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Mineral exploration as the basis for the development of important mineral resources and economic construction, improving the
efficiency of geological exploration is conducive to improving the quality of mineral resources. In this paper, the study of modern
mineral resources exploration and utilization methods, drawing on the problems in geological exploration work, discusses
effective countermeasures to improve and optimize the level of geological exploration from the perspectives of remote sensing
technology and borehole database, etc., with a view to improving the efficiency of geological exploration and mineral search
technology, so that energy production can achieve sustainable development and be free from the constraints of increasingly
difficult mineral resources development. Based on remote sensing technology, GIS is a system derived on the basis of advanced
science and technology and information technology, and its application to geological and mineral exploration can help relevant
personnel to have foresight to understand the development of geological exploration and provide detailed data support for
optimizing geological exploration work. Coalfield geological exploration arranges a large number of boreholes to find out the
thickness of coal seams in the exploration area, the distribution pattern of coal seams and the spacing of coal seams, the
characteristics of the top and bottom of coal seams, and the characteristics of coal quality. In the coal mining excavation, the
technical personnel need to study the geological data of the borehole in time to design or adjust the excavation plan
scientifically and reasonably. By implanting an electronic chip in the drill hole markers completed by drilling, the borehole
coordinates, elevation, preservation of the borehole markers, and the website address of the borehole database management
system are sent to the users in real time, providing geologists with convenient query services of borehole geological
information. This paper proposes a geological and mineral exploration optimization method that integrates remote sensing
technology and borehole database, and the relevant experiments prove the effectiveness of the proposed method.

1. Introduction

All kinds of human economic activities need to consume a
large number of mineral resources, and minerals, as basic
energy, have nonrenewable characteristics. Although China
has a large seaway area and wide distribution of mineral
resources, the total amount of minerals is very limited, and
many of them are in deep sea or other areas where mining
is difficult, and due to the previous large amount of develop-
ment, the roughly easy to mine and densely distributed
resources are heavily exploited, making the future explora-
tion and mining of mineral resources more difficult [1-3].
The report shows that more than 80% of China’s industrial
production is based on minerals as the basic energy, if the

future lack of mineral production, will have a huge negative
impact on industrial development and then affect the speed
of China’s economic growth, so it is very important and
urgent to improve the level of mineral geological survey
and mineral search. The complexity of mineral geology is a
common problem faced by my country's mineral explora-
tion and mining. Since many minerals are located in com-
plex natural environments such as hills and deep seas,
which have brought many problems to the actual construc-
tion, the safety of exploration and construction should also
be paid attention to, and higher requirements have also been
put forward for the exploration and construction manage-
ment system of enterprises. And currently some Chinese
enterprises in the actual mineral exploration and mining


https://orcid.org/0000-0003-3286-2855
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9717749

process, based on the time requirements of exploration
work, there are problems such as blindly accelerating the
exploration progress, which superficially enhances the
exploration progress, but in fact leads to insufficient analysis
of regional minerals and other problems, on the one hand,
leading to some mineral resources are not discovered, on
the other hand, to the actual mineral mining work has laid
many safety hazards, but also reduces the accuracy of min-
eral mining. The optimization method of geological mineral
exploration is shown in Figure 1.

Traditional mineral search techniques are difficult to
adapt to the needs of deep exploration, so it is necessary to
apply technologies related to information digitization, use
computers, fuzzy mathematics, other analysis principles,
and low data analysis difficulties and improve the efficiency
and accuracy of the survey [4-7]. Remote sensing, X-fluores-
cence, and other technologies have been widely used in for-
eign mineral geological exploration, the former according to
the principle of different distribution of different mineral
infrared zones, through the ratio enhancement and other
methods to accurately delineate the mineral characteristics,
in copper and other metal ore finding has the advantages
of precision, nondestructive, etc., but also a better analysis
of the underground hidden mineral structure. In the actual
mineral geological survey and mineral search, it is generally
combined with traditional and modern multifaceted tech-
nology to conduct accurate survey from large scale to small
scale and from surface to underground to improve the sur-
vey accuracy. For example, modern tools such as GPS are
used in the geological survey of the project, while traditional
methods are used in the topographic survey to achieve the
quality requirements of different survey targets while mak-
ing the work well coordinated [8-11].

In recent years, the combination of GPS technology and
modern communication technology makes the method of
determining the three-dimensional coordinates of the earth’s
surface develop from static to dynamic and from data lag
processing to real-time positioning and navigation, which
greatly expands the breadth and depth of GPS applications
and substantially improves the technical accuracy and pro-
duction and scientific research efficiency, showing great
superiority, and with the maturity of the technology and
the scope of use, the application of GPS in the construction
of digital mine production system is an inevitable trend in
the construction of modern coal mines and has a broad mar-
ket prospect, which will definitely bring huge economic ben-
efits. After the construction of the geological borehole in the
coalfield, a solar electronic tracking chip is implanted in the
sealed hole mark. The solar electronic tracking chip sends
the coordinate position to the drilling space database system
through GPS positioning to realize real-time positioning of
drilling geological data and transmit dynamic information
of drilling positioning [12-15]. Once the borehole markers
are lost, moved, destroyed, or have wrong coordinates or
large errors, the management will understand the situation
and make treatment in time and forecast geological disasters
to relevant departments or technicians in advance to prepare
safety emergency measures or provide indirect evidence of
geological structure movement to scientific researchers.
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FIGURE 1: Geological mineral exploration optimization methods.

