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Quality Management System in Educational
Institutions: Integration of FMEA and
PROMETHEE I

Renata Maciel de Melo *, Everton Ramos dos Santos °, Maria Helena Lasserre Ferreira®
& Luciano Pereira da Silva Santos ©

Absiract-  Competitiveness is  increasingly rooted in
organizations. Therefore, the pursuit of excellence in the
provision of services has been a challenge for those wishing to
occupy prominent positions. This reality is usual in public
schools that make decisive decisions in the face of
constraints, as resources are limited and need to be well
managed. Quality management has been a strategy adopted
by many educational institutions in the pursuit of process
improvement and has inspired many organizations in this
regard. This work intends to be an opportunity for schools
experiencing difficulties in implementing and maintaining a
Quality Management System (QMS) based on ISO
21001:2018. For this, we propose amodel, which aimed to
integrate the Failure Mode Effects Analysis (FMEA) of the
process and the PROMETHEE |l method and the adoption of
two new criteria (Difficulty for failure mode resolution and Time
required for fault mode to be “solved”). The model was
composed of alternatives that represent the potential failure
modes of Traditional FMEA, which were raised in the literature
and through a semi-structured interview with the decision-
maker. The differential of this work is in the adoption of two
new criteria that differ from those addressed on traditional
FMEA: Difficulty in failing mode resolution and Time required
for the failure mode to be “cleared.” The application happened
in an institution of the integral public education system,
located in the State of Pernambuco (Brazil), supported by the
Visual PROMETHEE software. In the end, the ordering among
the barriers considered most critcal to the QMS
implementation process was obtained and, there was the
development of guidelines to solve them.

Keywords: quality management system, educational
institution; FMEA; PROMETHEE 1.

. INTRODUCTION

n general, consumers have changed their way of
thinking and acting, being more demanding in terms
of the search for the added value that products and
services can provide them. This change is no different in
the educational field, since defining quality in education
is not trivial because it involves several functions and
activities that directly or indirectly influence the concept.
The growth in the number of public educations
institutions in Brazil, inrecent decades, has driven

Author —a: Department of Technology, Federal University of
Pernambuco, Caruaru, Brazil. e-mail: renatamaciel0@gmail.com

studies and research on the dynamics of what has led
to this evolution and its influence on the educational
development of the country. From this, several
opportunities arise on how to improve the management
process to guarantee quality in education.

Even with so many different definitions, there is
a common understanding that quality in education is not
measured only by the performance of students. It is
above all, according to Coutinho & Borges (2018), a
consequence of well-conducted processes that lead to
the expected learning, which offers an adequate for the
acquisition of knowledge and well-prepared and
instrumentalized teachers for the conduct of students.

According to Cassol et al. (2012), the quality of
Brazilian education has low-performance rates when
compared to other countries in the world. Among the
major causes related to this, the same authors mention
some: lack of investment efficiency, ill-prepared
professionals, lack of adequate school management,
etc. Achieving excellence in teaching is today a huge
challenge and, schools need to develop different
strategies than what has been offered today to achieve
this goal.

Santos & Melo (2019) define that quality
management is an essential perspective for the
development  of  efficient  management, and,
increasingly, managers of  organizations  are

complementing their strategic quality planning with the
support of the other tools to achieve competitive
advantage. In this context, having an effective quality
management system (QMS) is essential to maintain a
regular supply of high-quality products and services to
customers (Zu & Kaynak, 2012).

Therefore, according to Cassol et al. (2012), the
adoption of a quality management system in education
seeks to ensure that planning, organization, control, and
leadership are conducted, ensuring assertiveness and
continuous improvement of its performance and,
especially quality of education, that is the development
of student’s skills.

Organizations regularly need to make decisions
under varying criteria that conflict with each other.
Based on this scenario, developing a multi criteria
analysis that assists in this process will be of great help

© 2020 Global Journals
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in minimizing the negative consequences that decision-
based on only one criterion can cause.

Consequently, this work seeks to develop a
multi criteria analysis to order the most critical failure
modes in the process of implementing and maintaining
a QMS is a public-school institution. For this, there was
the integration between the FMEA of the process and
PROMETHEE II.

[I. QUALITY MANAGEMENT IN EDUCATIONAL
[NSTITUTIONS

For the institutions to function correctly,
according to Rodriguez-mantilla, Fernandez-cruz&
Fernandez-diaz (2019), they must have enough teachers
and resources to carry out their activities. However, such
an action does not always happen.

In the last decades, there has been a
development and massification of education, which has
not always corresponded to the transfer of public funds
for education in the same proportions (Parker, 2002).
This situation has led educational institutions, in the
sense of guaranteeing quality, to seek to do more and
better with fewer resources (in relative terms) and has
raised issues of management effectiveness and
responsibility. For Sahney, Banwet, and Karunes (2004),
quality starts with the client and at the same time is
conceptualized by the client, so it is up to them to
identify and provide the best performance with the
resources that the organization has.

| this context, the educational institution that
intends to achieve excellence in its services through a
quality management system must present specific
characteristics (Figueiredo Neto & Rodrigues, 2000):
focus centered on its main client, the student;
managers’ commitment, vision, documented and
optimized processes, trained employees to perform
tasks, information with quick and correct circulation,
concern with innovation and change and strong team
spirit.

In the face of all of this discussion, a term
widely applied in the practice of quality management in
education and which is fundamental to the pursuit of
excellence is Total Quality Management (TQM), in other
words, it is a management approach used by an
organization centered on quality, where the participation
of all members is extremely critical and fundamental for
the achievement of successful objectives. Wahid (2019)
records this fundamental aspect of everyone’s
involvement to obtain good results at the university, for
example.

