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Abstract 

In order to ensure the safety of engineering structures and especially those with special regimen such 

as the viaducts requiring careful monitoring of spatial displacements, it is necessary to find an optimal 

combination of criteria that are evaluated by a multi-criteria analysis to avoid major structural 

degradation and their effects on of the entire structure that can generate catastrophes with major losses 

of human lives. In this paper we will present an optimization of the estimation functions of the 

evaluation criteria behaviour for the time monitoring of an engineering structure. In this paper, we are 

analysing a structure that has 50 years and that has a vital significance for Galati city from Romania. It 

is a 1.3 km-long viaduct structure connecting the city of Galati with ArcelorMittal steel company. The 

current legislation requires a plan for permanent monitoring of displacement in order to avoid accidents 

that can lead to loss of human life. Thus, we will quantify and discuss the effects of the different 

evaluation criteria behaviour and we will choose those that maximize the user's chances of responding 

without departing from those values that keep their study credible. In order to obtain the results of the 

multicriteria analysis, three monitoring cycles with three types of instruments on more than 30 tracking 

points were designed and performed.  

Keywords: Service stage monitoring, structural security, multicriterial analyses, optimization, civil 

engineering structures 

1 Introduction 

The multicriterial analysis is a complex way of investigation by which you search in the 

multidimensional space of definition the combination that satisfies the demands enforced by 

the user for efficient optimization of a process or phenomenon. Multicriteria analysis (MCA) 

[1-3], in the literature also known under the names of multiple-criteria decision-making 

(MCDM) [4], multiple-criteria decision analysis (MCDA) [5-7], multiobjective decision 

analysis (MODA) [8,9], multiple-attribute decision-making (MADM) [10,11] or 

multidimensional decision-making (MDDM) [12,13].  

Choosing the functions that define the evaluation criteria is difficult in so far as not all 

the criteria respond certainly to the behaviour that was defined by the corresponding position. 

Even though they correspond to the multiple problems for which they were imagined, 

sometimes there is a need for a more comprehensive study to get to the configuration which 

transposes as closely the behaviour of the estimated criterion. In the long-term monitoring of 

engineering structures, there is a need to make a compromise between the equipment that we 

use, financial or human resources, or prioritization of the measurement precision at the expense 

of the time it takes to complete it.  

http://www.across-journal.com/
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Multicriteria optimization helps the operator to decide on the possibility of using an 

optimal solution that simultaneously satisfies criteria that may be contradictory. This method 

is more and more often utilized in almost all areas [12-21] because it is capable of adapting the 

criteria of specific problems so that it obtains the best combination of parameters that comply 

with the growing requirements of society.  

Therefore, this paper aims to an evaluation of both the criteria and the functions that 

describes their behaviour so that we can achieve this compromise and be able to precisely 

identify the necessary configuration of the efficient optimization of the monitoring process over 

time, especially of the structures that have special procedures and would produce unwanted 

effects for the society if they would have structural defects.  

2 Methodology 

A Multiple Criteria Decision Analysis – MCDA is an analysis method [5-7] based of many 

approaches, models and methods to handle decision [13] or evaluation problems where include 

multiple criteria. Originally developed in the United States in the 1970s and known as the 

Multicriteria Decision Making - MCDM [10,11] it was adopted by the European School in 

1996 as the MCDA [5-7]. The functions that will be analysed are those existing in the program 

library, among which we can mention linear function, constant function or usual, level function 

or Gaussian function etc. (Figure 1). 

 

Figure 1. Preference function using in Visual Promethee program [22]. 

The mathematical equations that define the approximation functions are given for 

example for the usual criterion (Equation 1) and for the Gaussian criterion (Equation 2).  

