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Abstract: The gently inclined thin to medium thickness ore body under a weak rock stratum is one of
the typical difficult bodies to mine. In order to solve the fuzziness, randomness, and uncertainty in the
process of mining method optimization for such ore bodies, a multi-level, multi-factor, multi-objective,
and multi-index comprehensive evaluation system involving technology, economy, construction,
and safety was constructed by combining the analytic hierarchy process (AHP) and technique for
order preference by similarity to ideal solution (TOPSIS). Taking the Miao-ling gold mine in China
as an example, the AHP-TOPSIS comprehensive decision model of mining method optimization is
established, the comprehensive superiority degrees of the four mining schemes are 67.57%, 45.07%,
56.07%, and 31.63%, and the upward horizontal drift backfill mining method is determined as the
optimal scheme. The method is verified in the actual production of the mine, which not only ensures
the safe production of the mine, but also achieves better technical and economic effects. The research
results provide a reference for the optimization of mining methods for gently inclined and soft broken
complex ore bodies at home and abroad.

Keywords: mining method; soft broken complex ore body; improved AHP; comprehensive evalua-
tion index

1. Introduction and Background
1.1. Retrospective: The Progress of Mining Method Optimization and Evaluation in China

Beginning in the 2000s, Chinese mining engineers and researchers began to try to apply
mathematical methods or systems engineering methods to the optimization of mining
operation and production.

Around 2007, a growing number of Chinese researchers began publishing their re-
search in international journals: In 2008, Z. Li et al. [1] adopted the analytic hierarchy
process (AHP) in order to develop a framework of sustainability assessment indicators and
methods for mining communities. Their research was published in the journal International
Journal of Sustainable Development and World Ecology and provided a useful tool for monitor-
ing key policy outcomes, measuring progress toward targets, comparing the development
characteristics of different mining communities, and informing decision making. In 2010,
H. Si et al. [2] established an environmental evaluation system for environmental condi-
tions, resource protection, and economic benefits based on the analysis of environmental
pollution from coal mining and the increasing demand for raw coal in order to promote
the sustainable development of coal mining. Combined with the analytic hierarchy process
(AHP), they put forward a method to calculate the weight of each index and environmen-
tal sustainability, used the index system to evaluate the environmental sustainability of
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coal mining in the Qi-jiang area in Western China, and verified the effectiveness of the
index system. The significance of this study is that the environmental assessment system
established by the researchers can be used as a tool to assess the environmental impact
of mining areas and measures to promote the sustainable development of coal mining:
also in 2010, S. Su, J. Yu, and J. Zhang [3] paid attention to the development of urban
mining. They established a scientific and applicable method to accurately measure the
degree of sustainable development of mineral resources (DSDMR). Their research will
accelerate the adaptive genetic algorithm (AGA), analytic hierarchy process (AHP), and
fuzzy comprehensive judgment to measure the sustainability of mineral resources, which
is of great inspiration to the future development of China’s mining industry.

Since 2010, mining technology in China has developed rapidly, and more and more re-
searchers have applied mathematical models, physical models, and even machine learning
to the optimization of mining methods. For example, in 2012, Y. H. Teng and W. Zhu [4]
developed a method to predict the height of the fracture zone in coal mining through
on-site measurement and numerical and physical simulation. In 2013, H. Jang and E.
Topal [5] focused on the transcendental control of the drilling and blasting method in
mining. They used multiple regression analysis and an artificial neural network to develop
an over-mining prediction model as an over-mining warning and prevention system, which
can effectively predict potential over-mining.

Around 2020, as China advocated for the construction of green mines, more and more
researchers began focusing on the sustainable development of mining. For example, in
2018, Yu et al. [6] focused on the impact of mining on the safety of surface structures and
the environmental health status of surrounding mining areas, and developed an evaluation
method for the surface settlement mechanism and surrounding rock stability by using
mathematical and physical models, and in 2020, Bao et al. [7] evaluated the impact of
mining activities on the city.

To put it simply, in recent years in China, more and more mining researchers have
applied mathematical models, physical models, systems engineering methods, and artificial
intelligence, such as deep neural networks, to the optimization of mining methods and the
assessment of the impact caused by mining. However, the systems engineering method has
had good application effects on mining optimization in China in the past 20 years. Even in
2021, Li et al. [8] used the fractal-AHP-vulnerability index method to optimize the mining
methods.

