
Research Article
Optimized Neural Network for Research Evaluation of Mineral
Resources Carrying Capacity in Southern Shaanxi

Li YiCan,1 Wei JunHao,1 and Ali Arshaghi 2

1School of Earth Resources, China University of Geosciences, Wuhan, Hubei 430074, China
2Department of Electrical Engineering, Central Tehran Branch, Islamic Azad University, Tehran, Iran

Correspondence should be addressed to Ali Arshaghi; ali.arshagi.eng@iauctb.ac.ir

Received 17 March 2022; Revised 19 April 2022; Accepted 27 June 2022; Published 11 August 2022

Academic Editor: Araz Darba

Copyright © 2022 Li YiCan et al. �is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Evaluation of the carrying capacity of mineral resources is one of the important research content in the implementation of
sustainable development. Based on analyzing the metallogenic geological characteristics, distribution, and resource status of
mineral resources in southern Shaanxi, this paper establishes an analysis model of mineral resources andmineral advantages based
on the analytic hierarchy process and applies them to evaluate the advantages of mineral resources. To provide optimal and
e�cient results, an improved model of an arti�cial neural network based on the bat optimization algorithm has been utilized.
�rough model analysis, the potential value and carrying capacity of mineral resources in three major prefecture-level cities in
southern Shaanxi are comprehensively evaluated and analyzed. �e results show that the main dominant minerals in southern
Shaanxi are gold, lead zinc, and molybdenum ore. �ere are three grades of mineral resources carrying capacity: Shangluo City is
an excellent grade, Hanzhong City is a good grade, and Ankang City is a general grade.

1. Introduction

Mineral resources are a kind of important material basis for
human survival and social development and important
pillars of the national economy. �e sustainable utilization
of mineral resources plays a vital role in the sustainable
development strategy and high-quality development of the
entire national economy. �e mineral resources carrying
capacity refers to the carrying capacity of the economically
recoverable reserves of mineral resources (or their pro-
duction capacity) for social and economic development
under the prevailing scienti�c and technological natural
environment and social and economic conditions in a
foreseeable period. It is an important indicator to measure
the sustainable guarantee supply of mineral resources in a
country or region and the degree to which it meets the needs
of social and economic development and can also embody
and re�ect the guarantee and carrying capacity of its regional
mineral resources to a certain extent.

Southern Shaanxi is rich in mineral resources, charac-
terized by wide distribution, variety, and obvious regional

characteristics. It is a key area of mineral resources in
Shaanxi Province and even the whole country. Southern
Shaanxi is dominated by nonferrous metals, precious metals,
ferrous metals, and various nonmetallic minerals. Regional
economic development also mainly comes from the devel-
opment and utilization of mineral resources. �e rational
development and utilization of mineral resources is an
important foundation for the sustainable development of the
regional economy in southern Shaanxi. Due to environ-
mental protection and other reasons, some mining enter-
prises have stopped production, and the mining economy
has experienced a serious decline, a�ecting regional eco-
nomic development to a certain extent. �e contradiction
between the rapid economic and social development in
southern Shaanxi and the fragile mineral resources carrying
capacity and the contradiction between the extensive growth
mode and the shortage of resources are increasingly
prominent, and it is urgent to carry out research and
evaluation work on the mineral resources carrying capacity
[1]. Based on the current situation of resources in southern
Shaanxi, this paper puts forward a set of scienti�c mineral
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resources carrying capacity evaluation system and proposal
in order to improve the guarantee capacity of mineral re-
sources and scientifically and rationally develop and utilize
mineral resources, which will be of extremely great signif-
icance to promote the high-quality development of mining
economy in southern Shaanxi [2, 3]. To provide optimal and
efficient results, an improved model of an artificial neural
network based on the bat optimization algorithm has been
utilized. (e paper has been organized as follows: in Section
2, an overview of the mineral resources is explained in
southern Shaanxi. Section 3 describes the analysis of ad-
vantageous minerals for mineral resources in southern
Shaanxi. In section 4, the artificial neural network and its
optimization by the bat algorithm have been explained.
Section 5 represents a comprehensive analysis of the po-
tential value and carrying capacity of mineral resources in
southern Shaanxi. Finally, the paper has been concluded in
Section 6.

