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In order to explore the correlation between the compactness of sand core samples and its surface image features and to provide the
basis for rapid identification and recognition of core samples in engineering investigation, a typical image data set of sand core
samples disturbed by drilling construction in practical engineering has been established, using Python language to compile
algorithm to calculate one-dimensional entropy and two-dimensional entropy of 60 groups of sand core samples with different
densities. ,e influence of different sand core compactness on surface entropy characteristics was discussed, and the following
conclusions were obtained: (1) Affected by drilling construction and disturbance, the looser the sand core surface particles are, the
worse the sorting is and the more irregular the shape characteristics are. ,ere is a close relationship between grain texture and
compactness. (2),e calculation results of sand image entropy of one-dimensional entropy and two-dimensional entropy showed
that the entropy value of loose, slightly dense, and medium dense sand images is positively correlated with the compactness of
sand. (3) ,e maximum variance of two-dimensional entropy of loose, slightly dense, and medium dense sand image in the same
borehole is less than 0.09, and the data variance amplification effect of two-dimensional entropy of image is mainly between
different boreholes. (4),e dense feature of core sample structure forms an ordered structure with a gray change boundary, which
increases the roughness of the image and leads to the increase of entropy. ,e two-dimensional entropy reveals the internal
correlation mechanism of the influence of the engineering state on the surface structure of sand more clearly than the one-
dimensional entropy and more effectively characterizes the dense degree of sand particles. (5) Using two-dimensional entropy to
judge the compactness of sand image in the same borehole, the data fluctuation is small, and the algorithm is stable and reliable.
,e research results have reference values for the detection and analysis of sand sample density in geotechnical
engineering investigation.

1. Introduction

Core samples of geotechnical engineering investigation are
obtained by drilling. Core identification is the core step of
engineering investigation. ,e accuracy and efficiency of
identification directly affect the progress of the project. At
present, the core sample identification adopts engineers with
rich geological survey experience to conduct artificial dis-
crimination on its surface characteristics, such as low in-
telligence and strong subjective dependence, and it is not in
line with the development requirements of national network

power strategy for transformation and upgrading of the
survey industry [1–8]. It is urgent to use computer tech-
nology to speed up the identification of core samples.

Visual recognition technology is developed with the
development of image recognition technology in recent
years. Visual object representation based on local features
has the characteristics of strong representation ability and
robustness to image occlusion and background confusion,
which has attracted great attention in recent years.
According to the statistical modeling and discriminant
learning of local features, the change law of local features can
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be measured and visual objects can be more accurately
represented [9, 10]. At home and abroad, there are many
previous research achievements in geotechnical identifica-
tion, mainly focusing on color features and texture features.
Because the color feature of rock and soil is the most ob-
vious, the early image recognition starts from the color
feature recognition. Niekum et al. [11] studied the visual
recognition segmentation, detection, and classification of
desert rocks based on color. In recent years, with the im-
provement of computer computing power and the rapid
development of color recognition technology combined with
artificial neural network, many computingmodels have been
generated; for example, Wang andWang [12] studied neural
network algorithm and TensorFlow and the convolution
neural network model of rock slope image set analysis is
established. Depending on the color features, different types
of rock and soil with obvious color differences can be quickly
distinguished. However, the colors of rock and soil with
different compactness or density are similar, and it is difficult
to further subdivide, which is necessary to combine with the
surface texture features. Texture features mainly include the
spatial distribution of the geometric lines and shape features
of the surface. ,e research on the recognition of texture
features is restricted by the complexity of the features. ,e
accuracy of recognition has been rapidly improved after the
improvement of the computational power of the computer
neural network. Researchers mainly analyzed the texture
features through neural network, fractal theory, optimiza-
tion calculation function, and other methods. Hong et al.
[13] put forward a method to quantitatively determine the
geological strength index based on image processing, fractal
theory, and artificial neural network using the image of rock
joint surface. Singh et al. [14] constructed neural network to
process and analyze basalt mineral images and realized ef-
fective recognition of basalt mineral texture. ,ese works
belong to supervised deep network learning, which needs a
lot of data. ,ere is a positive correlation between the
calculation accuracy and the characteristics of training
samples. However, texture features usually have the char-
acteristics of diversity and small sample nature. Although
researchers improve the learning sample size through data
expansion and data enhancement, the improvement of ac-
curacy is limited. ,erefore, unsupervised feature learning
methods such as evolutionary algorithm and clustering al-
gorithm also attract researchers’ attention. Shu et al. [15]
proposed an unsupervised feature learning method to learn
the representation of rock image. Zhang et al. [16] proposed
rock CT based on clustering analysis algorithm, image
segmentation, and quantization method. Researchers found
that the accuracy of unsupervised learning method is greatly
affected by the representation of the texture features of the
collected samples. Ke et al. [17] used variogram as texture
calculation function to extract image texture, combined with
original spectral data to classify lithology. In the above re-
search, the standard rock and soil sample slice database is
generally used, and the database is established by using the
disturbed rock and soil core image of engineering investi-
gation site for texture feature analysis, which is rarely
reported.