1.2. Background: Status Quo of Miao-Ling Gold Mine in Henan Province, China

The western part of Henan Province is the second largest gold-producing base in
China, and the altered rock type gold deposit in the fractured zone is the main gold
mineralization type in this area [9]. Due to the multi-stage tectonic superposition in the
fracture zone, ductile and brittle rocks such as mylonite, cataclastic rock, fault breccia,
and fault greccia are mostly developed in the fracture zone, while ore bodies occur in
and around the fracture zone [10]. Under the influence of fault tectonic activity, the joints
of the roof and floor of the surrounding rock of the ore body are relatively developed,
forming weak rock layers of several meters to tens of meters. The phenomenon of splints
and floor heave often occurs in the mining engineering, threatening the safety of the
operation [11]. At the same time, most ore bodies are gently inclined thin to medium thick
vein ore bodies, the caved ore is difficult to release, and the stope operation conditions are
poor [12]. Therefore, it is of great practical significance to carry out optimization research
on mining methods [13] in combination with the engineering and technical conditions of
such ore bodies to promote the progress of mining technology for complex and difficult
mining bodies.

As mining method selection is a multi-level, multi-factor, multi-objective, and multi-
index decision-making process involving technology, economy, construction, and safety,
traditional mining method determination based on experience and analogy is often char-
acterized by great fuzziness, randomness, and uncertainty [14]. According to Liang [15],
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based on fuzzy theory and the Tomada de Deciso Interativa Multicriterio method, the
index system of seabed mining method selection is established from the aspects of technical
feasibility, safety status, economic benefit, and management complexity. G. Tian, Z. Guo,
and S. Li [16] optimized the treatment of landslides and side slopes, especially Tarva land-
slides, by using the AHP-fuzzy comprehensive evaluation model. M. Javanshirgiv and
M. Safari [17] carried out a mining method optimization study based on the fuzzy TOPSIS
method. On the basis of the above research, considering the inconsistency of decision
measures in the construction of a judgment matrix in the traditional analytic hierarchy
process (AHP), this paper proposes constructing a consistency judgment matrix through
a transfer matrix, and using the improved AHP-TOPSIS evaluation model to obtain the
weight vector value at one time, so as to obtain the weight value without a consistency test.
It was applied to the mining method optimization process of Miao-ling gold mine in China
in order to provide a reference for the safe and efficient mining of gently inclined and soft
broken complex ore bodies at home and abroad.

2. Materials and Methods
2.1. The Weight Vector Determined Based on the Improved AHP

The AHP is a multi-criteria, multi-objective, and multi-scheme decision analysis
method that combines qualitative and quantitative methods [18]. In the decision mak-
ing of the actual mining scheme, it is difficult to construct a judgment matrix meeting
the requirement of consistency at one time because of the subjectivity of experts in the
decision-making measure, especially when there are many factor indexes. If the incon-
sistent judgment matrix examined is the result of comprehensive and serious thinking
by experts, even if the judgment matrix is reconstructed through an additional expert
survey, it will not have much practical significance, because the shift in expert judgment
quasi-measurement focus is non-conscious [19]. Therefore, this paper adopts an improved
AHP that can reconstruct the judgment matrix and calculate the weight vector without
adjusting the initial data of experts. It can not only avoid the expenditure waste caused
by multiple expert investigations, but also reduce the repeated calculations caused by
adjusting the judgment matrix [20,21].

2.1.1. Constructing the Comparison Matrix

The comparison matrix A is constructed as Equation (1), and the value of element a;;
in A is the relative importance of element x; in the index layer to element x;.

an 412 - n X1 X Xn
Ay Ay - dp X X ., X
n X1 X2 X
A= . . . =1 . 7. . ¢y
X X, X,
Anl An2 - Qun n o xm

2.1.2. Constructing the Consistency Judgment Matrix

In order to avoid the measurement inconsistency of the initial comparison matrix,
this paper introduces an improved AHP [22] and used the concept of the optimal transfer
matrix to obtain the index weight value at one time. The theorems and methods introduced
are as follows:

Theorem 1. Matrix A =)uxn, U=1,2,...,0n. If ajj = %, while ajj = ik - Ak, ij,k el
ji

Then, matrix A is the consistency matrix.

Theorem 2. Matrix A =);xn, B =)nxn, bij = Ig%,i,j,k e U,U=1,2,...,n If matrix A is
the consistency matrix, then b;; = —bj;, while b;; = b + b, B is called the transfer matrix
of A; conversely, if B is the transfer matrix of A, then A is the consistency matrix.
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Theorem 3. Matrix B =), xn, C =)pxn. If bij = —bj;, the optimal transfer matrix C of B
satisfies Cij = % er(lzl (b,’k — b]‘k), i,j,k ceulu,u=1,2,...,n.

