NEURO-FUZZY-INTEGRAL MODEL FOR HOLISTIC EVALUATION OF AN URBAN MAGNETIC LEVITATION TRANSPORTATION SYSTEM
Abstract
Nowadays, the management of industries or services must respect the principles of sustainability. The various aspects involved, inherent in the production of goods or facilities and in the environment, should be considered. An Environmental Management System (EMS) allows planning, organizing and carrying out the operational and environmental actions in a methodical and effective way. With reference to the implementation of an urban magnetic levitation transportation system, called MagLev-Cobra, this paper proposes a model of EMS, which results in the establishment of a Systemic Sustainability Indicator (SSI). This tool provides a simple but rigorous and objective method to analyze, compare and evaluate the impacts of the project under the principles of sustainability. Concepts of Fuzzy Theory and Neural Networks were applied to obtain the SSI, which brings together the 39 environmental indicators proposed in the EMS of the MagLev-Cobra system, allowing a holistic evaluation. Modeling adopted the standard ANFIS for grouping the indicators, full conversion of Fuzzy variables and indicators for DeFuzzyfication, has developed an application in Microsoft Access to generate the ISS. The model denoted that 69% of the indicators pointed adequacy MagLev-Cobra sustainability; 25% had adequate average, and only 12% characterized suitability to these precepts.
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1. INTRODUCTION
Globalization, which is the result of the increase in commercial relations worldwide, brings together fast technological development determined by the necessity to reduce costs and to increase the level of the services provided, especially due to the consumer’s consciousness change regarding his role in the development of society. 

In addition, there is an increasing need for using natural resources for society development, therefore creating a greater and more severe environmental impact and also leading to deterioration of the quality of life. The mentioned impact should be analyzed according to the socioeconomic, political and cultural contexts in which changes occur. From this point of view, it is important for the society to associate their development with environmental protection, that is, there should be sustainable development.  

According to Newman et al. (1999) and  Ribeiro (2001), the concept of sustainability includes the greatest necessities these days, such as economic development, environmental protection (society depends on the environment to continue developing), and, finally, social justice. The world renowned definition for Sustainable Development, which has been widely used by laymen and experts from all over the world, was presented on the Brundtland report as “the development that fulfills the needs of the present without limiting the potential for meeting the needs of future generations” (CMAD, 1988). 

Due to these aspects, it is worth noting that nowadays it is essential to manage productive systems, such as transport, or facility service systems which are appropriate to the principles of sustainability, considering the various aspects involved, such as those inherent in the production of goods and services and in the environment, which to a certain extent, is always in interaction, provoking and being provoked regarding its intrinsic features. More studies that link transportation and sustainability can be found in Litman (2008), MIT (2009) and EPA (2011).
2. OBJECTIVE
Based on an Environmental Management System (EMS), which was previously developed for operational control of the magnetic levitation transportation system called MagLev-Cobra, the objective of this paper is to suggest a model for obtaining a Systemic Sustainability Indicator (SSI) to analyze and represent the environmental conditions over time, according to the principles of sustainability. 

The SSI will bring together the environmental indicators suggested by the EMS, allowing a holistic evaluation of the MagLev-Cobra system. In addition, according to management necessity, it will also be able to analyze the system under specific environmental concerns through partial indicators. 

The Fuzzy Theory, together with the Neural Network techniques, will be used to create the SSI and the partial indicators. For its automation, the Excel and Access applications from Microsoft Office Professional will be used.  

This paper is also aimed at applying the model to determine the partial indicators, as well as the SSI, by using computerized applications, thus making it possible to validate the model. 
3. BACKGROUND
When public urban transportation is not appropriately planned, its activities create negative impacts  (Paes, 2006) such as traffic jams, car accidents, and high operational costs, from an economic perspective; problems related to mobility, health and quality of life, from a social perspective, and air, water and soil pollution, as well as noise and visual pollution, from a physical perspective.

The lack of planning or inefficient planning and control of this facility helps to create environmental liabilities, that is, components in the physical, biotic and man-made environments which are overly damaged. If these components are not systematically recovered, they can increase significantly; therefore jeopardizing the quality of life of the population and continuity of services.

It is worth mentioning that the Brazilian Environmental Crime Law, N° 9.605 (1998), imposes penalty and management sanctions against people or entities performing activities that are harmful to the environment, even if they are performed involuntarily and indirectly.   