Compactness is the most important analysis parameter
of sand core in engineering investigation. Accurate com-
pactness analysis needs a precise instrument test. Engi-
neering researchers usually use standard penetration test
blow count to determine sand compactness according to
code for geotechnical engineering investigation (GB 50021-
2001). Many scholars have studied the relationship among
standard penetration, particle size, density, and compactness
of sand through experiments. For example, Meng et al. [18]
have studied the influence of relative compactness on dy-
namic shear modulus and damping ratio of clay sand. Misko
and Kenji [19] attempted to correlate the penetration re-
sistance and relative density by accounting for the grain size
properties of soils. In addition to geotechnical tests, re-
searchers have applied digital image recognition technology
to the analysis of sand structure characteristics. In 1996,
Wightman et al. [20] pointed out that image analysis is used
to determine the mean, mode, standard deviation, variance,
and skewness of local composition for a large number of
locations in the mixtures, providing an effective method for
performing a detailed quantitative characterization of the
mixture structure. In recent years, with the rapid develop-
ment of computer image recognition technology, it has been
applied to smart cities, smart buildings, smart construction
sites, and other fields. Zou et al. [21] used eight neighbor-
hood search and clustering methods to realize the connected
domain search and sand particle statistics for the digital
image of target sand, the same group of dyed particles.
Combined with the geotechnical test results, the change
relationship between the particle statistics and the corre-
sponding sand compactness was established. However, the
size and composition of particles were counted in the test
method, which did not characterize the spatial distribution
of particles. ,e test samples are self-made indoor samples,
and the in situ coring samples for engineering investigation
are not used. Zhou et al. [22] studied the relationship be-
tween sand particle morphology and packing density.
Combined with digital image analysis technology, eight
particle shape feature parameters are extracted, and a the-
oretical model of compressible compactness correction is
proposed. It shows that the particle shape feature extraction
from image can be well correlated with compactness;
however, the theoretical model needs more parameters to be
extracted and has high computational complexity.

In the process of geotechnical engineering investigation
and construction, the surface shape and texture character-
istics of sand are greatly affected by the compactness. Based
on the analysis of the above research progress, compactness,
as an implicit attribute affected by both color and texture, is
difficult to obtain high-precision judgment results directly
through single color feature recognition and texture feature
recognition. ,erefore, it is necessary to seek a compre-
hensive characterization variable for classification and
identification of sand core compactness. Entropy is a
measure of the disorder degree of information system, and it
is also a comprehensive expression of image color (gray) and
texture (spatial distribution) features. Many researchers use
entropy as the threshold feature of image semantic seg-
mentation and assign weights as deep learning recognition

