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Fig. 4 Edge computing images. (a) Lena image; (b) Sobel edge image; (¢) Robert edge image; (d) Sobel-Robert edge image
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Fig. 11 Comparison of defocusing evaluation results of uniform plane sample series obtained by DB-FEM and 8 commonly used
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Table 1 Performance evaluation of different exposure experiments of a flat mirror

Sharpness ratio Sensitivity factor Steepness
Method
2 ms 1 ms 2 ms 1 ms 2 ms 1 ms
DB-FEM 1.40X 10 4.44x10° 0.675 0.105 0.231 0.262
Sobel 11. 20 9.09 1.250X10°" 3.070Xx107* — —
SML 2.47 30. 40 3.440Xx107° 3.680x10°" 6.800<10 * 6.300X 10"
SMD 2.46 3.23 3.450X10°° 1.300x10* — —
SMD2 3.32 3.93 0.252 1.820<10* — —
DCT 55.70 26. 80 3.680X107° 8.310x107° — 6.480X107°
Robert 12. 60 11. 20 9.810x107° 2.410X107° — —
Energy 36. 80 30. 80 1.550x107° 5.560x 10" 5.680X107* 6.220X<10*
Brenner 48.30 42.00 1.450x10° 3.530X10°° 5.560x10* 6.310X 10 *
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Fig. 12 Test sample (region 1 is without step change zone, and

region 2 contains large step change zone)
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Table 2 Performance evaluation of experiments without step

Method Sharpness ratio Sensitivity Steepness
factor
DB-FEM 867573.90 2.280 0.492
Sobel 6.78 0.100 —
SML 31.90 0.388 0.203
SMD 1.65 2.630x10" —
SMD2 2.18 9.910x10"° —
DCT 21.70 0.39%4 0.152
Robert 7.79 0.111 —
Energy 26. 60 0.124 0.152
Brenner 30. 80 0.569 0.128
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Fig. 13 Schematic of layer scanning. (a) Region 1; (b) region 2
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Double Blur Micro-Images Focusing Evaluation Method

Yuan Tao, Yi Dingrong’, Jiang Wei, Ye Yiging, Wu Dongliang, Liu Ting

College of Mechanical Engineering and Automation, Huaqiao University, Xiamen 361021, Fujian, China

Abstract

Objective

As high-precision and ultra-precision structural components are widely applied in high-end precision

manufacturing, biomedicine, aerospace, and other high-end fields, their quality inspection becomes particularly critical.

White light interferometry and confocal microscopy are the most widely employed in micro-nano detection, and the first

measurement step is to focus on the surface of the measured sample. As the core of the focusing process, the performance

of focusing evaluation functions directly affects the focusing accuracy. Therefore, it is of great theoretical significance and

engineering value to study the focusing evaluation algorithm of anti-light intensity, anti-reflectivity unevenness, and high

resolution to improve microscopic measurement accuracy. At present, methods for focusing evaluation are mainly image
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sharpness evaluation algorithms, which can be divided into three categories according to the principle of different

algorithms. The first category is based on the gray value of images, which is mainly judged by calculating the gray value or
gray gradient of the images. However, in the axial micro-step scanning of microscopic measurement, the gray difference
between adjacent images is subtle, which can easily cause misjudgment of the focal plane. The second is the evaluation
method based on the machine learning model. This kind of method mainly realizes the ambiguity judgment of images by
training the network model. Although better performance in the public dataset can be realized, it is limited by the image
type of the training set and network model framework in practical application. The third is the method based on the
calculation of image quality, the most representative of which is the double fuzzy theory of images. The first blur is camera
defocused blur, and the second is artificially added blur. The reference image is constructed by artificially blurring the
image to be detected, and then the difference between the images to be detected and their blurred images are calculated to
realize the clarity evaluation of the images to be detected. However, the existing methods are based on specific image
boundary or gray distribution under macroscopic measurement conditions, and they are subjective and lack positioning and
quantification of axial positions. In microscopic measurement, the surface texture of the tested sample is more complex,
and its different and irregular edge directions make the traditional boundary judgment method easy to fail. Additionally, it
is more sensitive to illumination intensity changes, uneven illumination distribution, and changes in sample surface
reflectivity. Therefore, we propose a microscopic image focusing evaluation method with anti-light intensity, anti-

reflectivity unevenness, and sub-micron accuracy.