Therefore, although it is well-known that the operation of urban transportation systems that use magnetism as the main technological line does not involve greenhouse gas emissions and does not produce noise or vibrations, it is important to study the environmental aspects involved in it. In addition, it contributes to the rationalization of the existing urban infrastructure. 

Regarding urban mobility, initial research indicate that the use of the MagLev-Cobra as the main transportation option to be integrated with the existing infrastructure will make significant advances related to the rationalization of the public urban transportation system and will also make it possible to create a peripheral network for the great transportation corridors, thus reducing the saturation effects of urban traffic. 

The Magnetic Levitation Vehicle is an energetically efficient transportation system that does not produce noise, vibration or gas emission. In addition, its implementation is cheaper than the implementation of other similar rail systems.  

The MagLev-Cobra was developed based on the characteristics of Superconducting Levitation, in order to profit from the existing urban infrastructure. Its guiding principle is the possibility of making curves of small radius and keeping the load uniformly distributed over the road. 

The Superconducting Levitation (SML) seems promising for medium speed transportation applications (lower than 70km/h). It is based on the diamagnetic property of the superconductors, eliminating the magnetic field inside the superconductors.  

The transportation capacity of each MagLev train increases as more units are added according to demand. The modules with the doors can be arranged in different ways throughout the vehicle, as each unity is an independent structure. The seats can be arranged transversally or vertically. 

The MagLev-Cobra is driven by a short-primary type linear electric induction motor (LIM). It works with straight line motion rather than rotation and it is the component responsible for motorizing magnetic levitation trains, whose projects predict no contact with the guide way.       

More information about MagLev-Cobra can be obtained in Stephan et al. (2007), Stephan et al. (2008) and David et al. (2009).
4. METHODOLOGY
In order to accomplish the proposed objective, the following steps were taken:

· 1st step: Characterization and adaptation of the Input Variables to convert them into Fuzzy variables. Analysis of the 39 environmental indicators of the EMS of the MagLev-Cobra system and the definition of coding, universe of discourse and its unit, linguistic terms and membership functions;

· 2nd step: Problem modeling in order to obtain the SSI. Use of Neural Network concepts and the ANFIS Model by grouping the input variables in a structured manner, thus making it possible to create the partial indicators that will converge into the SSI;

· 3rd step: Characterization and adaption of the Output Variables to transform them into Fuzzy Variables: by means of the network defined in the previous step, the output variables could be defined, as well as coding, the universe of discourse, the linguistic terms and membership functions;

· 4th step: Definition of the Fuzzy Integrals: in a Neural Network there are devices called neurons that process the input variables and transform them into output pulses. These devices, which are called multiplexers in this paper, have layers with specific activities. The first layer is called Fuzzification, as it receives the input variables and transforms them into Fuzzy sets via Fuzzy integrals;

· 5th step: Creation of rules of inference and generation of output pulses: the Fuzzy sets are processed by means of the rules of inference that will make it possible to generate output pulses through defuzzification. For this step it was necessary to develop a computerized application in Microsoft Access that creates the rules of inference, processes the results and generates the output pulses;

· 6th step: Model application: Using the computerized applications mentioned in the 4th and 5th steps, values will be submitted to the input variables of the model and they will generate the output pulses. These will be the input in the next multiplexers until the SSI can be obtained. 

5. THEORETICAL BACKGROUND 
5.1 THE FUZZY THEORY 

The Fuzzy Theory emerged in 1965 with the publication of the paper entitled Fuzzy Sets on the Information and Control magazine, by Lofty A. Zadeh, from the University of California, Berkley. This Theory consists in modeling problems that can handle quantitative and/or qualitative variables by building algorithms based on the architecture of the consensual thought of experts or systems users. Zadeh et al. (1975) say that one of the great advantages of the Fuzzy Theory is to translate linguistic terms used in daily communication (natural language) into math expressions, by means of the properties of the Fuzzy sets. 

In formal logic, a Fuzzy set “A”, defined in the universe of discourse “U”, is characterized by a membership function “µ A”, which maps the elements of “U” for the interval [0 ,1], i.e., µ A:U => [0,1]. A set of the classical set theory can be considered as a specific Fuzzy set which is usually called ‘crisp’, where µ A:U => {0,1}. Therefore, the membership function associates a real number “µ A(x)” to each element “x” of “U” in the interval [0,1], which represents the degree of possibility (or degree of membership) of the “x” element belonging to the set “A”. 