The process of solving the weight vector by the improved AHP is shown in Figure 1.

Construct comparison matrix A

Y

Compute the transfer matrix B

v

Compute the optimal transfer matrix for B

Y

Find the consistency matrix A*

Y

Solve for the eigenvectors of A* (Square root method)

Figure 1. Flow chart of the improved AHP method to solve the weight vector.

2.2. Construction of the AHP-TOPSIS Comprehensive Evaluation Model

The technique for order preference by similarity to ideal solution (TOPSIS) is used to
define positive and negative ideal solutions, and evaluate the superiority of the proposed
scheme according to its proximity to the ideal solution. The general goal is to approach the
positive ideal solution, but move away from the negative ideal solution [23].

2.2.1. The Initial Evaluation Matrix Is Established

There are Py, P, ..., P, m alternatives.

All schemes are combined to form P = {P;,P,, ..., Py }; the evaluation index of each
scheme is set as the standard set X = {Xj, Xy, ..., X;; } jointly composed of X1, X, ..., X,; and
the corresponding evaluation index can be expressed as X;; (i=12,....mj =1,2,...,n),
that is, Xj; is the ] evaluation index of the ith scheme [24].

Then, the initial evaluation matrix P can be described as Equation (2).

X1 X oo Xig
Xo1 Xop orr Xpy

P = (Xij)mxn = : . . (2)
Xm Xmz -+ Xmn

2.2.2. Establishment of the Standardized Decision Matrix

Considering the complexity of all evaluation objects and the incompatibility of all
evaluation indicators, dimensionless processing of all evaluation indicators is required [25].
The elements of the standardized decision matrix Q = (qi j) sy Are calculated as follows:

The indicator where bigger is better can be described as Equation (3):

xij — min(xl-]-)
I ]
i = max(x;j) — min(2x;;) @)

J ]
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The smaller the better indicator can be described as Equation (4):

max(x,-j) — xi]-
o j
1 max (x;;) — min(x;}) @)

J ]

where max(x;j) represents the maximum data in the ] column of matrix P; min (xz-j) repre-

] )
sents the minimum data in the | column of matrix P.
2.2.3. Construction of the Weighted Standardized Decision Matrix

By multiplying the above standardized decision matrix Q and the corresponding
weight w; of each indicator [26], the weighted standardized matrix R can be obtained as

Equation (5).
wiqi1 W2q12 o Waqin
wiq21 W22 - Waf2n
R=(ry), ., = . . . (5)
W1dm1  W2qdm2 - Wnqmn

2.2.4. Calculation of Closeness of the Evaluation Object
The ideal solution of the weighted standardized decision matrix can be described as

Equation (6),
Rt = (maX‘(qi]')|Xj S ]1)/ (min(qij)|xj € ]2)
j j (6)

(min(q;)|X; € J1), (max(q;)|X; € J2)
j j

R-

where R* and R~ are the positive and negative ideal solutions, respectively; J1 and ], are
the benefit and cost indicator sets, respectively.

Then the distance between the evaluation object and the ideal solution can be described
as Equation (7):

2
(rij— /")

it =

Ngr

! @)
2

flf:

Tt

(rij—r;7)
i ]
where f;" and f;” are, respectively, the distance between the evaluation object and the
positive and negative ideal solution; 7;” and r;” are elements of R* and R, respectively.

The closeness vector E* between each evaluation object and the positive ideal solution
can be described as Equation (8).

f
Et = = e" €0,1] 8
i T
The matrix E composed of E* is called the comprehensive evaluation matrix. Under
the same first-level index, the advantages and disadvantages of the evaluation object can
be preliminarily judged by the descending arrangement of progress values (close to one is
superior, and close to zero is inferior).
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3. Results: Examples of Application
3.1. Engineering Background and Comprehensive Evaluation Index System of Mining
Method Optimization

