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Abstract

We discuss a qualitative analysis of the efficiency of the Brazilian Network for Continuous Global Navigation Satellite System
Monitoring (RBMC) using the Complex Holographic Assessment of Paradoxical Problems method (CHAP?), whose premise is the
organization of intersubjectivity facilitated by the use of visual representation of structured knowledge (conceptual mapping) to increase
the degree of consciousness to manage the paradoxes resulting from the complexity of living systems. We also describe a quantitative
evaluation using Data Envelopment Analysis (DEA) allowing a ranking in terms of efficiency for further assessment by a professional
of the area. The outcome of this study would be useful for IBGE (Brazilian Institute of Geography and Statistics) managers to be
aware, for instance, of the suppliers and manufacturers of equipment available (receiver and geodetic antenna, Internet connection and
constant supply of electricity) in efficient and ineffective stations, to guide new acquisitions, among other applications.
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Resumo

Discutimos uma andlise qualitativa da eficiéncia da Rede Brasileira de Monitoramento Continuo do Sistema de Navegagdo Global
por Satélite (RBMC) utilizando o método Complex Holographic Assessment of Paradoxical Problems (CHAP?), cuja premissa ¢ a
organizacdo da intersubjetividade facilitada pelo uso da representagdo visual de conhecimento estruturado (mapeamento conceitual)
para aumentar o grau de consciéncia para gerenciar os paradoxos decorrentes da complexidade dos sistemas vivos. Descrevemos
também uma avaliacdo quantitativa por meio de Data Envelopment Analysis (DEA) que permite um ranking em termos de eficiéncia
para posterior avaliagdo por um profissional da area. O resultado deste estudo seria 1til para os gestores do IBGE (Instituto Brasileiro
de Geografia e Estatistica) conhecerem, por exemplo, os fornecedores e fabricantes dos equipamentos disponiveis (receptor e antena
geodésica, conexdo a Internet e fornecimento constante de energia elétrica) de forma eficiente e estacdes ineficazes, para orientar novas
aquisi¢des, entre outras aplicagdes.

Palavras-chave: Eficiéncia; Mapa conceitual; Analise envoltoria de dados

1 Introduction

The use of GNSS technology has caused a revolution
in navigation and positioning activities. Nowadays, geodetic
and topographic studies are performed faster, more precisely
and at lower cost. As the positioning techniques have
evolved, several real-time and post-processing applications
have emerged, greatly expanding the scope of RBMC.
making the scope of RBMC increasingly broad.
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The Global Navigation Satellite System (GNSS)
encompasses the United States Global Positioning System
(GPS), Russia Glonass System, the European Union Galileo
System and China Beidou or Compass System (Monico 2007).

In operation since 1996, the Brazilian Network for
Continuous Global Navigation Satellite System Monitoring
(RBMC) was the first network of its kind implemented
in South America (IBGE 2017). The implementation,
maintenance and operation of the network are conducted by
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the Brazilian Institute of Geography and Statistics (IBGE),
with the support of dozens of other public institutions in the
country. Each station has a receiver and geodetic antenna,
Internet connection and constant supply of electricity that
allows the continuous operation of the station.

There are RBMC stations that received meteorological
sensors that record temperature, pressure and relative
humidity every minute, information that is published together
with the observation and navigation data.

RBMC contributes more effectively to national and
global climate studies, georeferencing of rural properties,
energy generation and transmission, road, air and sea fleet
control, among others.

In the geodetic and topographic applications of
GNSS, the use of the relative method is implicit, meaning
that at least one known coordinate station is also occupied
simultaneously with the occupation of the desired points.
The RBMC stations have the role of establishing the known
coordinate points belonging to the Brazilian Geodetic
System (SGB), eliminating the need for user to immobilize
receivers at points that often are very hard to access. In
addition, the receivers that equip the RBMC stations are
high performance, providing high quality observations
and reliability.

In this regard, the advantage of the RBMC is that
all its stations are part of the SIRGAS Reference Network
(Geocentric Reference System for the Americas), whose
final coordinates are accurate to the order of £ 5 mm
(IBGE 2017), forming one of the most accurate networks
in the world. Another important role of the RBMC is
that since 1997, its observations have contributed to the
regional densification of the International GPS Service for
Geodynamics (IGS) network, ensuring better precision
of the IGS products - such as precise orbits - over the
Brazilian territory.