The borehole spatial database system centralizes and unifies
the comprehensive coal seam results and coal geochemical
analysis results of each borehole to form a borehole network
spatial database and publishes and spatially displays bore-
hole geological information in Internet mode, pushes the
network domain name (URL) and borehole coordinates to
registered users, and provides cell phone navigation service
functions. At the same time, QR code is posted on the out-
side of each borehole logo, so that users can scan the QR
code and get the geological data information of a specific
borehole in time. This management mode provides a conve-
nient way to obtain geological data of boreholes for coalfield
exploration and development and also provides an innova-
tive solution to integrate geological data of boreholes, share
geological research results, and promote geological explora-
tion modernization in China [16, 17].

2. Related Work

2.1. Remote Sensing Technology and Geological and Mineral
Exploration. Information technology is developing day by
day, and computer network technology is developing day
by day and will be widely used in real life. The principle of
computer technology and information technology is applied
in practice, the development of geological survey instru-
ments tends to be digital and intelligent, and this intelligent
mapping technology is continuously applied to various
address survey activities, with advanced computer technol-
ogy and information technology as the support, which
makes the efficiency and accuracy of mapping work in geo-
logical exploration have been greatly improved [18, 19]. In
general, digital mapping remote sensing technology uses
instruments to perceive geographic location and topographic
conditions while converting these conditions into data and
presenting them in concrete data, and the mapping process
is “semi-automatic” or does not require human operation
at all. This technology will make it much easier to work out-
doors in some complex terrain areas, improving efficiency
and accuracy at the same time. Digital mapping is also
known as digital cartography wherein data is collected, com-
piled, and formatted into a virtual image. Photogrammetery
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is the method of acquiring reliable information relevant to
physical objects and their environment using the process of
recording and measuring. It also helps in the interpretation
of the photographic images and patterns using electromag-
netic radiant imaging techniques. Photogrammetry can be
divided into underground photography, underwater photog-
raphy, and aerospace photography according to the different
photography equipment and photography distance.
Photographs obtained through photography are richer in
information and better reflect the details of the objects
photographed, which can be used to create more accurate
and efficient topographic maps. It is also by the grace of this
new technology to transfer the harsh outdoor working envi-
ronment to indoor, effectively improving the operating envi-
ronment of the mapping staff, in some high mountains or
watery places to better reflect its own advantages and is
therefore widely used and widely praised. Photogrammetry
also has a variety of processing means, according to different
processing techniques can be divided into analog photo-
grammetry, analysis, digital photogrammetry, and several
categories. Among them, analog photogrammetry is the
use of some optical instruments and mechanical equipment
to simulate photography to achieve the same effect as photo-
grammetry, while using the established scale model, in order
to get the actual data needed; analytical photogrammetry is
based on the geometric relationship between the physical
location and the imaging position, and then use advanced
computers to perform calculations, so as to determine the
object reality and record the data into the computer. The
data is recorded into the computer and finally plotted. In
case of digital measurement of remote sensing technology,
the data or information is collected from aircrafts and satel-
lites which are equipped with sensors that are capable of
recording electromagnetic (EM) radiation from the objects
located on the earth’s surface. The recorded radiations by
the sensors are placed in an electromagnetic spectrum which
includes range of all possible frequencies and wavelength of
the radiation. A very small portion of the spectrum is visible
by the human eye while the other portions being infrared are
not visible by the human eye. Geological surveys require
geometric information and geography of the site to be sur-
veyed, which requires the use of certain measurement tools
to obtain information about the object to be surveyed and
to accurately measure the object. Digital processing technol-
ogy is used to process the images, and digital photogramme-
try is used to establish a database, which is managed to
provide geological data for various geological survey pro-
jects. Remote sensing technology consists of several impor-
tant parts: information acquisition system, reception and
processing system, survey ground truth system, and infor-
mation analysis system. Among them, the information
acquisition system covers the remote sensing platform and
remote sensor [20]. The platform is the carrier of the remote
sensor, which plays the function of carrying apparatus, and
there are platforms on the ground and in the air. The remote
sensor is responsible for collecting and storing the basic
information of the measured object or area and then trans-
mitting it to the receiving system. The ground survey system
collects information and analyzes data on the ground while

the remote sensor collects relevant information. Digital
remote sensing mapping technology is extremely effective
in reducing the error in the measurement, with the passage
of time, the paper drawings, and data inevitably will be pre-
served due to moisture and other natural factors and a cer-
tain degree of damage, the data content shown in the
drawings may appear mutilated or unclear, digital mapping
technology can completely eliminate this aspect of the hid-
den danger, the data stored in the disk, and effectively pro-
tect the data. The data will be stored in the disk, effectively
protecting the data and thus reducing errors.

