OPDF = 4; (e) and (f) are the VD image and the CS

image, respectively, when OPDF = 5. 
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和 VD方法) 相比, CS方法在较低成像时间时具

有较好的成像质量.

综合上述 3种情况可以总结出如下规律: 1)

在相同 TSR情况下, OPDF越小, CS-FT重构效

果越好; 2) LSR较小时, CS-FT重构结果较好, 因

LSR > 0可能限制总采样数的压缩 (不能进一步

减少采样数), 故可以取 LSR = 0; 3) 随着 TSR的

增大, LF-FT, VD-FT和 CS-FT的重构性能均提

高, 当TSR = 0.8时, 三者的差异很小, 均与N-S-FT

几乎无差别. 所以与 LF-FT和VD-FT相比, CS-FT

的优势主要体现在 TSR较小 ( < 0.4) 的时候. 

5   成像时间分析

FT属于事后成像系统, 即先利用光学装置分

时获得目标的全部信息, 然后通过图像重构程序恢

复目标图像. 成像时间包括获取目标信息时间和图

像重构时间.

获取目标信息过程主要分成望远镜移动和跟

踪瞄准、光束切换和相位补偿等多个操作环节. 因

为 FT为分时获取目标信息 (每次获取目标的部分

信息, 通过多次操作获取目标的全部信息), 每次操

作的时间大约为 15 s, 所以整个获取目标信息的过

程所需时间较长. 下面以每次同时发射三束激光的

传统 FT为例计算目标信息获取时间. 传统 FT每

次获取一个目标频谱信息, 想要获得 33 × 33分辨

率的目标图像, 则需要测量 33 × 33个目标频谱分

量. 因为实函数的傅里叶变换存在共轭性 (第一和

第三象限的频谱互为复共轭, 第二和第四象限的频

谱互为复共轭), 故只需测量上述目标频谱的一半

(约 545个频谱分量) 即可实现成像 . 所以 33 ×

33分辨率的目标图像需要的信息获取时间约为

545 × 15 s = 8175 s ≈ 2.27 h.

图像重构过程主要包括信息解调、相位闭合、

频谱估计和图像恢复等环节. 对于 33 × 33分辨率

的目标图像来说, 传统 FT的图像重构时间约为

114 s, 远小于目标信息获取时间 (约 8175 s). 因

此, 减少目标信息获取次数是减少 FT整体成像时

间的关键.

采用基于压缩感知的目标信息获取方法, 可以

有效减少信息获取次数 (等于传统 FT获取次数 ×

采样率), 而增加的图像重构时间仅 20多秒, 故可

以有效减少 FT的成像时间 . 不同 TSR下 ,  CS-

FT、LF方法、VD方法和传统 FT的成像时间的

比较如表 1所示.

通过表 1可以看出, 随着采样率的减少, CS-

FT的成像时间大幅下降, 当然图像质量也随之下

降. 所以应该根据具体的应用需求合理选择采样

率, 在快速成像和高质量成像之间平衡.
 

 

LSR=0

LSR=0.3

(a) Strehl=0.68071 (b) Strehl=0.68131

(e) Strehl=0.67421 (f) Strehl=0.67929

LSR=0.1

(c) Strehl=0.67769 (d) Strehl=0.68034

(g) Strehl=0.67171 (h) Strehl=0.67859

LSR=0.4

图 10    LSR的影响　(a) 和 (b) 分别是 LSR = 0时的 VD图像和 CS图像; (c) 和 (d) 分别是 LSR = 0.1时的 VD图像和 CS图像;

(e) 和 (f) 分别是 LSR = 0.3时的 VD图像和 CS图像; (g) 和 (h) 分别是 LSR = 0.4时的 VD图像和 CS图像

Fig. 10. The effect of the LSR: (a) and (b) are the VD image and the CS image, respectively, when LSR = 0; (c) and (d) are the

VD image and the CS image, respectively, when LSR = 0.1; (e) and (f) are the VD image and the CS image, respectively, when

LSR = 0.3; (g) and (h) are the VD image and the CS image, respectively, when LSR = 0.4. 
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6   结　论

通过上面的分析可以得出以下结论.

