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Abstract With the rapid development of the optical aspheric surface industry, it has become a trend to produce
aspheric lens products with a surface shape accuracy better than 0.1 pm. In the surface shape detection of the
aspheric lens, due to the existence of mechanical system error, the coordinates of the detected workpiece have a
deviation of 6 degrees of freedom, which will directly affect the measurement accuracy of the aspheric surface.
Therefore, we need to develop an error correction algorithm with an uncertainty of only tens of nanometers for the
detection system to ensure that the measurement results are closer to reality. In view of this, this paper uses data
simulation to superimpose the position error and the surface shape error on the ideal aspheric surface to obtain the
original three-dimensional (3D) data of the aspheric surface, and then use the revised Levenberg-Marquardt global
optimization algorithm to compare the obtained original 3D data with the standard equation of aspheric surface. The
principle of minimum root mean square error is used to successfully separate and correct the position error of the
aspheric surface. Finally, for four glass aspheric lenses of different specifications and models, through comparing

the experimental results and measurement results of the commercial aspheric profiler UA3P, a high matching result
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is obtained. The difference in peak-valley values is less than 5 nm, and the difference in RMS is about 0.1 nm,

which verify the accuracy and robustness of the algorithm.

Key words measurement; optical aspheric surface; surface shape detection; data processing; error separation
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Fig. 1 Different scanning modes. (a) Spiral scanning; (b) xy scanning; (c¢) raster scanning
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Table 1 Aspheric coefficients

Aspheric coefficient Accurate value

Aspheric coefficient Accurate value

R 55. 837020000

k 8.551663247

e, 0

e, 8. 7857265110 °
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Fig. 4 Position error of ideal aspheric surface. (a) Front view of position error of ideal aspheric surface; (b) top view of
position error of ideal aspheric surface; (c) front view of corrected aspheric surface; (d) top view of corrected
aspheric surface
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Table 2 Simulation results of ideal surface shape

Value obtained

Positional Set
Group by proposed  Error
parameter value
algorithm
a /(%) 5 5 0
B/ 5 5 0
No. 1 Ax /mm 0.5 0.5 ~0
Ay /mm 0.5 0.5 ~0
Az /mm 0.5 0.5 0 ~10} 4
E 0
B/ 1 1 0 > 9
No. 2 Ax /mm 0.5 0.5 ~0 10 1
Ay /mm 0.5 0.5 ~0 0
) -0 0 10
Az /mm 0.5 0.5 0 2 /mm
T 2% SEAEBR S B n Tak R e T BB L T B5 BMREE R ETE . (2 W (b) &N E
NP A5 [m] A0 158 22 A EL 5058 i TP 1% 22 1Y 52 ), 1 2 M 12 22 ) Y TP

MATLAB %25 4 56 550 7= A= 42 28 249 8 1 FRT W (s 22 Fig. 5 Surface shape after superimposing error.
- E"]%,ﬂﬁﬂﬁéf:ﬁ[pl —0.0=8 nm. {1 & 5(a)@?ﬂ?‘]%ﬁﬂ (a) Surface shape error; (b) surface shape after
TEAR BRI A9 8 b, Pt AR N 0 07 R 22, DL SR Ik
BOERARCE R EYE . B 5 R INRZE S IEIE .
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Table 3 Simulation results after superimposing error

