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Supplement Note. S1





[bookmark: _Hlk188707811][bookmark: _Hlk188708683][bookmark: _Hlk188707856]The MRRs were designed in the commercial computing software Zemax. The first device is an even aspheric plastic lens and the second device is a metasurface. The phase profile of the metasurface can be described as:  , where  represents the radial coordinate of the metasurface,  represents the normalized radius,  represents the order coefficient of the curve, and represents the number of even-order terms. The conic coefficient parameter in the even-order aspheric surface of the refractive lens has a fixed value of  1.11 in the design, and represents the order coefficient. The parameters of the metasurface are in table S1, and the parameters of the refractive lens is in table S2.


















[image: ]
Supplement table. S1: The parameters of the metasurface.
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Supplement Table. S2: The parameters of the refractive lens.

[bookmark: Tables][bookmark: MaterialsMethods]
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Supplement Fig. S1: Top views of the refractive lens array and metalens array, along with a depiction of device coupling, are presented in the figure. The dimensions of the metasurface unit are precisely inscribed within the hexagonal unit of the lens, ensuring the seamless formation of an array without any gaps between the devices. This meticulous design approach enhances the overall integration and performance of the system.
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Supplement Fig. S2: The transmission phase and transmission amplitude of the cell structure under different diameters. The diameter of Si nanopillars varies from 120 nm to 250 nm, and a total of 13 structural units are selected. We selected unit structures with as high transmittance as possible. The transmission efficiency of 13 structures was higher than 90%, and only the unit structure with a diameter of 240 nm had a transmittance of 85%.
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Supplement Fig. S3: The horizontal axis represents the deviation of the nanocolumn diameter processed by the metasurface, while the vertical axis represents the deviation of the metasurface etching depth. Under the condition of ±10 nm diameter deviation and 100 nm depth deviation, the average deviation of the entire phase plane is about 0.16 rad.
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Supplement Fig. S4: Error bar diagram of each metasurface nanopillars under the influence of manufacturing process deviation.
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Supplement Fig. S5: The wavefront error of the retroreflection is calculated when the refractive lens and substrate deviate from their designed thicknesses. The horizontal axis represents the variation in substrate thickness from thin to thick, while the vertical axis represents the variation in refractive lens thickness. It is evident that, compared to the wavefront error caused by the refractive lens, deviations in substrate thickness are more likely to result in inaccurate retroreflection.
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Supplement Fig. S6: Transmittance of metasurface structural units at different incident angles and radii under TE and TM polarization. The transmittance diagrams of different polarizations under 0-65° incident light have been simulated by FDTD calculation. In our design, the nanopillars are arranged in a square lattice with the lattice period P=350nm. The metasurface nanopillars are polarization insensitive, and the TE and TM polarization transmittances are basically the same at different angles.
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[bookmark: _Hlk188704848]Supplementary Fig. S7: The profile of reflected light tested using a commercial corner cube prism. Since the angle of the corner cube prism is designed to decrease linearly with the increasing angle, the reverse reflected light is close to 0 when it is close to 45 degrees. At the 45-degree position, due to the existence of mirror reflection, a large area of ​​reflected light can be directly obtained, and the diameter is reduced to 0 afterwards.
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Supplement Fig. S8: A schematic diagram illustrating long-distance retroreflection is provided, featuring lenses D1 and D2 with a focal length of =20 cm. The distance between the beam splitter (BS) and D1 is =10 m.
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Supplement Fig. S9: Retroreflection results under long-distance measurements at a position of 10 m.


[image: C:\Users\yuanquan\AppData\Local\Temp\WeChat Files\c1fe08f51d3dbe936921929797e7a5e.png]
Supplement Fig. S10: Calculation of incident light efficiency. We arrange all the columns used together and calculate the overall transmittance.
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Supplement Fig. S11: Raw image from retroreflector imaging measurement. Affected by the centrosymmetric operation of the retroreflector unit, the image is flipped in hexagonal units.
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Supplement Fig. S12: Image processing for imaging retroreflectors. The images in each unit are center-symmetrically flipped and placed in their original positions, and finally spliced to obtain a complete reflection image.
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Supplementary Fig.S13: Collimation measurement of corner cube mirror. Under the same shooting environment, the corner cube prism shows a clear image with a resolution of  approximate 5 μm.
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Supplement Fig. S14: MRR retroreflection imaging effect test at 100 nm wavelength bandwidth from 1000 to 1100 nm.”
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Supplement Fig. S15: Remove the laser tracking experiment diagram against the illuminated background. In the supplementary video, we compared the situation with and without lighting. In the case of no lighting, it is completely impossible to find moving objects through imaging. The retroreflector signal can help us determine the position of moving objects.
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Supplement Fig. S16: Characterization of the wavefront error induced by lateral movement and the rotational misalignment of the devices. The horizontal axis represents the lateral translation of the device, while the vertical axis depicts the tilt angle between the two devices. It is observed that, compared to device tilt, lateral misalignment between the devices exerts a more significant impact on the wavefront of the retroreflected light.
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[bookmark: _Hlk188703822]Supplement Fig. S17: Wavefront error caused by temperature change resulting in refractive index change.
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