The Miao-ling gold deposit is a structural altered rock type gold deposit (see Figure 2);
the ore body occurrence is strictly controlled by the faults striking nearly north to south,
mainly distributed along the fault structural belt and its hanging wall altered surrounding
rock, which is mostly vein-like, lenticular, etc., with the characteristics of expansion and
narrowing, branching compounds. At present, the ore body is mainly mined, with the grade
of 2.86 g/t. Ore body dip is 250°~290°, the dip angle is 16°~57°, and the thickness of the ore
body is 0.60~23.46 m. The ore is of cataclastic type and alteration type. The surrounding
rock is rhyolite, and the joints and fissures are well-developed. There is local kaolin mineral
development, which is argillaceous, as well as water softening and poor stability. The
contact relationship between the surrounding rock and the ore body floor is obvious, but the
gradual metasomatic alteration relationship with the roof is not obvious. With the increase
in mining intensity, the ore resources continue to move down, and the occurrence of ore also
changes, mainly manifested as the dip angle becoming slow (20°~30°) and ore transport
becoming difficult (see Figure 3). The complex phenomenon of ore-body branching occurs
frequently, and the occurrence changes are complicated. The stability of the surrounding
rock becomes worse, the phenomenon of roof collapse occurs frequently, the ore dilution
becomes serious, and the safety problem becomes prominent. The geological grade of ore
becomes low, and the cost per ton of ore increases.

Figure 2. Three-dimensional model of Miao-ling gold mine.

According to the occurrence status of the ore body and mining technical conditions,
especially the stability of the ore rock and the thickness, grade, and dip angle of the
ore body, the following four filling mining comparison schemes are proposed: upward
horizontal drift filling mining method (Plan I), upward horizontal slicing and filling mining
method (Plan II) (see Figure 4), pre-control roof sublevel stopping filling mining method
(Plan IIT), and medium-deep hole room pillar subsequent filling mining method (Plan IV)
(see Figure 5), as shown in Table 1.
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Catalasite

,, Mylonite

1. Stage haulage drift

2. Graded ramp intersection

% 722
(Rl B 77777777/ s

5. Section contact drift

Figure 4. Plan II: upward horizontal slicing and filling mining method in Miao-ling gold mine. I-I: front view; II-II: side
view; III-III: top view.

6. Mine crosscut

7. Stratified contact channel

8. Return air raise

9. Wear mine for pulse

10. Fill object

11. Filling the retaining wall
12. Extracting drift

13. Return aircourse

Since only Plans II and IV have practical applications in Miao-ling gold Mine, mining
method maps for only Plan Il and Plan IV are attached below in Figures 4 and 5, respectively.
According to the basic principle of the AHP, the comprehensive evaluation (O) index
system of mining method optimization for a moderately inclined, medium-thick ore body
(i.e., target layer) was established [22], as shown in Figure 6.
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1. Stage haulage drift 7. Ore heap
- .
2. Sublevel drilling roadway 8. Ramp entrance
3. Ramp 9. Studding
. Yy e 4. Chute 10. Shore
5. Of ore vein 11. Uncemented backfill
6. Cutting patio 12. Fanholes

Figure 5. Plan IV: medium-deep hole room pillar subsequent filling mining method in Miao-ling gold mine. I-I: front view;
II-11: side view; III-III: top view.

Table 1. Comparison of evaluation indexes of each backfill mining method.

Project
Plan I Plan II Plan III Plan IV
Criterion Layer Index Layer an an an an
Xi/(Chinese 942 84.7 88.6 785
Economic indicators S yuan/t)
1 Xy /(%) 95 90 92 85
X3/(%) 6 8 8 25
Xq/(t/d) 100 150 140 180
X5/ (m3 /kt) 79.6 79.6 715 62.8
Technical indicators S, Xe 8 4 6 4
X7 6 4 8 4
Xg/ (%) 5 6 8 10
oL Xo 140 180 200 320
Safety indicators S3 X10 3 3 g 6

The evaluation system chart contains criterion layers: namely, economic index (S1),
including the total cost of mining and filling (X1), ore recovery rate (X2), and ore dilution
rate (X3); second, technical index (S2), including stope production capacity (X4), 1000 t
cutting ratio (X5), flexibility and adaptability of the scheme (X6), construction difficulty (X7),
ore bulk rate (X8); third, safety index (S3), mining roof exposed area (X9), and ventilation
conditions (X10). X1, X2, X3, X4, X5, X8, and X9 in the evaluation system are quantitative
indicators, which can be comprehensively estimated by analogy with similar mines at
home and abroad and based on obtained expert opinions. X6, X7, and X10 in the evaluation
system are qualitative indicators. Given five grades, they are very good, good, general,
poor, and very poor, respectively, corresponding to 10, 8, 6, 4, and 2 in sequence.
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Comprehensive evaluation system of mining methods for soft broken complex Ore body

Economic indicators Technical indicators Safety indicators
: t '
Construction Ver:jt.[[lationf
Total cost of d'f(f)'f_;;'ty constlolgg o
mining X10)
(X1)
Bulk ore
—P>  percentage
Ore dilution (X8) Exposed area of
rate < stope roof g
(X3) (X9)
Kiloton
cutting ratio [
(X5)
Ore
—» recovery
rate Flexibility of the
(X2) — > scheme
(X6)
Stope production
capacity g
(X4)

Figure 6. Evaluation system chart of mining methods for soft fracture complex ore body.