Group Positional parameter Set value Value obtained by proposed algorithm Error
a /(*) 5. 000000000000000 4.999993073843890 6.926150<10 "
B/ 5. 000000000000000 4.999992263189740 7.736810X10 °
Az /mm 0. 500000000000000 0.500004329863383 —4,329863X10"°
No. 1 Ay /mm 0. 500000000000000 0.500004849386064 —4. 84938610 °
Az /mm 0. 500000000000000 0.499999162227531 8.377720X 107
PV /mm 0.000226446981615000 0.000226323408297924 1.235733X10°7
RMS /mm 2.80985136498203X10 ° 2.80974064194140X10 ° 1.107230X10 °
a /() 1..000000000000000 0.999995001684163 4.998310x10 °
B/ 1. 000000000000000 0.999996651196207 3.348800x10°°
Az /mm 0. 500000000000000 0.500003323079212 —3.323070X 10" °
No. 2 Ay /mm 0. 500000000000000 0.500003679484304 —3.679484X<107°
Az /mm 0. 500000000000000 0.499999708389944 2.916100X10 7
PV /mm 0. 000238863720000000 0.000239647279737806 —7.835590X 1077
RMS /mm 2. 82030650000000X10° 2.82010818746604X10°° 1.983120X10°°
£ 4 ARG S
Table 4 Parameters of different lenses
Aspheric Lens
coefficient Go1 G02 G03 G04
R 37. 890940000 42. 682000000 55. 837020000 —16. 151120000
k 10. 224390000 —0. 836000000 8.551663247 0.003262894
e, —1.53028180X10""  —7.72330620X10"° 8.78572651X10"° —3.71860590X10°
e 2.3361022X10 " 1. 14160150 10~°%  —3,13234400X10"° 3.17160760X10 7
e —1.59313600X10 °  —9.71402170X10 " 9.75997694 <10 " 7.22853940X10°
e 3.73855540X10 " —1.56805570<10 ¥  —3,87517956x10 " 2.97511920<10 "
e —1.25469080 10" 9.65786190X 10" —6.23460270X 10" —2.04783950 10"
e 1. 04857130 X107 " —3.80604700X 107"  —1.42507364<10" —5.68553110 10"
e 0 0 —2.48992698X< 10" 0
Effective caliber /mm  (16. 93 023. 64 032. 80 ©019.91
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Table 5 Comparison of measurement results of different lenses

PV /pm RMS /pm
Lens
Proposed algorithm UA3P Error Proposed algorithm UA3P Error
GO1 1. 44830 1. 44760 0. 00070 0. 38660 0. 38660 <C0. 10
G02 0. 68060 0. 68070 —0.00010 0.19518 0.19520 —0.02
G03 0.40310 0. 40360 —0. 00050 0.09610 0.09610 <0. 10
G04 0.69640 0.69590 0. 00050 0.16990 0.16980 0.10
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> <Y AT, BB T —F 3 FEBIESFA Levenberg-
Bl 6 UA3P [ ff il 5k 3 Marquardt 4 Ja O 46 55 1k, SE 80 T R Bk i 47 & 1R 22
Fig. 6 UAS3P surface shape measurement device B VB0 A IE 38 O 6 N o7 B R 22 A T 1R 25 S B
(a) 25 E— T e e—
15 15+
1.0 10+
0.5 0.5}
Ei 0 éﬁ 0
N 05 N o5l
-1.0 ~10+
-15 -15}
-2.0 -2.01
250 8 6 4 2 0 2 4 6 8 10 2508 6 4 2 0 2 4 6 8 10
r/mm r/mm

F 7 GOl BRI, (AR CEEL R PV, 1. 4483 pm,RMS: 0. 3866 pm); (b)) UA3P 43 Hr &k R
(PV: 1.4476 pm,RMS; 0.3866 um)
Fig. 7 Surface shape comparison of lens GO1. (a) Results of proposed algorithm (PV: 1.4483 pm, RMS: 0.3866 pm);
(b) UA3P analysis results (PV: 1.4476 pm, RMS: 0.3866 pm
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Fig. 8 Surface shape comparison of lens G02. (a) Results of proposed algorithm (PV: 0.6806 pm, RMS: 0.1952 pm);
(b) UAS3P analysis results (PV: 0.6807 pm, RMS: 0.1952 pm)
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Fig. 9 Surface shape comparison of lens G03. (a) Results of proposed algorithm (PV: 0.4031 pm, RMS: 0.0961 pm);
(b) UAS3P analysis results (PV: 0.4036 pm, RMS: 0.0961 pm)
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Fig. 10 Surface shape comparison of lens G04. (a) Results of proposed algorithm (PV: 0.6964 pm, RMS: 0.1699 pm);
(b) UA3P analysis results (PV: 0.6959 pm, RMS: 0.1698 pm)
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