In this way, TQM can be considered as the
basis for the implementation of other improvement
approaches. In education, a difficulty pointed out by
Xavier (1991) is that the raw material of the processes,
the student, is heterogeneous. Each one brings a wealth

© 2020 Global Journals

of knowledge, customs, cultures, etc., making the exit
process a very unpredictable process.

The same author also points out are five points
that managers must consider in education in the search
for total quality, namely:

e Compliance: the service provided by the institution
must be by the previously defined specifications;

e Prevention: involves the measures used by the
institution to avoid mistakes made in the process;

e Excellence: refers to meeting quality requirements
ate all stages of a process, turning a product or
service free from defects;

e Mediation: it is the source for decision making since
it is necessary to measure actions and results to
find opportunities for improvement;

e Responsibility: the need for everyone involved in the
institution to understand their responsibility for the
functioning of the process.

On the other hand, some difficulties may arise
in this attempt to get closer to the characteristics of
TQM, requiring strong attention from the manager on the
following points: passivity of management, change of
objectives, search for immediate results, changes in
administration, among others.

a) NBRISO 15419 AND ISO 21001

The I1SO 9001 Standard contains the
requirements for an organization to have its QMS
certified. The scope and generality of this standard do
not take into account particular and peculiar aspects of
the different types of organizations and, therefore, the
terminologies are generic

Thus, one of the prime difficulties in applying
the ISO 9001 standard in the educational area was
terminology. Hence the decision to develop a document
that would offer the guidelines and enable
establishments to improve management, and
consequently, education.

From this, the ABNT (Brazilian Association of
Technical Standards) standard NBR ISO 15419 came to
be, which aims to facilitate the comprehension and
interpretation of the requirements of ISO 9001 under the
understanding of the organizations involved as an
educational sector, using the specific terminologies of
this sector.

However, in May 2018, ISO 21001:2018 was
launched, which was the first edition of the international
standard for management systems for educational
organizations (EOMS). The Portuguese version of the
norm was due to be launched in 2019. The main goal of
this standard is to be a management tool, prevalent to
educational  organizations, to respond to the
expectations of interested parties. All requirements of
ISO 21001:2018 are generic and any educational
organization can apply it.

While educational organizations and students
are the main stakeholders and beneficiaries of this



document, all other stakeholders will also gain from

standardized management systems in educational
organizations.
Among the potential benefits that an

organization can obtain with the implementation of an
EOMS, we can mention, according to Nogueira (2018):
better alignment of objectives and activities with police,
greater social responsibility, more personalized learning
and effective response to all students, consistent
processes and assessment tools to demonstrate and
increase  effectiveness and  efficiency, greater
organization credibility, culture for organizational
improvement, etc.

I1I.  FMEA IN THE CONTEXT OF QUALITY
MANAGEMENT

Santos & Melo (2017) define that FMEA is a
valuable team activity that can help in the creation or
restructuring of a quality assurance program with to
improve safety, quality, and efficiency.

FMEA is a tool widely used to obtain good
results both in the product and in the process. For
Rabelo, Silva & Peres (2014), the FMEA methodology is
put in place to define and prioritize the corrective
methods in a project, thus becoming aware of the
critical, significant characteristics and, finally, developing
a checklist of prevention for failures. According to Kibria,
Kabir &Boby (2014), the successful activities by FMEA
facilitate the identification of failure mode according to
experiences, reducing cost and development time.

According to Ford et al. (2014), despite being
valuable, the FMEA also has some crucial limitations
that must be appreciated, one of which is the inability to
identify all possible failure modes. Therefore, it is
possible to see FMEA as complementary to other
improvement methods and tools.

This tool takes into account the use of import
elements: type of potential failure, the effect of possible
fail, cause of the failure, current controls, indexes,
recommended actions, implemented measures,
preventive actions, containment actions, etc.

Santos & Melo (2019) point out that the faults
considered most critical will be the first in the ranking,
thus being a priority for the application of improvements.
The determination of the risk priority index (Risk Priority
Number — RPN) is performed based on the product
between three indices defined by Liao & Ho (2011):

e Severity (S): indicates the degree of impact caused
by the failure of an individual component or
procedure;

e OQOccurrence (0): indicates the degree of the
frequency with which a defeat can occur;

e Detection (D): indicates the degree of impact
caused by the fail that cannot be detected.

In this specific work, where the process of
implementing a QMS in an institution of the public

education system was analyzed, the process FMEA was
used, which after collecting the main flaws/difficulties
found in the literature and through a semi-structured
interview with the institution’s manager, it analyses their
criticality about the process of implementing a QMS
based on ISO 21001:2018 standard.

Due to the complexity of the QMS
implementation process, the study of the main failure
modes requires a multicriteria analysis, since it is difficult
to make a decision based only on one criterion and, in
most cases, these criteria are in conflict with each other.

IV.  MULTICRITERIA DECISION METHODS

The purchase of consumer goods, personal
items, household appliances, and even the choice of an
educational institution are problems faced daily by
people. The solution to many of these types of
difficulties is, in most cases, based on a single decision
parameter, cost. Nevertheless, not all decisions are
summarized just in this, which leads the decision-maker
to seek the best decision support methods that satisfy
his application needs.

The first methods of decision support started to
emerge, in estimation, around the 70s, which for Olson
(2001) the development of comparative research about
the methodology of support for the multicriteria decision,
has been showing that there is not one that stands out
from the other, involving the entire context of the
decision. Thus, it is up to the decision-maker to use the
best method for that specific situation.