2 Advances in Civil Engineering



(such as entropy weight method), which is widely used in the
recognition of objects with obvious particle boundaries,
including sand. Tian et al. [23] carried out a triaxial drainage
shear test on shell sand from Meizhou Bay, Putian, Fujian
Province, and proposed particle size entropy model to
measure its crushing rate, and results showed that the
grading curve before and after triaxial compression can be
characterized by the parameters of particle size entropy
model and the particle size entropy parameter of shell sand
can better describe its particle crushing behavior. It shows
that entropy is a good parameter to describe the system
behavior. Zeng et al. [24] introduced the standard basic
entropy to characterize the disintegration characteristics of
swelling rock. ,ere is a significant negative linear corre-
lation between the standard basic entropy and the disinte-
gration ratio. ,e standard basic entropy decreases with the
increase of the disintegration ratio. It is reasonable to use the
standard basic entropy to characterize the particle distri-
bution law, indicating that entropy can be used as a pa-
rameter to characterize similar particle distribution law.
Loerincz et al. [25] pointed out that the statistical grading
entropy of soils S consists of two terms: the base entropy S0
arising from the difference in the width of the statistical cells
in the conventional grading curve and the entropy incre-
ment ΔS due to the mixing of the fractions. Laslo [26]
pointed out that calculating grain distribution entropy is not
“magic” with mathematics: it simply helps put the expected
behavior of soils into a different perspective and promotes
orientation for classifying soils according to a new parameter
related to grain movement. Versaci et al. [27] present a new
fuzzy edge detector based on both fuzzy divergence (thought
and proved to be a distance) and fuzzy entropyminimization
for the thresholding substep in grayscale images. ,e above
works of Lrincz, Laslo, and Versaci illustrate mathematically
that the entropy calculation of sand can reflect the distri-
bution law and characteristics of soil particles. However,
there is no further correlation analysis with the compactness,
and there is no research on the identification of sand core
samples after artificial disturbance in the survey site. In order
to realize the rapid detection of sand compactness in the field
of engineering investigation, it is necessary to take the
disturbed sand core sample as the research object. ,rough
the collection of sand core photos, classification, calibration,
and segmentation are carried out according to the general
image recognition standard, the core image database is
established, the calculation model based on texture entropy
is established, and the influence law of entropy and com-
pactness is obtained through statistical analysis. ,ere are
two kinds of entropy calculation algorithms: one dimension
entropy and two-dimensional entropy.,is paper focuses on
the comparative analysis of the advantages and disadvan-
tages of the two entropy characteristics combined with the
experimental results.

,erefore, the author established a database based on the
classification and calibration of sand with different com-
pactness collected from the engineering site, analyzed the
influence of compactness on it by using image entropy as the
main feature, and quantitatively characterized the visual
features of the core sample surface with the help of entropy.

,eoretically, it has more advantages than the previous
single color or texture feature recognition and has lower
computational complexity. It is easy to be applied in en-
gineering practice and provides a new method for rapid
identification of core samples in engineering investigation. It
is necessary to explore the visual characteristics of sand core
samples with different compactness.

2. Image Features of Sand Core Samples

2.1. Generalization of the Image Characteristics of Sand Core
Samples. Relying on the geotechnical engineering investi-
gation projects, statistical analysis of more than 5000 drilling
soil layers was made and it was found that the drilling soil
samples on-site are generally columnar, as shown in Fig-
ure 1. ,e stratum structure has a certain degree of primary
structure due to the deposition, cycle, and tectonic geological
process. Sandy soil belongs to a kind of soil, which is a quartz
mineral aggregate, with obvious grain sense, some of which
contain a small amount of clay or no cohesion. When the
moisture content of soil sample is high, the core sample of
loose sand is often not columnar. Some sand cores with
fewer clay particles are columnar or massive after drilling, as
shown in Figure 2. Sand samples include different sizes, such
as gravel, cobble, and coarse sand, maybe in river, lacustrine,
and fluvial facies areas, with poor sorting. When there is
more cohesive soil, the sand core sample is similar to the
hard soil sample, occasionally short column and fragment.
In addition, due to the difficulty of sand core drilling, the
core drilling process is often accompanied by water injection
drilling. ,e more loose the sand core disturbed by con-
struction is, the more obvious the changes of shape and
surface texture will occur. ,erefore, when sand is disturbed
during coring, there is a close correlation between the grain
texture and compactness of the core column surface. ,e
criterion of sand compactness is in accordance with the code
for geotechnical engineering investigation. According to the
Chinese code for geotechnical engineering investigation (GB
50021-2001), the standard penetration blow number N0≤10
is loose, 10<N0≤15 is slightly dense, 15<N0≤ 30 is medium
dense, and N0> 30 is dense.