Methods Based on the principle of imaging technology, we design a microscopic image focusing evaluation method based
on double blur. To address the problems in existing methods, we adopt the combination of image spatial domain and image
frequency domain information and employ the local variance to calculate the difference between an original image and its
blurred image. As a result, the problem that previous focusing evaluation methods are insensitive to illumination intensity
changes, uneven illumination distribution, and changes in sample surface reflectivity is solved. With an aim at the
selection of artificially blurred standard deviation, the concept of effective standard deviation is proposed, and the range of
effective standard deviation is determined through theoretical and experimental analysis. DB-FEM includes the following
steps. The first is to obtain the axial scanning image of the microscopic imaging device. In the second step, the obtained
axial scanning image is artificially blurred by the Gaussian kernel function with a known standard deviation. The third step
is to calculate the difference between the spatial edge information and the Haar wavelet frequency domain information of
the image and its blurred image by local variance. The difference degree includes spatial edge, low-frequency texture, and
high-frequency edge. The fourth step is to multiply all the differences to get the focus evaluation curve based on the

difference and complete the focus evaluation.

Results and Discussions The experimental results show that the proposed microscopic focusing evaluation algorithm
based on double blur has an excellent focusing evaluation ability. At the focal plane of ==0.5 pm, the DB-FEM' axial
resolution is better than 0.3 pm. The axial resolution of DB-FEM is better than 0.2 pm during leaving the focal plane
+0.5 pm (Fig. 10). In the experiment of illumination amplitude variation, compared with other focusing evaluation
methods, the DB-FEM has a performance improvement of more than three orders of magnitude in clarity ratio, an
improvement of one to two orders of magnitude in peak sensitivity, and certain multiple improvements in steepness
(Fig. 11 and Table 1). In the uneven reflectivity experiment, the sensitivity ratio of DB-FEM is at least three orders of
magnitude higher than that of Sobel, SML, SMD, SMD2, DCT, Robert, Energy, and Brenner, and the peak sensitivity
value 1s 2. 18, 1.90, 2.28, 2.27, 1.88, 2.17, 2. 15, and 1. 71 higher than that of Sobel, SML., SMD, SMD2, DCT,
Robert, Energy, and Brenner, respectively. The steepness values are 0. 29, 0. 34, 0. 35, and 0. 37 higher than that of the
SML, DCT, Energy, and Brenner respectively [Fig. 14(a), Table 2]. In the double focal plane experiment, DB-FEM

has better axial positioning ability and convergence than other focusing evaluation algorithms [Fig. 14(b)].

Conclusions In this paper, a double blur micro-images focusing evaluation method (DB-FEM) based on double blur theory
is proposed, which is resistant to light intensity, uneven reflectance, and submicron precision. The concept of artificially
fuzzy effective standard deviation is studied, and a better value is found through the theory and experiments. The
experimental results of plane mirrors and piezoelectric ceramics show that the axial resolution of this method is better than
0.3 pm under the condition of 20X /0. 65 objective lens. The sharpness ratio, peak sensitivity, and steepness of the
focusing evaluation can be increased to vary degrees on the traditional focusing evaluation method under different
illumination amplitude conditions and uneven reflectivity conditions. Under the same curve threshold, the full width at half
maximum of the proposed method is less than that of the compared focus evaluation method. In addition, in the complex
focusing environment with double focusing surfaces, DB-FEM can well determine the focusing positions of two different

indications, which plays a significant role in advancing the development of high-precision microscopic measurement systems.

Key words image processing; focusing evaluation method; double blur; difference degree; local variance; resolving ability
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