The degree of membership µ A(xi) indicates the extent to which the element µ A(xi) belongs to the Fuzzy set A. Thus, this set can be represented by ordered pairs of a generic element “x” and their degree of membership of the A form = {x, µ A(x) | x ∈ U}. A Fuzzy singleton set “A” has a single point “x”, belonging to “X”, represented in the universe of discourse, with µ A(x) = 1. 

In order to represent a discrete Fuzzy set A, the formation A= {µ A(x1) / x1, µ A(x2) / x2, ..., µ A(xn) / xn}is used, where the symbol "/" is only a separator. When the universe of discourse U 
is discrete, the Fuzzy set A can be represented by A= ∑ µ A ( x) / x.
                                                                                                                                               x∈U

When the universe of discourse U is continuous, the Fuzzy set A is expressed by the Fuzzy 
integral as follows: A = ∫ µ A (x) / x.

                                  U

It is worth mentioning that the symbols “∑” and “∫” are used to represent the logical union operation, thus they do not represent the summation and integration operators generally used. 

5.2 NEURO-FUZZY NETWORKS

The Artificial Neural Networks (ANN) are distributed parallel systems that are inspired by the functional aspects of the human brain and which can learn to predict the real world and adapt to it. They consist of simple processing units, called “neurons”, which process certain relations. These units are arranged in one or more layers and are interconnected by connections.  
The neuron model proposed by McCulloch and Pitts in 1943, which is called MCP, is a simplification of the biological neuron described at that time. It consists of n inputs and one output, as shown in Figure 1. (Medeiros et al., 2003).
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According to Souza (1999), the Neuro Fuzzy Systems (NFS) are one of the most studied hybrid systems nowadays, as they associate the technical advantages of the ANN with the Fuzzy Theory. Internally, these systems map the Fuzzy regions from the input space in the Fuzzy regions of the output spaces by means of the Fuzzy inference rules.

The NFS consists of three stages of fuzzy reasoning called ‘layers’ (the name comes from the ANN), with the following features:
· Fuzzification layer of the input variables: it receives the input variables (crisp) and transforms them into Fuzzy sets;

· Intermediate layer (hidden layer): it receives the fuzzy sets from the previous layer and submits them to the fuzzy reasoning rules, thus producing output pulses;

· Defuzzification or output layer: it treats the output pulses and represents it as output variables, going back to the crisp set;

Sandri et al. (1999) and Ortega (2001) propose the representation of the input and output variables of the multiplexers (neurons) as X, U, T(X), M, where X is the name of the variable, U is the universe of discourse, T(X) is the set of names (linguistic terms) for the X values, and M is a function that associates a membership function to each element of T(X). Figure 2 shows an example of a graphical representation of a certain input variable. 
[image: image2.wmf]/X

D)

(C

D)

(x

/X

B)

(C

B)

(x

enter

C

0

70

1

50

1

50

0

ò

ò

®

®

®

®

-

-

+

-

-

=

30


Figure 2: Example of a Graphical Representation of a Variable
One of the most known and applied neuro fuzzy networks is the ANFIS (Adaptive Neuro Fuzzy Inference System) structure proposed by Jang (1993). More details of this architecture may be found in Souza (1999), Pagliosa (2003), Ludwig Júnior (2004), Sandmann (2006), Becker Junior (2008) and Rodrigues (2010). This structure consists of 5 layers:

· Layer 1: it receives the input variables and fuzzy them;

· Layer 2: each node of this layer represents a Fuzzy inference rule that defines the discharging degree of the rule when it receives the fuzzy input variables;

· Layer 3: it is defined by the normalization of the discharging degree of each rule and it is considered to be a pre-processing of defuzzification;

· Layer 4: we multiply the normalized discharging degree of the rule and the processed values in each rule, which correspond to the singletons or the linear combination of the input variables;

· Layer 5: the output layer of each multiplexer is calculated, that is, the sum of the products of Layer 4 is defuzzified. 

