Opto-Electronic Engineering Art|C|e

¥ ¢ x 4

20185 , 55 45% , 55 3 HH

DOI: 10.12086/0ee.2018.180075

HENINEENEFRE | T A
\ >

Object

AR *

Plenoptic
----------------------------------------- detector
= =N 1* é 2 A1 TestOh#Onn Phase piat
= \/$ sy T % T—b }EA %J\ -, -<|I este ae pate Imaging CCD
g&j@: % 1 ) j]J X r 1 ) ‘L% ___________________ Diffuser
! 410073
2 610209

WE: ALY HE AR RERRE B AR TG AGHATERRNE, B BARE FRAGOWERSEZ LR
b, Bt E R AR AR 5. JER, AR KALA T E A XTI 508G B ARR S kAT A S ATAR N AR
FATH F o R B L AME AR ) F 09 A KRR £ B, BAE G B R AT kAR, ok AR B K AR
MALY, Tvh BEAY R BATE A BAREATRAE B H . AXMAER A E L AFEADEGIE B L, HETHE
1 b EERFREBARGREBLEIK, NBTHARANETF Y A &8 F Gy @ ke) T2 T4k,
KR aE A, ARG RBAL Rpiai

FESHES: 0436; 0439 MRS A

SIAMRN: 8%, T&, Ls, ¥ ALY AEEAF RG] b4, 2018, 45(3): 180075

Research on computationally adaptive plenoptic
imaging
Lv Yang?!, Ning Yu!", Ma Haotong?, Sun Quan?, Zhang Xuanzhe?,

Liu Wenguang?, Xu Xiaojun!

!College of Interdisciplinary Studies, National University of Defense Technology, Changsha, Hunan 410073, China;
Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu, Sichuan 610209, China

Abstract: As for computational adaptive plenoptic imaging system, the light-field of the target and interference are
measured together, and then according to distribution characteristics of the four-dimensional light-field information
between the target and the disturbed factors, target and disturbed factors can be effectively separated. This tech-
nique can be used to detect and recover the wavefront distortion caused by interference in the large field of view, and
adaptively compensate for complicated wavefront aberration by means of computation. Compared with the tradi-
tional adaptive optics imaging method, the proposed method has a larger detecting field of view, and can directly
analyze and compute wavefront information based on the extended target.
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Fig. 1 Computationally adaptive plenoptic imaging configuration
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Fig. 2 Phase screens used in numerical simulation. (a) Defocus phase screen; (b) Atmosphere turbulence phase
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Fig. 3 Blurred images captured by imaging CCD with phase aberrations. (a) With defocus phase aberration; (b) With
atmosphere turbulence phase aberration
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Fig. 4 Intensity distribution of images captured by plenoptic detector CCD with phase aberrations. (a) With
defocus phase aberration; (b) With atmosphere turbulence phase aberration
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Fig. 5 Phase errors of the wavefront distortion restoration. (a) Defocus phase aberration restoration; (b) Atmosphere
turbulence phase aberration restoration. The RMS phase errors of defocus aberration and atmosphere turbulence aberra-
tion restoration are 0.0381 and 0.063 4, respectively
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Fig. 6 Corresponding reconstructed near-diffraction-limited images. (a) Disturbed by defocus phase aberration; (b) Dis-

turbed by atmosphere turbulence phase aberration
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Fig. 7 Defocus aberration generated in the experiment and its corresponding blurred image. (a) Defocus aberration;

(b) Blurred image
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Fig. 8 Plenoptic image and its corresponding restored phase distribution. (a) Plenoptic image; (b) Restored phase distribution
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Fig. 9 Reconstructed near-diffraction-limited image and phase error of wavefront distortion restortion. (a) Reconstructed
near-diffraction-limited image; (b) Phase error. The RMS phase error of aberration restoration is 0.0187 1
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Fig. 10 The experimental results of computationally plenoptic imaging of the launching tower 4 kilometers away from the
experimental system. (a) Blurred image captured by traditional imaging CCD; (b) Reconstructed image
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Overview: For the complicated imaging environment with turbulent atmosphere or obstacle interference, the imaging
performance of the optics imaging system will seriously decrease. In order to improve the imaging resolution of the
complicated imaging system, post image processing and adaptive optics techniques are always utilized. As for post im-
age processing, it has a special condition for image collecting environment, sampling rate and the pre-information of
the image, thus it has a large computation load and is difficult to realize real time or near real time processing. Though
the traditional adaptive optics technique can detect and compensate for the wavefront distortion information caused by
environment, it cannot deal with the problem of anisoplanatic and large field of view applications. The system is com-
plicated, expensive and hard to control, so that it is not available for small equipment. Furthermore, it is a correction
system based on the optical field wavefront phase difference, and because of the complicated imaging environment, the
obstacles located on the optical propagation pass may modulate the optical field of the target, which results in lacking of
target plenoptic information and cannot obtain wavefront distortion of the extended target being partially occluded. It
means that the imaging system cannot obtain clear image of the target by adaptive correction and the traditional adap-
tive optics is not available in the case of complicated occluded imaging environment.

In this article, computational optical imaging technology is introduced to the application of adaptive optics imaging
method, based on the advantage of computational optical imaging system. Different from the traditional adaptive optics
imaging based on phase conjugation, the computational adaptive plenoptic imaging system is aimed to decrease the
amplitude and phase interference caused by the complicated environment based on the computational imaging correla-
tion method. As for computational adaptive plenoptic imaging system, the light-field of the target and obstacle are
measured together, and then according to distribution characteristics of the four-dimensional optical field information
between the target and the obstacle, target and obstacle can be effectively separated. On one hand, this technique can be
used to detect and recover the wavefront distortion caused by interference in the large field of view, and adaptively
compensate for complicated wavefront aberration by means of computation. On the other hand, it can delete the certain
effect caused by the obstacle performing to the target optical field in the complicated environment. Compared with the
traditional adaptive optics imaging method, the proposed method has a larger detecting field of view, and can directly
analyze and compute wavefront information based on the extended target. The computational plenoptic imaging system
has no active optical equipment or dynamic equipment. It utilizes the computational method instead of mechanical de-
formable mirror to realize phase compensation, and can adaptively compensate for the complicated wavefront phase
perturbation in the imaging space. It has the advantages of compact structure and low cost. Furthermore, it can delete
the interferential imaging effect from the obstacle located in the optical pass of higher dimensional optical field to obtain
clear images.
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