2. Overview of Mineral Resources in
Southern Shaanxi

2.1.Overview. Shaanxi Province is located in the inland area,
with a land area of about 205,600 square kilometers, about
870 kilometers long from north to south, and 200 to
500 kilometers wide from east to west.(e region is long and
narrow, with the topographical feature of the north-south
high and the middle-low. (e mountainous area such as
plateaus, mountains, and valleys accounts for about 81% of
the total area. From north to south, the area under the
jurisdiction is the Loess Plateau in northern Shaanxi, the
Weihe Plain in Guanzhong, and the Qinba Mountains in
southern Shaanxi. (e Qinba Mountains in southern
Shaanxi include the Qinling Mountains, Bashan Mountains,
and Hanjiang Valley, which constitute a diverse topography
of alpine canyons and alluvial plains. (e Hanjiang River
flows between the Qinling Mountains in the north and the
Bashan Mountains in the south, forming a unique topo-
graphical feature of “two mountains sandwiching one river.”
(e Qinling Mountains are about 400–500 kilometers long
from east to west and about 300 kilometers wide from north
to south in the province. Among them, the altitudes of
Zhongnan Mountain, Taibai Mountain, and Huashan
Mountain are 2,604 meters, 3,767 meters, and 2,160 meters,
respectively; Bashan Mountains are located in the south-
ernmost, with an altitude of 1,500–2,000 meters. (e
mountainous area of the region accounts for 82.25% of the
total area of southern Shaanxi.

Southern Shaanxi is located in the southern part of
Shaanxi Province, referring to the area south of the Qinling
Mountains, mainly including Hanzhong, Ankang, and
Shangluo cities, adjacent to Henan and Hubei in the east;
Gansu in the west; Sichuan, Chongqing, and Hubei in the
south; and connected to three cities of Baoji, Xi’an, and
Weinan in Guanzhong in the north of Shaanxi Province. In
2020, the total population in the administrative region of
southern Shaanxi is about 7.75 million, accounting for
19.60% of the total population of Shaanxi Province, and the
land area is about 70,000 square kilometers, accounting for

34% of the total land area of Shaanxi Province. (e devel-
opment and utilization of minerals have promoted industrial
development and consolidated the regional economic
foundation. According to statistics, in 2017, the gross in-
dustrial output value of industrial enterprises above the
designated size in Shaanxi Province was RMB 2.485443
trillion, an increase of 18.8% over the previous year. (e
mining and related processing andmanufacturing industries
completed RMB 1.419827 trillion, accounting for 57.1% of
the province’s gross industrial output value above the
designated size (according to the Shaanxi Provincial De-
partment of Land and Resources, 2018), of which southern
Shaanxi is the main contributor to Shaanxi’s mining
economy.

Southern Shaanxi is located in the Qinling Mountains
metallogenic belt, with complex geological structure and
rich mineral resources [4]. It is an important metallogenic
belt in my country; 83 kinds of minerals have been dis-
covered, mainly nonferrous metals, precious metals, ferrous
metals, and nonmetallic minerals [5]. Among the 2,044
mineral deposits in the province, 1,071 are located in
southern Shaanxi [6–8], accounting for 52.40% of the total
number of mineral deposits in the province. Among them,
Shangluo City has the largest number of deposits (425),
followed by Hanzhong City (344) [6] and Ankang City (302)
[7]. It is the most important polymetallic mineral resource
enrichment area among the proven resources in the prov-
ince. It has laid a solid resource foundation for the economic
development of southern Shaanxi. Due to the differences in
metallogenic geological background and geological condi-
tions, there are obvious differences in the types and quan-
tities of main minerals in different regions. It can be seen
from Table 1 that gold, iron, manganese, copper, nickel, lead,
zinc, phosphorus, sulfur, serpentine, and other minerals are
mainly distributed in the Hanzhong area; gold, iron, anti-
mony, mercury, tungsten, titanium, vanadium, barite, lead,
zinc, and other minerals are mainly distributed in Ankang
area; and iron, molybdenum, silver, antimony, copper,
potassium feldspar, vanadium, titanium, lead-zinc, crystal,
and other minerals are mainly distributed in Shangluo area.
In recent years, the reserves of gold, copper, lead, zinc, iron,
molybdenum, antimony, manganese, and other important
minerals in southern Shaanxi have been declining year by
year, showing negative growth, and resource crisis mines
have continued to emerge. (e contradiction between the
situation of mineral resources and the need for economic
and social development is becoming increasingly prominent.