The Complex Holographic Assessment of Paradoxical
Problems (CHAP?) is a systemic problem-solving method,
based on metacognitive maps, which helps structuring (not
solve) high-complexity problems and involves interactions
of human, technological, organizational and environmental
components (Lins &Antoun Netto 2018). This method
allows rapid investigation of the problem, since it is able
to represent the associated complexity, articulating a multi-
methodological process.

According Estellita Lins et al. (2021), the
multimethodology CHAP?2 is based on the principles of
systems science (Mobus & Kalton 2015), social complexity
theory (Castellani & Hafferty 2010), systemic thinking
(Midgley 2000; Mingers 2006), positive psychology
(Suchman, Sluyter & Williamson 2011), ToM (Malle
& Hodges 2005), multiplicity (Behars 1985; Watkins &
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Watkins 1997), metacognition (Tarricone 2011; Briflol &
DeMarre 2012), and concept mapping (Hyerle 2009), the
latter is a tool applied to the management of social problems
in several soft systems methodologies—SSM (Rosenhead
& Mingers 2001). Pereira et al. (2014) present a literature
review on SSM.

Data envelopment analysis (DEA) is applied in the
context of conceptual mapping, thus shedding light on both
quantitative and qualitative factors that influence RBMC
performance. Our aim is to propose a methodology for
performance indicators to support implementation of new
RBMC stations, with regard to the equipment used, location,
existing infrastructure, etc., using quantitative indicators.
Quantitative results allow inefficient RBMC station manager
to understand the causes of their overall efficiency in terms
of particular low partial DEA efficiencies.

This work intends to contribute to increasing
RBMC performance. With this purpose, it makes use
of the interface of qualitative management sciences and
quantitative methods.

Three golden rules for the design of a set of
indicators, according to Franceschini et al. (2008) are:

e Understand the system defined by the immediate and
the contextual processes.

o Identify stakeholders: clients, servers, and other
owners affected by the decisions.

e Assess both efficacy, efficiency and effectiveness.

This work partially fulfill the first and second rules,
as it develops maps for the system and identify factors
connected to agents’ activities that should be considered
to compose the performance indices.

Besides providing technical support and engagement
of managers, effective improvements in RBMC management
require cultural changes, strongly conditioned by world
view paradigms.

According to Estellita Lins et al. (2021) and Estellita
Lins, Antoun Netto and de Castro Lobo (2019) the integration
of quantitative indicators with qualitative descriptions of
context is a noticeable demand from many different scientific
disciplines since it contributes to linking theoretical and
practical approaches to problem solving. This work presents a
mixed quantitative and qualitative methodological approach to
aid formulation and structuring of performance measurement
of the Brazilian Network for Continuous Global Navigation
Satellite System Monitoring (RBMC).

This article is divided into three more sections.
Section 2 presents basics concepts about CHAP? Method,
Concept Map, Data Envelopment Analysis (DEA) and
Quantitative Analysis through the DEAFrontier Software.
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Section 3 outlines the case study to disclose tools for
the formulation and structuring of RBMC network and
the results obtained with the implementation of CHAP2,
Concept Maps and Data Envelopment Analysis (DEA).
Finally, Section 4 presents our concluding remarks.

2 Methodology

This section presents basics concepts about CHAP?,
Concept Map, Data Envelopment Analysis (DEA) and
Quantitative Analysis through the DEAFrontier Software.

Reference to Quantitative Analysis through the
DEAFrontier Software appears three times in the text.
I suggest dropping two of them.

If it is necessary to provide here a review of the
foundational literature regarding multi methodology and
problem structuring problems, like those of Mingers,
Midgley and Rosenhead.

2.1 Complex Holographic Assessment
of Paradoxical Problems (CHAP?)

The CHAP2 was developed at the PSIGMA Lab at
the UFRJ as a multimethodology that uses concept maps
to increase the degree of awareness to the emergence of
both coherent and conflicting issues resulting from the
complexity of living systems. The greatest motivation for
the development of the method is the deadlock and the lack
of alternatives to deal with problems in public policies, in
the sense that the use of common resources should result in
guaranteed benefits for the several social agents (Estellita
Lins et al. 2021)

CHAP2 emphasizes and makes explicit the role of
metacognition, as self-image modulates every subjective
political issue, with the identification of the different views
of the analyzed problem, extending the concept of concept
maps to metacognitive maps (Lins & Antoun Netto 2018).