6. THE NEURO FUZZY INTEGRAL MODEL  
Following the suggested methodology, Table 1 summarizes information about the input and output variables defined in steps 1 and 3. The following information is available for the variables: coding (the Ident. column), universe of discourse together with its unit (columns “U” and Unity, respectively), linguistic terms in column T(X) and membership functions, according to the pattern shown in Figure 2, which are characterized in the “Notable Values” column. These values apply to the Fuzzy integrals shown in the expressions 1, 2 and 3 defined in the 4th step. The variables are distinguished in the “Type” column, where “I” refers to Input and “O” refers to Output. A computerized application was developed on Microsoft Excel for the Fuzzy integrals processing and the input variable fuzzification.
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Where B, C and D are notable values following the pattern of Figure 2, and x is an input value included in the universe of discourse X.

The modeling mentioned in step 2 of the methodology is shown in Figure 3, where the triangles represent the multiplexers. All the outputs of the triangles, except the SSI, represent the partial indicators of the model. 

According to step 5, inference rules were created with the aid of the application developed by Microsoft Access, making it possible to obtain the partial indicators and the SSI.   

With the exception of the SSI, the output variables of the multiplexers emit pulses that represent the partial inputs to those ahead.

Therefore, accomplishing the 6th step, the next topic will show the results due to the application of the Model. 
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Figure 3 – Multiplexer Aggregation for the ANFIS Neuro Fuzzy Network Formation
Table 1 – Input and Output Variables for the SSI Calculation
	Ident.
	Name (X)
	Type
	Unity
	Universe of
Discourse
(U)
(U)
	Linguistic Terms T(X)
	Notable Values

	
	
	
	
	
	Left
	Central
	Right
	A
	B
	C
	D
	E

	                                                                                                        ECI – Environmental Condition Indicator

	1
	Nitrogen Dioxide Concentration in the Systems Region
	I
	µg/m3/
1h
	0-3,000
	Low
	Medium
	High
	0
	900
	1,500
	2,100
	3,000

	2
	Smoke Concentration in the Systems Region
	I
	3
µg/m /
24h
	0-500
	Low
	Medium
	High
	0
	150
	250
	350
	500

	3
	Carbon Monoxide Concentration in the Systems Region
	I
	ppm/
8h
	0-40
	Low
	Medium
	High
	0
	12
	20
	28
	40

	 
MPI – Management Performance Indicator  


	4
	Employees’ Satisfaction

Funcionários
	I
	-
	0-10
	Not Satisfied
	Satisfied
	Very Satisfied
	0
	3
	5
	7
	10

	5
	HR Qualification
	I
	-
	0-100%
	Incapable
	Being Qualified
	Capable
	0
	30
	50
	70
	100

	6
	Employees’ Schooling 
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	7
	Evaluation of Accident Risks


	I
	-
	0-30
	Low
	Medium
	High
	0
	9
	15
	21
	30

	8
	Workplace Accident Index 
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	9
	Compliance with the Environmental 
Legislation
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	10
	Internal Audit Nonconformity
	I
	-
	0-10
	Low
	Medium
	High
	0
	3
	5
	7
	10


Table 1 (cont.) Input and Output Variables for the SSI Calculation

	Ident.
	Name (X)
	Type
	Unity
	Universe of
Discourse (U)
(U)
	Linguistic Terms T(X)
	Notable Values 

	
	
	
	
	
	Left
	Central
	Right
	A
	B
	C
	D
	E

	                                                                                                    MPI – Management Performance Indicator

	11
	Legal Nonconformities

Related to the Environment
	I
	-
	0-10
	Low
	Medium
	High
	0
	3
	5
	7
	10

	12
	Activity Efficiency of the Corrective Maintenance
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	13
	Activity                             Efficiency of the Preventive Maintenance
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	14
	Maintenance Program Quality
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	15
	Water Use
	I
	m3/day
	0 – 10.000
	Low
	Medium
	High
	0
	3,000
	5,000
	7,000
	10,000

	16
	Energy Use
	I
	kW/day
	0 – 10.000
	Low
	Medium
	High
	0
	3,000
	5,000
	7,000
	10,000

	17
	Environment Investment Index 

	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	18
	Environmental Suggestion Index
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	19
	Emergency Mocks
	I
	-
	0-5
	Low
	Medium
	High
	0
	1.5
	2.5
	3.5
	5

	                                                                                                  OPI – Operational Performance Indicator

	20
	Accessibility
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	21
	Safety
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	22
	Tariff
	I
	-
	0-100%
	Low
	Appropriate
	High
	0
	30
	50
	70
	100

