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Use of Integrated aHP-toPsIs MetHod In selectIon of oPtIMUM  
MIne PlannIng for oPen-PIt MInes

Successful mine planning is necessary for the sustainability of mining activities. Since this process 
depends on many criteria, it can be considered a multi-criteria decision making (MCdM) problem. in this 
study, an integrated MCdM method based on the combination of the analytic hierarchy process (AHP) 
and the technique for order of preference by similarity to the ideal solution (TOPSiS) is proposed to 
select the optimum mine planning in open-pit mines. To prove the applicability of the proposed method, 
a case study was carried out. Firstly, a decision-making group was created, which consists of mining, 
geology, planning engineers, investors, and operators. As a result of studies performed by this group, four 
main criteria, thirteen sub-criteria, and nine mine planning alternatives were determined. Then, AHP was 
applied to determine the relative weights of evaluation criteria, and TOPSiS was performed to rank the 
mine planning alternatives. Among the alternatives evaluated, the alternative with the highest net present 
value was selected as the optimum mine planning alternative. it has been determined that the proposed 
integrated AHP-TOPSiS method can significantly assist decision-makers in the process of deciding which 
of the few mine planning alternatives should be implemented in open-pit mines.

Keywords: open-pit mine; mine planning; multi-criteria decision making (MCdM); analytic hierarchy 
process (AHP); technique for order of preference by similarity to ideal solution (TOPSiS) 

1. Introduction

Mine planning is one of the most critical procedures during the operation of a mine that is 
difficult to reverse. An incorrect decision taken at this stage in the mining sector, where produc-
tion costs per unit have increased, and profitability has decreased, can result in significant losses 
during operation. As almost all of the high-quality ores have been produced, it is a known fact that 
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low-quality and limited resources remain worldwide [1,2]. Also, reliable mine planning should 
be made to prevent technical, operational, and environmental problems that may arise during the 
mining operation, to avoid additional costs to the mine owner/owners and to use limited resources 
more efficiently. For this reason, it has become essential today to carry out mine planning studies 
in a more precise, detailed, and reliable manner [3-5]. 

deutsch [6] emphasised that open pit mines involve complex operations that require a 
considerable investment, and hundreds or thousands of people are employed here. Based on 
this, he stated that the planning of such large-scale operations is laborious and cannot be done 
manually. Therefore, in the mine planning process, detailed studies should be conducted in which 
every useful data obtained from the mine area is evaluated, and many alternatives are produced 
by testing variable input values using mining software [7]. Studies were carried out on the 
development and application of mathematical models, optimising the production schedule and 
applying operations research methods in mining [8-10]. The mathematical programming models 
being employed at this point can suggest various optimum mine planning options for various 
parameters, but they cannot decide which option should be put into practice. These models also 
provide information on how altering any parameter affects the best alternative. in this case, the 
problem arises as to which of the alternatives should be selected. After mine planning alternatives 
are obtained by experts, these are presented to decision-makers to identify which one to apply. 
The decision-makers need to analyse many parameters at the same time and apply a method to 
evaluate how each parameter affects their choices. in this case, the selection of the optimum 
mine planning among a set of alternatives can be considered a multi-criteria decision making 
(MCdM) problem as it depends on many parameters or criteria having relative importance [11]. 
Thus, it is understood that the decision-maker will need the method suggested in this article 
when choosing which one, among many alternatives, should be applied. The greatest advantage 
of the application of the MCdM method is that it enables decision-makers to make decisions 
based on scientific criteria.

MCdM is part of the Operations research (Or) technique that can help decision-makers 
with selecting problems under the presence of a finite number of decision criteria and alternatives 
[12-15]. MCdM is a combination of mathematical and computational tools that may be utilised 
under either certainty or uncertainty and can evaluate the quantitative and qualitative criteria 
together [16]. recently, MCdM methods have been employed to solve problems in many stud-
ies, such as energy, environment and sustainability, management, engineering, manufacturing 
systems, operation research and soft computing, and other fields [17]. Commonly used MCdM 
methods are as follows: Analytic Hierarchy Process (AHP), Analytic network Process (AnP), 
Elimination Et Choix Traduisant la realit (ElECTrE), Preference ranking Organisation Method 
for Enrichment Evaluation (PrOMETHEE), Technique for Order of Preference by Similarity to 
ideal Solution (TOPSiS), Vlse Kriterijumsk Optimizacija Kompromisno resenje (ViKOr) and 
Weighted Aggregated Sum Product Assessment (WASPAS). 