The CHAP? method requires the articulation
of several recent developments (Lins et al. 2021; Lins
&Antoun Netto 2018), namely:

a) Theory of Mind as a set of important knowledge
elements to understand different human behaviors, such as
the psychology of personalities, the expression of emotions
and organizational cultures.

b) Systemic thought, successor of cybernetics
and the General Theory of Systems, which reveals
imperceptible properties and phenomena under the
dominant organizational theory.

¢) The theory of social complexity, which in
particular allows identification of existential paradoxes
and polarities, which need to be managed.
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d) Problem-based methods, which were born in UK
operational research focused on the problem-modeling
phase, and allow for contextual validation and commitment
to concrete results.

e) The representation of perspectives in relation to
problems, which can be structured through conceptual/
cognitive maps, and allows the integration of quantitative
and qualitative aspects.

f) Theory about multiplicity and dialogical self, as
well as metacognition versus self-deception, both in line
with the expression of structural paradoxes.

The method covers two instances: the perception
of the problem and the intervention in the problem, taking
into account the localized external and distributed internal
regulation, seeking to integrate the perspectives of the
analysts and the agents involved and integrate qualitative
and quantitative approaches.

External regulation is essential in centralized and
legal decision making, requiring the establishment of
quantitative indicators. However, internal regulation is
essential to the perception of complex real-world problems.

The CHAP? model approach comprises six steps,
indicated in the Figure 1 below.

Figure 1 Steps of the CHAP? (adapted from Lins & Antoun
Netto 2018).

The phase 1 from de CHAP? model had the objective
of characterizing the real system and relevant agents, that is,
describing the problem in a generalized way and identifying
the possible relevant agents to be interviewed in Phase 3.
A single map was developed at this stage.

Phase 2 from de CHAP? model consisted of seminars,
evaluations and metacognitive dynamics considering that
it is important for the facilitators (those who are working
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with the method) to express the principle of holographic
representation in the conduct of the work with the focus
group. The presentation of the method for the agents
interviewed in phases 1 and 3 was done in person, as well
as the validation of the maps with the agents, where it was
possible to identify corrections to be applied.

In phase 3 from de CHAP? model, the perception
patterns of the actors identified to deal with the diversity
of agents involved was characterized. At this stage, the
relevant agents for the characterization of the problem were
interviewed. Two agents were used in this phase:

a) An individual who works directly with the study at
the Brazilian Institute of Geography and Statistics (IBGE);

b) A user of RBMC stations.

The identification of different patterns of perception
in phase 3 supported the creation of conceptual and
paradoxical models enabling the elaboration of a workshop,
the main objective of phase 4.

In the phases 5 and 6, we validated the formal
modeling using interviews with qualified engineering
professionals, researches and the manager of Geodesy
Division of Brazilian Institute of Geography and Statistics
(IBGE) to determine quantitative variables that could be
used in Data Envelopment Analysis (DEA) model.

Insert the explanation for phase four, even if it was
not carried out as prescribed. Also insert phase five, which
consists of the data envelopment analysis methodology
used. Insert phase six, focusing on the potential use by IBGE
and contacts with potential users, demonstrating efforts
towards effective implementation of the methodology.

2.2 Concept Mapping

Concept mapping is important to make explicit when
one is seeking proposals to deal with complex problems
and not just solving a simplified part of a problem from
a particular perspective (Rosenhead & Mingers 2001). In
this former approach, the structuring of matters, issues and
situations are one of the stages of the modelling at the very
beginning of the decision-making process. In line with
Okada, Buckingham and Sherbone (2014), concept maps are
graphical tools used for knowledge representation, so that
two concepts can be connected via a link phrase, generating
a proposition. Novak (1998) presents concept mapping
as a useful tool for student learning at different levels,
as well as to assist in troubleshooting in organizations.
A graphical representation can be more effective than a
text to communicate complex content because the mental
processing of images can be less cognitively demanding
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than the verbal processing of a text (Vekiri 2002). Guidelines
on the formulation of concept maps can be found in Ruiz-
Moreno et al. (2007).

