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Fig. 1. Schematic of the simple optical imaging system.
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Fig. 2. The single lens imaging system[*!,
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Fig. 3. The diffractive refractive hybrid imaging system[*.
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Fig. 4. Layout schematic of simple optical system and the comparison of restoration results/*.
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Table 1. Simple lens imaging system and its implementation.
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Fig. 5. Final design results of the optical system configuration!*7.
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Fig. 6. The category of lensless imaging.
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Fig. 8. Development of mask-modulated lensless camera. Rambus lab proposed the phase anti-symmetric spiral gratings™ in 2013;

BAE Systems proposed separable Doubly-Toeplitz masks/®, and Rice University proposed FlatCam!™ in 2015; UC Berkeley pro-

posed DiffuserCam!™ and Hitachi proposed amplitude mask based on Fresnel zone aperture™ in 2017; Tsinghua University pro-

posed the Fresnel zone aperturel™, UC Berkeley proposed Spectral DiffuserCam!™!, and Rice University proposed phase mask based
PhlatCam[®? in 2020; KAIST proposed DOE®! for Hyperspectral-Depth Imaging in 2021; Tsinghua University proposed lensless
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compound microsystem(™ in 2022.
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Fig. 9. (a) Plasmonic metasurface based on resonance phase; (b) dielectric ridge waveguide based on propagation phase; (c¢) schema

tic of the geometric phase with Poincare sphere.
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Fig. 10. (a) The Huygens’ metasurface as well as the electromagnetic field distribution of electric and magnetic dipolesi®!); (b)
schematic of silicon metasurface and the transmission intensity of metasurface depends on the diameter and wavelength of silicon
cylinder?; (c) schematic diagram of dielectric ridge waveguide and electric field distribution in zzplanel®); (d) side-view and top-
view of the metasurface building block and simulated phase map for the metasurfacel®l; (e) schematic for the metasurface building

block and the geometric phasel®; (f) phase profile of integrated-resonant unit elements based on coupled nano-rods*".
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Fig. 11. Metalens cameras: (a) Pancake metalens camera’’l; (b) metalens of salt grain size[!'%; (c) metalens thermal imaging camera

[102].
b
108)

(d) near infrared metalens cameral'®; (e) long-wave infrared metalens camera’”; (f) metalens array integrated wide-angle cameraltsl.
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Fig. 12. Mathematical models of compressive sensing[®.
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Fig. 16. Categories of simple optical imaging techniques. In clockwise order, they are: Depth imaging, e.g., PhaseCam3DEB%, the

achromatic meta-lens array depth-sensing system!!6%;

; high resolution and super-resolution imaging, e.g., DOE designed by end to-
end optimization for super-resolution!’d, imaging by the FlatScope prototype and computational reconstruction of the imagel™

large depth of field imaging, e.g., the multi-level diffractive lens that exhibits extreme-depth-of-focus imaging'®l, light-field imaging
system enabled by the spin-multiplexed metalens array!'?; wide field-of-view imaging, e.g., the on-chip integrated p-CE cameral'®3]

the on-chip 180°x360° imaging system!'6%, metalens array integrated wide-angle cameralls!,
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Abstract

Computational imaging enables optical imaging systems to acquire more information with miniaturized
setups. Computational imaging can avoid the object-image conjugate limitation of the imaging system, and
introduce encoding and decoding processes based on physical optics to achieve more efficient information
transmission. It can simultaneously increase the amount of information and reduce the complexity of the
system, thereby paving the way for miniaturizing imaging systems. Based on computational imaging, the simple
and compact optical imaging techniques are developed, which is also called simple optics. To develop
miniaturized optical imaging elements and integrated systems, simple optics utilizes the joint design of optical
system and image processing algorithms, thereby realizing high-quality imaging that is comparable to complex
optical systems. The imaging systems are of small-size, low-weight, and low-power consumption. With the
development of micro-nano manufacturing, the optical elements have evolved from a single lens or a few lenses,
to flat/planar optical elements, such as diffractive optical elements and metasurface optical elements. As a
result, various lensless and metalens imaging systems have emerged. Owing to the introduction of encoding
process and decoding process, an optical imaging model is developed to represent the relationship between the
target object and the acquired signal, from which the computational reconstruction is used to restore the image.
In the image restoration part, the algorithms are discussed in three categories, i.e. the classic algorithm, the
model-based optimization iterative algorithm, and the deep learning (neural network) algorithm. Besides, the
end-to-end optimization is highlighted because it introduces a new frame to minimize the complexity of optical
system. In this review, the imaging techniques realized by simple optics are also discussed, such as depth
imaging, high-resolution and super-resolution imaging, large field of view imaging, and extended depth of field
imaging, as well as their important roles in developing consumer electronics, unmanned driving, machine vision,
security monitoring, biomedical devices and metaverse. Last but not least, the challenges and future

developments are prospected.
Keywords: simple optics, computational imaging, lensless, metalens
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