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Abstract

In order to satisfy the requirement of crosshair center pinpoint for lens decentration measure-
ment, a crosshair center pinpoint method based on differential operator and linear fitting is pro-
posed. First, the edges of crosshair in both X and Y directions can be obtained by using differential
operator to compute the difference in both X and Y directions. Then, two linear equations in both
X and Y directions are fitted with orthogonal least square method using the edges obtained. Finally,
the intersection point of the two linear equations is used as the crosshair center. Experimental
results indicate that the precision of the crosshair center pinpoint is less than one pixel in the im-
ages grabbed by the CCD whose resoluntion is 1292 x 964 pixel and pixel size is 3.75 pm x 3.75 pm
and the precision of pinpoint is less than 2 pm in lens decentration measurement. It can satisfy the
system requirements of non-contact, online, real time, higher precision and rapid speed, as well as
strong anti-jamming and stabilization.
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Figure 1. Vertical operator and horizontal operator
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Figure 2. Real-time image of crosshair
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Figure 3. Schematic diagram of horizontal and vertical edge
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Figure 4. Classical least square linear fitting
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Figure 5. Orthogonal least square linear fitting
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Figure 6. Images of different exposure time
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Table 1. Measurement Results
=1 MELER

bili=e/¢ 3 X E& A7 E (pixel) Y B %L E (pixel) X SEFRALE (um) Y SEBRAL B (um)

1 680.15863 681.59857 2550.59473 2555.99463

2 680.22156 681.67889 2550.83081 2556.29590

3 680.34992 681.57111 2551.31201 2555.89160

4 680.27301 681.70746 2551.02368 2556.40308

5 680.42780 681.65851 2551.60425 2556.21948

6 680.21527 681.69531 2550.80713 2556.35742

7 680.39099 681.58215 2551.46631 2555.93311

8 680.25781 681.41876 2550.96680 2555.32056

9 680.18817 681.53333 2550.70557 2555.74976

10 680.20648 681.46826 2550.77417 2555.50586

S 680.26892 681.59126 2551.00855 2555.96719
k- 0.07455 0.08531 1.04861 1.19985
Nt 0.27303 0.29209 1.02401 1.09537
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Table 2. Measurement results
=2 MELER

Bl () X BG4 (pixel) Y B %47 (pixel) X S2B5A7 E (wm) Y SEBRAT E (um)
10 679.87457 681.45491 2549.52954 2555.45581
15 679.95636 681.76788 2549.83643 2556.62964
20 679.99896 681.51349 2549.99609 2555.67554
25 680.15820 681.41388 2550.59326 2555.30200
30 680.24719 681.69016 2550.92700 2556.33814
35 680.33637 681.34298 2551.26148 2555.03613
40 680.31522 681.44219 2551.18213 2555.40820
45 680.26746 681.51128 2551.00293 2555.66724
SEA5E 680.14435 681.51709 2550.54102 2555.68897
J5 % 0.22126 0.14336 3.11163 2.01606
bR 0.47038 0.37863 1.76398 1.41988
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