2.3 Data Envelopment Analysis (DEA)

Data Envelopment Analysis (DEA), which was
proposed by Charnes, Cooper and Rhodes (1978),
is a mathematical tool for measuring the efficiency of
homogeneous production units called DMU (Decision
Making Unit), with the objective is to compare a number of
DMUs that perform similar tasks and differ in the quantities
of the resources consumed and the outputs produced.

DEA has been used in the calculation of performance
indicators and to establish benchmarks for supporting
regulation of public sectors. The method lends itself to
use in multidisciplinary issues and complex systems, to
incorporate the opinion of specialists, in line with multi-
criteria methodologies.

Scientific methods for measurement and follow-up
of regulated firms, in particular DEA, have been developed
and are already being used by regulatory agencies in several
countries. Sherman and Zhu (2006) proposed expanding
applications of DEA in the various sectors of the economy,

Homogeneous productive units are called DMUs
(Decision Making Units) and must be comparable and
operate subject to the same conditions, considering either
contextual factors or scale of operation (Wu, Liang & Song
2010). As to the contextual qualitative factors, they can be
identified through concept mapping and used in cluster
analysis whenever data are available (Antoun Netto 2012).
However, here we do not present an extensive exposition
of the mapping and clustering techniques, but rather focus
on their interfaces with DEA modelling, as far as variable
selection and homogeneous clusters are concerned.

Two models are considered classic in DEA: the
CCR (Charnes, Cooper and Rhodes) and the BCC (Banker,
Charnes and Cooper). The first, also known as the CRS
model (Constant Returns to Scale), was originally presented
by Charnes, Cooper and Rhodes (1978) and works with
constant returns to scale, that is, any variation in inputs
produces proportional variation in outputs. The second, also
known as VRS (Variable Returns to Scale), was introduced
by Banker, Charnes and Cooper (1984), considers returns
scale variables and replaces the axiom of proportionality
between input and output by the axiom of convexity (Antoun
Netto 2012).

There are 2 (two) formulations used in the DEA
Models, namely: Envelopment, which defines a viable
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production region and works with a projection of each
DMU on the border of this region; and Multipliers, which
uses the weighted sum ratio of products and resources.
Regarding the orientation, the efficient frontier is sought,
minimizing the inputs and keeping the level of observed
outputs constant; or maximizing the outputs and keeping
the level of observed inputs constant convexity (Antoun
Netto 2012).

2.4 Quantitative Analysis

The DEAFrontier software uses Excel Solver as a
mechanism to solve Data Envelopment Analysis models.
It is important to report that numeric weight restrictions
were not introduced in the models. In determining the
RBMC’s goals and indicators, each station is represented as
a decision making unit (DMU) with autonomy. In addition
to choosing variables and DMUs, DEA modeling requires
the choice of the model, either in relation to orientation or
return to scale. In this case study, we used the DEA VRS
model with oriented output.

While classical models assume that inputs must be
minimized and outputs maximized, the production process
can generate undesirable outputs that must be minimized.
One of the most commonly used approaches to deal with
this problem is the multiplicative inverse transformation
(MLT), which was proposed by Golany and Roll (1989), and
consists of calculating the inverse value of each unwanted
output, transforming it into a desired output. Another
approach was adopted, which considers the unwanted
output as input to the DEA model.

Data Envelopment Analysis optimizes each
individual observation in order to calculate an efficiency
frontier boundary, determined by units that are Pareto
efficient. The Pareto efficiency concept seeks a set of units
not comparable to each other, which are extreme-efficient
and better than the others in at least one aspect or dimension.
That is, they focus on characterizing the efficient faces of
the problem solving space (Stewart 1996).

Once the variables have been properly identified,
a report containing the ranking in terms of efficiency and
the benchmarks is generated. Then all that is needed is to
correct assessment of the report to obtain the quantitative
analysis of the problem.