1) 对于三种可以压缩 FT成像时间的重构技

术来说, 在不同 TSR下, CS-FT的重构图像质量

均优于 LF-FT和 VD-FT. 例如, 在 TSR = 0.4时,

CS-FT的图像质量 (Strehl = 0.68233) 优于 LF-

FT (Strehl  =  0.67768)   和 VD-FT  (Strehl  =

 

TSR=0.05

(a) (b) Strehl=0.68822 (c) Strehl=0.65359 (d) Strehl=0.65975 (e) Strehl=0.66538

TSR=0.1

TSR=0.2

TSR=0.4

TSR=0.8

(a) (b) Strehl=0.68822 (f) Strehl=0.66982 (g) Strehl=0.67172 (h) Strehl=0.67478

(a) (b) Strehl=0.68822 (i) Strehl=0.67336 (j) Strehl=0.67604 (k) Strehl=0.67914

(a) (b) Strehl=0.68822 (l) Strehl=0.67768 (m) Strehl=0.68045 (n) Strehl=0.68233

(a) (b) Strehl=0.68822 (o) Strehl=0.68472 (p) Strehl=0.68492 (q) Strehl=0.68557

图 11    TSR的影响　(a) 和 (b) 分别是标准图像和传统 FT图像 ; (c), (d) 和 (e) 分别是 TSR = 0.05时的 LF图像 , VD图像和

CS图像 ; (f), (g) 和  (h) 分别是 TSR = 0.1时的 LF图像 , VD图像和 CS图像 ; (i), (j) 和  (k) 分别是 TSR = 0.2时的 LF图像 ,

VD图像和 CS图像 ; (l), (m) 和 (n) 分别是 TSR = 0.4时的 LF图像 , VD图像和 CS图像 ; (o), (p) 和 (q) 分别是 TSR = 0.8时的

LF图像, VD图像和 CS图像

Fig. 11. The effect of the TSR: (a) and (b) are the standard image and the traditional FT image, respectively; (c), (d) and (e) are

the LF image, the VD image and the CS image, respectively, when TSR = 0.05; (f), (g) and (h) are the LF image, the VD image

and the CS image, respectively, when TSR = 0.1; (i), (j) and (k) are the LF image, the VD image and the CS image, respectively,

when TSR = 0.2; (l), (m) and (n) are the LF image, the VD image and the CS image, respectively, when TSR = 0.4; (o), (p) and

(q) are the LF image, the VD image and the CS image, respectively, when TSR = 0.8. 
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0.68045) . 这从实验上再次验证了基于压缩感知的

恢复算法可有效抑制由随机降采样和简单

IFFT引入的噪声, 与第 3部分提到的理论分析结

论 (理论上 CS方法的重构质量应优于其他两种降

采样方法) 相符. 虽然 CS-FT的重构时间比 LF-

FT和 VD-FT稍长 (一般多二十几秒), 但重构时

间的增加量与整个成像时间 (几百秒至几千秒) 相

比可以忽略. 所以总体来说, CS-FT是较好的可压

缩 FT成像时间的重构技术.

2) 对于本文所采用目标的 CS-FT成像来说,

采用较小的 LSR(LSR = 0) 和 OPDF(OPDF =

3), 可以获得更好的重构图像质量. 这也说明, 本

文所采用的目标的信息主要集中在中频段.

3) CS-FT可以大幅压缩 FT的成像时间, 但

也一定程度上降低图像质量. 应根据具体的应用需

求合理选择 TSR, 在快速成像和高质量成像之间

进行折中.

4) 上面的分析和比较所采用的数据均来源于

外场实验, 这说明上述三种降采样重构方法对实际

噪声均具有较强的鲁棒性.

当然, 目前对 CS-FT的研究工作仍处于初期,

还有很多环节需要继续研究, 例如怎样选择合理的

发射基线配置以适应频谱随机欠采样的要求, 以及

发射基线不连续引起的三项积冗余度下降是否会

产生成像性能的明显下降等. 这些新问题将是 CS-

FT是否可最终实现实际成像功能的障碍, 我们将

持续努力逐渐缩短与最终目标的距离.
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表 1    四种方法的比较
Table 1.    Comparison of the four methods.