Remote sensing technology is indispensable for digital
mapping in geological survey, which can collect the ground
topographic images to be surveyed, process the images sim-
ply, and transmit the data. Generally speaking, the image
information obtained by remote sensing technology and
the processing of the image as well as the spatial location
information of the relevant geographic area are collected
with high accuracy and are therefore widely used in survey-
ing work. In addition, remote sensing technology has its own
advantages and can present the site geographic environment
to the surveyor in a way that is easy to understand and
remember, thus improving the surveyor’s understanding of
the site [20]. At the same time, remote sensing mapping
technology can short-term imaging, and you can survey
the area within the scope of all the objects converted to
images, greatly reducing the time used by the surveyor to
compare and analyze the spectrum. For example, in the oil
survey, remote sensing technology is used to find hydrocar-
bons on the surface. The phenomenon caused by the hydro-
carbon effect of oil is the change of light reflectivity in the
spectral domain, which is expressed as hydrocarbon alter-
ation halo in the satellite imaging. In the upper part of the
oil field, due to the increase of various types of iron ore,
the reflectivity in the spectrum of 600 to 700 nm becomes
larger, and the color is brighter in the imaging; if there are
more clay minerals, the reflectivity in the wavelength of
about 2200 nm becomes lower, and the color is darker in
the imaging. Using remote sensing to find oil fields is the
practical application of remote sensing technology in geolog-
ical survey. In addition, it is also widely used in the geologi-
cal survey of coal fields. Using remote sensing technology to
analyze the horizontal distribution areas of different ground
conditions, first analyze and compare the spectral resolution
and spatial resolution to determine the data source, then
enhance the image processing and synthesize it using The-
matic Mapper or Enhanced Thematic Mapper (TM/ETM)
which is used to distinguish the vegetation soil moisture
and other conditions around the mountain.

2.2. Borehole Database and Geological and Mineral
Exploration. The construction of geological borehole data-
base is one of the objectives of the information construction
work of the main process of Chinese geological survey,
which is an urgent need of Chinese geological survey work
[21]. At the same time, according to the requirements of
standardization of geological survey data, it is also urgent
to establish a unified standard geological borehole database
covering China and apply GIS technology to manage,



process, analyze, and visualize geological borehole data,
which can provide timeliness and efliciency. It can provide
standardized and standardized geological borehole data in
a timely and efficient manner, realize information exchange
and comprehensive analysis application among geological
data, greatly improve the technical level of geological bore-
hole data management and service utilization in China,
and meet the needs of China’s land resources planning, geo-
logical survey, geological prospecting, and environmental
protection. In the era of big data, the research on the con-
struction of geological borehole database, which is of pio-
neering significance in China, is important for better
keeping the geological borehole data formed with huge
national investment, unifying the storage, management,
and sharing of geological borehole data resources, breaking
the information blockage between various professions,
expanding the breadth and depth of geological borehole data
utilization, improving the efficiency of geological borehole
data utilization, and better utilizing the value of geological
borehole data. It has important theoretical and practical
significance. The key theoretical, technical, and methodolog-
ical issues in the construction of geological borehole
database, such as standardization and rules of different types
of geological borehole data, integration, and convergence of
massive data, management, and service, support the con-
struction of database [22].

The construction of geological borehole database in
China is a very complex system project. China has organized
three pilot projects for the construction of geological bore-
hole database, but none of them has been spread out and
completed in China. After analysis, the problems and rea-
sons mainly include three aspects: (1) the construction of
geological borehole database involves various kinds of bore-
hole data of different geological work types with many
collection contents, and there are some degree of inconsis-
tency and uncertainty in the content and data classification
rules of the database integration in China, there is no unifor-
mity in the standardization and standardization of geologi-
cal borehole data. There are incomplete and unsystematic
problems, the organization and management system of geo-
logical borehole data and data quality control system are not
sound, and the idea of geological borehole database con-
struction is not quite in line with China’s national conditions
and institutional mechanism. (2) There is a lack of unified
management and expression of geological borehole data,
attribute data, and analysis model results with a unified geo-
logical borehole data model technology in China; there is a
lack of an integrated geological borehole data management
service system based on GIS technology in China to solve
the technical problems of efficient management, convenient
service, and visual expression of geological borehole data,
which affects the scope of use and utilization efficiency of
geological borehole data. This affects the scope of use and
efficiency of geological borehole data and is not conducive
to the discovery and excavation of deeper contents and
knowledge contained in geological borehole data, which
affects the quality of macroscopic decision-making. (3)
China’s geological borehole data are scattered and kept in
various grassroots units, with many industry departments
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and grassroots units, making it difficult to organize and
coordinate, resulting in the integration of geological bore-
hole data kept by various units in China has not been carried
out, and the Chinese geological borehole database has not
been established. Moreover, due to the many contents of
geological borehole data collection, it requires a lot of
human and material resources, and the financial support
needed is very high, which is also an important reason why
the Chinese geological borehole database has not yet been
built. In the next step of the construction of Chinese geolog-
ical borehole database, we need to carefully summarize the
results and experiences of the previous pilot construction
of Chinese geological borehole database, learn from the con-
tents and experiences of foreign geological borehole database
construction, change the thinking of geological borehole
database construction, and thoroughly and systematically
study the collection contents and requirements of geological
borehole data, classification rules, data standardization, data
model, and data organization. We will study in detail and
systematically the collection content and requirements, clas-
sification rules, data standardization, data model, data orga-
nization and management system, data quality control
system, system design and integration, unified management
technology and method, and efficient service utilization
technology and solve the key theories, methods, and tech-
nologies to promote the construction of Chinese geological
borehole database.