𝑓1(𝑥) = {
0,∧ 𝑥 < 0
1,∧ 𝑥 ≥ 0

 
(1) 

𝑓2(𝑥) = {
0,∧ 𝑥 ≤ 0

1 − 𝑒
−𝑥2

2×𝜎2 ,∧ 𝑥 > 0
 

(2) 

Generally speaking, the criteria that can be taken into account for a laborious study in the 

process of monitoring the civil engineering structure can be of two types: 

1. Quantitative  

http://www.across-journal.com/
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a. Time 

b. Price 

c. Number of operators 

d. Number of landmarks 

e. Frequency of observations  

2. Qualitative 

a. Precision  

b. Used equipment  

c. Importance class of the monitored objective 

d. Choosing the topographic method 

e. Diminution of Errors 

f. Processing of observations  

g. Interpretation of results  

Another way of ranking and defining these criteria in service stage monitoring process 

can be given by: 

- The way it is used (importance classification of the object, choosing the topographic 

approach, the number of operators, the number of references); 

- Technical performances (cost, precision, time, the equipment that was used, internal 

memory, duration of usage); 

- Duration of execution (processing of the comments, interpretation of the results, the 

reduction of mistakes). 

The PROMETHEE methods [1,2,23], represent a multicriteria approach that for several 

actions can manage multiple individual criteria and they propose a compromise solution by 

optimizing them. This can be expressed mathematically as follows: 

𝑚𝑎𝑥{𝑓1(𝑥), 𝑓1(𝑥)⋯ , 𝑓𝑗(𝑥)⋯𝑓𝑘(𝑥)|𝑥𝜖𝐴} (3) 

where A is a finite set of n actions; 𝑓1 to 𝑓𝑘 are k criteria; 𝑓𝑗(𝑥) is the evaluation of action 

n on criterion 𝑓𝑗.  

There is no objection to consider some criteria to be maximized and others to be 

minimized, but for the sake of simplicity we will suppose here that all criteria have to be 

maximized.  

The mathematical approach from two-way multicriteria formulation can be write like 

this: 

𝑚𝑎𝑥{𝑓1(𝑥), 𝑓1(𝑥)⋯ , 𝑓𝑗(𝑥)⋯𝑓𝑘(𝑥)|𝑥𝜖𝐴} (4) 

 𝑓1𝑓2⋯𝑓𝑗⋯𝑓𝑘    

𝑥1 

𝑥2 

𝑓1(𝑥1), 𝑓2(𝑥1),⋯ , 𝑓𝑗(𝑥1),⋯ 𝑓𝑘(𝑥1) 

𝑓1(𝑥2), 𝑓2(𝑥2),⋯ , 𝑓𝑗(𝑥2),⋯𝑓𝑘(𝑥2) 
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The purpose of using this method is to find the best combination of parameters that meet 

all the criteria at the same time, criteria that are usually contradictory. The user's art is to choose 

the function that best describes the behaviour of each criterion, considered so that it is as close 

as possible to reality. The main objective of MCDA is thus to identify the best compromise 

decisions.  

3 Results and discussion 

3.1 Introduction 

The data collected for this study were recorded from the process of monitoring space 

movements for a structure of major importance. In this paper, we are analysing a structure that 

has 50 years and that has a vital significance for Galati city from Romania. It is a 1.3 km-long 

viaduct structure (Figure 2) connecting the city of Galati with ArcelorMittal steel company. 

The process of monitoring these types of structures is vital for maintaining the designed and 

traffic safety parameters. Thus, it is important to optimize the costs related to this permanent 

monitoring of these objectives as well as the accuracy of the data obtained, which must relate 

to the accuracy of the instruments used but also to their evolution over time. 

The results to be analysed actually include 3 series of measurement, which are performed 

in order to monitor the mentioned objective – the including of three different new technologies: 

Mavic Air UAVs, Leica P50 Laser Scanner and Leica Total Station TS 12 [18].  

The purpose of this analysis is in fact the multicriteria optimization in order to obtain the 

best compromise for the different criteria in the realization of the measurements of time 

monitoring of the structures in civil engineering.  