3.2. Index Weight Determination

The total cost depends on the mining technical condition, mineral filling mining
method, mechanization level, management level, and the cost of a local quantity machine
for a mine. After determining the mining method, the index shows little change in a
short time, and the ore recovery rate and impoverishment rate index are important to the
mine’s economic benefit. This paper assumes that if the surrounding rock is excluding gold
(gold grade is zero), then every one ton of ore lost in the process of mining, the enterprise
economic losses on the numerical equivalent of selecting one profitable ton of ore, mixed
with the processing fee for one ton of ore, is equal to one of the selecting ore comprehensive
cost; obviously, the two rates index is based on the total cost index, which is filled in the
mining work on mining efficiency indicators. For most precious metal mines with low ore
grade, the index of dilution rate is more important than the index of recovery rate [27].

According to the basic principle of the AHP and comparison scale table, combined
with the situation of Miao-ling gold mine in China and discussed with relevant experts
and scholars, the initial comparison matrix of the criterion layer index (Sp), economic index
(51), technical index (S;), and safety index (S3) is determined as Equation (9).

1 3 1 3 3
8§ 2 4 2
11 4 1 3 2 8§11 2 4 13
50:11251:%1%52:2%1%253:<7i) 9)
1 1 1 3 5
13 1 7 3 1 11212 5
21 1 1 4
3 4 3 2
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According to the improved AHP algorithm, the consistency judgment matrix and the
total ranking weight of hierarchy can be obtained without tests, as shown in Table 2.

Table 2. Final administrative levels compositor.

S
X S¢ (0.472) S, (0.377) S5 (0.151) Weight (W)
X1 0.545 0.258
X2 0.182 0080
X3 0.273 0129
4 0.13 0.049
X5 0.348 0.131
% 0.261 0.098
al 0.174 0.066
X8 0.087 0.033
s 0.417 0.063
il 0.583 0.087

3.3. Comprehensive Evaluation of Factors and Indicators

Construct the initial judgment matrix P according to Equation (10).

942 95 6 100 796 8 6 5 140 8

p_ 847 90 8 150 796 4 4 6 180 8 (10)
886 92 8 140 715 6 8 8 200 8
785 85 25 180 628 4 4 10 320 6

According to Equations (3)—(5), the standardized decision matrix R can be described
as Equation (11).

0 0086 0.129 0 0 0.098 0.033 0.033 0 0.087
R— 0.156 0.043 0.115 0.031 0 0 0.066 0.026 0.014 0.087 (1)
| 0092 0.06 0.115 0.025 0.063 0.049 0 0.02 0.021 0.087

0.258 0 0 0.049 0.131 0 0.066 0 0.063 0

According to Equation (6), the ideal solution of the weighted normalized matrix
is calculated. In the comprehensive evaluation index system of each scheme, X1, X3,
X5, X7, and X8 belong to the cost indicator, and X2, X4, X6, X9, and X10 belong to the
benefit indicator, so the positive ideal solution and negative ideal solution of the weighted
standardized matrix can be described as Equation (12).

{R+—(0, 0.086, 0, 0.049, 0, 0.098, 0, 0, 0.063, 0.087) (12)

R*:(O.ZSS, 0, 0129, 0, 0.131, 0, 0.066, 0.033, O, 0)

According to Equation (7), calculate the distance between each scheme and the positive
ideal solution and the negative ideal solution as Equation (13).

fir =0.159 i =10.239 fy =0.178 fi =0336 (13)
fi =0331 7 | f, =019 " | f; =0227 " | f, =0.155
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3.4. Final Evaluation of Mining Methods

According to Equation (8), the closeness degree E™ of each scheme to the positive
ideal solution is calculated as Equation (14):

E* = ( 06757, 04507, 05607, 0.3163 ) (14)

This method was tested in the mine. The ore block is arranged along the direction of
the ore body; the length of the ore block is 40 m, the width is the thickness of the ore body,
and the middle section is 30 m high. The middle section is divided into three sections with
a height of 10 m, and each section is further divided into three layers with a height of 3.3 m
and a path width of 3.5 m.