3 Results and Discussion

This section presents and comments on the results of
the evaluations of Conceptual Map and Data Envelopment
Analysis (DEA).
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3.1 Conceptual Map

The conceptual map was the final product of the
qualitative analysis, being used to identify the variables
of the problem under study and possible suggestion of
feasible solutions, the aim of the fifth and sixth phase of
the method. The paradoxical map was not elaborated, as
there was no disagreement among the respondents. The
concept maps depicted relevant variables to apply for the
quantitative analysis using DEA.

This work used a computational tool called
CmapTools, version 4.11, developed by the Institute for
Human and Machine Cognition (IHMC) of the University of
West Florida, which allows users to construct, navigate, share
and criticize knowledge models represented as concept maps.

The resulting formulation and structuring of
Brazilian Network for Continuous Global Navigation
Satellite System Monitoring (RBMC) is consolidated in
the concept maps shown in Figures 2 through 4. Note that
the original concept map is divided into 3 (three) parts
in order to permit visualization and interpretation of the
concepts, linking phrases and existing connectors.

The concepts with a gray background correspond to
quantitative variables and also suggest using a management
tool that can be used in hard operations research methods,
such as data envelopment analysis (DEA).

Conceptual Map area called referenced with the letter
“C” in Figure 2 shows that one of the variables identified in
this problem was “days of operation”, which is the number
of days that the station was working perfectly in the year.

Conceptual Map area referenced with the letter “B”
in Figure 2 shows that another variable identified was the
multipath effect, which is the error that results in the GPS
signal that reaches the receiver through more than one
path (such as when its location is near buildings or other
elevations, metallic structures or water surfaces). This effect
appears because the satellite signal does not always travel
directly to the antenna. It can hit some object before and be
reflected to the antenna, creating a false measurement. The
effects can be estimated using a combination of frequency
fl and f2, code and carrier. It can usually be computed by
L1 (MP1) and L2 (MP2).

The last variable identified was the quantity of free
electrons in Conceptual Map area referenced with the letter
“A” in Figure 3, caused by solar explosions, present in
the ionosphere, which cause a delay in the GNSS signal.
A correction is made for the effect of the ionosphere on this
captured signal and therefore this variable does not appear
in the reports of the stations and was not considered for
the quantitative analysis of this work.
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Table 1 containing the identified variables of the
problem that were used to identify them.

3.2 Data Envelopment Analysis (DEA)

Although classic DEA models assume that
inputs must be minimized and outputs maximized, the
production process can also generate undesirable results
(outputs) that should be minimized. This is the case for
the multipath 1 (MP1) and multipath 2 (MP2). One of the
most commonly used approaches to deal with this problem
is the multiplicative inverse transformation (MIT), which
was proposed by Golany and Roll (1989), and consists
of calculating the inverse value of each unwanted output,
turning it into a desired output in radial VRS (Lins et al.
(2011) and Seiford and Zhu (2002)) and SBM (Slacks-Based
Measure) DEA models which was introduced by Tone
(2001) put aside the assumption of proportionate changes

most of the stations are placed on the IBGE anld'INCR'A have
buildings' slabs to ensure safety specific projects

and usually

the stability of the equipment

Antoun Netto et al.

in inputs and outputs, and deal with slacks directly. Scheel
(2001) discusses various transformations of undesirable
output data. The first indirect approach to incorporating the
undesirable outputs in the model is by transforming them
by the additive inverse method, using values f(Q) = —Q.
This approach was suggested by Koopmans (1951). The
technology set defined by both approaches are identical.

Explanation regarding multiplicative inverse
transformation is duplicated. I suggest dropping the
second one.

We used the MIT approach, assuming multipath
1 (MP1) and multipath 2 (MP2), an undesired output. The
database used in the DEA model was the information system
of the RBMC for the year 2016. The variables used were
operating days, multipath 1 (MP1) and multipath 2 (MP2).
All entered as outputs in the software used. The variables
MP1 and MP2 entered as undesirable outputs and therefore
the values 1/MP1 and 1/MP2 were used.