Figure 1 shows the distribution figure of major mineral
resources in southern Shaanxi.

Table 2 indicates the list of weights of second-level
indicators.

2.2. Analysis of Metallogenic Characteristics. Southern
Shaanxi is located in the Qinling Mountains and the Daba
Mountains. It is a very important polymetallic metallogenic
belt in my country, and the mine resources are very rich.(e
three cities in southern Shaanxi span the Xiaoqinling
Mountains, North Qinling Mountains, South Qinling
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Mountains, Motianling, and the edge of the Yangtze plat-
form [9–11]. (ey have excellent metallogenic geological
conditions and are rich in nonferrous metals, precious
metals, ferrous metals, and various nonmetallic minerals
[12–14]. (e distribution of mineral resources in the three
cities in southern Shaanxi is slightly different: Hanzhong is
rich in iron, manganese, titanium, nickel, metallurgical
quartz stone, solvent limestone, and other minerals; Ankang
is rich in mercury, pyrite, barite, and other minerals re-
sources; and Shangluo is rich in iron, titanium, lead, zinc,
gold, and other mineral resources. Figure 2 shows the hi-
erarchical structure model of comprehensive evaluation of
advantageous mineral resources in southern Shaanxi.

2.2.1. Gold Ore. As the dominant mineral in the Qinling
Mountains metallogenic belt, the output of gold ore is
mainly controlled by the tectonic-magmatic belt. (ere are

two regional gold metallogenic belts in the north and south.
(e gold ores in the belt follow the distribution of regional
large faults and own the characteristics of close magmatism
in the Indo-Chinese-Yanshan period.(e dominant types of
gold ores are mainly structural altered rock type and quartz
vein type, which are concentrated in the West Qinling
Mountains and Xiaoqinling Mountains areas.

(e gold ores in Shaanxi Province are mainly distributed
in the areas under the jurisdiction of cities such as Xi’an,
Baoji, Weinan, Hanzhong, Ankang, and Shangluo. Among
them, the areas under the jurisdiction of Hanzhong City and
Shangluo City have a relatively large number of mineral
fields, accounting for 21.28% and 31.38% of the total gold
mining fields in the province, respectively, while the reserves
of gold mineral resources are mainly concentrated in the
areas under the jurisdiction of Baoji City and Shangluo City,
accounting for 23.77% and 32.86% of the province’s total
identified gold reserves, respectively.

Table 1: Distribution table of main mineral resources in southern Shaanxi.

Serial number Area Mainly distributed minerals
1 Hanzhong Gold, iron, manganese, copper, nickel, lead, zinc, phosphorus, sulfur, serpentine, etc.
2 Ankang Gold, iron, antimony, mercury, tungsten, titanium, vanadium, barite, lead-zinc, etc.
3 Shangluo Iron, molybdenum, silver, antimony, copper, potassium feldspar, vanadium, titanium, lead-zinc, crystal, etc.

scale Extra 
Large Large

Medi
um Small

Gold 
Lead

Zinc

Molybdenum

Minerals

Mineral Legend

Ankang

Hanzhong

Shangluo

Figure 1: Distribution figure of major mineral resources in southern Shaanxi.

Table 2: List of weights of second-level indicators.

Serial number Second-level indicator B Weight
1 Mineral resources themselves B1 0.1796
2 Mineral resources survey and exploration B2 0.2496
3 Development and utilization of mineral resources B3 0.2364
4 Socioeconomic benefits B4 0.3343
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2.2.2. Lead-Zinc Ore. (e large-scale mineralization of lead-
zinc ore in the West Qinling Mountains area generally in-
cludes two stages: Devonian tectonic rifting-contempora-
neous depositional mineralization and Triassic tectonic-
magmatic superimposed mineralization.