According to the statistical data of the mining path, the main technical and economic
indicators were as follows: the production capacity of the mining path was 105 t/d, the
recovery rate was 95.7%, the dilution rate was 5.34%, the cutting ratio was 69.8 m3/kt, and
the total cost of mining and filling was 89 yuan/t, which achieved the expected effect.

4. Discussion

We developed this mining method optimization based on the AHP and TOPSIS by
referring to and borrowing from the literature [18-26,28-30], which was helpful. Through
this study, we can judge that the upward horizontal drift filling mining method is the most
suitable mining method for Miao-ling gold mine in Henan Province in China by using the
AHP and TOPSIS. However, it led to the following questions:

(1) Are the AHP and TOPSIS the most suitable evaluation methods for mining
method optimization?

Although many research experts use the AHP or TOPSIS in the optimization pro-
cess of mining methods or mining production [31,32], there are other methods that are
also applicable.

Different methods should be selected according to specific situations. For example,
in 2021, ]. Sheng et al. [33] proposed four deep mining schemes for large deep ore bodies,
which were optimized by the vague set model.

There are even some researchers who are trying to use artificial intelligence techniques,
such as machine learning, for mining method optimization, and that is what we are working
on. In conclusion, the optimization of mining methods depends on different circumstances
to decide what assessment method to use.

(2) Is the upward horizontal drift filling mining method the most suitable mining
method in China or in the world?

For this matter, obviously not. Each mine has its suitable mining method; however,
intelligent mining is undoubtedly the development trend of all mines, both in China and
around the world.

With the continuous progress and development of science and technology, artificial
intelligence has begun to show a global development trend, and intelligent mining is no ex-
ception. In China, the concept of intelligent mining was put forward around 2017 [34], and
many Chinese universities have gradually taken intelligent mining as the basic discipline
construction. C. Qi, once an outstanding research expert in Australia, now one of the top
intelligent mining research experts in China, has long been engaged in intelligent mining
research: As early as 2018, he began to apply artificial intelligence methods to slope stability
analysis, backfill mining methods, and the optimization of backfill materials [35,36]; he is
also pursuing research into intelligent mining [37,38].

In the world, there are also many outstanding researchers studying intelligent mining.
Choi [39,40], a mining research expert from South Korea, has been devoted to the research of
transportation robots in mining; Yu H. [41-44] is also committed to the study of intelligent
rail transportation in underground mines; Danial J.A. [44,45], a mining and rock mechanics
expert from Iran, used artificial bee colony techniques to evaluate the brittleness coefficient
of rock during mining; and A. Jha [46,47], a mining researcher from the United States, has
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also been conducting research on the application of artificial intelligence technology in
mining blasting and mine ventilation.

Due to the progress of science and technology, mining technology is in continuous
development; therefore, we think that, one day, intelligent mining can be realized, improv-
ing the efficiency of mining while ensuring the safety of workers, which is good news for
people all over the world.

5. Conclusions

(1) Taking Miao-ling gold mine in China as an example, the AHP-TOPSIS compre-
hensive decision model of mining method optimization was established. According to
Section 3.4., the comprehensive superiority degrees of mining Plans I-IV are 67.57%, 45.07%,
56.07%, and 31.63%, respectively, so Plan I (the upward horizontal drift backfill mining
method) is the best. The upward horizontal drift filling mining method was determined
as the optimal scheme, and the mining effect was verified through a field industrial test,
which provides a reference for the optimization of mining methods for gently inclined and
soft broken complex ore bodies at home and abroad.

(2) Based on the selection of technical and economic mining methods, we constructed
a multi-level, multi-factor, multi-objective, and multi-index mining method for a slowly
inclined soft broken ore body to improve the comprehensive evaluation system determined
by experience and that is limited by fuzziness, randomness, and unpredictability.

(3) To introduce an improved AHP, using the concept of the optimal transfer matrix,
which eliminates the need to test the index weight of vector-valued for a one-time gain,
overcomes the barycenter offset caused by the decision-making measure and the inconsis-
tency of the judgment matrix, and simplifies the weight vector of the calculation process,
reduced by adjusting the weight vector of repeated calculations.

Finally, we claim that this paper serves just as a guide to starting the conversation. In
our future research, we will continue to study mining method optimization, especially the
application of machine learning, and we hope many more experts and researchers will be
interested and engage in the research in this field.
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