	23
	Journey Time
	I
	-
	0 – 10
	Low
	Medium
	High
	0
	3
	5
	7
	10


   Table 1 (cont.) Input and Output Variables for the SSI Calculation

	Ident.
	Name (X)
	Type
	Unity
	Universe of
Discourse
(U)
	Linguistic Terms T(X)
	Notable Values 

	
	
	
	
	
	Left
	Central
	Right
	A
	B
	C
	D
	E

	OPI – Operational Performance Indicator 

	24
	Noise Level during Operation
	I
	dB
	0-250
	Low
	Medium
	High
	0
	75
	125
	175
	250

	25
	Quantity of 
Accidents
	I
	-
	0 – 10
	Low
	Medium
	High
	0
	3
	5
	7
	10

	26
	Acclimatization

(vehicle and facilities)
	I
	-
	0 - 10
	Low
	Medium
	High
	0
	3
	5
	7
	10

	27
	Information for Users
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	28
	Systems Cleaning

(vehicle and facilities)
	I
	-
	0 - 10
	Low
	Medium
	High
	0
	3
	5
	7
	10

	29
	Service Level1
	I
	-
	0 -100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	30
	Average Occupied Area
	I
	Pax/m2
	0 - 10
	Low
	Comfortable
	   Tight
	0
	3
	5
	7
	10

	31
	Hydric Efficiency
	I
	m3/Pax
	0 - 100
	Low
	Medium
	High
	0
	30
	50
	70
	100

	32
	Energy Efficiency
	I
	kW/Pax
	0 - 100
	Low
	Medium
	High
	0
	30
	50
	70
	100

	33
	Index of Complaints about the Environment
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	34
	Systems Quality
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	35
	The Clients’ Environmental Satisfaction Index
	I
	-
	0 - 10
	Low
	Medium
	High
	0
	3
	5
	7
	10

	36
	Company x User Relationship 
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	37
	Liquid Waste

 Recycling
	I
	-
	0-100%
	Low
	Medium
	Appropriate
	0
	30
	50
	70
	100

	38
	Solid Waste

 Recycling
	I
	-
	0-100%
	Low
	Medium
	Appropriate
	0
	30
	50
	70
	100

	39
	Innovation
	I
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100


Table 1 – Input and Output Variables for the SSI Calculation 
	Ident.
	Name (X)
	Type
	Unity
	Universe of
Discourse
(U)
	Linguistic Terms T(X)
	Notable Values 

	
	
	
	
	
	Left
	Central
	Right
	A
	B
	C
	D
	E

	                                                                                                                     Output Variables

	40
	ECI- Environmental Condition Indicator 
	O
	-
	0-100%
	Bad
	Medium
	Great
	0
	30
	50
	70
	100

	41
	MPI – Management Performance Indicator
	O
	-
	0-100%
	Bad
	Medium
	Great
	0
	30
	50
	70
	100

	42
	OPI – Operational Performance Indicator
	O
	-
	0-100%
	Bad
	Medium
	Great
	0
	30
	50
	70
	100

	43
	HR – Human Resources
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	44
	AC – Work. Accid.
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	45
	NC – Nonconformity
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	46
	MN – Maintenance
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	47
	NR – Natural Resources
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	48
	EN – Environment
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	49
	EA – Environmental Appropriateness
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	50
	ST – Sustainability
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	51
	TR – Transportation
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	52
	CF – Comfort
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	53
	NRM – Natural Raw Materials
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	54
	QU – Quality according to the User’s Opinion
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	55
	RC – Recycling
	O
	-
	0-100%
	Low
	Medium
	High
	0
	30
	50
	70
	100

	56
	SSI
	O
	-
	0-100%
	Inappropriate
	Appropriate
	Sustainable
	0
	30
	50
	70
	100


Key: I – Input Variable; O – Output Variable

7. THE APPLICATION OF THE NEURO FUZZY INTEGRAL MODEL - RESULTS 
Table 2 shows the values of the input variables and Table 3 shows the results of the output variables after data processing by the computerized applications that are the result of the partial environmental indicators and the SSI. 