3. Methods

3.1. Model Structure. When remote sensing technology is
used in mineral search, it is necessary to strengthen the abil-
ity of remote sensing technology information processing on
the one hand and actively promote the effective combination
of remote sensing images and geological maps on the other.
Once the geological survey is conducted, it is important to
process all the information in order to obtain accurate
remote sensing images. This would help in laying a solid
foundation for the smooth implementation of future search
work for acquiring minerals. The flow of the algorithm is
shown in Figure 2.

Step 1: first, the binary image is preprocessed, and the
noise is filtered by morphological filtering method to reduce
the influence of noise. Step 2: the long and short axis direc-
tion angles and geometric methods obtained by using the
invariant distance technique are used to adjust the target
spindle to the vertical direction. Step 3: various operators
can be used to detect the target edge, because the calculation
of line moment needs to mark the target boundary a
sequence, so the boundary tracking extraction algorithm is
used in this algorithm to edge the target image directly. Step
4: calculate the target line moment feature and extract the
normalized projection of the target on the horizontal x and
vertical y axes, the projection profile can well reflect the tar-
get shape structure. Step 5: match the line moment features
with the precomputed template feature library and roughly
select M most likely target types from N samples of the tem-
plate library according to the minimum Euclidean distance
and maximum correlation coefficient combined with the
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rule judgment. Since M < <N, the efficiency of subsequent
exact matching recognition is ensured (M =5, N =50 in this
experiment). Step 6: match the target x- and y-axis projec-
tions with the screened M possible template samples, calcu-
late the similarity and correlation coefficients of the two axes
contours, respectively, based on certain thresholds, and use
fuzzy inference techniques to fuse the recognition results.
After two levels of classification judgments, coarse search
based on linear moments and exact matching based on
graphic contours, the recognition effect is improved and
the computing time is reduced.

3.2. Invariant Linear Moments. Invariant moments are
divided into two types: surface moments and line moments,
and surface moments are used for invariant moments of
region shape recognition, which are more time-consuming.
The fast algorithm for calculating the invariant moment of
the region based on the boundary, the face moment is sev-
eral times more time consuming than the line moment,
and the recognition rate is 96.18% for the face moment
and 94.16% for the line moment, which shows that the oper-
ation efficiency of the line moment is much higher when the
difference in accuracy is not large. Some definitions about
line moments: for the target contour code chain L in digital
images: L : (x;, y;) order line moments are

N
MpgL = Z xyiAlL, (1)

i=

—

where Al;, N is the number of pixels on the boundary curve.
The shape center of the target region.

- _ My __ My
X=—,y=—. (2)
00 Mo
The central moment is defined as
N —
HpgL = Z (xi_X)p(yi_y)qui' (3)
i1

The normalized central moment is given by

_ My
’7pq T l+prq2” (4)
0

The proportional, rotationally invariant momenta can be
calculated based on the normalized central moment of the
line moment.

3.3. Target Image Adjustment. In preprocessing, the target
image principal axis (symmetry axis of coal mine and ship)
is adjusted to vertical direction, first, it can minimize the
error of line moment calculation caused by image rotation,
and second, it is convenient to extract the projection on x
and y axis. This step is very critical and directly determines
the subsequent recognition effect. The invariant second-
order moment represents the rotational moment of inertia
of the image with the formula

1 2u
0= - arctan (—“) (5)
2 Uyo — Upy

0 represents the angle between the long axis of the target
image and the horizontal or vertical axis. By rotating the
image by the angle -0, the target can be adjusted to the hor-
izontal or vertical position of the airplane (ship) body. This
method is suitable for target types with relatively disparate
length and width, and the adjustment result error is very
small, generally less than 0.02 degrees. Some large aircraft
whose main long axis direction is not the fuselage or the
direction of the wing line perpendicular to the fuselage, the
main axis orientation angle direction method will fail.

3.4. Feature Extraction and Objective Classification. Calcu-
late the linear invariant moment. Extract the projection on
x and y axes as a one-dimensional sequence, which well
reflects the profile characteristics of the target and can
reduce the matching time.

The target line moments are matched with line
moments, and the matching is based on the minimum dis-
tance principle and similarity combination method. Using
normalized Euclidean distances.