For Cavalcanti & Almeida (2005), we can see
multicriteria decision support as a set of methods that
lend themselves to clarify a problem, in which multiple
criteria evaluates the alternatives, which are normally
conflicting.

Gomes Junior et al. (2011) put out that the main
factors analyzed in choosing a multicriteria decision
support method are analysis of the context, actors, and
preference structure associated with the problem.

a) PROMETHEE Il

The family of PROMETHEE methods aims to
build a relationship of Outranking; this family adds
information between the alternatives and the criteria and
uses this relationship to support the decision. In
PROMETHEE, the decision maker's preference in favor
of one option over another option b increases with a
bigger difference [f; (a) - f; (b)] between the performance
of the choices for each criterion j and f; (a) and f; (b),
respectively, are the values of the performance of the
options a and b in criterion j.

Brans and Vincke (1985) presented six different
ways to determine such a preference, which have values
between 0 and 1 from the definition of the general
functions, or preferably. Type | — Usual Criterion, Type II-
U-Shape Criterion, Type Ill- U-shape Criterion, Type V-
Level Criterion, Type V- Linear Criterion, and Type VI -
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Gaussian Criterion are the classifications of these the areas of Administration and Maintenance and
functions. Computer Support.

The PROMETHEE II, the focus of the work, took The installed capacity of the school follows the
the non-compensatory hypothesis, which tends to favor ~ standard of state technical schools in the state of
more balanced alternatives (alternatives that have Pernambuco, Brazil, and has twelve classrooms, six
reasonably good ratings in all criteria) and provides a laboratories, two specific laboratories, for craft courses,
cardinal score for each proxy that is possible to use to  an auditorium, a library, a multisport court (covered and

develop a pre - complete order. with a changing room), a coffee shop, canteen, and a
This method ranks the alternatives, establishing  living area.
an order of ®(@) = ®*(a) — @'(@) (liquid flow); establishes The school is not certified by ISO 21001:2018,

a complete pre-order among the alternatives. (BRANS &  but it is concerned with developing its activities with a
VINCKE, 1985; BRANS & MARESCHAL, 1992;: TALEB & focus on quality so that it can effectively serve interested

MARESCHAL ,1995): parties. The manager has excellence as a priority and

works with the expectation of making the school

V. PROPOSAL AND APPLICATION OF THE recognized by society as a reference for professional
MoODEL education.

The proposed model aims to integrate FMEA  b) Alternatives
and PROMETHEE I, wanting to order the difficulties Some results, gathered from the literature, were
(from the most critical to the least critical) encountered  presented to the decision-maker regarding the biggest
in the process of implementing and maintaining a QMS, obstacles in the process of implementing and
based on ISO 21001:2008, in an institution of the public ~ maintaining a QMS in organizations as a whole. Also,
comprehensive education network in the city of the authors conducted a semi-structured interview with
Bezerros, in the rough Pernambuco state. the institution’s manager, who addressed the five

For the construction of the model, it was fundamental points that must be considered in
necessary to identify the alternatives and the criteria that ~ education in the search for total quality, in addition to
will go under evaluation, as well as their particularities, to  taking into account elements such as infrastructure,
then be applied with the aid of the Visual PROMETHEE information exchange process, the role of the state,
software, and thus, obtain what is expected of it more involvement of families, etc. From this, it was possible to
effectively. identify new failure modes for the multicriteria analysis.

At the end of this stage, the authors raised the
eleven main difficulties that the manager has
encountered, as shown in Table 1.

a) Description of the Education Institution of the Case
to be Applied

The studied school has been operating since

2012. High school has integrated technical courses in

Table 1: Model alternatives

Label Alternatives Source
Educational Institution Manager and
MokhtarSanyet al. (2013)

A2 Lack of resources Biasini (2012); Tanabe & Souza (2006);

Educational Institution Manager and Beer
(2003) and Klein &Sorra (1996)
Biasini (2012); Tanabe &Souza (2006); Beer

A4 Staff demotivation (2003); Taylor & Wright (2003); Klein
&Sorra (1996)

McLean & Antony (2014); Beer (2003);

A5 Change in school culture Klein &Sorra (1996); Biasini (2012); Tanabe

& Souza (2006); Fleury(1993).

Al State bureaucratic requirements

A3 Failure to communicate with teachers

A6 No internship requirement for technical courses offered by

the school
A7 Low family participation in monitoring children at school Educational Institution Manager, Taylor &
A8 Insufficient full-time staff Wright (2003)andMokhtarSanyet al. (2013)
A9 Lack of a team of psychology professionals
A10 Resistance by the outsourced team of general services
A1 Not knowing the demands of students regarding the

technical courses offered by the school

Source: The authors (2020)
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c) Criteria

According to Roy (1996), we can understand a
criterion as being a tool that allows the comparison
between alternatives according to the point of view or
from the perspective of significance.

Given that there are many sceneries that may
require different levels of importance, the decision
model must consider the subjectivity of the decision-
maker for decision making. This approach is not
common to traditional FMEA.

So, through the semi-structured interview, the
decision-maker understood the definition of the criteria
and considered the following criteria for this model:

e The occurrence of failure mode (O);
e Possibility of the failure not being detected (D);
e The severity of disaster (S);

o Difficulty in resolving failure mode (DIF);
e The time required for the failure mode to be
“eliminated” (T).