it has been found that applying a single MCdM method is insufficient to overcome any 
decision-making problem [16]. To improve the strengths and to make up for shortcomings in 
a single MCdM method, some hybrid models have been developed by using two MCdM meth-
ods together [18-20]. in this way, the uncertainties in the decision problem will be reduced, and 
decision making will be able to make more robust decisions [16]. The hybrid MCdM methods 
are based on improving the weaknesses of one method by integrating the strength of another 
method [21]. While achieving this integration, one method is used for weighting the criteria and 
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another for ranking the alternatives [22-23]. While creating hybrid MCdM methods, the most 
frequently used ones are AHP, AnP, dEMATEl, TOPSiS, and ViKOr methods because they 
feature strong mathematical backgrounds and valuable characteristics [24]. Also, other combina-
tions of MCdM methods are present [25].

Over the last years, various integrated MCdM methods to solve decision problems have in-
creasingly been carried out in a wide range of areas every year [17,24,26]. Mahase et al. [27] have 
done extensive work on the application of multi-criteria decision analysis (MCdA) techniques 
in the mining industry. it is common to use the AHP method in combination with other MCdA 
techniques, and it’s an important result of this study. in addition, namin et al. [28] uncovered 
existing research using MCdM methods in mining method selection and created a reference bank 
based on the classification scheme. The distribution of the studies that have been performed using 
the hybrid MCdM method, especially in the mining field, is presented in Table 1. 

TABlE 1

Scientific journal articles on the application of hybrid MCdM methods in the mining field  
(modified from Sitorus et al. [16])

author(s) Method Problem addressed

Bazzazi et al. [29] AHP-FTOPSiS Selecting of loading-haulage equipment  
in open pit

namin et al. [30] FTOPSiS Selecting of mineral deposit for mining method 
Karadogan et al. [31] Yager Selecting of underground mining method 

Bazzazi et al. [32] AHP-entropy-FTOPSiS Selecting the most suitable ore transportation 
system

Golestanifar and 
Bazzazi [33] FAHP-FTOPSiS Selecting of tailing impoundment site

Azadeh et al. [34] FAHP Selecting mining method based on modifying 
nicholas technique

Bazzazi et al. [35] AHP-entropy-ViKOr Selecting of the loading-haulage equipment  
in open pit mines 

Bogdanovic et al. [36] AHP-PrOMETHEE Selecting of mining method
Shariati et al. [37] FAHP-TOPSiS Selecting the best mining method 

Yari et al. [38] AHP-TOPSiS Selecting the most suitable blasting pattern 

Ataei et al. [39] Monte Carlo simulation-
AHP Selecting the optimum mining method 

Adebimpe et al. [40] AHP-FTOPSiS Selecting of mine equipment 

Wang and Tu [41] AHP and 
FPrOMETHEE

Selecting of an appropriate mechanised mining 
technical process for thin coal seam mining 

Wang et al. [42] entropy and 
FPrOMETHEE

Selecting of an auxiliary transportation model 
in a fully-mechanised face in a nearly horizontal  

thin coal seam 

Stojanovic et al. [43] AHP-ElECTrE Selecting an optimal technology for surface 
mining in the open pit coal mine

Pazand and Hezarkhani 
[44] AHP-TOPSiS Selecting Porphyry Cu potential area 

Ghasvareh et al. [45] AHP-TOPSiS/AHP-
ViKOr Selecting of haulage system 
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When Table 1 is examined, it is understood that studies on MCdM methods in the mining 
sector are used in many areas. researchers specifically focused on mine planning and equipment 
selection. in studies related to mine planning, open pit/underground mining method alternatives 
or production method alternatives of these mining methods were evaluated. However, there is a 
research gap in the literature on the evaluation of mine planning alternatives, consisting of dif-
ferent production parameters using MCdM methods. The desire to fill this gap constitutes the 
motivation of the current study. The novelty of this study is the investigation of mine planning 
alternatives consisting of different production parameters instead of mining methods or produc-
tion methods, unlike existing studies.

