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Retrace Error Correction for Non-Null Testing of
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Abstract Non-null testing methods of optical aspheric surface are more common than the null testing ones. The
mechanism of the production of retrace error in aspheric non—null testing are analyzed in detail. The retrace error is
divided into predictable part and unpredictable part by combing calibration method and its influence on final testing
result is analyzed. The principle of common retrace error calibration method in actual testing is introduced. The
correction effects of each method on aspheric surface under test with different asphericities and different surface
errors are compared by simulation experiment. The correction ability of retrace error of each method is analyzed by
combing the method principle and simulation result, and the application range is summarized.
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Fig. 1 Schematic of retrace error in non—null testing
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Fig. 2 Non-null aspheric surface shape testing system
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Fig. 3 Asphericities and figure errors of the surfaces under test. (a) Asphericities of paraboloid I and 1I;

(b) figure error A; (c¢) figure error B
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Table 1 Structure parameters of PCL

Surface number Radius /mm Thickness /mm Glass
1 89.148 10.650 UBKY7
Paraboloid 1
2 —50.678 — —
1 83.000 10.300 K9
Paraboloid 11
2 —35.865 - —
4.1
A 1 s NDP.TRW ROR
, 4 R PV.RMS
2 o
2

Table 2 Reconstruction results of the small asphericity surface with small figure error

Figure error

Method
PV Residual PV RMS Residual RMS
Actual 0.154 — 0.021 —
NDP 0.113 0.076 0.020 0.011
STRW 0.105 0.049 0.019 0.005
ATRW 0.180 0.026 0.022 0.002
ROR 0.154 1.423X10°¢ 0.021 1.679X10°"°
N
, PV RMS ,NDP STRW ,ATRW ,ROR
) B.4 5 3 o
, NDP TRW
,ROR s o
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Fig. 4 Reconstruction results of the small asphericity surface with small figure error. (a) Asphericity of paraboloid
I relative to the vertex sphere; (b) additional actual figure; reconstructed figure results of (¢) NDP, (d) STRW,
(e) ATRW, (f) ROR methods; residual errors of (g) NDP, (h) STRW, (i) ATRW, (j) ROR methods
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Fig. 5 Reconstruction results of the small asphericity surface with large figure error. (a) Asphericity of paraboloid
I relative to the vertex sphere; (b) additional actual figure; reconstructed figure results of (¢) NDP, (d) STRW,
(e) ATRW, (f) ROR methods; residual errors of (g) NDP., (h) STRW, (i) ATRW, (j) ROR methods
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Table 3 Reconstruction results of the small asphericity surface with large figure error A
Method Figure error
PV Residual PV RMS Residual RMS
Actual 15.435 — 2.080 —
NDP 43.586 55.504 5.317 5.823
STRW 43.550 55.469 5.312 5.817
ATRW 49.033 36.801 5.849 5.165
ROR 15.435 2.600X10°¢ 2.080 1.662X107°
4.2
11 A, 4 6 4
6 . () 11 ;(b) ;
(c)NDP . (D)STRW, (e)ATRW ., ([H)ROR ; (@ NDP, () STRW, (i) ATRW, (;))ROR
Fig. 6 Reconstruction results of the large asphericity surface with small figure error. (a) Asphericity of the paraboloid
II relative to the vertex sphere; (b) additional actual figure; reconstructed figure results of (¢) NDP, (d) STRW,
(e) ATRW. (f) ROR methods; residual errors of (g) NDP. (h) STRW, (i) ATRW, (j) ROR methods
4
Table 4 Reconstruction results of the large asphericity surface with small figure error A
Method Figure error
PV Residual PV RMS Residual RMS
Actual 0.154 — 0.021 —
NDP 6.094 6.170 1.274 1.282
STRW 0.102 0.149 0.017 0.013
ATRW 0.161 0.007 0.021 7.015X10*
ROR 0.154 1.146X10°% 0.021 1.836 X107
,NDP ; PV
RMS ,STRW , ATRW s
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Fig. 7 Reconstruction results of the large asphericity surface with large figure error. (a) Asphericity of the paraboloid
11 relative to the vertex sphere; (b) additional actual figure; reconstructed figure results of (¢) NDP, (d) STRW,
(e) ATRW, (f) ROR methods; residual errors of (g) NDP, (h) STRW, (i) ATRW, (j) ROR methods

5

Table 5 Reconstruction results of the large asphericity surface with large figure error

Figure error

Method PV Residual PV RMS Residual RMS
Actual 15.435 — 2.080 —
NDP 23.214 34.502 3.889 4.314
STRW 64.460 49.075 6.186 4.794
ATRW 22.731 10.297 2.644 1.007
ROR 15.435 1.053X10* 2.080 9.823X 1010
,NDP TRW ., ROR
4.3
,NDP s
TRW s
, s TRW
s , TRW s
, TRW , ATRW STRW o
. .
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Table 6 Application range of the three retrace error methods

Non-null figure error . L
. For large figure error Applications
reconstruction methods

Small asphericity (F>=2)

NDP No Small figure error (<Z0.31)
TRW No Small figure error (<0.51)
ROR Yes Generalized (with phase can be unwrapped)
5
R NDP |TRW ROR ,NDP
; TRW s
;ROR s
. NDP s 3 TRW
’ H R()R
ROR s o
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