LR HG) ~ I )
() = I (i )]

(1) Target line moment matching line moment equation
in which D(i) is the distance between the target line moment
and the ith template, I(j) is the j-th component of the target
line moment feature, I;.(3, j) is the j-th component of the i

D(i) = (6)
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-th template (template) feature, and m is the number of
invariant moments I feature components. In the experiment,
it is found that when m =4, ie., only I, —I, are taken to
achieve a good classification effect. Because the template fea-
ture vector is dense, here, all the template feature data are
averaged and used as the center to do similar correlation
coefficient improvement with the formula: matching based
on the principle of minimum distance and similarity combi-
nation method. Using the normalized Euclidean distance

i A 1G) ~ 1G] [Ir () — Ir ()] }
m N T o a12 L om NN E
{25 [1G) =T ) x X (1) + T2 )]}
(7)
where r(i) is the similarity coefficient between the target
and the i-th template, and I(j) is the centered value of the
template feature to be selected. The improved similarity is

distributed between [-1, 1], and the interval can be trans-
formed to [0, 1].

r(i) =

ry(i) = Zr: {[P;v(j) - Pry(j)] [PTy(i’j) —PTY(j)} },
i { [Py(j) _PTY(j)]Z X i {PTy(i’j) _PTy(j):|2}
(8)

Feature selection, i.e., the creation of feature subsets so
that the constructed feature space can achieve better results
in the end. A good feature selection can improve the perfor-
mance of the model and reveal the characteristics of the data
and the underlying structure more easily, which is important
for further improvement of the model and the algorithm.
Feature importance is a technique to select features using a
trained supervised classifier, which is widely used due to its
simplicity and practicality. The common methods of feature
importance include RF, GBDT, Light GBM, and XG Boost.
Random forest is an ensemble model that is used to solve
classification and regression problems. It involves construc-
tion of multiple decision trees during training of the data.
The output of the random forest is the class selected by
majority of the trees. The gradient boost decision trees
(GBDT) algorithm uses an ensemble of decision trees for

the prediction of the target label. The light gradient boosting
machine (LightGBM) is based on the decision tree technol-
ogy that increases the efficiency and memory usage of a
model and is used for ranking and classification of other
machine learning tasks. In this paper, the XG Boost algo-
rithm is used for feature selection after comprehensive eval-
uation through experiments. XGBoost is often referred as an
“All in one” algorithm as it can be used for ranking, classifi-
cation, regression, and various user specific prediction prob-
lems. XGBoost has been a predominant choice in various
machine learning implementations. As an example, the
study in [23] used XGBoost for the development of subsur-
face geological cross-section from boreholes of specific sites
on the basis of prior geological knowledge. The study in
[24-26] used XGBoost modeling for performing three
dimensional mineral mapping on the basis of metallogenic
systems and geological anomaly theories. The feature pro-
cessing flow is shown in Figure 3.

3.5. Drilling Database. The drill hole database contains data
objects including project information, work area informa-
tion, and drill hole data, and the drill hole data involves coal-
field, petroleum, and uranium data. In the model design
stage, based on the important geological borehole database
of China and relevant standards and specifications of
nuclear industry, UML modeling language based on object-
oriented technology is used to gradually refine different data
objects, determine the attributes of data objects and their
relationships with each other, map the database relationship
schema, determine the attributes and codes of the relation-
ship schema, and adjust the tables for redundancy control
to make them achieve a reasonable relational paradigm.
The database structure diagram is shown in Figure 4. The
database construction architecture adopts a distributed con-
struction and centralized aggregation approach (see Tables 1
and 2), using Access database for the distributed construc-
tion database, Oracle database for the aggregated central
database, and Geo data base format for spatial data storage.

The Access database is a traditional relational database,
which is a lightweight file-level database, easy to use, and
suitable for distributed construction database, while the cen-
tral database manages a large amount of data and undertakes
data processing and analysis. Data base format is also stored
in the Oracle database. In the conceptual design stage, we
first analyze the similarities and differences in the content
and format of different types of borehole data entities,
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TaBLE 1: Main data entities and types of library construction.

Data entities Type Mineral species involved Collection sources
Geological cataloging lithology Observation Uranium, coal, oil Resulting information, field survey
Stratigraphic stratification Observation Uranium, coal, oil Results, field survey
Rock color Observation Uranium, coal, oil Results, field survey
Logging curves Observation Uranium, coal, oil Result information, field survey
Hydrological observations Observation Uranium Results, field survey
Sample sampling Observation Uranium Result information, field survey
Core logging Observation Uranium Result information, field survey
Curvature measurement Observation Uranium, coal, oil Result information, field survey
Rock core photos Observation Uranium Field survey
Logging interpretation lithology Explanation Uranium, coal, oil Results
Logging interpretation results Explanation Uranium Results
Basic chemical analysis results Explanation Uranium Results
Comprehensive column lithology stratification Explanation Uranium, coal, oil Results
Raw geological logging Observation Uranium Field survey

TABLE 2: Master code for partial relationships in the drill hole database.
Relationships Main code
Projects Project number

Working area
Mineral rights
Boreholes

Lithology
Stratigraphy

Rock color

Logging curves
Logging configuration

Sampling information

Work area number
Work area number, mineral right number
Work area number, drill hole number

Work area number, drill hole number, lithology number
Working area number, drill hole number, stratigraphic number
Workings number, drill hole number, color sequence number

Working area number, drill hole number, logging number

Zone number, drill hole number

Workover number, drill hole number, sampling number
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abstract the data from the database application require-
ments, identify the borehole observation and interpretation
entities, and determine the corresponding relationships.