(e geographical location of lead-zinc ore in Shaanxi
Province is mainly distributed in the areas under the ju-
risdiction of Baoji, Ankang City, and Shangluo City in
southern Shaanxi. Lead-zinc resource reserves account for
86.93% of the province’s total lead-zinc resource reserves.
Among them, Baoji City’s lead and zinc resource reserves
account for 26.44% and 51.58% of the province’s total lead
and zinc resource reserves, respectively, Shangluo City’s lead
resource reserves account for 47.74% of the province’s total
lead resource reserves, and Ankang City’s zinc resource
reserves account for 23.58% of the province’s total zinc
resource reserves. (e area of Fengxian-Taibaimiao in Baoji
City, Shanyang-Zhashui and Zhen’an in Shangluo City, and
the northern part of Xunyang in Ankang City are relatively
concentrated areas of lead-zinc ore in Shaanxi Province.

2.2.3. Iron Ore. Iron ores are distributed in all prefecture-
level cities in Shaanxi Province. However, iron ores with
industrial significance are mainly distributed in the areas
under the jurisdiction of Hanzhong City, Ankang City, and
Shangluo City in southern Shaanxi [15]. Its mineral deposits
account for 74.83% of the province’s total iron deposits, and
its iron ore resource reserves account for 96.55% of the
province’s total iron ore resource reserves. Among them, the
Mian-Lue-Yang area in Hanzhong City and the Bijigou area
in Yangxian County, the Ziyang-Zhenping area in Ankang
City, and the Zhashui-Shanyang area in Shangluo City are
areas with relatively more iron deposits. (e iron resources
reserves are mainly distributed into three types of deposits:
magmatic segregation type, bed-controlled hydrothermal
type, and volcanic-sedimentary metamorphic type.

2.2.4. Copper Ore. Copper ores are distributed in 6 pre-
fecture-level cities in the southern Shaanxi and Guanzhong
regions. Shangluo City has the largest number of copper
mines, accounting for 52.17% of the province’s total copper
mines and 28.86% of the province’s total copper resource
reserves, followed by Hanzhong, accounting for 20.87% of
the province’s total copper mines, accounting for 20.82% of
the province’s total copper resource reserves. Weinan City

has a small number of ore deposits, but its copper resource
reserves account for 25.03% of the province’s total copper
resource reserves. (e Mian-Lue-Yang area of Hanzhong
City, the Zhashui-Shanyang area of Shangluo City, and the
Shangzhou-Danfeng area are the areas with relatively more
copper deposits. (e identified resources and reserves of
copper deposits are mainly distributed in two types of de-
posits: porphyry type and tectonic hydrothermal type.

2.2.5. Molybdenum-Tungsten Ore. Molybdenum and tung-
sten ores are distributed in the northern margin of the
Qinling Mountains metallogenic belt, and the main type is
porphyry. In recent years, large-scale molybdenum deposits
have been discovered in the West Qinling Mountains, and
breakthroughs have been made in the prospecting of mo-
lybdenum ore. Wenquan, Jiangligou, and other porphyry
molybdenum-tungsten (copper) ores and a series of pro-
specting clues have been discovered and several molybde-
num deposits (points) such as Yueheping, Xigou and
Guilin’gou in the Zhen’an-Ning-Shaan junction area of the
South Qinling Mountains. Recently, good molybdenum
mineralization has been discovered in the gold deposits of
the Xiaoqinling Mountains gold ore concentration area, and
the molybdenum resources of individual deposits can reach
a medium scale. In the west of the molybdenum deposits in
Jinduicheng, the molybdenum (lead) deposits accompany-
ing silver and lead in Xigou, Huaxian County, have been
discovered in the latest exploration, which further shows
that the Qinling metallogenic belt has huge potential for
molybdenum prospecting.

2.2.6. Antimony Ore. Mercury ore and antimony ore are
mostly symbiotic, mainly in the epithermal medium-low
temperature hydrothermal type. (e distribution of deposits
is controlled by stratigraphy and structure, and they are
mainly distributed in the southern South Qinling Moun-
tains.(e Triassic rift basin that traverses the east and west of
the Qinling Mountains metallogenic belt is an important
mercury-antimony-gold polymetallic metallogenic belt in
Qinling Mountains, in which the argillaceous fine clastic
turbidite sedimentary rock series is an important ore-
hosting rock series [16–18]. At present, dozens of large and
medium-sized mercury-antimony deposits such as Yawan,
Ganzhai, Gongguan, and Qingtonggou and numerous
mineral fields have been discovered, which constitute a
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Figure 2: (e hierarchical structure model of comprehensive evaluation of advantageous mineral resources in southern Shaanxi.
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veritable “golden belt” of the Qinling Mountains, and the
prospecting practice in recent years has proved that its
prospecting potential is huge.

