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Table 1 The main performance indicators of diffraction rotational
snapshot spectral camera
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Figure 1 The design diagram of refractive-diffractive hybrid optical system.
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Figure 2 The schematic diagram of the refractive-diffractive hybrid
optical system.
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Figure 3 The design result of the diffractive optical element.
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Figure 4 The fabrication result of the diffractive optical element. (a) Microscope image; (b) profilometer measurement; (c) 2D white-light
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Table 3 The step height analysis of the processing results of the DOE
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Figure 5 The diffraction rotational snapshot spectral camera.
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Figure 6 Calibration system of the prototype’s spectral response
function.
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Figure 9 Calibrated point spread function in each spectral channel.
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full-spectrum PSF; (f) R color channel of real-shot full-spectrum PSF; (g) G color channel of real-shot full-spectrum PSF; (h) B color channel of real-

shot full-spectrum PSF.
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Table 4 Quantitative evaluation of full-spectrum PSF similarity
between simulation and real-shot

P 8 PSNR (dB) SSIM
R 64.3844 0.9994
G 723199 0.9998
B 78.7856 1.0000
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Design and calibration verification of the diffraction rotational
snapshot spectral camera on the Tianwen-2 mission
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College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China
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In the Tianwen-2 exploration mission, a spectral camera based on the diffracted rotation is deployed to capture the overall
morphology and spectral information of the detected target at the moment of encounter with asteroids and other celestial
bodies. The camera utilizes a diffractive optical element to encode the phase of incident light, resulting in point spread
functions (PSFs) of different wavelengths exhibiting a similar shape while the PSFs rotates as the wavelength changes.
These wavelength-dependent PSFs, acting as spectral priors for the imaging system, facilitate the reconstruction of
spectral data from encoded images. This paper focuses on the design of the refractive-diffractive hybrid optical system
and the calibration of the imaging system. The calibrated PSFs show strong consistency with the theoretically designed
PSFs, confirming the accuracy and effectiveness of the calibration process and image data preprocessing.

spectral imaging, Tianwen-2, snapshot, diffractive optical element, image reconstruction
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