2.2. ExperimentalDesignof ImageFeatures of SandCoreBased
on Entropy. ,e grain texture of sand is essentially a measure
of the disorder degree of different size particles. In the in-
formation theory, entropy is a measure of the disorder degree
of the system.,e surface particles of sand can be regarded as
a system, the effective information provided by the system
data can be measured, and the weight can be determined by
entropy. According to iconology theory [2], grayscale uses
black tone to represent the object, black is used as the ref-
erence color, and black with different saturation is used to
display the image. Each gray object has a brightness value
from 0% (white) to 100% (black), and gray discontinuity
appears at the edge of the object. It is reasonable to use
entropy to represent texture feature of sand surface.

,erefore, the one-dimensional entropy of image is
introduced to represent the information contained in the
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aggregation feature of gray distribution in the image, and the
numerical solution of one-dimensional entropy is as shown
in equation (1).

H1 � − 
255

i�0
PilgPi. (1)

Based on the one-dimensional entropy, the feature
quantity which can reflect the spatial characteristics of gray
distribution is introduced to form the two-dimensional
entropy of the image. ,e mean value of neighborhood
grayscale of the image is selected as spatial feature quantity
of grayscale distribution, and the pixel grayscale of the image
forms a feature binary, which is recorded as (i, j), where i
represents the grayscale value of the pixel (0≤ i≤ 255) and j
represents the mean value of neighborhood grayscale
(0≤ j≤ 255):

Pij �
f(i, j)

N
2 . (2)

,e above formula can reflect the comprehensive
characteristics of the gray value of a pixel position and the
gray distribution of the surrounding pixels, where f(i, j) is the
frequency of the feature binary (i, j) and N is the scale of the

image.,e formula for calculating the two-dimensional gray
entropy of the image is

H2 � − 
i


j

Pi,jlgPi,j. (3)

In order to find out the interaction law between particle
entropy and density of sand core samples and fully consider
the disturbance effect of engineering drilling construction on
sand, we combine with the actual investigation project and
collect the sand core samples images obtained from drilling
construction. According to the survey report, the loose,
slightly dense, and medium dense sand core samples are
classified, and 60 groups of different compactness are se-
lected as data analysis samples. ,e entropy calculation
algorithm is compiled by Python to calculate the one-di-
mensional and two-dimensional gray entropy of the image,
respectively, the influence of different compactness on the
entropy was discussed, and the technical route is shown in
Figure 3.

3. Engineering Case Analysis

3.1. EngineeringGeological Conditions. ,e total land area of
the project is about 500000m2.,e total construction area is
about 1.0183 million square meters. It is planned to build 42
high-rise commercial residential buildings, with 1∼2 storey
basements. ,e terrain of the site is relatively flat, and the
overall terrain is high in the north and low in the south,
belonging to alluvial plain geomorphic unit. ,e overburden
of the site is mainly quaternary artificial fill, alluvial proluvial
silting argillaceous soil, silty clay, sand layer, and residual
soil layer. It is mainly distributed in the structure of fine-
grained soil in the upper part and coarse-grained soil in the
lower part. In some sections, silty clay and sandy soil are
interlaced into layers. ,e properties of sandy soil are loose,
slightly dense, and medium dense, and the uniformity is
poor. ,e drilling layout plan of the project is shown in
Figure 4.

