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Design of Freeform Off-Axis Reflective Afocal Systems by
Orthogonal Seed Curve Extension Algorithm
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Abstract  Off-axis reflective afocal optical systems have important applications in space telescopes. Freeform
surfaces can correct the asymmetric aberrations in off-axis reflective afocal systems. It is very important to design
the initial layouts of freeform off-axis reflective afocal systems. In this paper, an orthogonal seed curve extension
(OSCE) algorithm was proposed to design the initial layouts of freeform off-axis reflective afocal systems directly.
Off-axis afocal three-mirror and four-mirror systems with magnifications of 10 and 20, respectively, were designed
to verify the feasibility of the method. The results show that the root-mean-square (RMS) wavefront error of the
initial layout of the off-axis three-mirror system is 0.36 A, and that of the off-axis four-mirror system is 0. 18 A.
The RMS wavefront errors of the two initial layouts after optimization are both less than 0.02 A.

Key words optical design; off-axis reflective afocal system; orthogonal seed curve extension; freeform surface;
wavefront error
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Fig. 1 Schematic diagram of freeform off-axis

reflection system
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Fig. 2 Schematic diagram of the surface with different initial points and the coordinate difference. (a) Initial point is P, ;

(b) initial point is P}, ; (¢) difference of corresponding coordinate between two surfaces
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Fig. 3 Schematic diagram of surface data points. (a) Seed curve is horizontal; (b) seed curve is vertical;

(c) two sets of data points are put together
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Fig. 4 Ideal freeform off-axis one-mirror system
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(b) difference of the corresponding data points of surface designed by SCE algorithm and ideal freeform surface; (c)

two sets of data points of freeform surface designed by OSCE algorithm and ideal freeform surface are put together;

(d) difference of the corresponding data points of surface designed by OSCE algorithm and ideal freeform surface
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Table 1 Off-axis three-mirror afocal system parameters

Parameters Specification
Entrance pupil /mm 200
Exit pupil /mm 20
Wavelength /pm 0.6
Magnification 10

Configuration Off-axis three-mirror
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Fig. 7 Off-axis three-mirror afocal system. (a) Initial layout diagram; (b) actual light path diagram
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Table 2 Off-axis four-mirror afocal system parameters
Parameters Specification
Entrance pupil /mm 200
Exit pupil /mm 10
Wavelength /pm 1.55
Magnification 20

Configuration Off-axis four-mirror
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Fig. 14 Off-axis four-mirror afocal system. (a) Initial layout diagram; (b) actual light path diagram
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Fig. 16 Tolerance analysis of three freeform surfaces under 20 sets of samples. (a) RMS distribution of surface 1 with H of
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