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Testing methods of high-gradient conformal aspheric surfaces based

on annular sub-aperture stitching
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Abstract: Annular sub-aperture stitching interferometry technology can test steep conformal aspheric
surfaces with low cost and high efficiency without auxiliary null optics. The effective splicing algorithm
was established based on simultaneous least-squares method and Zernike polynomial fitting. Firstly, the
basic principle of the algorithm of the annular sub-aperture stitching was studied. Secondly, the
mathematical formulas of the sub-aperture effective area were derived and the parameters of the sub-
aperture effective area were calculated and optimized. Finally, the reasonable mathematical model was
established. The detection method of annular sub-aperture stitching high steepness aspheric has been tested
through on experimental verification. As a result, the surface map of the full aperture after stitching was
consistent to the input surface map, the difference of PV error and RMS error between them is 0.015 1A
and 0.004 7A (A is 632.8 nm); the PV and RMS of residual error of full aperture phase distribution is
0.043 51 and 0.005 2A. The results conclude that this splicing model and algorithm were accurate and
feasible.
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Fig.3 Overlapping relationship of annular sub-apertures
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Fig.2 Wavefront simulation map of measured tested asphere
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Fig.4 Algorithm flow chart
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Fig.5 Phase distribution of wavefront aberration of each annulus subaperture
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Fig.6 Phase distribution of random noise
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Fig.7 Phase unfold distribution of five sub-apertures with

additionalnoise
1
Tab.1 Fitting coefficient of splicing algorithm
Sub-aperture X tilt Y tilt Defocused Translation
Settings 2x10™* 3x10™ 5%107° 4x107
1 and 2 ) ;
Fittings  2.00x10™*  2.99x10™" 4.97x107* -2.41x107* (b)
Settings 6x107 2x10™ 3x107* 9x107*
1 and 3 )
Fittings  5.99x10™*  1.98x10™* 3.00x107* —-7.62x107* g
Settings 7x107 8x10™" 8x107* 7x107°
1 and 4 ) ) Fig.8 Full aperture wavefornt aberration and stitching wavefront aberratio
Fittings  6.99x10™*  7.97x10™ 8.00x107* —5.42x107°
Settings 9x10~* 2x107* 8x107* 3%x107
land 5 , ] ) 0.098 7A ,
Fittings  9.00x10™*  1.96x10™" 7.98x107* —6.42x107°
CCD
o PV RMS 0.0151A | o
0.004 7A PV RMS PV 0.597 27,
: RMS 0.107 51,
AW pyy =AW, —AW,;,=0.043 51 o PV RMS
L " 0.018 31 ,0.008 8\ .
AW =1 — — )2 =0.005 2
®=| Z} (AW-AW;) PV=0.0487A  RMS=0.006 4,
PV=0.043 5A 2 o
RMS=0.005 2A 2
’ Tab.2 Stitching accuracy of different aperture dome
’ : Diameter 100 mm 127 mm
5
Stitching PV 0.594 01 0.597 21
’ Stitching RMS 0.103 4A 0.107 51
o Residuals PV 0.004 351 0.048 7A
127 mm Residuals RMS 0.005 2A 0.006 4A
o
) N 127 mm ,
o ’ o]
PV 0.578 9A ,RMS o
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