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A Study on the Multi-focus Method of Microscopic Images for Oil-
painting Analysis
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During digital microscopy of an oil painting surface it is inconvenient to analyze an entire image due to multiple defocused
areas. The defocusing is usually caused by the small depth of the lens and the rough surface curve. Thus, these
microscopic images in an oil painting have multiple focal points, which indicates multi-focus images. We present a multi-
focus fusion synthesizing a focused image from scans based on focal direction and selection of focused places. Based on
microscopic characteristics, a common scanned area of the images was defined to unify the lens multiplication. A focus
index was applied to each pixel to identify well-focused pixels and generate a mapping image in the focal direction.
Subsequently, a median filter was applied to the mapping image and a multifocal image was acquired based on actual
pixel values obtained from the mapping image. The proposed method was utilized in analyzing oil painting samples
carrying rough surface curves. The multifocal image facilitated the analysis of the oil painting surface and resulted in
enhanced quality compared with other methods. The proposed method can be used to generate useful images in scientific
and industrial microscopy.
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NOMENCLATURE n = The Number of Images
S« = Image after Horizontal Sobel Operation
. = Image Resize Ratio Sy = Image after Vertical Sobel Operation
@ = Specified Image Resize Ratio S”. = Images of Common Area in Source Images after Sobel
F = Focus Index of Source Images Operation
F". = Focus Index of Images of Common Area §", = Images of Common Area in Source Images after Sobel
le = Local Image of Common Area Operation
Iy = Well-focused Image in Source Images X — Horizontal Position in an Image
I = Multi-focus Image after Image Fusion X — Specified Horizontal Position in an Image
I, = Source Images y = Vertical Position in an Image
I'. = Resized Images y" = Specified Horizontal Position in an Image
I"; = Images of Common Area in Source Images z = Camera Position in Focal Direction
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z = Position of Maximum Image Index in Source Images
z' = Filtered Position of Maximum Image Index in Source
Images
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Camara

| XY stage |

Fig. 1 Multi-focus image scanning system and scanning images of
oil painting
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Fig. 2 Processing flows of conventional transform method (left) and
proposed method (right)
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Fig. 3 Images of common area after applying Tenenbaum gradient
to individual pixels

Fig. 4 Mapping images of origin and median filter after applying
Tenenbaum gradient individual pixels

z'(x,y) = median(z) (11)
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Fig. 5 Scanning apparatus to acquire multi-focus images from oil-
painting

Table 1 Specification of scanning apparatus

Components Contents Specification
Resolution 1392 x 1040
Camera Pixel bits 12 bit
Frame rates 73 Hz
Spectral range 190-1100 nm
Magnification 0.58X-7.5X
Microscope Working distance 8442 mm
Depth of field 0.05-2.75mm
XYZ stage Accuracy +5 um
. Type Halogen
Light source Power 150 W
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Fig. 6 Scanning targets to test multi-focus fusion algorithm
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Fig. 10 Scanning images of second target in an oil painting

Fig. 12 Multi-focus fusion image of second target
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Table 2 Comparing results with other methods

No. DCT Hwang Proposed

fs=4, 14 fs=17 fs=6, 13

1.15663 1.19420

Ov 1.18845 119432 1.19684
15.2420 15.2484
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2
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