INCRA-National Institute for Colonization and Agrarian Reform]

. / which is responsible for
for instance

[

and created a
have resources for purchasing
GNSS devices partnership with IBGE

[ are low buildings to ensure J

| a pocket of warm underground
: where
for natural water that is used

( we would have to see how much the building is sinkingJ

for instance

the National Institute of Geography and Statistics
of Mexico, located in the city of Aguas Calientes

the whole city is sinking ‘

due to

( acquired 50 GNSS equipment]

and

i IBGE was responsible for the installation,
but in fac configuration and operation of the station

wh ere/_{

|
which

the records said that this building
sank 10 cm in the year

and INPE have given to RBMC

] register the support that INCRA ]

without leaving
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[ has a GNSS station for continuous operation ] [

has great impact on the which
public budget issue

did something happen

[ need to update equipment J

[have access available to IBGEJ

k,-,—to verify that
had peak energy /

[ the internet link stopped working)

Pl

[offer protection against electric shock]

which

[ be analyzed by the IBGE team]

need ( have a structure of the host institutionj

all countries in the world have some which is
government institution, usually \

as

( the RBMC data collected the day before]

a geodetic network
of?

[ responsible for development] [

[ presupposes the implantation in each country)

[ the late 30s / early 40s

will depend on the characteristics of the
host institution's local network
which

of:
\\which

and
Since-(IBGE-Brazilian Institute of Geography and Statistics)‘*iS

Figure 2 Conceptual map for RBMC ( Part 1).
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Figure 3 Conceptual map for RBMC (Part 2).
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Figure 4 Conceptual map for RBMC (Part 3).

The software generated a report that can be seen in
the Figure 5 below. Implementation of the DEA model was
performed through the DEAFrontier software, developed
by Professor Joe Zhu of Worcester Polytechnic Institute.
In determining targets and indicators of RBMC station,
each station is represented as a DMU (decision making
unit) endowed with autonomy.

In the generated report, some DMUs, although the
calculated efficiency resulted in the value 1, are in the
Pareto inefficient region. They would only be efficient
if the benchmark was itself efficient (see the DMUs
COAM, MTVB, SPS1 and UFPR in Figure 5). In this way,
efficiencies were recalculated using the output-oriented
Russell measure, where the new values replaced those
“false results”.

One of the first non-radial efficiency measures,
Russell’s measure (as proposed by Fére & Lovell 1978),
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Table 1 Identified variables.

Concept map area where

Variable the variable was located

Days of operation
MP1 in carrier phase L1

MP2 in carrier phase L2

> U W O

Presence of free electrons

minimizes the unweighted arithmetic mean of the
proportional reduction of all individual inputs while
maintaining the level of outputs constant. This measure
was later generalized to the non-oriented case in which
inputs and outputs can change the productivity frontier.
The Russell efficiency graph (Fare, Grosskopf & Lovell
1985) with reference to a general technology T: (eio, and
fBro are, respectively, the input and output values).
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Figure 5 DEAFrontier software Report.
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In Equation 1, when Pro is not considered, the above
function reduces to eio/m, and this is the input to Russell’s
measure of efficiency as first proposed by Fére and Lovell
(1978). The Russell measure can therefore be defined by
an input or output orientation or no orientation (as above).
In any case, the outcome of the efficiency measure reflects
all sources of inefficiency.

1
Nt 0+ Zf‘:lm
Russells = min —mIs

(61 Bryr) €T, 6. <1, By > 1} €))

Afterward, the inverses of the efficiencies were
calculated and the new values were placed in descending
order to obtain the final ranking, as can be seen in the
Table 2 below.

Table 2 Final DEA Efficiency.

Antoun Netto et al.

A Geodesy Division of Brazilian Institute of
Geography and Statistics helped to make an evaluation for
the first and the last ten stations from the generated ranking to
learn the possible conditions explaining the presented order.

Some stations had a worse result because they were
down for a while, but that does not mean the data or the
Internet connection to those stations was bad.

The RIOD station is on the list of the 10 best ones,
because it is located inside the IBGE’s premises.

Most of the stations that were ranked as the best
ones are at universities, like UFPR, PPTE MGRP, SMAR,
GOUR, SPFR, and RJCG. This is an advantage for the
universities that collaborate to operate the stations.

The 10 worst stations are located mostly in the Amazon
and Midwest regions where the most serious problems with
Internet, electric discharge and power outage exist. MSCO, for
example, was disabled in 2016, explaining its poor evaluation.

