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Abstract: The influence of polarization aberration on detection accuracy and imaging quality in a spatial op-
tical system containing freeform surfaces was analyzed. First, based on the Jones notation, a freeform sur-
face off-axis optical system with fringe Zernike polynomials as the characterizing function was proposed.
Second, the polarization aberration analysis model of reflective optical system with freeform surface was
developed. The influence of fringe Zernike polynomial low-order coefficients on the polarization aberration
distribution of the field of view off-axis optical system was analyzed. Then, by tracing the polarized light
through full field of view and by comparing before and after the freeform surface was introduced, the free-
form surface effected on three types of polarization aberrations, that is, phase aberration, retardance, and
diattenuation, of the field-bias optical system were verified. Finally, a wide-field off-axis three-mirror opti-
cal system with freeform surface and the polarization aberration of the full field of view were analyzed. The

analysis results show that the phase aberration distribution is consistent with the freeform surface sagittal
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height distribution, and the retardance and diattenuation caused by the freeform surface account for 52. 5%

of the retardance and diattenuation of the total system, respectively. Improving this polarization character-

istic change is important for the design of very high-precision optical systems such as deep-space astronomi-

cal telescopes.

Key words: optical design; polarization aberration; Jones matrix; freeform surface; polarization ray trac-

ing; off-axis optical system
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Fig. 9 Changes of diattenuation and retardance after add-

ing freeform with Z; 4 term
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Tab.1 Main optical indicators of freeform polarization op-

tical system

Specification Parameters

Focal length 850 mm
F number 6.5

Field of view 20°x2°
Distortion <0.5%
Pixel size 13 pm
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Tab.2 Optical constants of metals

Metal n nK
Silver 0.20 3.44
Aluminum 1.44 5.23
Gold 0.47 2.83
Copper 0.62 2.57
Iron 1.51 1.63
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Fig. 14 Layout of optimized freeform polarization optical
system
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