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A Measurement Method of Three-Dimensional Surface Morphology
Based on Depth-from-Focus through Linear Magnification Calibration
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ABSTRACT

Errors resulting from magnification variations of a optical system are largely generated in three-dimensional
shape measurements based on depth-from-focus. In the case of measuring the surface morphology of tiny objects
based on DFF, images are acquired with a very small interval so that magnification changes can be minimized.
However, the magnification variations are actually existed in the acquired images and so focus measures are
wrongly or ambiguously extracted. In this paper, a methodology with linear magnification calibrations, based on
DFF, is proposed to make more accurate measurement in surface morphology with high depth discontinuity,
compared with previous ones. Several experiments show that the proposed method outperforms existing ones

without magnification calibrations.

: DFF (depth from focus), Linear magnification calibration(41 3 ¥}-&3.4), Magnification variation

(W& 3}, Focus measure (32 A X), Three-Dimensional surface measurement(3xXH % 43 3)
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Fig. 4 A experiment device
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Table 1 Computed means of depth errors
5-10 10-15 15-20
AC | BC | AC | BC | AC | BC
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0.161]0.197(0.194(0.214(0.214{0.240

MAE(%)
RMS(%)
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Table 2 Comparisons of measured depth averages

Pixel Depth | Measured depth averages | &%
%€ (£0.02mm) AC BC SAH%)
i 5.04 5.12 1.55
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10 1021 10.27 0.57
S0 He 73 15.23 15.35 0.77
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120 20.29 20.47 0.89
R 5.00 5.07 0.96
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10 10.12 10.16 0.41
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M EE 15.07 15.17 0.61
I 20 20.10 20.24 0.73
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Table 3 Estimated slopes

Slope
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