Ranking Stations Efficiency

1 COAM, MTVB, SPS1, UFPR 1

2 MGRP, SMAR, GOUR, MTJI, PASM, RJCG, RIOD, PPTE, SPFR, PITN 0,997268
3 CEEU 0,997154
4 MGV1 0,996274
5 PBCG, PEAF, BATF, MABS 0,994536
6 AMUA, MTCO, RNMO, BELE, SCAQ, SPLI 0,991803
7 POVE 0,991655
8 PBJP, SPBO, SISP 0,989071
9 MSCG 0,986890
10 AMCO, MTCN, RNPF, ROGM, RSCL, BAIT, POLI 0,986339
1 CuiB 0,985844
12 CRUZ 0,985813
13 BAIR 0,985194
14 SSA1 0,984045
15 AMTE 0,983965
16 IFSC, NAUS 0,983607
17 SEAJ 0,983540
18 RIOB 0,982579
19 POAL 0,981242
20 MGUB, SPDR, CEFE 0,980874
21 GOJA, NEIA, SPTU, TOGU 0,978142
22 GAVAL 0,977531
23 BAIL 0,977525
24 MGMC 0,977199
25 IMPZ, MGBH 0,975410
26 ONRJ 0,974694
27 RSPE 0,973871

Anu. Inst. Geociénc., 2022:45:48250
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Table 2 Cont.

Ranking Stations Efficiency
28 PICR 0,972678
29 TOPL 0,968837
30 BRAZ 0,968208
31 CESB 0,967523
32 BOAV 0,967213
33 PIFL, SPPI 0,964481
34 CEFT 0,961749
35 PEPE 0,960533
36 SCCH 0,959501
37 ITAM 0,959016
38 ALAR, OURI, EESC 0,956284
39 SCLA 0,955176
40 MGIN 0,954063
41 RSAL 0,954018
42 RECF, PISR 0,953552
43 MABB 0,951962
44 PRCV 0,951038
45 AMHA, IMBT 0,945355
46 MTSR 0,942623
47 SAGA 0,940058
48 MABA 0,939891
49 BAVC 0,937474
50 ROCD 0,932357
51 UBE1 0,930876
52 MTSF 0,920149
53 MAPA 0,919170
54 RNNA 0,909078
55 PRMA 0,907684
56 ROJI 0,907104
57 APS1 0,904372
58 GOGY 0,901603
59 PAAT 0,893443
60 APLJ 0,890710
61 AMBC 0,885246
62 ILHA 0,879781
63 BABJ 0,871585
64 PAIT 0,860656
65 JAMG, MTNX 0,857923
66 CRAT 0,856247
67 VICO 0,855537
68 SPAR 0,852947
69 MC11 0,850107
70 SPC1 0,836602
71 ROSA 0,833333

Anu. Inst. Geociénc., 2022:45:48250 11



Integrating Qualitative and Quantitative Methods...

Antoun Netto et al.

Table 2 Cont.
Ranking Stations Efficiency
72 MSDR 0,827972
73 SPJA 0,792350
74 BABR 0,790237
75 UBA1 0,788135
76 PRGU 0,779771
77 CHPI 0,745902
78 SCFL 0,727376
79 SALU 0,726776
80 SJRP 0,699454
81 AMPR 0,655738
82 MSAQ 0,612022
83 MTBA 0,590164
84 BEPA 0,554645
85 AMTA 0,530055
86 SPBP 0,524590
87 AMMU 0,521858
88 SPFE 0,500000
89 MSCO 0,418033

4 Conclusion

This work illustrates the use of CHAP? to establish
a qualitative context that can support the design and
structuring of RBMC. Qualitative modeling is performed
through concept mapping, which can support variable
selection used in Data Envelopment Analysis (DEA).

This work also testifies the multidisciplinary
approach of Engineering, that combines Geodesy and
Operational Research to evaluate the Brazilian Network
for Continuous Global Navigation Satellite System (GNSS)
Monitoring (RBMC).

We intend to extend the method to include other
Geomatics applications and their use in engineering. Finally,
it is important to inform that the qualitative and quantitative
results will be further validated by qualified engineering
professionals, regarding the potential for improvements
and the observation of the recommendations of Brazilian
Network for Continuous Global Navigation Satellite System
(GNSS) Monitoring (RBMC).
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