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Abstract A huge number of bone swabs are unearthed from the Chang’an city site of the Han dynasty, and the automatic
measurement method of bone swab size based on digital image technology can improve the work efficiency at such sites. An
approach for measuring the size of a bone swab image based on an adaptive threshold Zernike moment in various places is
proposed to address the issue of low measurement accuracy brought on by variable bone swab textures and low edge contrast.
First, the Canny operator is used for pixel-level localization. Then, the effective edge of each sub-region is fixed
symmetrically; the weighted gray value of each sub-region pixel point and center point is calculated with Euclidean distance as
the proportion coefficient; and the judgment threshold of the Zernike moment extraction edge of each region is used to extract
the subpixel edge of the bone swab. Finally, to remove the invalid texture, the edge contour discrimination condition is
added, and the precise contour of the bone swab picture is obtained; the size of the bone swab is estimated using camera
calibration, and the irregular contour is obtained using the minimum circumscribed rectangle algorithm. The experimental
results demonstrate that the root mean square error of the length and width of the bone swab measured by this method
decreases by 1.3 mm and 1.2 mm, the average relative error decreases by 3% and 6.3%, and the average absolute error
decreases by 1. 23 mm and 1. 08 mm, respectively, compared with other methods. Thus, the method can effectively enhance
the measurement accuracy of the size of the bone swab with complex edge profiles.
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Table 2 Subpixel edge detection results of different algorithms

unit: pixel

Key point coordinate

Interpolation algorithm

Zernike algorithm

STZ algorithm

(2416,2269)
(2573,3072)
(2616,947)
(2638,950)
(2777,3574)
(2815,907)
(3053,3528)
(3075,2246)
(3128,1998)
(3198,2400)

(2416.5,2270.2)
(2572.6,3071.5)
(2616.9,948.5)
(2638.5,951. 25)
(2777.25,3573.0)
(2814.7,908.75)
(3052. 3,3527. 25)
(3074.45,2246.4)
(3128.2,1998. 23)
(3197.63,2399.7)

(2416.8,2271.0)
(2573.5,3070.5)
(2616.75,949.75)
(2637.5,953.25)
(2777.25,3572.0)
(2814. 5,908. 35)
(3053.5,3528. 25)
(3075.75,2246.5)
(3128.25,1998. 25)
(3197.3,2399.75)

(2415.69,2269. 3)
(2573.0,3072.0)
(2616.5,947.6)
(2637.9,950.0)
(2777.0,3573.8)
(2815.0,907.9)
(3053.0,3527.9)
(3074.7,2246.3)
(3128.0,1997.8)
(3198.16,2400. 23)

1.0H@) —=Zernike () —=— Zernike
interpolation 3l P interpolation
0.8} 8 —4—STZ | —4—STZ
2, \ / (= \ [
= 04} ‘ o \ [
i / / \ /
S g 1
g 02} G "
= g ATw 4
L S -
% 0.0 = ok >
g 02} =
= T -1t
b =04+ ‘ >
] u
—0.6} -2t
u
-0.8+ 3 ‘ ‘ ‘ ‘ ‘
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Bone stick image coordinate point error. (a) X-direction error; (b) Y-direction error
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Fig. 10
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Fig. 11 Bone stick size measurement. (a) Actual length and measured length; (b) actual width and measured width
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