Given the chosen criteria, it is indispensable to
clarify that the first three (occurrence, detection, and
severity) refer to the traditional FMEA and that the
choice for the last two (difficulty and time) was so that
there would be a substantial contribution to the analysis,
further refining the assessment made through the FMEA
and making the study more robust and refined.

For each of these criteria, the objective
(minimizing and maximizing), weight (importance), and
the preference function were established by the
decision-maker, as shown in Table 2.

Table 2: Details of the criteria

Criteria Objective Weight Preference Function
Occurrence Maximizing 0,2 Usual
Detection Maximizing 0,1 Usual
Severity Maximizing 0,3 Usual
Difficulty Maximizing 0,2 Usual
Time Maximizing 0,2 Usual

The evaluation of the weights attributed by the
decision-maker occurred in a direct (interactive) way.
The authors based the objective chosen for each
criterion on the Likert scale used to assist in the
identification of its criticality regarding the alternatives
(Tables 3, 4, 5, and 6). To find the most critical flaws, the
authors established to maximize the resolution time in
months. For the criteria of occurrence, detection,

Source: The authors (2020)

difficulty, and severity, the objective chosen was also the
maximize, as the values of the nominal scales of the
software are different comparing to those of the model
(Table 3, 4, 5 and 6), in which very bad =1 and very
good=5. Then, as you maximize the best outcome from
the software, you also maximize the most critical result
from the model.

Table 3: Scales used to determine the occurrence of failures

Occurrence Likert Scale
Unlikely It rarely occurs in the process 1
Too Small Failure occur, but not too often 2
Moderate Sometimes the cause of failure during the process occurs 3
High Failure occurs quite frequently during the process 4
Alarming It occurs routinely during the process 5
Source: Santos & Melo (2019)
Table 4: Scale used to determine failure detection
Detection Likert Scale
Hiah The failure is immediately identified in the process as a decisive factor ’
9 for the good functioning of the QMS
Moderate The failure is easily identified in the QMS implementation process 2
Small The failure is commonly found, but not in most areas 3
Too Small The failure is is only visible in some areas 4
. The presence of a failure is in the QMS implementation process is rarely
Unlikely noticed 5

Source: Santos & Melo (2019)
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Table 5: Scales used to determine the severity of failures

Severity Likert Scale
Just Noticeable The failure is not important, becoming irrelevant to the QMS implementation 1
process
. The failure exists, but it does not hinder the the operation of the QMS
Little Importance 2

implementation process

The failure exists and even though it is not so alarming, it contributes

Moderate together with other flaws so that at least 50% of the functioning of the QMS 3
implementation process is compromised
The failure exists and is already seen as an alarming factor that contributes
Serious together with other flaws, so that at least 80% of the functioning of the QMS 4
implementation process is compromised
Very Serious The failure exists and prevents the QMS implementation process from 5

working

Source: Santos & Melo (2019)

Table 6: Scales used to determine the difficulty in solving failure modes

Difficulty

Likert Scale

Too Small

Small

Moderate

High

Alw|no|=

Very High

5

The time necessary criterion for the failure mode
to be “eliminated” was the only one not to use a five-
point Likert scale since it was attributed to it the
expected number of months that each alternative would
take to be solved.

d) Application of the Model on Visual Promethee

The authors used Visual PROMETHEE software.
To apply the model to the software, the traditional FMEA
table (considering the criteria chosen for the model) was
elaborated together with the decision-maker through an

Source: Theauthors (2020)

interactive process, to collect information about the
controls that the institution has currently to detect and
prevent failure modes. Also, there was the discussion
about possible preventive actions to solve these failures.
Then, the manager assigned the score for each
alternative based on the scales established for each
criterion and settled the number of months that would
be needed to solve the potential failure modes for the
time criterion. Tables 7, 8, and 9 present the result of the
FMEA application.

Table 7: Application of FMEA part 1

= :
poTenTiAL | EFFECT(S) OF POTENTIAL CAUSE(S) | & | ConRENT bl £ |recommENDED PREVENTIVE]
FAILURE MODE POTENTIAL 'OF FAILURE 3 PREVENTION DETECTION § ACTION
FAILURE : » CONTROL CONTROL =
BHISHITEHE Spends more time Demand

with the bureaucratic
and less with the

Business management

bureaucratic applied in education

requirements

[}

distribution with
the management

Higher number of servers in

& (et el the administrative part

%]

pedagogical team
Lackoreducond) Delays in transfers and Regularize onlending and
Lack of resources | support material and | 4 it 4 There is not 1 There is not 5|6 =g q

insufficient amounts
maintenance

correct amounts

Confirmation of

Failure to ; ; 5 receipt of Establish unified
5 Lack of alignment in Lack of standardization of
communicate with 2 3 |information by the | 4 | Instock valuations | 3 | 2 communication
actions the communication process =
teachers messaging mechanisms
application
Ongoing training " y
Staff demotivation Low profit 2 Overwork and low pay 2 | and pedagogical | 4 Banoniily 3|6 Opmization of wotidoad
monitering and career enhancement

meetings
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Table 8: Application of FMEA part 2