The main objectives of this article can be written as:
(i) developing an integrated AHP-TOPSiS method for optimum mine planning selection 

in open pit mines,
(ii) Carrying out a case study on the open pit chrome field to prove the feasibility of this 

method,
(iii) determining the order of importance of the main criteria and sub-criteria in the selection 

of the mine planning alternative
(iv) To create a resource that can help decision makers in similar problems of the proposed 

method.

2. Methodology

2.1. aHP method

The AHP, which was first developed by Saaty [46,47], uses a pairwise comparison method 
to determine relative weights of criteria based on a hierarchical structure, and it is one of the 
most popular MCdM methods. AHP is a powerful tool, which entails that complicated problems 
are converted to a hierarchical structure with the help of a series of pairwise comparisons by 
arranging the decision attributes and alternatives, and so it helps the decision-makers [48,49]. 
The basic structure of AHP is known as a hierarchical tree consisting of the final goal, criteria, 
sub-criteria, and alternatives. in a hierarchical problem, each element is compared with the 
other elements for its relative significance [19]. in AHP, the process of measuring the relative 
weights of certain criteria is based on expert judgement [50]. The AHP process can be expressed  
as follows:

step 1. The final goal, criteria, sub-criteria, and alternatives are determined and a hierarchi-
cal structure of the decision problem by using these is constructed.

step 2. The relative importance of different criteria for the objective of the problem is de-
termined using the AHP. Thus, a pairwise comparison matrix of criteria is established by using 
a scale of relative importance, and it enables the decision-maker to evaluate the impact of each 
factor on the objective [51]. The judgments are entered using the fundamental scale of the AHP, 
which is shown in Table 2.
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TABlE 2

The relational scale proposed by Saaty [46] for pairwise comparisons 

Intensity of Importance Definition
1 Equal importance
3 Weak importance of one over another
5 Essential or strong importance
7 Very strong or demonstrated importance
9 Absolute importance

2, 4, 6, 8 intermediate values between adjacent scale value

For n criteria, a pairwise comparison matrix is a square matrix of N × N and the entry cij 
denotes the comparative importance of criteria i for criteria j. in the matrix cij = 1 when i = j and 
cji = 1/cij. The pairwise comparison matrix (C) can be represented as follows:
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step 3. After the pairwise comparison matrix was obtained, the relative weights of the 
decision elements are calculated. The widely utilised eigenvalue approach is one of many ap-
proaches that can be used for this. in this approach, the relative weights of criteria (w) can be 
estimated as follows:

 C × w = λmax × w (2)

where λmax is the largest eigenvalue of the pairwise comparison matrix C. during the AHP process, 
due to the inconsistency of human judgments when assessing weights, the aggregation weight 
vector might be invalid. Thus, the consistency property of the importance of degrees should be 
made in the evaluation process, which needs to be examined [52-54]. To measure the consistency 
between pairwise comparison judgments, the consistency index (CI) and consistency ratio (CR) 
is used. The CI and CR values are defined as follows:
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1
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CICR
RI

  (4)

where RI is a random index, and its value can be obtained from Table 3 by different orders of 
pairwise comparison matrices [55]. if the value of CR is 0.1 or less than the judgement is detected 

TABlE 3

Values of random index (RI) (taken from Saaty [55])

Matrix order 3 4 5 6 7 8 9 10 11
RI 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51
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to be acceptable. Otherwise, the judgement may not be reliable, and the decision-makers have 
to revise their judgements. 