3. AnalysisofAdvantageousMineralsofMineral
Resources in Southern Shaanxi

Southern Shaanxi is rich in mineral resources and has many
kinds of minerals. (is paper selects advantageous minerals
and strategic minerals for follow-up evaluation. (is paper
collects and sorts out the information of related projects
such as the utilization status of mineral resources in
southern Shaanxi and the evaluation of the potential of
mineral resources in Shaanxi Province and finally selects
four advantageous minerals in southern Shaanxi, gold, lead,
zinc, and molybdenum, for analysis.

(is paper adopts an optimized version of an artificial
neural network for this process. (e optimized neural
network is a network with optimal weights selection. In the
following, the structure of the optimized neural network has
been described. Table 3 shows the analysis list of the ad-
vantages of four main mineral resources in southern
Shaanxi.

4. Optimized Neural Network Based on Bat
Optimization Algorithm

Optimization is a topic in mathematics, computer science,
and operations research in which the best element
(according to a set of criteria) is selected from a set of
options. Optimization has significant applications in “arti-
ficial intelligence”. Artificial neural networks (ANNs) are
computational systems that are inspired by but not neces-
sarily related to biological neural networks. Today, a variety
of neural network algorithms are widely used to solve
“machine learning” problems [19]. Indeed, the use of neural
networks in various issues is of interest to researchers.

Today, perceptron neural networks are still of particular
importance and are a fast and reliable solution to classifi-
cation problems. In many complex mathematical problems
that lead to the solution of complex nonlinear equations, a
multilayer perceptron network can be used simply by de-
fining appropriate weights and functions [20].

In this type of network, an input layer is used to apply the
problem inputs to a hidden layer and an output layer ul-
timately provides the solutions to the problem. (e model
used in the simulation (input Xi is multiplied by its weight
and enters the second layer (hidden layer) and then the sum
of the coefficients of all Xi is calculated and a certain value is
obtained) and again enters the layer as input. It is then, and
this process continues until it reaches the output layer, and
in the output layer, the output function is obtained by
applying the output function to it.

4.1. Multilayer Perceptron Neural Networks. An artificial
neural network (ANN) is an idea for information processing
that is inspired by the biological neural system and processes
information like the brain.(e key element of this idea is the

new structure of the information processing system. (is
system is made up of a large number of highly inter-
connected processing elements called neurons that work
together to solve a problem. In traditional computational
methods, a series of logical expressions are used to operate.
In contrast, neural networks use a set of nodes (as neurons)
and edges (as synapses) to process data. In this system,
inputs flow into the network and a series of outputs are
generated.

A popular method to better minimize the error between
the network output and the experimental data is to utilize the
backpropagation (BP) approach. Based on the BP method,
the idea is to the optimal selection of the weights of the
neurons to minimize this error and to provide an efficient
confirmation with the experimental data. Error minimiza-
tion of the BP method is based on the gradient descent (GD)
algorithm. A drawback of the GD method is that sometimes
stuck in the local minimum point affects the network’s
success.

(e network output for nodes can be achieved based on
two stages. First, the input-weighted summation in the input
has been obtained as follows:

zi � 􏽘
n

j�1
wijαi + βj, (1)

where αi specifies the input data, βj signifies the bias of
neuron number j, and wij describes the connected neurons
between αi and the jth hidden neuron.

(e activation function is used to activate the neuron
output. (ere are several activation functions for MLP
networks. (is study uses the sigmoid function for this
purpose. (e sigmoid function is achieved based on the
following equation:

fj(x) �
1

1 + e
−yj

, (2)

where fj is the activation function and y is the network
output.