4. Experiments and Results

4.1. Experimental Data. The remote sensing image data used
in this paper is a nonpublic dataset of a domestic mineral
exploration company in China, which is a large size and
high-resolution remote sensing image obtained by IKONOS
sensor, covering a mining area in northwest province of
China. The image is fused by GS algorithm with a resolution
of 1 m and contains 4 bands, namely, blue, green, red, and
near infrared bands. For the image data, some areas are
selected as the study area and the verification area, and the
precise interception is performed by e-Cognition software.

4.2. Construction of Multifeature Space. In this paper, we use
the built-in multiscale segmentation algorithm in e-
Cognition software to perform object-oriented segmentation
of remote sensing images and obtain object features. The
segmentation scale parameter is an abstract threshold that
determines the maximum heterogeneity allowed in the
image segmentation result. In this paper, we use estimation
of scale parameter (ESP) scale evaluation tool to obtain the
optimal segmentation scale parameter, which represents
the segmentation effect by calculating the local variance
(LV) of the homogeneity of the image object under different
segmentation scale parameters as the average standard devi-
ation of the segmented object layer. When the LV variation
rate is the largest, i.e., the peak value, the segmentation scale
value corresponding to this point is the best segmentation
scale. First, the ESP scale evaluation tool was used to obtain
several suitable segmentation parameters, and then, the opti-
mal segmentation scale was selected by visual discrimination
of the segmentation effect. The loss degradation curve and
performance improvement during training are shown in
Figures 5 and 6, respectively.

4.3. Comparative Analysis of the Experimental Results of the
Study Area. In order to evaluate the accuracy of the recogni-
tion results of the study area, the accuracy of the classifica-
tion results was verified by using random and uniformly
distributed sample points, and the overall accuracy and
Kappa coefficient of the recognition results were calculated
by establishing the confusion matrix, as shown in Table 3.

The Kappa coefficient is calculated based on the confu-
sion matrix, which is usually used as the main indicator to
check the consistency and can also be used to reveal the clas-
sification effect. The results generally fall between 0 and 1,
and the higher the value, the higher the consistency. The
kappa coefficient obtained by the experimental method in
this paper is 0.83, which further indicates that the urban
remote sensing image target recognition based on multifea-
ture space and its optimization has high recognition ability.
After analyzing the recognition results of the study area,
we found that several vegetation samples were misclassified
into shadows. The differentiation ability of vegetation and
shadows in this research method needs to be improved. Fur-
ther analysis of the reasons for this phenomenon includes
three aspects: (1) the complexity of the vegetation in the
study area is high, which has a great negative impact on
the accurate recognition; (2) some features of some vegeta-
tion areas are too similar to shadows; (3) the vegetation
and shadows are not accurately segmented when extracting
the object features, and this leads to the subsequent inability
of accurate recognition. Comparing the recognition results
of the two traditional methods with this method, we can find
that the overall accuracy and kappa coefficient of this
method have been greatly improved, which directly indicates
that the urban remote sensing image target recognition
based on multifeature space and its optimization is a feasible
and effective method.

4.4. Experimental Analysis of Borehole Database. The
national geological borehole database construction unit
(provincial geological borehole database construction unit)
should conduct quality evaluation on the basis of data
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TaBLE 3: Experimental parameter setting.

Methods Accuracy (%) Kappa coeflicient
Image based 77.28 0.72
Object-based 82.45 0.79
Based on multiple feature spaces and their optimization 87.89 0.83
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FIGURE 7: Database request time delay stability test.

quality inspection and acceptance of the geological borehole
data results submitted by the provincial geological borehole
database construction unit (data production unit). The con-
tent of the commentary is mainly a comprehensive evalua-
tion of whether the geological borehole database results
complete the work requirements, whether the data quality
meets the acceptance requirements, and whether the submit-
ted work reports and data quality control documents are
complete. For geological borehole data quality evaluation,
comments should be made against the geological borehole
data quality evaluation. In data quality inspection and accep-
tance, each occurrence of sunlight defect A is counted as 1,

light defect B is counted as 2, heavy defect C is counted as
9, fatal defect D is counted as 16, and the total number of
checked attribute items is N. The total score is S. The for-
mula for calculating the score S is as follows.

S—(l 1*A+2*B+9*«*C+16* D

. ) £100.  (9)

Database request time delay stability test is shown in
Figure 7, it can be found that it randomly sends 10 requests,
and the database can be stable response. Data quality
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TaBLE 4: Drilling database quality inspection main content and inspection means.

First-level inspection content Secondary inspection content Level
Number of boreholes, charts Excellent
Required items Good
Data integrity Repeated, missing important attribute items Excellent
Duplicate, missing attribute data table Good
Duplicate, missing data records Excellent
Content of important attribute items Good
Drill hole coordinate positioning Excellent
Data accuracy Diagramming and viewing check of drill hole attribute data Good
Correctness of chart linking Excellent
Diagram scanning quality Good
Consistency of database structure Excellent
Consistency of data table structure Excellent
Consistency of data item value fields Excellent
Logical consistency Data format consistency Qualified
Data record association consistency Good
Chart format, file name format check Excellent
Data table and chart correlation Qualified