⋮ 

𝑥𝑖 

⋮ 

𝑥𝑛 

⋮⋮⋮⋮ 

𝑓1(𝑥𝑖), 𝑓2(𝑥𝑖),⋯ , 𝑓𝑗(𝑥𝑖),⋯𝑓𝑘(𝑥𝑖) 

⋮⋮⋮⋮ 

𝑓1(𝑥𝑛), 𝑓2(𝑥𝑛),⋯ , 𝑓𝑗(𝑥𝑛),⋯𝑓𝑘(𝑥𝑛) 

                   (5) 
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Figure 2. Study case – Viaduct in City of Galati, Romania. 

3.2 Visual Promethee – multicriterial analysis software 

The multicriterial analysis will be carried out using the Visual Promethee Gaia program (Figure 

3), based on the PROMETHEE - Preference Ranking Organization Method for Enrichment 

Evaluation [19,22]. Being a method of classification according to qualitative or quantitative 

criteria, the role of the operator is to correctly define the field of research for each criterion 

with functions adapted to their variation in these fields. This software can help with 

multicriteria decisions that has implemented the Promethee and Gaia concepts [22]. Published 

in the '60s the multicriterial analysis is a powerful decision-making tool, which is capable to 

sometimes combine the conflicting criteria, but also of ranking complex scenarios with meeting 

several requirements at the same time which considerably improves the final decision of the 

user. 

  

Figure 3. The Visual Promethee Gaia software. 

The Visual Promethee Gaia is designed for [22]:  

- Multicriteria analysis and implementation of decisions based on contradictory criteria;  

- Finding the best solution; 

- Classification of decision;  

- Clear graphic representation. 

http://www.across-journal.com/
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The advantage of this program is that the scenarios are ordered and influenced by 

multiple criteria and the intuitive graphical representation helps the user on choosing the 

optimal solution.  

3.3 Smart monitoring equipment 

For the monitoring of the structure the following devices as Mavic Air UAV, Laser Scanner 

P50 and Leica Total Station TS 12 were used (Figure 4a-c) [19].  

 
  

a) Mavic Air UAV b) Laser Scanner 
c) Leica Total Station TS 

12 

Figure 4. Smart tools. 

The general parameters of the used equipment can be found in Table 1 [19]. 

Table 1. Parameters for multicriteria optimization. 

Smart 

Technolog

y 

Accurac

y 

(mm) 

Time 

(hours

) 

Measureme

nt distance 

(m) 

Intern

al 

Memo

ry 

(points

) 

Price 

(RO

N) 

Resource

s 

(Operato

r) 

Autonom

y 

(hours) 

Robotic 

Total 

Station 

15 1 1000 30000 1500 2 5 

Laser 

Scanner 
20 2 200 250000 3000 1 6 

UAV 30 1 80 300000 3000 1 1 

In this study, three scenarios presented in the table below (Table 2) will be analysed and 

optimized [18,19]. During the monitoring process of vital structures, the use of the top 

technologies from which we cannot exclude the Unnamed Aerial Vehicle - UAV, Laser 

Scanner or Total Robotic Station, and the necessary precision for such observations is required. 

Instead, multicriterial optimization helps us to make a choice according to several criteria and 

scenarios that converge to the user’s convenient solution.  

http://www.across-journal.com/
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Table 2. Scenarios for multicriteria optimization. 

 
Scenario 1 – Maximum 

accuracy 

Scenario 2 – Minimum 

time 

Scenario 3 – Global 

Cost 

Devices 

Total 

Statio

n 

Laser 

Scanner 
UAV 

Total 

Station 

Laser 

Scanne

r 

UAV 

Total 

Statio

n 

Laser 

Scann

er 

UAV 

Accuracy 

(mm) 
15 20 30 4 5 5 5 5 15 

Time (hours) 1 2 1 1 1 1 2 1 1 

Measurement 

Distance (m) 
1000 200 80 1000 100 50 1500 150 50 

Internal 

memory 

(points) 