At last, the network output is achieved as follows:

yi � 􏽘
m

j�1
wkjαi + βk. (3)

4.2. Bat Optimization Algorithm. Today, there is a great
tendency to use algorithms inspired by nature and based on
the swarm intelligence of animals. Especially in the category
of optimization techniques, these algorithms have been very
popular [21]. With a close look at the nature and the great
variety of animals that collectively follow certain methods in
their lives, it is obvious that many algorithms can be inspired
by them. For example, the genetic algorithm was first in-
troduced by John Holland. (is algorithm uses Darwin’s
principles of natural selection to find the optimal formula for
predicting or matching the pattern.

Also, the particle swarm algorithm is based on the swarm
behavior of birds and was proposed in 1975 by Kennedy and
Eberhart. (ere are many algorithms in this field such as the
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world cup optimization algorithm, cuckoo algorithm, and
firefly algorithm. It should be noted that one of the most
important discoveries of modern science that is the focus of
many scholars and scientists today and has led to the solution
of many unsolved problems is the subject of artificial neural
networks that are inspired by human neural nature. Based on
the cases and examples mentioned, we conclude that it is
being added to nature-inspired algorithms day by day.

(e bat algorithm is a metaheuristic algorithm inspired
by the swarm behavior of bats in the wild, introduced in 2010
by Yang. (is algorithm is based on the use of sound re-
flection by bats. Bats find the exact path and location of their
prey by sending sound waves and receiving reflections.
When the sound waves return to the transmitter (bat), the
bird can draw an acoustic image of the obstacles in front of
its surroundings and see the surroundings well even in
complete darkness. Using this system, bats can detect
moving objects such as insects and immobile objects such as
trees. (e bat algorithm is based on the echo detection
feature of microbats. In general, there are two types of bats,
the first type is large bats, and the second type is called small
bats. Microbats use this feature for night flying and hunting.
Echo detection of microbats is in practice a perceptual
system in which ultrasonic waves are generated to obtain
echoes. (e bat’s brain and nervous system can create an
image of its surroundings and details by comparing trans-
mitted and reflected waves.

(is ability allows microbats to detect their prey in
complete darkness. (e intensity of the wave produced by
the bat is 130 decibels, and it uses the frequency of 15 kHz to
200 kHz for hunting prey. (is is while the human hearing
range is from 20Hz to 20 kHz. In order to identify the data,
the bat must be able to separate the sound produced by it
from its echo. Microbats have two methods for this purpose.
Echo detection with short time cycles: these bats can detect
the sound sent by themselves from the reflected sound with
the help of timing. Echo detection with long time cycles:
these bats produce a continuous sound and separate the
pulses and echoes by changing the frequency. (ey can
change the pulse of any output frequency depending on the
flight speed. In this way, the received echo is still in the
appropriate hearing range.

(e following three ideal rules are used to develop this
algorithm:

(i) Using bounce detection, all bats can estimate the
distance and distinguish between prey and fixed
obstacles.

(ii) Bats are randomly searching for prey at speed vi in
position xi with constant frequency fmin with
variable wavelength λ and loudness A0. (ey can
automatically adjust the wavelength of their
emitted pulses and adjust their pulse emission
rate, r ∈ (0, 1), according to the proximity of their
prey.

(iii) Although the volume can be changed in different
ways, it is assumed that the volume changes from a
large (positive) value of A0 to a constant minimum
value, Amin.

(iv) We can also use this approximation, which is
generally the frequency f in a range [fmin, fMax],
which corresponds to a wavelength spectrum as
[λmin, λMax].

Each bat depends on the speed vt
i and the location xt

i by
repeating t in the next d-dimensional search or the solution
space.

Among all bats, there is only one optimal solution, x∗, so
the three rules mentioned in the previous section can be
calculated using the following formulas:

Fi � fmin + fMax − fmin( 􏼁 × β,

V
t
i � v

t−1
i + x

t−1
i − x

∗
􏼐 􏼑fi,

X
t
i � x

t−1
i + v

t
i ,

(4)

where β describes a random value between 0 and 1 which is
generated by a uniform random distribution.