2.2. toPsIs method

The TOPSiS method is a useful MCdM technique that was developed by Hwang and Yoon 
[56] and then modified by Yoon [57] and Hwang et al. [58]. The basic principle of the TOPSiS 
method is based on the concept that the selected alternative should have the shortest distance 
from the positive ideal solution and the farthest distance from the negative ideal solution [59]. To 
compare the alternatives, firstly, the Euclidean distances between each alternative and both the 
ideal and the negative-ideal solutions are calculated, and then the relative closeness is calculated 
to measure the two distances respectively [60]. Finally, the order of preference of the alterna-
tives is determined by ranking according to their relative closeness values. The procedure of the 
TOPSiS can be expressed as follows [49,56,61-63].

step 1. The weights of criteria obtained through the AHP method are used to establish 
the decision matrix. if M and N represent the number of alternatives and criteria (sub-criteria), 
respectively, then the structure of the decision matrix having an order M × N can be concisely 
expressed as follows:
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where aij represents the actual value of the i th alternative in terms of j th decision criteria.

step 2. it is known that the decision matrix consists of attributes with different units, there-
fore, to make all attributes comparable, the decision matrix is converted to a normalised decision 
matrix. An element rij of the normalised decision matrix R is calculated as follows:
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step 3. The weighted normalised decision matrix is constructed. An element vij of weighted 
normalisd matrix V is calculated as follows:

 *        1, 2, , ;    1, 2, ,ij j ijv w r i M j N      (7)

where wj is the weight of the j th attribute or criterion.

step 4. The positive ideal solution (A+), composed of all the best criteria values, and the 
negative ideal solution (A–), composed of all the worst criteria values, are determined as follows:
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where J is the set of benefit or positive criteria and J' is the set of cost or negative criteria.

step 5. The separation measures are calculated using the N-dimensional Euclidean distance 
method. The separation of each alternative from the positive ideal solution (Si

+) and negative 
ideal solution (Si

–) is given as follows:
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step 6. The relative closeness (Ci
+) value of each alternative concerning the ideal solution 

is defined as follows: 
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step 7. Finally, all the alternatives are ranked according to the descending order of Ci
+. The 

best alternative is the one that has the highest Ci
+. 

3. case study 

3.1. case study area 

Considering that metallic mines are popular today, an open-pit chrome mine, which is in 
the planning stage, is selected for the case study. it is planned that the excavation works will 
be carried out with the drilling-blasting method, and the loading and transportation operations 
will be performed with the excavator + truck system. The chrome ore produced from the field 
will be fed to the mineral processing plant, and a concentrated product will be obtained, resulting 
from a series of processes. This chrome mine is approximately 105 km from Bursa city centre, 
located south of the Büyükorhan district. The grade value of the study area has a wide range of 
0.3-51.9%. Most of the chrome concentrate produced is exported abroad.

3.2. data set

To be used in mine planning studies, data such as geology and hydrology of the study area, 
technical features of mining machines, safe working conditions, current economic data (such as 
sales income, and costs), and drilling data were collected. By evaluating the above, the mine plan-
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ning alternatives for different parameters were produced by experts using 3d mining software and 
Simsched. netpro/mine and Surpac software were used comparatively to obtain reliable results 
during the modelling phase [64,65]. SimSched software is based on the direct block scheduling 
algorithm. The basis of this software is mixed integer programming and heuristic techniques [66]. 
For each alternative, the bench width and discount rate values were fixed by experts as 5 and 0.1, 
respectively. Also, the blasting-hauling value of each alternative was on a scale of 1-3 (1: low, 
2: medium, 3: high), according to the impact of mining activities.

3.3. Proposed method

The flow chart of the integrated AHP-TOPSiS method developed in this study is shown in 
Fig. 1. The decision-making group was composed of people from different engineering disciplines 
and positions. These individuals were selected from mining, geological and planning engineers, 
investors, and operators. Assessment of possible main criteria and sub-criteria, determination of 
the weights of defined criteria and selection of optimum mine planning were carried out by this 
group. The obtained mine planning alternatives were presented to the decision-makers group to 
select which alternative to apply. Studies such as literature review, expert opinions, surveys, and 
interviews were conducted, and the data that was predicted to affect the mine planning selection 
process were evaluated closely. As a result of the meetings held and face-to-face interviews by 
the decision-makers group, the hierarchical structure of the proposed method consisting of four 
main criteria, thirteen sub-criteria, and nine mine planning alternatives was constructed. Fig. 2 
shows the hierarchical structure of the method developed from top to bottom. Above is the final 
goal. Below that, the main criteria and sub-criteria for each main criterion are marked. Finally, 
there are alternatives associated with these criteria.