3 -
FFECT (S) OF = CURRENT CURRENT
POTENTIAL = L4 POTENTIAL CAUSE () | & HEN i £ | RECOMMENDED PREVENTIVE
FAILURE MODE POTENTIAL OF FAILURE 2 PREVENTION DETECTION “sl ACTION
' FAILURE 9 CONTROL CONTROL =
Family meeing at Evaluation of famil Systematic planning to raise
Change in School Lack of co-responsibility of school and parent v ¥ P 9
Low acceptance 2 and parent and 3 | 12| awareness among school
Culture school actors and teacher
teacher meetings actors
meeting
ha !nternsh\p Brovelc Manitoring the Establish elective courses
requirement for Mare theoretical and % opportunity for - & 4
. . g 2 Change in legislation 3 professional life of | 5 | 12| that enable professional
technical courses | less practical training contact with 3
: graduates practice
offered by the school practice
LO.“{ famly. . Famidy mecingat Evaluation of family Planning attractive and
participation in Lack of follow-up in school and parent
; 3 | Culture of non-responsibility | 4 and parent and 2 | 12| differentiated actions for
monitoring children |students' academic life and teacher
teacher meetings parents and guardians
at school meeting
: : gy . Location of full-time teachers
Insufficient full-time | Non-availability of full- Existence of hired Request for full- Elaboration of
. 3 3 . o L 3|6 to attend 100% of the
staff time professional professionals time professionals bimonthly plans
workload
Source: The authors (2020)
Table 9: Application of FMEA part 3
; EFFECT (S) OF 2 CURRENT CURRENT =
POTENTIAL (8) POTENTIAL CAUSE (S) | & 5 RECOMMENDED PREVENTIVE
FAILURE MODE POTENTIAL OF FAILURE 3 PREVENTION DETECTION £ ACTION
FAILURE o CONTROL CONTROL =
Large number of o ’ 2 .
Lack of a team of Monitaring of 7 Establish partnerships with
students with Pedagogical t
psychalogy 4 Mo function in schools 5 students and 5 | 42 entities and / or
A psychological g 5 support : =
professionals family orientation professionals in the field
problems
Resistance by the AR . . .
R Lack of professional 4 Political |n.terf.erence in 4 Thra s ik Thara s figk 4le Sele;tlon of professionals by
: performance nominations curriculum and experience
general services
Mot knowing the
demands of students| Offer of courses that ihieis o choosin Optimization of the criteria
regarding the do not meet local 2 9 X There is not There is not 2 | 12| for choosing the courses
courses
technical courses interest offered
offered by the school

From this assessment, the Visual PROMETHEE
software used pertinent information from the FMEA
(Tables 7, 8, and 9) and Table 2. Following the
procedures of the PROMETHEE Il method, the table 10

Source: The authors (2020)

presents positive, negative, and net flows. And, from
that, the general ranking was obtained. Table 10 shows

these results.

Table 10: Ranking of the alternatives and the PROMETHEE I flows

RANKING ALTERNATIVE [ O+ -
1 A9 0,6900 0,7400 0,0500
2 A2 0,3100 0,5400 0,2300
3 Al 0,2700 0,5100 0,2400
4 A10 0,2100 0,5000 0,2900
5 A6 0,0900 0,3700 0,2800
6 A7 0,0300 0,3900 0,3600
7 A5 -0,1800 0,2200 0,4000
8 A8 -0,1900 0,2700 0,4600
9 A1 -0,2500 0,2100 0,4600
10 A3 -0,4800 0,1200 0,6000
11 Ad -0,5000 0,1200 0,6200

Source: The authors (2020)
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In addition to the result shown in Table 10, the graphical form is helpful to visualize the behavior of each
alternative, as shown in Figure 1.

The upper part of the figure is a bar graph
showing the complete ranking of PROMETHEE I,
expressed as a net flow. The lower part, which is also a

— A5 AR A1l A3 A4 .
a5 A2 Al A as a7 LT[ |
30%
20% 20% 20%
10%
Occurrence Detection Severity Time Difficulty

Figure 1: Behavior of each alternative

bar graph, shows the weights of the criteria.

That done, the authors purpose an analysis of
scenarios to understand the behavior of the model when

© 2020 Global Journals

Source: The authors (2020)

attributing other weights to the criteria. In setting 1, the
decision-maker is unable to express his preferences.
Scene 2 is a variation of the distinct two contexts. Tables
11 and 12 show the characteristics of the situations and
the comparison of the rankings obtained through them,
respectively.

Table 11: Evaluated scenarios

Criteria Weights
Scenarios 0 D s DIF T
Real Scenario 0,2 0,1 0,3 0,2 0,2
Scenario 1 0,2 0,2 0,2 0,2 0,2
Scenario 2 0,15 0,15 0,4 0,1 0,2

Source: The authors (2020)

Table 12: Comparison of scenario results

Ranking Real Scenario Scenario 1 Scenario 2
1 A9 A9 A9
2 A2 A6 A2
3 Al Al Al
4 A10 A2 A10
5 A6 A10 A7
6 A7 A7 A6
7 A5 A5 A8
8 A8 A1l A1l
9 A1l A8 A5

10 A3 A3 A4
11 A4 A4 A3

Source: The authors (2020)



It shows that the alternative A9 remained in first
place in the ranking of the three scenarios, which
emphasizes the importance of developing actions to
solve it. Similarly, alternatives A3 and A4 occupied the
last positions in the three scenes.

VL FINAL CONSIDERATIONS

The model consisted of performing the
integration between the FMEA of the process and the
PROMETHEE Il method. For this, there was the adoption
of two new criteria in addition to those addressed in the
calculation of the RPN: Difficulty in resolving the failure
mode and Time required for the failure mode to be
“eliminated.” This inclusion served to refine the model,
further optimizing the results.

The application of the model made it possible to
identify the failure modes considered most critical in the
implementation and maintenance stages of the school’s
QMS. As a result of the real scenario, the alternative that
ranked first in the ranking was A9, followed by A2 and
A1, consequently.

