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3D profile measurement based on depth from focus method using
high-frequency component variance weighted entropy

image sharpness evaluation function
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Abstract: Image sharpness evaluation function is the core of Depth from Focus (DFF) method for 3D profile
measurement. Crucially, the accuracy of depth measurement is determined by the evaluation function. An image
sharpness evaluation function using high-frequency component variance weighted entropy was proposed. The
quantitative indicators including the resolution ratio and the sensitivity factor were used to test the proposed
function and the common functions. The comparative data showed that the proposed function could achieve better
focusing performance than the other functions. The focusing position in depth direction could be precisely
confirmed by implementing the Gaussian fitting to the image sharpness curve calculated through the proposed

function. Focusing repeatability and standard step height measurement were tested. The standard deviation of the
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data of the focusing repeatability experiment was 2.82 um. And the standard deviation of the measurement height

of the standard step was 12 pm. The result verifies the feasibility of the proposed method for high precision non-

contact 3D measurement.
Key words: 3D profile;

weighted entropy;  Gaussian fitting
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Fig.1 Schematic diagram of 3D profile measurement based on DFF
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Fig.4 Canny operator processing result
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Fig.5 Flow chart of the calculation process of HCVWE function
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Fig.6 Curves of the proposed HCVWE and common image sharpness
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Fig.7 Schematic diagram of the sensitivity factor
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Tab.1 Quantitative evaluation indexes

Functions R Jsen (e=1) Jeen (==1)
Tenengrad 1.519 0.009 0.038
Brenner 2.338 0.012 0.017
Laplace 1.578 0.039 0.007
Roberts 1.542 0.029 0.003
LVE 4.115 0.019 0.059
HCVWE 4604.634 0.025 0.056
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Tab.2 Data of the focusing repeatability test data

(Unit: pm)

Scanning range Focusing position
15-1350 644.520
60-1305 641.414
105-1260 644.303
150-1215 645.675
195-1170 637.527
240-1125 640.032
285-1080 642.689
330-1035 639.590

Average value 641.969

Standard deviation 2.820
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