Table 3 shows that the results can be either evaluated quantitatively, through the “Value” column, or qualitatively, through the “Dominant Qualification” column. In the latter, we can see green, yellow and red indicators, indicating the best condition, a warning situation and a non-satisfactory condition, respectively. The linguistic term follows what was shown in Table 1 and the percentage value next to it indicates how much the linguistic term is preponderant, where 100% reveals total representativeness.    
Table 2 – Values of the Input Variables for the SSI Calculation

	Variable
	Value
	Variable
	Value
	Variable
	Value
	Variable
	Value
	 Variable
	Value

	1
	1400
	9
	80
	17
	80
	25
	4
	33
	45

	2
	250
	10
	4
	18
	34
	26
	3
	34
	68

	3
	30
	11
	6
	19
	2
	27
	52
	35
	8

	4
	8
	12
	60
	20
	32
	28
	6
	36
	80

	5
	54
	13
	15
	21
	56
	29
	66
	37
	48

	6
	80
	14
	45
	22
	45
	30
	7
	38
	98

	7
	20
	15
	8500
	23
	4
	31
	72
	39
	35

	8
	80
	16
	4250
	24
	78
	32
	51
	


Table 3 – Results of the Output Variables for the SSI Calculation
	Variable
	Value
	Dominant

Qualification

	Variable
	Value
	Dominant
Qualification


	40
	64.33
	Great/72%
	49
	90.00
	High/100%

	41
	75.42
	Great/100%
	50
	59.10
	Medium/55%

	42
	53.27
	 Average/84%
	51
	29.36
	Low/100%

	43
	80.86
	High/100%
	52
	46.35
	Medium/82%

	44
	89.04
	High/100%
	53
	71.49
	High/100%

	45
	70.00
	High/100%
	54
	54.50
	Medium/77%

	46
	33.49
	Low/83%
	55
	72.22
	High/100%

	47
	81.17
	High/100%
	SSI
	77.44
	Sustainable/100%

	48
	60.22
	High/51%
	


From the results shown above, it is important to initially highlight the SSI result, which characterizes the MagLev-Cobra system as Sustainable. Table 4 presents the results of Table 3 in decreasing order, without the SSI value, so that the person who decides can evaluate which parts of the system managed by the EMS are the most critical ones, that is, which parts deserve more attention and which may require possible management attitudes, such as resource allocation, training needs etc. Concerning the “red” indicators shown above, we can see that they represent the MN-Maintenance and TR-Transportation parts, indicating that they are issues that are intertwined due to its objectives and that represent danger regarding environmental issues.
Table 4 – Results of the Output Variables in Decreasing Order of Value
	Variable
	Value
	Dominant
Qualification

	Variable
	Value
	Dominant
Qualification

	49
	90.00
	High/100%
	40
	64.33
	Great/72%

	44
	89.04
	High/100%
	48
	60.22
	High/51%

	47
	81.17
	High/100%
	50
	59.10
	 Medium/55%

	43
	80.86
	High/100%
	54
	54.50
	 Medium/77%

	41
	75.42
	Great/100%
	42
	53.27
	Average/84%

	55
	72.22
	High/100%
	52
	46.35
	  Medium/82%

	53
	71.49
	High/100%
	46
	33.49
	  Low/83%

	45
	70.00
	High/100%
	51
	29.36
	Low/100%


8- CONCLUSIONS
An EMS is oriented according to the management model based on a continuous cycle called PDCA, which sticks to the principle that everything should be planned before operating a system. In addition, after its effective operation, working conditions should be verified, operation should be reevaluated and confronted with what was previously planned, and feedback regarding process suitability, the scripts and working routine should be provided. 

Focusing on MagLev-Cobra’s EMS indicators, which are essential to provide information necessary to decision-making, the use of the Neuro Fuzzy Integral Model – the focus of this paper – makes it possible to observe the evolution of the issues that maintain the system by means of the input variables, the partial indicators and the SSI. 

The observation of the demand for certain parts of the system over time may indicate critical situations, optimizing the financial and human resources in search of sustainable transportation. 

The use of the Fuzzy Theory and of the Neuro Fuzzy hybrid architecture made it possible to gather linear and nonlinear variables, with different dimensions, in only one model. In addition, it makes it possible to expand knowledge acquired by experts during the development of the MagLev-Cobra technology. 

Concerning the necessity to develop computerized applications, it was observed that the architecture of the Neuro Fuzzy networks has made it possible to develop in a simple manner database to store the input variables and the results provided by the model, as well as the screens for its management. These can be achieved by using basic and low-cost applications if compared to Business Intelligence (BI) platforms and expert software. 
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