The A9 alternative obtained a much higher net
flow compared to the others, which deserves to highlight
the importance of developing actions that can solve it
since the lack of a team of psychology professionals
directly affects the performance of students and
collaborators. Therefore, the presence of this type of
professional would significantly assist in carrying out a
making better use of the school’s activities.

In general, alternatives A2 and A1 do not
depend directly on the school to be solved, occupying
the first positions in the ranking. As much as there is an
interest in solving them, the lack of resources and state
requirements demand external and sometimes complex
actions, which leaves the school in a delicate situation,
needing to develop internal mechanisms to solve it or it
minimizes the impacts of these failure modes.

On the other hand, the alternatives A3 and A4
occupied the last positions of the ranking, which does
not make them less significant, but at the beginning,
they are not a priority. As much as they deal with the
failure to communicate with teachers and demotivate
staff, these obstacles happen in some specific and
isolated cases since, in most cases, the school strives
for adequate communication and motivation of
employees.

The work brought an innovative feature since
the type of approach taken in is uncommon in the
literature. Through it, public and private institutions can
rely on developing their models, with the necessary
modifications.

Wherefore, the studied school can develop
action plans aimed at alternatives that hinder the
process of implementing and maintaining the QMS and,
with that, be certified by ISO 21001. Through this, its
results will be even more considerable, and the school

will become a source of benchmarking to other
educational institutions in the region and the country.
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Management of Transport Processes with the

use of Intelligent Transport Systems - A Case

Study of the Company "Vertigo Montenegro'
Ltd. - Podgorica

Marijana Prelevic

Abstract- In the world of information technology expansion and
application, intelligent transportation systems are increasingly
used in all forms of transportation. These systems have been
widely used in road transport, and this thesis shows one of the
ways of application with all the accompanying features of the
fleet control and management system developed by “NTS
International” company. Considering that the fleet of each road
transport company makes an important resource by which it is
possible to carry out the main activity (transportation of
passengers and / or goods), it is clear that managing it cannot
be left to chance and that the application of its is necessary for
the quality business of the company. Case study — “Vertigo
Montenegro” company, from Podgorica, implemented a
system of the NTS International company, and all the fleet
performance indicators that are at the heart of the company's
interest are listed in the paper, with accompanying photo
documentation. In general, the use of its is low used in
Montenegrin auto transport companies, and the main causes
are: poor staff in management positions, lack of information
technology education and greater confidence in traditional
ways of doing business.

Keywords: intelligent transport systems, auto transport
company, fleet  management,  telemetry, fleet
performance indicators.

Apstrakino- U svijetu ekspanzije i primjene informacionih
tehnologija, inteligentni transportni sistemi (skr. ITS) se sve
des8ée koriste u svim vidovima transporta. Ovi sistemi su nasli
Siroku primjenu u drumskom saobraéaju, a kroz ovaj rad je
prikazan jedan od nadina primjene uz sve prateée
karakteristike sistema za kontrolu i upravljanje voznim parkom
koje razvija kompanija “NTS International”. S obzirom da vozni
park svakog autotransportnog preduzeéa (skr. ATP) ¢ini vazan
resurs uz pomo¢ kog je moguée obavljati osnovnu djelatnost
(prevoz putnika ifili robe), jasno je da se upravljanje njime ne
moZe prepustiti slucaju i da je primjena ITS-a neophodna za
kvalitetno poslovanje svakog ATP-a. Studija slucaja -
preduzeée “Vertigo Montenegro” iz Podgorice implementiralo
je sistem pomenute kompanije, a svi pokazatelji rada voznog
parka koji su u centru interesovanja preduzeéa navedeni su u
radu, sa slikovnim prikazima. Generalno, u crnogorskim
autotransportnim preduzeéima primjena ITS-a je na niskom
nivou, a glavni uzro¢nici tome jesu: nestru€an kadar na
rukovodeéim  pozicijima, neobrazovanje iz domena
informagcionih tehnologija i veée povjerenje u tradicionalne
nacine poslovanja.

Author: Univerzitet, Adriatik”, Bar Fakultet za saobracaj, komunikacije i
logistiku, Budva. e-mail: marijana.prelevic.fski@gmail.com

Kljucne  rijeci:  inteligentni  transportni  sistemi,
autotransportno preduzece, upravijanje voznim parkom,
telemetrija, pokazatelji radavoznog parka.

. UVOD

Doéetak 21. vijeka obiljezava razvoj velikih gradova
koji se suolCavaju sa sve vedim problemima
saobracéajnih guzvi, zaguSenjima te zagadenjima
zivotne sredine i nezgodama na saobracéajnicama, koji
zahtijevaju rjeSavanje problema politikom odrzivog
saobradaja. Sve zemlje u razvoju se suolavaju sa
problemima u kapacitetu, sigurnosti, ekoloSkoj i
ekonomskoj ucinkovitosti. Uspjesno rieSavanje rastucih
problema odvijanja saobraéaja i obavljanja transporta
viSe nije moguée bez primjene cjelovitog koncepta i
tehnologija inteligentnih transportnih sistema.[1]

Inteligentni  transportni  sistem  integriSe
telekomunikacije, elektroniku, informatiku sa
saobrac¢ajnim  inzenjerstvom u  smislu  planiranja,

projektovanja i upravljanja saobracajnim sistemima. Ova
integracija  povecava efikasnost i  bezbjednost
saobracajnog sistema i ima pozitivan uticaj na zivotnu
sredinu. Da bi se to ostvarilo ITS zahtijeva procedure,
sisteme i opremu koje omogucavaju prikupljanje
podataka, komunikaciju, analizu i distribuciju podataka i
informacija do korisnika saobraéajnog sistema.[2]

Kada se govori o savremenim transportnim
sistemima, vazno je ista¢i da je njihovaosnovna uloga
obezbjedivanje podataka vezanih za transportni proces
ili za rad vozila tj. podrazumijevaju proces prikupljanja,
prenosa, memorisanja i obrade tih podataka
isporucuju¢i ih direktno korisniku kroz odredenu

platformu c¢ijom analizom se dobijaju informacije
znaCajne zadonoSenje odgovaraju¢ih  upravljackih
odluka u cilju poboljSanja efikasnosti sistema |

iskoriS¢enja raspolozivih resursa.