Fig. 1. The flow chart of the proposed method
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Fig. 2. The hierarchical structure of the proposed method

The four main criteria thought out in this research were economic (C1), technical (C2), 
operational (C3), and environmental (C4). The main criteria were further broken down into sub-
criteria. The economics were broken down into sales revenue (C11), total costs (C12), net present 
value (C13), and discount rate (C14). The technical was separated into slope angle (C21), bench 
height (C22), bench width (C23), and recovery (C24). The operational was associated with average 
grade (C31), ore tonnage (C32), waste tonnage (C33), and stripping ratio (C34). Environmental 
was characterised by blasting-hauling (C41). identification of the main criteria and sub-criteria 
are given in Table 4.

4. results and discussion

in this study, an integrated AHP-TOPSiS method was developed to evaluate mine planning 
alternatives consisting of different production parameters. The developed method was applied 
to the open pit chrome mine. To estimate the relative weights of four main criteria, the pairwise 
comparison matrix was formed. The obtained matrix and calculated priority weights of the main 
criteria were shown in Table 5.

The priority weight values of the main criteria were depicted in Fig. 3. As seen, the order 
of importance of the main criteria in the selection of the optimum mine planning alternative for 
the decision-makers group is economic (0.558), technical (0.263), operational (0.122), and envi-
ronmental (0.057), respectively. in other words, economics is the most important main criterion 
in determining the optimum mine planning alternative.
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Fig. 3. Priority weight values of main criteria calculated using the AHP method

TABlE 4

defining of main criteria and sub-criteria

Main criteria symbol sub-criteria symbol

Economic C1

Sales revenue C11
Total costs C12

net present value C13
discount rate C14

Technical C2

Slope angle C21
Bench height C22
Bench width C23

recovery C24

Operational C3

Average grade C31
Ore tonnage C32

Waste tonnage C33
Stripping ratio C34

Environmental C4 Blasting-hauling C41

TABlE 5

Pairwise comparison matrix and priority weights for the main criteria 

criteria economic technical operational environmental Weight
Economic 1 3 5 7 0.558
Technical 1/3 1 3 5 0.263

Operational 1/5 1/3 1 3 0.122
Environmental 1/7 1/5 1/3 1 0.057

* CR (consistency ratio) = 0.044
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Then, the priority weights for the economic, technical, and operational sub-criteria pairwise 
comparison matrices were determined. The acquired results are shown in Tables 6 through 8, 
respectively.

TABlE 6

Pairwise comparison matrix and priority weights for the economic sub-criteria 

economic criteria sales revenue total cost net Present Value discount rate Weight
Sales revenue 1 3 1 7 0.358

Total Cost 1/3 1 1/7 5 0.129
net Present Value 1 7 1 9 0.470

discount rate 1/7 1/5 1/9 1 0.043
* CR (consistency ratio) = 0.079

TABlE 7

Pairwise comparison matrix and priority weights for the technical sub-criteria

technical criteria slope angle Bench Height Bench Width recovery Weight
Slope Angle 1 3 5 5 0.543

Bench Height 1/3 1 3 3 0.245
Bench Width 1/5 1/3 1 1/3 0.076

recovery 1/5 1/3 3 1 0.136
* CR (consistency ratio) = 0.076

TABlE 8

Pairwise comparison matrix and priority weights for the operational sub-criteria

operational criteria average grade ore tonnage Waste tonnage stripping ratio Weight
Average Grade 1 2 7 1 0.397
Ore Tonnage 1/2 1 5 2 0.308

Waste Tonnage 1/7 1/5 1 1/3 0.062
Stripping ratio 1 1/2 3 1 0.233

* CR (consistency ratio) = 0.067

net present value (0.262), sales revenue (0.200), and slope angle (0.143) were found to be 
the most crucial sub-criteria in selecting the optimum mine planning alternative for the decision-
makers group, respectively. The priority weight values of these sub-criteria are higher than the 
others. This finding indicates that net present value, sales revenue and slope angle criteria are more 
important than other criteria for decision-makers. in Fig. 4, the spider diagram shows the priority 
weight values of sub-criteria.

Afterwards, studies were carried out to create the decision matrix, and the obtained matrix 
is presented in Table 9.

The decision matrix was normalised and the current matrix is given in Table 10. Then, by 
multiplying this matrix with the weights of the criteria defined through the AHP method, the 
weighted normalised decision matrix was created (Table 11). 