As mentioned, wavelength or frequency can also be used
for implementation. Here, fmin � 0 and fMax � 1, which is
interesting depending on the size of the problem. Each bat is
first assigned a random frequency obtained uniformly from
[fmin, fMax]. For this reason, it can be said that the bat
algorithm is a frequency scale algorithm so that it provides a
balanced combination of exploration and exploitation. Pulse
amplitude and rate provide an automatic mechanism for
automatic control and magnification of the area leading to
prescribed solutions. With these consumptions, we have the
following:

A
t+1
i � αA

t
i ,

r
t+1
i � r

0
i ×[−exp(−ct)],

(5)

where α and c represent two constant variables.
(e function α is similar to the function of the tem-

perature reduction factor in the simulated annealing algo-
rithm. For 0< α< 1, c> 0, when t⟶∞,

A
t+1
i ⟶ 0r

t+1
i ⟶ r

0
i . (6)

In the simplest case, c � α can be considered. (e
simulations performed in this algorithm are considered:
c � α � 0.98.

In this study, the bat optimization algorithm has been
used to minimize mean square error (MSE) between yi and
zi.

(e equation of the MSE is formulated as follows:

MSE �
1
n

􏽘

n

j�1
􏽘

m

i�1
yi(k) − zi(k)( 􏼁

2
. (7)

(erefore, the pseudo-code of the present study can be
considered as follows:

(1) Initializing the bat algorithm
(2) Evaluate error value of the network
(3) Update the algorithm to provide proper value for

network parameters
(4) Check the criteria condition
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(5) If the criteria condition is not achieved, go to (3)
(6) If the criteria condition is reached, go to (7)
(7) End

5. Comprehensive Analysis of Potential Value
and Carrying Capacity of Mineral
Resources in Southern Shaanxi

(is paper mainly evaluates the potential value of four
kinds of advantageous mineral resources in three prefec-
ture-level cities in southern Shaanxi. (e potential value of
mineral resources is essentially the value of a proven
available mineral resource converted from the price of its
primary products, reflecting and measuring the strength
and potential of mineral resources in a study area from a
macro level. (e potential value of mineral resources is the
value of a proven available resource converted from the
price of its primary product. (is indicator does not deduct
the mining and selection loss of mineral resources and the
element cost of exploration and mining and is used to
reflect the strength of mineral resources in a specific area
from a macro level. (e evaluation of the potential value of
mineral resources is a general assessment of the potential of
mineral resources and the possible economic benefits of
future development. It can not only reflect the abundance
of mineral resources but also reflect the economic scale of
future mineral development and provide a basis for ana-
lyzing the contribution of mineral exploitation to the re-
gional economy, and it is also an important basis for
resource economic zoning.

5.1. Analysis Method

(i) Begin the neural network training
(ii) Determine the network inputs including the

following:
(iii) Mineral Reserves (R): the current situation of

mineral resources utilization in southern Shaanxi
and local mineral records are used as the data for
this calculation. By the end of 2017, the retained
reserves of four major mineral resources in three
prefecture-level cities in southern Shaanxi are
used.

(iv) (e Price of Mineral Products (P): the price of
mineral products selects the latest market price of
the latest raw mineral products as the calculation
parameter.

(v) Grade Adjustment Coefficient (G): the grade ad-
justment coefficient refers to the conversion coef-
ficient between unit mineral reserves and unit
mineral products, which is obtained by dividing the
average grade of mineral reserves by the mineral
product grade per unit price.

(e conversion formula is as follows: grade adjustment
coefficient� average grade of mineral reserves÷mineral
product grade per unit price.

5.2. Comprehensive Analysis and Evaluation of Potential
Value and Economic Carrying Capacity of Major Mineral
Resources in Southern Shaanxi. Mining plays a pivotal role
in the development of the national economy in Shaanxi
Province and southern Shaanxi. (e evaluation of the
potential value of mineral resources and economic carrying
capacity can embody and reflect the guarantee capacity of
regional mineral resources and the contribution capacity of
the mineral economy to a certain extent. (e capacity of
mineral resources to pay for the future economic devel-
opment speed is to determine the economic development
speed under the condition of available resources in the
future by measuring the demand for resources of the
economic development speed. (e carrying capacity of
mineral resources for social and economic development is
the degree of support to social material production and
people’s life.

From Table 4 and Figures 3 and 4, it can be seen that by
the end of 2020, the total potential value of retained resource
reserves of the four major mineral resources in the three
prefecture-level cities in southern Shaanxi was as high as
RMB 51.985 billion.

