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Abstract: This paper focuses on the optical freeform surface model in optical design of freeform optical
surfaces. Based on the model of conventional Gaussian Radial Basis Function (RBF), a model of
Gaussian Radial Basis Function based on slope (Gaussian RBF-BS) was proposed by improving the
distribution of basis function and changing the shape factor of basis function. The different types of
freeform surfaces were fitted and compared by using models of Gaussian RBF-BS, Gaussian RBF and
Zernike polynomials. The results demonstrate that the surface fitting ability of the proposed model is
stronger than those of the conventional Gaussian RBF model by 1—2 orders, and it has a stronger sur-

face characteristic ability. Then, the proposed model was used to design a Three Mirror Anastigmat
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(TMA) system, where the average Modulation Transfer Function(MTF) in whole field of view has

reached over 80%. As compared with that of the conventional model based on the RBF, the proposed

model enhances the aberration balance ability and improves the image quality of the system. Further

analysis indicates that RBF-BS model is much suitable for the characterization of the freeform surface

with significant asymmetry and local variation. It is expected to be applied to the design of optical systems

with large off-axis magnitudes and fields of view.
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Tab.1 Coefficients of xy polynomial in double curve freeform surface expression
m
n
0 2 4 6 8 10
0 0 6.086975E—5  1.345443E—10  3.310262E—16  1.020537E—21 1.653756E—28
1 0 —9.657166E—8 —4.424293E—13 —1.749391E—18 —6.739667E—24
2 8.446692E—5 3.881972E—10 1.672236E—15 7.515349E—21 —3.800397E—27
3 —1.773111E—8 —5.340721E—13 —4.286471E—18 —2.305324E—23
4 2.103339E—10  1.962740E—15 1.613314E—20 1.939290E—26
5 —4.450410E—14 —3.972902E—18 —4.548523E—23
6 1.204820E—15  2.276418E—20 9. 938038E—26
7 —3.751270E—18 —6.515923E—23
8 1.243271E—20  1.259617E—25
9 —1.671689E—23
10 2.740074E—26
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Tab. 2 Fitting results of double curve freeform surface

N WA 4R
RMS/m PV/m
Gaussian RBF 36 4. 348 98E—09 4. 398 4E—08
e=0.707 49  2.378 SE—10 3.715 07TE—09
64 1.929 99E—10 2.706 93E—09
Gaussian RBF—BS 36 5.111 38E—10 6.028 24E—09
&=0. 707 49  6.256 SE—11 7.504 3E—10
64 3.859 15E—12 5.187 31E—11
Zernike ZI 36 1.444 8E—12 1.625 78E—11

49 1.355 19E—13
64 3.945 77TE—15

2.012 93E—12
8.203 72E—14
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Tab. 3 Fitting results of parabolic surface with bump
LA 55 R
RMS/m PV/m
Gaussian RBF 676 2.614 43E—08 7.487 56E—07
e=5 729 1.416 81E—08 3.757 73E—07
784 1.251 06E—08 4.905 84E—07
Gaussian RBF—BS 676 8.091 8E—10 2.593 71IE—08
5 729 5.936 36E—10 1.260 5E—08
784 5.89237E—10 1.577 88E—08
Zernike ZTix 676 4.001 31E—08 5.608 45E—06
729 8.432 52E—09 1.002 09E—06
784 5.722 09E—09 6.748 99E—07
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Tab.5 Comparison of image quality of three models used

in TMA system

g pgyerage MTE Disl\t/c[i)t(ion RMS WEE
X Y o W/ %
RBF-direct 64 32.82 24.01  3.84 0.449 5
RBF-BS 64 81.41 80.62  2.16 0.102 3
Zernike ZTX, 41 77.88 72.27  2.39 0.1318
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