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Wavefront reconstruction based on discrete sampling
of sub-aperture slope
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Abstract: Existing evaluation and testing methods are difficult to apply to the wavefront aberration
test at different elevation angles for a photoelectric telescope with 3—4 m aperture. Therefore, this
paper presents a Wavefront Error (WFE) test method by subaperture wavefront slope discrete
sampling and then reconstructing the full aperture wavefront aberration. On the basis of the co-
simulation by mathematical analysis and optical simulation, it studies the relationship between
wavefront reconstruct accuracy and sub-aperture scanning motioned tilt error, sub-aperture scanning
position tilt error, image point coordinate measuring error and wavefront reconstruction algorithm
uncertainty. Collaborative simulation results show that the relative error (APV) of iterative algorithm is
about —0. 002 8% (A=1632. 8 nm), and the relative error(APV) of pattern algorithm is —0. 002 7A.
When the sub-aperture tilt error is less than 0. 2", the wavefront reconstruction error(APV) is about

0. 021. When the sub-sampling aperture position error is less than 0. 2 mm, the wavefront
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reconstruction error(PV) introduced is less than 0. 04 nm. And when position error of imaging point
is less than 5 pm, the wavefront reconstruction error (APV) introduced is less than 0. 03). The results
demonstrate that the pattern algorithm has a higher error margin, and the convergence is better when
the measurement errors are considered. Moreover, it suggests that it should take the angle monitoring
and error compensation mechanisms into account and the angle measuring accuracy of the sub-aperture
tilt monitoring system should be better than 0. 2"when an actual measuring equipment is established.

Key words: large aperture optical telescope; imaging quality evaluation; wavefront aberration; sub-
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Tab.1 Wavefront reconstruction precisions and sub-aperture tilt errors calculated by iterative algorithm
(—0.5",0.5" (—0.2",0.2" (—0.1",0.1"  (—0.05",0.05") (—0.02",0.02"
| PV.1.152 1 PV.0.599 72 PV.0.557 0 PV.0.513 72 PV.0.509 1x
RMS.:0.209 64  RMS.:0.129 24  RMS.:0.126 42 RMS.:0.125 924  RMS.0. 125 3x
) PV.1.171 8 PV.0.639 9 PV.0.577 2x PV.0.519 8 PV.0.512 1A PV.0.500 8
RMS.0. 188 5 RMS.0. 140 6a RMS.0. 133 7a RMS.0.124 72 RMS.0. 125 1A RMS.0. 125 52
3 PV.1.058 2a PV.0.605 4a PV.0.549 3x PV.0.517 5 PV.0.505 1A
RMS.:0.213 5A RMS.:0. 135 9 RMS.0. 130 5 RMS.0. 125 3 RMS.0. 126 0A
PV.1.127 3x PV.0.615 0 PV.0.561 12 PV.0.517 0 PV.0.508 72
RMS.0.203 81  RMS.:0.135 22 RMS.:0.130 22  RMS.:0.125 32  RMS.:0.125 42
2
Tab. 2 Wavefront reconstruction precisions and sub-aperture tilt errors calculated by pattern algorithm
(—0.5",0.5" (—0.2",0.2" (—0.1",0.1"  (—0.05",0.05") (—0.02",0.02"
1 PV.0.674 1 PV.0.568 52 PV.0.534 72 PV.0.510 0 PV.0.503 2a
RMS.0. 154 52 RMS.0. 135 4a RMS.0. 130 1A RMS.0. 125 2a RMS.0. 125 3a
5 PV.0.468 3a PV.0.484 8x PV.0.492 4x PV.0.497 0a PV.0.500 0A PV.0.500 9a
RMS.0. 116 2a RMS.0. 120 0A RMS.0. 122 4A RMS.0. 123 5 RMS.0. 125 3a RMS.0. 125 5
s PV.0.581 51 PV.0.517 9 PV.0.505 51 PV.0.518 9 PV.0.499 51
RMS.0.129 1A RMS.0. 124 9a RMS.0. 124 9a RMS.0. 128 5 RMS.0. 125 0a
PV.0.574 62 PV.0.523 72 PV.0.510 8 PV. 0.508 6A PV.0.500 7a
RMS.:0.133 24  RMS.:0.126 74 RMS.0.125 8  RMS.:0.125 72 RMS.0. 125 2
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Tab. 4  Wavefront reconstruction precisions and sub-aperture

position errors calculated by pattern algorithm CCD

(—0.5,0.5) (—0.2,0.2)
(mm, mm)

PV:0.501 2 PV:0.501 1A
RMS:0.125 52 RMS:0. 125 51
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2 Az, Ay
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Tab.5 Wavefront reconstruction precision and sub-aperture imaging position errors calculated by pattern algorithm
/(um,pm) (—8,8) (=5,5) (—3,3) (=1,D (—0.5,0.5) (—=0.2,0.2)
PV.0.585 84 PV.0.484 42 PV.0. 490 3A PV.0.498 0A PV.0.508 4a PV.0.501 3A
RMS:0.13414  RMS:0.131 60 RMS.:0.127 62 RMS:0.124 44 RMS.0.126 74 RMS.0.125 12
PV.0.485 54 PV.0.559 72 PV.0.508 52 PV.0.505 04 PV.0.503 32 PV.0.502 42 PV:0.500 92
RMS:0.119 72 RMS:0.130 11 RMS:0.128 04 RMS.0.127 04 RMS:0.125 34  RMS:0.125 42  RMS:0.125 54
PV:0.567 7A PV.0.542 3A PV.0.524 53 PV.0.509 7A PV.0.500 04 PV.0.500 34
RMS:0.139 24 RMS:0.127 70 RMS.:0.125 72 RMS:0.126 04 RMS.0.125 3% RMS:0.125 1
PV.0.546 34 PV.0.528 82 PV:0.507 82 PV.0.504 22 PV:0.503 92 PV:0.501 32
RMS:0.131 02 RMS:0.129 84 RMS:0.127 14 RMS.0.125 82 RMS:0.125 74  RMS:0.125 32
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