3.2. Surface Entropy Characteristics of Sand Core Samples

3.2.1. One-Dimensional Entropy Calculation of Sand Core.
,e one-dimensional entropy and two-dimensional entropy
of 60 groups of sand core samples with different properties
are calculated, respectively. Firstly, the control variable
method is used to calibrate the optical distortion of all core
samples. ,en, 200×100 pixels are intercepted in the image.
In order to highlight the characteristics of the image more
intensively, only the core sample is intercepted whenmaking
the sample data set, which ensures that the texture recog-
nition process is not interfered with by the objects around
the core sample. ,e test mainly selects fine sand as the
research object and analyzes the loose sand sample, slightly
dense sand sample, and medium dense sand sample. ,e
data samples are selected from the sand images of ZK4,
ZK11, ZK12, ZK24, ZK38, ZK39, ZK46, ZK54, ZK57, ZK63,
ZK66, ZK77, ZK84, and other boreholes with sand layer.,e
sample data image is shown in Figure 5.

Figure 1: Main characteristics of soil core description.

Figure 2: Core drilling characteristics of sand sample.
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3.2.2. Calculation of Gray Entropy of Sand Core.
Combined with Python language, the entropy calculation
algorithm is compiled to calculate the one-dimensional and
two-dimensional gray entropy of the above 60 groups of
sand core images with different compactness. Taking the
number of experimental groups as the independent variable
and gray entropy as the dependent variable, the entropy
change curves of loose, slightly dense, and medium dense
sand are obtained, and the trend lines are obtained by linear
regression fitting. ,e curves are shown in Figure 6∼8.

3.3. Effect of Different Compactness on the Entropy of Sand
Core Samples. Figure 9 is the one-dimensional entropy
analysis curve of 20 groups of loose, slightly dense, and
medium dense sands in each data sample. From the dis-
tribution of trend line, it can be seen that the entropy value of
medium dense sands is the largest, while the trend lines of
slightly dense and loose sands intersect each other, so it does
not well distinguish the two kinds of sand cores. Because the
calculation of one-dimensional entropy is mainly based on
the aggregation effect of image gray, there is no spatial
feature that can reflect the gray change. Some loose sand and
slightly dense sand may have large surface space difference,
but the surface particles are more uniform, which leads to
the difference of entropy value is not obvious.

Figure 10 is a two-dimensional entropy analysis curve
based on the feature of rich entropy in gray neighborhood.
,e two-dimensional entropy analysis of each 20 groups of
loose, slightly dense, and medium dense sands is carried out.
From the distribution of trend line, it can be seen that the
entropy value of medium dense sands is the largest, followed
by the entropy value of slightly dense sands and loose sands
which is the smallest. In the calculation results, the entropy
values of three types of sands have obvious regularity, and
the images of loose, slightly dense, and medium dense sands
are similar. ,ere is a positive correlation between the two-
dimensional entropy and density of sand.

Figure 11 shows the distribution of average and median
entropy values of sand image. ,e four curves are as follows:

the average value of one-dimensional entropy is No. 1, the
average value of two-dimensional entropy is No. 2, the
median value of one-dimensional entropy is No. 3, and the
median value of two-dimensional entropy is No. 4.,emore
uniform the grain texture is, the looser the sand is, and the
two-dimensional entropy value is smaller. ,e rougher the
grain texture is, the denser the sand is, and the two-di-
mensional entropy value is greater. ,e variance of sample
data is 0.061, 0.302, 0.121, 0.214, 0.034, and 0.046, the en-
tropy algorithm is relatively stable.