Primjena  telematskinh
rasprostranjenija brzim razvojem beziCne
komunikacione tehnologije i padom cijena elektronskih
komponenti.

sistema je  sve

Namjena ITS-a se ogleda kroz:
- prikupljianje podataka o radu i odrzavanju vozila,
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- pracéenje rada vozaca,

- upravljanje prevoznim procesima,

- uvid u trenutnu poziciju vozila ili ve¢ posjecenu
lokaciju u zadatom vremenskom intervalu,

- informisanje vozada o putanjama kretanja vozila
(rutiranje).[3]

Spoj informacionog i inteligentnog sistema |
njihovo funkcionisanje u praksi bi¢e prikazano kroz
primjer poslovanja kompanije “NTS International” (skr.
NTS) koja je razvila jedan savremeni transportni
informacioni sistem isporucujuéi ga korisnicima kroz
sledede vrste aplikacije:

- NTS Mobile i NTS 4 iOS - aplikacije koje se koriste
na mobilnom telefonu i tabletu (Android |
iPhone/iPad) i imaju slican prikaz kao i NTS@Web
aplikacija;

- NTS @ Web - namijenjena korisnicima koji imaju
potrebu pristupa sa bilo koje lokacije koju pokriva
internet mreza;

- NTS Desktop - savremena fleet management
aplikacija koja objedinjuje podatke koje GPS
modem i drugi uredaji Salju sa vozila. Omogucéava
analitiku svih apekata vezanih za vozni park i
vozace.

1. O KompraNiji NTS

Kompanija NTS osnovana je 2006. godine i od
poCetka svog postojanja trudi se da trzistu ponudi
moderne i inovativne usluge u oblasti cjelokupnog
upravljanja voznim parkom.

Posluje iz 7 centara: Ljubljane, Banja Luke,
Novog Sada, Beograda, Nisa, Podgorice i Tirane.
Kompanija trenutno zaposljava preko 50 radnika iz
razli¢itih oblasti vezanih za djelatnost iste. Razvojni tim
NTS-a, sacinjen od saobracajnih inzenjera, IT stru¢njaka
i mnogih drugih koji svakodnevno rade na inovacijama,
pove¢anju kvaliteta usluga, osluSkivanju potreba
klijenata, kao i na pracenju svjetskih trendova i
implementiranju istih.

Misija NTS kompanije jeste obezbjedivanje
rieSenja koja Ce povecati efikasnost i bezbjednost
transporta i logistike uz smanjenje Stetnog dejstva na
Zivotnu sredinu.

Vizija se odnosi na neprekidno unaprijedivanje
postojecih rieSenja i razvijanje novih, kreiranje rjeSenja
uz pomo¢ kojih klijenti mogu unaprijediti  svoje
poslovanje, graditi partnerski odnos sa klijentima i
efikasno rjeSavati njihove eventualne probleme nastale
tokom kori§¢enja isporucenih usluga.

Cilj koji NTS kompanija ima je unaprijedivanje
poslovanja firme kroz unaprijedenje rada, kontrole
voznog parka, vodenja administracije i obavljanja
komunikacije.

Kao moderna IT kompanija, prije svega, vazno
je napomenuti da NTS ulaze u razvoj softvera, konkretno
se radi dosta na odrzanju i poboljSanju kvaliteta
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najpoznatijeg proizvoda kompanie - NTS Fleet
Management System-a, dok se hardverski uredaiji
kupuju i ne spadaju u autorski dio proizvodnje NTS
kompanije.

S obzirom da se ime ove kompanije ¢esto veze
samo za ovaj proizvod, treba istaci da NTS nije sinonim
za isti, ve¢ obuhvata Sirok spektar proizvoda koji
pomazu korisnicima da upravljaju radom voznog parka,
vrSe kontrolu rada zaposlenih na terenu, smanje
troskove komunikacije i troSkova organizacije prevoza.

[1I.  NTS DEeskTopr APLIKACIJA

Korisnicima NTS Desktop verzije aplikacije su
na raspolaganju slede¢i moduli:

Modul Vozila — u ovom modulu omoguceno je pra¢enje
podataka o vozilu u realnom vremenu;

Modul Istorija — omogucava vizuelni pregled istorije
kretanja vozila i pristup velikom broju izvestaja i grafika;

Modul Voza¢i — u ovom modulu omoguceno je
administriranje podataka o vozagima kao i podeSavanje
klju¢eva za identifikaciju vozaca;

Modul Administracija — u ovom modulu omogucava se
zakazivanje svih servisa kao i evidencija svih troSkova
voznog parka;

Mobile Office — modul koji uz pomo¢ adekvatnog
hardverskog uredaja omogucéava komunikaciju izmedu
vozaCa i dispeCera, kao i razmjenu raznih tipova
podataka (tekstualnih i glasovnih poruka, fotografija,
doc.fajlovai sl.