The following positive and negative ideal solutions were determined, as shown in Table 12. 
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Then, the distance from the positive and negative ideal solutions was calculated, respectively, and 
the results were given in Table 13. Finally, the relative closeness of each alternative to the ideal 
solution was calculated, and then the alternatives were arranged in descending order according to 
their relative closeness. The relative closeness and rank of alternatives were shown in Table 14.

descending order of the relative closeness was given in Fig. 5. As can be seen, the A9 with 
a relative closeness of 0.857 was selected to be the optimum mine planning alternative for the 

Fig. 4. Priority weight values of sub-criteria calculated using the AHP method

Fig. 5. The relative closeness of each alternative
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open-pit mine used as the case study area. This alternative was followed by A8 with a relative 
closeness of 0.762, and A1 was determined as the worst alternative with 0.200.

in this study, unlike previous ones, production parameters were taken as the basis for creating 
mine planning alternatives. Production parameters including economic, technical, operational 
and environmental, were analysed by the decision-making group. Then, among these parameters, 
those applicable to the case study area were selected, and their maximum and minimum values 
were determined. Then, mining planning alternatives were created using these parameters. Fi-
nally, the optimum mine planning alternative was determined as a result of the application of the 
integrated AHP-TOPSiS method.

According to the implications obtained in the proposed method, many parameters can be 
easily controlled. The results can be interpreted quickly, similar to previous studies using inte-
grated MCdM methods. Moreover, since the proposed method has been developed based on 
scientific criteria, practitioners will have less hesitation in the implementation of the decisions 
taken as a result of using this method.

Another important finding is that the alternative with the highest nPV was determined as the 
optimum mine planning alternative. in the previous studies carried out to determine the optimum 
mine plan, alternatives with the maximum nPV value were investigated [67-69]. This finding 
shows that the proposed method is supported by previous studies and is reliable in choosing the 
optimum mine planning.

5. conclusions

Choosing the optimum mine planning is a vital decision-making problem to ensure mining 
operations are conducted with high profitability and efficiency. This process is quite complicated 
due to many parameters and criteria, such as geological, economic, technical, and environmental 
must be evaluated together by decision-makers. An incorrect decision at this stage can result in 
major financial difficulties, including the stop of mining operations. 

in this paper, an integrated AHP-TOPSiS method for selecting optimum mine planning in 
open-pit mines is proposed, and a case study is presented to evidence the applicability of this 
method. during the case study, a decision-making group was formed, and detailed data that could 
be effective in the selection of the mine planning alternative were collected. Four main criteria, 
thirteen sub-criteria, and nine mine planning alternatives were determined by evaluating the 
obtained data. in the integrated AHP-TOPSiS method, the weights of criteria and sub-criteria 
were calculated by using the AHP method. the consistency ratio was calculated to test the con-
sistency of the determined weights. Then, the mine planning alternatives were evaluated and 
ranked according to the descending order of relative closeness by using the TOPSiS method. 
The alternative that had the highest relative closeness, was selected as the best mine planning 
alternative. 

The main conclusions of the current study are as follows:
(1) The integrated AHP-TOPSiS method, consisting of four main criteria, thirteen sub-

criteria, and nine mine planning alternatives, was developed to determine the optimum 
mine planning alternative, and was successfully applied to an open pit chrome field.

(2) it was found that the economic (priority = 0.558) was the most important main criteria, 
followed by technical (priority = 0.263), operational (priority = 0.122), and environ-
mental (priority = 0.057). 
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(3) The highest weight values for sub-criteria were obtained as the net present value 
(prio rity = 0.262), sales revenue (priority = 0.200), and slope angle (priority = 0.143), 
respectively. 

(4) Among nine alternatives that were examined, A9 was determined as the optimum mine 
planning alternative with a relative closeness of 0.857. Also, A1 with a relative close-
ness value of 0.200 was detected as the worst alternative. 

Based on the above findings, it is understood that the research gap in the literature has been 
filled. Also, the proposed method can be modified and used by decision-makers to solve simi-
lar problems that may be encountered in real life, and it will be a scientific resource for other 
researchers in this field.
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