,e entropy of sand with different compactness in the
same borehole is analyzed by variance analysis. In loose
sand, slightly dense sand, and medium dense sand, four sets
of core image entropy of the same borehole are taken for
analysis. ,e maximum and minimum values in the data are
removed, and the maximum variance of the two-dimen-
sional entropy of loose sand, slightly dense sand, and me-
dium dense sand images is 0.086, 0.073, and 0.066,
respectively; all of them were less than 0.09, as shown in
Figure 12.,e average variance of data samples (0.303, 0.214,
and 0.047) is different, which shows that the amplification
effect of the data variance of two-dimensional entropy is
mainly due to the influence of engineering disturbance
between different boreholes.

,us, the influence law of sand core compactness on
surface entropy over previous studies is that the entropy of
sand image showed that entropy value of medium dense
sand is the largest, the latter is slightly dense sand, the loose
is the smallest, and the entropy value of loose, slightly dense,
and medium dense sand image is positively correlated with
the compactness of sand.

In addition, the grayscale of each pixel and the com-
bination of neighboring grayscales have been considered in
the calculation process of two-dimensional entropy; the
boundary grayscale features of sand image particles are
quantified in the calculation. ,e surface particles of loose,
slightly dense, and medium dense sand will form an ordered
structure due to their loose to dense structure. ,e shape
structure with gray change boundary increased the rough-
ness of the image, resulting in the increase of entropy. Two-

Image classification of sand
with different compactness

Make data analysis sample

Core image entropy
calculation program

Algorithm of entropy
effectiveness analysis

The correlation of sand surface
entropy and compactness

Figure 3: Correlation analysis method.
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dimensional entropy can more clearly reveal the internal
correlation mechanism of the influence of engineering state
on the surface structure of sand than one-dimensional

entropy and can effectively characterize compactness of sand
particles, which has reference value for detection and
analysis results of compactness of engineering sand sample.

Figure 4: Drilling plan of the project site.
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(a)

(b)

(c)

Figure 5: Sand core sample analysis data sample. (a) Loose sand image. (b) Slightly dense sand image. (c) Medium dense sand image.
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Figure 6: Entropy of loose sand.
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Figure 7: Entropy of slightly dense sand.
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Figure 8: Entropy of middle dense sand.
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Figure 9: Variation of one-dimensional entropy of sand with
different compactness.
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4. Conclusion

,e geotechnical investigation environment is regional, and
the core sample is easily disturbed by artificial factors. ,e
surface characteristics of sand core samples were generalized
in actual investigation projects. Sand images with different
compactness were selected. ,e entropy calculation algo-
rithm was compiled. ,e one-dimensional and two-di-
mensional entropy of sample images were calculated,
respectively. ,e influence of density states on entropy was
discussed.

(1) Affected by drilling construction and disturbance,
the looser the sand core surface particles are, the
worse the sorting is and the more irregular the shape
characteristics are. After the sand is disturbed during
drilling, the grain texture and density of core column
surface are related closely.

(2) ,e entropy of sand image showed that entropy
value of medium dense sand is the largest, the latter is
slightly dense sand, the loose is the smallest, and the
entropy value of loose, slightly dense, and medium
dense sand image is positively correlated with the
compactness of sand.

(3) ,e maximum variance of two-dimensional entropy
in the same borehole loose sand, slightly dense sand,
and medium dense sand images is less than 0.09,
showing that the amplification effect of entropy was
mainly due to engineering disturbance between the
different boreholes.

(4) ,e data generated by the two-dimensional entropy
is small fluctuation and the algorithm is stable and
reliable. It is of reference value to the test and analysis
results of sand sample density.

(5) ,e grayscale of pixels and the combination of
neighborhood gray have been considered in the
calculation of two-dimensional entropy. ,e
boundary gray characteristics of sand image particles
are quantified in the calculation.,e surface particles
of loose, slightly dense, and medium dense sand will

form an ordered structure due to their loose to dense
structure. ,e shape structure with gray change
boundary increases the roughness of the image,
resulting in the increase of entropy. ,e two-di-
mensional entropy is clearer than one-dimensional
entropy, which reveals the internal correlation
mechanism of the influence of engineering state on
the surface structure of sand, and more effectively
characterizes the density of sand particles.
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