(e potential value, potential value per unit area, and
potential value per capita of the retained reserves of the four
major mineral resources in the three prefecture-level cities in
southern Shaanxi are in the order of Shangluo, Hanzhong,
and Ankang. Among them, the most potential value of
Shangluo City is as high as RMB 33.987 billion, and the
potential value per capita is RMB 16,500, ranking first in
southern Shaanxi. (is is mainly due to Shangluo City’s
super-large gold deposits, considerable reserves of lead-zinc
ore, and molybdenum ore resource. Hanzhong City ranks
second, with a potential value of RMB 11.553 billion and
RMB 3,599.06 per capita, thanks to the reserves of lead-zinc
ore resources in Hanzhong City. Figure 5 shows the eval-
uation figure of the carrying capacity of mineral resource in
southern Shaanxi.

Table 4: Potential value table of retained reserves of three major minerals in three prefecture-level cities in southern Shaanxi in 2020.

Area Total land
area (KM2)

Total population
(10,000 people)

Potential value
(RMB hundred

million)
Ranking

Unit area potential
value (RMB ten

thousand)
Ranking

Potential value
per capita
(RMB)

Ranking

Hanzhong
city 27200 321 115.53 2 42.47 2 3599.06 2

Ankang city 23529 249 64.45 3 27.37 3 2588.35 3
Shangluo
city 19292 205 339.87 1 176.17 1 16579.02 1
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Based on the analysis of the mineral advantages of the
four main minerals (gold, lead, zinc, and molybdenum ore)
in southern Shaanxi and the analysis of the potential value
carrying capacity of mineral resources in the three prefec-
ture-level cities, it is concluded that the grades of mineral
resources carrying capacity of the three prefecture-level
cities in southern Shaanxi are divided into three grades,
namely: Shangluo City is an excellent grade, Hanzhong City
is a good grade, and Ankang City is a general grade.

6. Conclusion and Analysis

Based on the current situation of development and utili-
zation of advantageous mineral resources in southern
Shaanxi, this paper establishes a hierarchical structure model
for comprehensive evaluation of advantageous mineral re-
sources in southern Shaanxi and draws the following
conclusions:

(1) In general, the mineral resources in southern Shaanxi
have an advantageous position in the follow-up
carrying capacity of the national economy. (rough
the analysis of the distribution of minerals and the
status quo of resources in this region, an analysis and
evaluation model for mineral advantages based on the
analytic hierarchy process is established, apply it to the
research area, and the evaluation results are good,
which is more in line with the actual situation.

(2) Based on the evaluation and analysis of the advan-
tageous mineral resources, the evaluation model
equation of the potential value of mineral resources
in southern Shaanxi is established, and the potential
value of mineral resources in the three prefecture-
level cities in the study area is calculated and ana-
lyzed. (e mineral resources carrying capacity in
southern Shaanxi is comprehensively evaluated and
graded based on this. Among the three cities in
southern Shaanxi, Shangluo City has the highest
mineral resources carrying capacity, which is ex-
cellent, Hanzhong City has a good carrying capacity,
and Ankang City has a general carrying capacity.

(3) (e development of the southern Shaanxi focuses on
the coordinated development of resources, envi-
ronment, and social economy, and one cannot ig-
nore the other. It is unfeasible to only pursue
economic development and ignore ecological and
environmental protection, and it is unrealistic to
simply protect resources and the environment
without developing the economy. (erefore, seeking
a reasonable development model and maximizing
resource and environmental benefits are the solu-
tions to the sustainable development of resources.

Data Availability

(e data used to support the findings of this study are in-
cluded in the following: Shaanxi Province Yearbook
2010–2017, Shaanxi Local Chronicle 2010–2017, and In-
ternal data from my company (the internal data of the unit

Hanzhong
City

Ankang
City

Shangluo
City

RM
B 

hu
nd

re
d 

m
ill

io
n

0
50

100
150
200
250
300
350
400

Potential value (RMB hundred million)

Figure 3: Histogram of potential value of mineral resources in
three prefecture-level cities in southern Shaanxi.
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Figure 4: Comparison figure of the potential value of mineral
resources and the potential value per unit area of three prefecture-
level cities in southern Shaanxi.
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Figure 5: Evaluation figure of resources carrying capacity of
mineral resource in southern Shaanxi.
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