TSR
Traditional
FT/s

LF
method/s

VD
method/s

CS
method/s

0.05 8289 529 530 554

0.1 8289 943 944 968

0.2 8289 1772 1773 1797

0.4 8289 3430 3431 3455

0.8 8289 6746 6747 6771

物 理 学 报   Acta  Phys.  Sin.   Vol. 68, No. 7 (2019)    074203

074203-8

http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.30.000206
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/AO.34.005932
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
http://dx.doi.org/10.1364/JOSAA.13.000351
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Effects-of-atmospheric-turbulence-and-jitter-on-Fourier-telescopy-imaging/10.1117/12.364138.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Properties-of-Fourier-telescopic-images-of-remote-rough-objects/10.1117/12.364139.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5896/58960D/Laboratory-and-field-experimental-demonstration-of-a-Fourier-telescopy-imaging/10.1117/12.615444.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4167/0000/Compensation-of-strongly-heterogeneous-atmospheric-distortions-in-Fourier-telescopy-of/10.1117/12.413822.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4821/0000/Effect-of-turbulence-on-downlink-and-horizontal-path-on-high/10.1117/12.450636.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/3815/0000/Geo-Light-Imaging-National-Testbed-GLINT--past-present-and/10.1117/12.364119.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4091/0000/GLINT-program-overview-and-potential-science-objectives/10.1117/12.405789.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/4489/0000/GEO-light-imaging-national-testbed-GLINT-heliostat-design-and-testing/10.1117/12.453217.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630701/Simulation-of-a-Fourier-telescopy-imaging-system-for-objects-in/10.1117/12.676284.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6307/630702/Phase-closure-and-object-reconstruction-algorithm-for-Fourier-telescopy-applied/10.1117/12.682179.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7094/70940G/Laboratory-demonstration-of-a-multiple-beam-Fourier-telescopy-imaging-system/10.1117/12.798533.full
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472240/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
https://ieeexplore.ieee.org/document/4472239/
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1002/(ISSN)1522-2594
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
http://dx.doi.org/10.1080/17415977.2010.492509
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8551/855110/Adaptive-optics-technology-for-Fourier-telescopy/10.1117/12.999256.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8877/88770J/Signal-demodulation-of-Fourier-telescopy-based-on-spectrum-correction/10.1117/12.2030904.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/8905/89052X/Effect-of-transmitting-beam-position-error-on-the-imaging-quality/10.1117/12.2035843.full<br />

https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-55-24-6694&amp;origin=search
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://statweb.stanford.edu/~wavelab/Wavelab_850/index_wavelab850.html
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1


Performance optimization of three down-sampling
imaging strategies and their comparison with

the conventional Fourier telescope*

Dong Lei 1)2)†    Lu Zhen-Wu 1)    Liu Xin-Yue 1)    Li Zheng-Wei 1)

1) (Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 5 October 2018; revised manuscript received 4 February 2019 )

Abstract

In order to obtain a new imaging strategy of the Fourier telescope (FT) with a better imaging quality and

a  less  imaging  time,  we  optimize  and  compare  three  down-sampling  imaging  strategies  in  this  paper:  the

compressed sensing method (CS), the low-frequency full sampling method (LF) and the variable-density random

sampling method (VD), which are different from the traditional Fourier telescope in both of the image quality

and the imaging time. The analytical methods are as follows: based on the target’s spectral data obtained from

the field experiment of traditional FT, three down-sampling methods (LF, VD and CS) are used to reconstruct

the  target’ s  images  according  to  their  own  sampling  modes  and  reconstruction  methods,  respectively;  the

differences between the three down-sampling methods and the traditional FT regarding the image quality are

compared by the  instinctive  observation and the  Strehl  ratio;  based on the  analysis  of  the  imaging time,  the

differences  between the three  down-sampling methods and the traditional  FT regarding the imaging time are

preliminarily  compared.  The  analysis  shows  that:  1)  the  image  quality  of  the  compressed  sensing  method  is

better  than  that  of  the  other  two  down-sampling  methods  (LF  and  VD),  slightly  lower  than  that  of  the

traditional imaging; 2) although the image quality of the compressed sensing method is slightly lower than that

of the traditional FT, its imaging time is much lower than that of the traditional FT; 3) the field data used in

the  analysis  contain  noises,  which  means  that  the  reconstruction  methods  of  the  above  three  down-sampling

strategies have a better robustness to the noises.  Based on the above results,  it  can be seen that the Fourier

telescope based on compressed sensing (CS-FT) is an excellent imaging strategy which can greatly reduce the

imaging time in the condition with actual noises.

Keywords: synthetic  aperture  imaging,  Fourier  telescope,  image  reconstruction  techniques,  compressed
sensing
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