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Smartphone Digital Image Processing Method for Sand Particle Size Analysis
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Abstract : The grain size distribution of sand provides crucial information for understanding coastal erosion and
sediment deposition. The commonly used sieve analysis for grain size distribution analysis has limitations such as
time-consuming processes and the inability to obtain information about individual particle shapes and colors. In
this study, we propose a grain size distribution analysis method using smartphone digital images, which is simpler
and more efficient than the sieve analysis method. During the image analysis process, we effectively detect parti-
cles from relatively low-resolution smartphone digital images by extracting particle boundaries through image gra-
dient calculation. Using samples collected from four beaches in Gyeongsangbuk-do, we compare and validate the
proposed boundary extraction image analysis method with the analysis method that does not extract boundaries,
against sieve analysis results. The proposed method shows an average error rate of 8.21% at D5, exhibiting a 65%
lower error compared to the method without boundary extraction. Therefore, grain size distribution analysis using
smartphone digital images is convenient, efficient, and demonstrated accuracy comparable to sieve analysis.

Keywords : grain size analysis, grain size distribution image analysis smartphone camera beach sand
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Jin et al., 2020; McCall et al., 2014; Oliveira et al., 2020).
B2Ye] JEE SHsh= vhekst whHo] EAlsh AR
A9, dlolA 3], A7REAIE Fol o og]of= tf
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Fig. 1. Sampling sites of sand (4 beaches in Gyeongsangbuk-do).
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Preprocessing Image by Projective
Transformation
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Converting RGB to Grayscale
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Calculating Threshold with Otsu's
Algorithm
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connectivity
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[ Particle diameter J

Fig. 2. Conceptual diagram of image analysis process.
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Fig. 3. Application of Otsu Algorithm. (a) Image gradient magnitude, (b) Threshold obtained by applying the Otsu algorithm to the image

gradient magnitude.

(b)

Fig. 4. Example of image processing (a) Original RGB image, (b) Binarized image.
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Minor Axis

Major Axis

Fig. 6. Comparison sand particle’s major axis and minor axis: (a) optical microscope result, (b) image analysis result.

&S AFES 1 BE B Yxe] Yot sdscE Ut Table 1. Comparison of optical microscope and image analysis
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Bye 131000 njx @ 2 Qx}o] AAIE &3 B ot Absolute difference [mm] Absolute error [%]
9] o]u]x] A3} A7 =Z glo] oux] BAL 3 A= Major axis Minor axis Major axis Minor axis
27y AZVEAE Al vluste] S %‘7}3}913} 8-8; g-gé 156]936 ;-‘1)2
(Section 3.2). F7F4 0. omA] w42} el YA 473 = 0.09 001 947 1.69
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! 191 =24 97 207 o 83te] 2nh= E el 0.13 0.07 14.44 7.81
&3 1Y 47 A7) A o] S A ol 9 0.06 0.03 11.41 6.60
& 2 QA= BrloR sgela AA 2% ojulx] BAL 0.08 0.01 5.69 0.70
. o = o= 0.03 0.06 4.69 11.06
E35)] A= S AAbsta Fst Hn| AL o] 83 =43
OOH il ]’% 74] ]’—1— d = L‘]OE ]OO_H —7—01__ 0.04 0.05 237 356
e} v wslsitk(Fig. 6). v‘i*—d Ah, Ang o S 5 0.12 0.07 5.44 3.79
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Table 2. Average number of sand particles detected per sample
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Fig. 7. Comparison of grain size analysis results based on differences in image analysis methods at Yonghanli beach: (a) detecting particle’s

edge, (b) not detecting particle’s edge.
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Fig. 8. Comparison of grain size analysis results based on differences in image analysis methods at Chilpo beach: (a) detecting particle’s edge,

(b) not detecting particle’s edge.
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Fig. 9. Comparison of grain size analysis results based on differences in image analysis methods at Hujung beach: (a) detecting particle’s
edge, (b) not detecting particle’s edge.
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Fig. 10. Comparison of grain size analysis results based on differences in image analysis methods at Hwanho beach: (a) detecting particle’s
edge, (b) not detecting particle’s edge.

Table 3. Mean absolute difference, standard deviation compared with sieve analysis results by geometric assumptions of sand particles of D,
Dy, Dso, and Dg

No edge detection Edge detection
Mean Standard Mean difference Mean Standard Mean difference
difference deviation percent [%] difference deviation percent [%]
Dy, 0.096 mm 0.029 mm 37416 0.018 mm 0.02 mm 5.506
Dy, 0.098 mm 0.031 mm 28.846 0.035 mm 0.03 mm 7.988
Dy, 0.097 mm 0.038 mm 24.256 0.042 mm 0.035 mm 8.219
Dy 0.09 mm 0.04 mm 21.189 0.045 mm 0.038 mm 8.090
C, 0.542 0.3 29.985 0.145 0.084 8.07
C, 0.066 0.056 6.486 0.082 0.05 7.814
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