30000 250000 
10000

0 
20000 50000 

5000

0 
20000 50000 

6000

0 

Price (RON) 1500 3000 5000 1500 2000 2500 2000 5000 2500 

Resources 

(operators) 
2 1 1 2 1 1 2 1 1 

Autonomy 

(hours) 
5 6 1 6 6 1 6 6 1 

 

3.4 Optimization of several estimation functions 

In order to highlight the importance of choosing the functions for estimating the different 

parameters used for multicriteria optimization, we proposed the use of the same function for 

each criterion in the three scenarios. Thus, we will have to analyse 6 cases for the 6 functions 

in the program library (usual, linear, V-shape, U-shape, Gaussian, constant or step function), 

which we will compare with those chosen by the user depending on the proposed criteria. 

   

a) Scenario I b) Scenario II c) Scenario III 

Figure 5. Ranking of linear function for multicriterial analysis. 

http://www.across-journal.com/
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a) Scenario I b) Scenario II c) Scenario III  

Figure 6. Ranking of U-function for multicriterial analysis.  

Figures 5 and 6 show the influence of linear function – Figure 5 and U-function – Figure 

6 on the classification of the three-smart equipment in the three presented scenarios. We notice 

that there is no difference between the two functions and the classification of the three scenarios 

remains unchanged.  

   

 

a) Scenario I b) Scenario II c) Scenario III  

Figure 7. Ranking of V-function for multicriterial analysis.  

 
  

a) Scenario I b) Scenario II c) Scenario III 

Figure 8. Ranking of Gaussian function for multicriterial analysis. 

http://www.across-journal.com/
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Figures 7 and 8 show the influences of V-function – Figure 7 and Gaussian function – 

Figure 8. We can see that although there are variations between the different values specific to 

these classifications, this time, the order of priority of this equipment does not change.  

   

a) Scenario I b) Scenario II c) Scenario III 

Figure 9. Ranking of constant function for multicriterial analysis. 

Figures 9 and 10 show the classification of smart equipment using constant function – 

Figure 9, respectively step function – Figure 10. And this time, we can highlight that there are 

significant differences between the behaviours of classification criteria using these functions 

in 2 of the 3 scenarios. Priority remains unchanged, this being the optimal one, namely: 

1. Total Station – rank 1,  

2. Laser Scanner – rank 2, 

3. UAV – rank 3. 

 

   

a) Scenario I b) Scenario II c) Scenario III 

Figure 10. Ranking of step function for multicriterial analysis. 

Following this analysis, it is found that although in the chosen fields there are similarities 

between the behaviours of different estimation functions, there are scenarios with user-chosen 

functions depending on the used criteria in multicriteria optimization and which give different 

results in the final classification. Therefore, the idea is that it is very important that the 

estimation functions are in accordance with both the used criterion and the behaviour in the 

chosen field. 

http://www.across-journal.com/
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4 Conclusions 

Monitoring structures of major importance to society is more than mandatory due to the 

detection of any form of space travel can save lives and especially an intervention on it to 

extend the operating life in the parameters designed to lead to safety and confidence in current 

operation. Given the evolution of monitoring equipment, which has recently gained huge 

attention, especially in terms of the use of real-time tracking resources that are able to anticipate 

an imminent disaster and its optimal prevention, we have chosen to use the multicriteria 

analysis. Therefore, we get the best ratio between different criteria - such as - accuracy of 

determination, time and price, which can lead to relatively high costs if used cyclically 

throughout the service stage. The purpose of using this method is to find the best combination 

of parameters that are satisfying all the criteria at the same time, criteria that are usually 

contradictory. The art of the user is to choose the function that describes the best behaviour of 

every criterion considered so that it could get closer to reality. The data collected for this study 

was registered from the monitoring process of spatial displacement of a major importance 

structure. The monitoring process of this kind on structures is vital for keeping it in the 

projected parameters and for the safety of the traffic. Therefore, the optimization of the costs 

related to permanent monitoring of these objectives, as well as the obtained data accuracy, 

which have to report to the precision of the used instruments, but also at their evolution in time 

are important. 
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