evaluation, according to the grade characterizing the quality
of geological borehole data, is divided into four grades:
excellent, good, qualified, and unqualified, based on the per-
centage system, with the following criteria: (1) excellent: S
>90 points; (2) good: 90 > S > 75 points; (3) qualified: 75
>S§> 60 points; and (4) unqualified: S< 60 points. When
the quality evaluation score of geological borehole data is
greater than or equal to 90, the quality comment is excellent;
when it is less than 90 and greater than or equal to 75, the
quality comment is good; when it is less than 75 and greater
than or equal to 60, the quality comment is qualified; when it
is less than 60, the quality comment is unqualified. When the
review is unqualified, the geological borehole database
should be returned to the corresponding unit for modifica-
tion, improvement, redoing, or reworking, and then review
and reinspection should be conducted after modification
and improvement. The review and reinspection can be car-
ried out several times until the quality of the submitted geo-
logical borehole data meets the quality control requirements
of geological borehole database construction. Table 4 shows
the results of the proposed database testing, and all indica-
tors are above qualified and can be used for actual mineral
development.

5. Conclusion

In summary, today, the mining of mineral resources directly
affects the national economic development, to be able to do a
good job in geological and mineral mining requires adequate
geological exploration and reasonable application of mineral
search technology to ensure that the mineral exploration
work can meet the needs of modern development. Remote
sensing technology plays a very important role in many
fields, and the application of this technology in geological

exploration has greatly promoted the development of geo-
logical exploration work in China. The scientific use of mod-
ern information imaging technology can provide good
conditions and greater convenience for geological explora-
tion and geological prospecting work. Remote sensing
technology in geological prospecting can significantly
improve the comprehensive level of geological exploration,
strengthen the accuracy of geological prospecting based on
advanced technology, and thus promote the smooth devel-
opment of geological exploration and prospecting work in
China. We create a drilling database management system
to manage geological drilling data scientifically and release
geological drilling information and drilling dynamics in real
time to provide users with a convenient and fast data sharing
channel and provide early warning service of geological
disasters for coalfield exploration and development. In the
specific survey, it is necessary to clarify the geological
landscape, collect relevant information comprehensively,
improve the accuracy of geological survey, and ensure that
it is carried out to a high standard. Mineral exploration
enterprises should also actively introduce advanced technol-
ogy and equipment to fundamentally improve the efficiency
of geological and mineral exploration and mineral search.

Data Availability

The datasets used during the current study are available
from the corresponding author on reasonable request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.



Wireless Communications and Mobile Computing

References

(1]

(2]

(4]

(10]

(11]

(12]

(13]

(14]

(15]

B.Ji, Y. Li, D. Cao, C. Li, S. Mumtaz, and D. Wang, “Secrecy
performance analysis of UAV assisted relay transmission for
cognitive network with energy harvesting,” IEEE Transactions
on Vehicular Technology, vol. 69, no. 7, pp. 7404-7415, 2020.

X. Lin, J. Wu, S. Mumtaz, S. Garg, J. Li, and M. Guizani,
“Blockchain-based on-demand computing resource trading
in IoV-assisted smart city,” IEEE Transactions on Emerging
Topics in Computing, vol. 9, no. 3, pp. 1373-1385, 2021.

J. Li, Z. Zhou, J. Wu et al., “Decentralized on-demand energy
supply for blockchain in internet of things: a microgrids
approach,” IEEE Transactions on Computational Social Sys-
tems, vol. 6, no. 6, pp. 1395-1406, 2019.

M. Gobashy, M. Abdelazeem, and M. Abdrabou, “Minerals
and ore deposits exploration using meta-heuristic based opti-
mization on magnetic data,” Contributions to Geophysics and
Geodesy, vol. 50, no. 2, pp. 161-199, 2020.

M. Gobashy, M. Abdelazeem, M. Abdrabou, and M. H. Khalil,
“Estimating model parameters from self-potential anomaly of
2D inclined sheet using whale optimization algorithm: appli-
cations to mineral exploration and tracing shear zones,” Natu-
ral Resources Research, vol. 29, no. 1, pp. 499-519, 2020.

K. S. Essa and M. Elhussein, “Interpretation of magnetic data
through particle swarm optimization: mineral exploration
cases studies,” Natural Resources Research, vol. 29, no. 1,
pp. 521-537, 2020.

C. Zou, Z. Yang, R. Zhu et al., “Geologic significance and opti-
mization technique of sweet spots in unconventional shale sys-
tems,” Journal of Asian Earth Sciences, vol. 178, pp. 3-19, 2019.
K. Rao, S. Jain, and A. Biswas, “Global optimization for delin-
eation of self-potential anomaly of a 2D inclined plate,” Natu-
ral Resources Research, vol. 30, no. 1, pp. 175-189, 2021.

N. Lin, Y. Chen, and L. Lu, “Mineral potential mapping using a
conjugate gradient logistic regression model,” Natural
Resources Research, vol. 29, no. 1, pp. 173-188, 2020.

Y. Chen, W. Wu, and Q. Zhao, “A bat-optimized one-class
support vector machine for mineral prospectivity mapping,”
Minerals, vol. 9, no. 5, article 317, 2019.

T. Nouri, M. M. Oskouei, B. Alizadeh, P. Gamba, and
A. Marinoni, “Improvement of the MVC-NMEF problem using
particle swarm optimization for mineralogical unmixing of
noisy hyperspectral data,” Journal of the Indian Society of
Remote Sensing, vol. 47, no. 4, pp. 541-550, 2019.

F. A. Stamm, M. de la Varga, and F. Wellmann, “Actors,
actions, and uncertainties: optimizing decision-making based
on 3-D structural geological models,” Solid Earth, vol. 10,
no. 6, pp. 2015-2043, 2019.

A. Navarra, M. Alvarez, K. Rojas, A. Menzies, R. Pax, and
K. Waters, “Concentrator operational modes in response to
geological variation,” Minerals Engineering, vol. 134,
pp. 356-364, 2019.

B. K. Bhadra, A. K. Jain, G. Karunakar, H. Meena, S. B.
Rehpade, and S. S. Rao, “Integrated remote sensing and geo-
physical techniques for shallow base metal deposits (Zn, Pb,
Cu) below the gossan zone at Kalabar, Western Aravalli Belt,
India,” India. Journal of Applied Geophysics, vol. 191, article
104365, 2021.

A. S. Fahil, E. Ghoneim, M. A. Noweir, and A. Masoud, “Inte-
gration of well logging and remote sensing data for detecting
potential geothermal sites along the Gulf of Suez, Egypt,”
Resources, vol. 9, no. 9, article 109, 2020.

(16]

(17]

(18]

(19]

(20]

(22]

(23]

(24]

(25]

[26]

11

E. Voll, A. M. Silva, and A. C. Pedrosa-Soares, “Tracking iron-
rich rocks beneath Cenozoic tablelands: an integration of geo-
logical, airborne geophysical and remote sensing data from
northern Minas Gerais State, SE Brazil,” Journal of South
American Earth Sciences, vol. 101, article 102604, 2020.

S. A. Abu El-Magd and A. Embaby, “To investigate groundwa-
ter potentiality, a GIS-based model was integrated with remote
sensing data in the Northwest Gulf of Suez (Egypt),” Arabian
Journal of Geosciences, vol. 14, no. 24, pp. 1-12, 2021.

S. M. Abuzied, M. F. Kaiser, E. A. H. Shendi, and M. 1. Abdel-
Fattah, “Multi-criteria decision support for geothermal
resources exploration based on remote sensing, GIS and geo-
physical techniques along the Gulf of Suez coastal area,Egypt,”
Geothermics, vol. 88, article 101893, 2020.

C. Laukamp, M. Haest, and T. Cudahy, “The Rocklea Dome
3D mineral mapping test data set,” Earth System Science Data,
vol. 13, no. 3, pp. 1371-1383, 2021.

E. Abdulkerim, F. Fufa, and W. Takala, “Identification of
groundwater recharge site using geographical information sys-
tem and remote sensing: case study of Sude district, Oromia,
Ethiopia,” Environmental Earth Sciences, vol. 81, no. 2,
pp. 1-15, 2022.

J. J. Tejado-Ramos, M. Chocarro-Ledn, 1. Barrero-Béjar et al.,
“Enhancement of the sustainability of wolfram mining using
drone remote sensing technology,” Remote Sensing Applica-
tions: Society and Environment, vol. 23, article 100542, 2021.

Z. McDougall, D. Lentz, and R. Adair, “New data from old
infrastructure: using modern methods to investigate historic
development,” Atlantic Geology, vol. 55, 2019.

C. Shi and Y. Wang, “Development of subsurface geological
cross-section from limited site-specific boreholes and prior
geological knowledge using iterative convolution XGBoost,”
Journal of Geotechnical and Geo-environmental Engineering,
vol. 147, no. 9, article 04021082, 2021.

Q. Zhang, J. Chen, X. Hua et al., “Three-dimensional mineral
prospectivity mapping by XGBoost modeling: a case study of
the Lannigou gold deposit, China,” Natural Resources
Research, pp. 1-22, 2022.

N. Singh, V. K. Gunjan, G. Chaudhary, R. Kaluri, N. Victor,
and K. Lakshmanna, “ToT enabled HELMET to safeguard the
health of mine workers,” Computer, vol. 193, pp. 1-9, 2022,
Communications.

J. Pei, Z. Yu, J. Li, M. A. Jan, and K. Lakshmanna, “TKAGFL: a
federated communication framework under data heterogene-
ity,” IEEE Transactions on Network Science and Engineering,
2022.



	Optimization of Geological and Mineral Exploration by Integrating Remote Sensing Technology and Borehole Database
	1. Introduction
	2. Related Work
	2.1. Remote Sensing Technology and Geological and Mineral Exploration
	2.2. Borehole Database and Geological and Mineral Exploration

	3. Methods
	3.1. Model Structure
	3.2. Invariant Linear Moments
	3.3. Target Image Adjustment
	3.4. Feature Extraction and Objective Classification
	3.5. Drilling Database

	4. Experiments and Results
	4.1. Experimental Data
	4.2. Construction of Multifeature Space
	4.3. Comparative Analysis of the Experimental Results of the Study Area
	4.4. Experimental Analysis of Borehole Database

	5. Conclusion
	Data Availability
	Conflicts of Interest