Pomo¢ni moduli aplikacije su:

Lokacije — kreiranje i odredivanje lokacija bitnih za
korisnika;

KorisniCka podesavanja — opSta podeSavanja (istorija,
prevozni put (ruta), vozila, ostale opcije), /O
podeSavanja, promjena lozinke (promjena lozinke,
podeSavanje logovanja, sigurmnmosna podeSavanja,
korisniCki podaci, Klijentski podaci), FMS Settings,
dogadaiji, izvijestaji i grafici (podeSavanja za izvjestaje,
rezervni geokoding, podeSavanja grafika broja obrtaja
motora), tahograf podeSavanija;

Plan linja — kreiranje novih linija, izmjena i brisanje
postojecih;

Linije — kreiranje linijskih rasporeda;

Radno vrijeme — unoSenje vrijednosti satnica za svakog
vozaca ifili vozilo koje se tiCu radnih i neradnih dana
(slobodnih, vikenda, praznika i sl.);

Alarmi — moguce je aktivirati ponudene alarme u slu¢aju
prekoraCenja brzine, povecanja/smanjenja temperature i
sl., u zavisnosti od predmeta interesovanja;

Booking modul — ovaj modul je kreiran za potrebe
izdavanja vozila kompanije Porto Montenegro iz Tivta. U
okviru ovog modula mogucée je voditi evidenciju o



vremenu zakazivanja, tarifama, lokacijama preuzimanja i
predaje vozila, itd;

Putni nalog — kreiranje novih putnih naloga, upravljanje

postoje¢im statusima naloga (aktivnim, vracenim,
ponistenim ili otkazanim i neodStampanim);
Putanja — koristi se za rutiranje.
[V. HARDVER
Hardverski dio sistema, kao i njegova

ispravnost i funkcionalnost imaju veliki znacaj za
pravilno funkcionisanje sistema. Spektar informacija, ali i
njihova dalja upotrebljivost odredeni su upravo ovim

komponetama.

NTS kompanija najviSe koristi  uredaje
proizvodaga ,Teltonika® i ,Ruptela”, pored kojih se
koriste i Eurosents-ov uredaj za mjerenje protoka i nivoa
goriva u rezervoaru, Vepam-ov sigurnosni &ep

rezervoara i Button uredaiji za identifikaciju vozaca. Kada
SU U pitanju uredaji proizvodaca Teltonika, u kompaniji
NTS zastupliena su tri modema (FM5300, FM1110,
FMB120) i dva adaptera (LV-CAN200 i ALL-CAN300)
koji omogucavaju preuzimanje (Citanje) informacija koje
generisu uredaji na vozilu. Sto se tiCe uredaja kompanije
Ruptela, najvisSe se koriste tri modema (FM Pro4, FM
Tco4 HCV i FM Tco4 LCV) i jedan (Click Can) adapter.

V.  PRIMJENA NTS DESKTOP APLIKACIJE U
PREDUZECU ,VERTIGO MONTENEGRO" DOO

Preduze¢a “Vertigo Montenegro” d.o.0. iz
Podgorice, koristi nekoliko razli¢itih  informacionih
sistema kroz koje efikasnije i efektnije obavljaja
svakodnevne aktivnosti i zadatke, medu kojima je i NTS
sistem za kontrolu i upravljanje voznim parkom.

Preduzece  “Vertigo = Montenegro”  d.o.o
osnovano je 2002. godine u Podgorici. Osnovna
djelatnost preduzeca je uvoz, skladiStenje i distribucija
kozmetickih proizvoda za djecu i odrasle, hemijskih
sredstava za odrzavanije higijene prostora, LED sijalica i
djecijih igracaka.

Razvojem preduzec¢a kroz minule godine, od
mikro do malog preduzeéa, prosirivao se i spisak lica
koje zastupaju na crnogorskom trziStu, odnosno Cije
proizvode plasiraju u maloprodajnim i veleprodajnim
objektima. Kako se poveé¢avao obim proizvoda koje je
trebalo distribuirati na cijeloj teritoriji Crne Gore, tako se i
razvijala mreza klijenata, odnosno  vlasnika
maloprodajnih i veleprodajnih objekata. Shodno tome,
nastala je potreba za veéim skladiSnim prostorom i za
ve¢im brojem zaposlenih. Neizostavno, kapaciteti
voznog parka su morali odgovarati obimu posla, pa je
tako ovo preduzece viasnik Sesnaest vozila razli¢itin
marki i tipova. Vecinu vozila Cine laka teretna, odnosno
dostavna vozila upotrebljavana za prevoz robe iz
logisti¢ko-distributivnog centra koji se nalazi u Podgorici
u maloprodajne i veleprodajne objekte juznog,

centralnog i sjevernog dijela Crne Gore. Elektriéni
paletar se nalazi u koristi u centralnom magacinu, a
putni¢ka vozila su u upotrebi od strane komercijalista
zaposlenih u ovom preduzedéu.

U cilju stvaranja uslova za ocjenu i analizu rada
vozila u voznom parku, potrebno je da svako preduzece
izvrSi podjelu po grupama vozila koja imaju iste tehnicko
- eksploatacione osobine i Cije je tehnicko stanje
priblizno jednako. Vozila se po pravilu razvrstavaju u
grupe u funkciji: marke i tipa, godine proizvodnije,

korisne  nosivosti, namjene tovarnog  prostora
(sanducari, cistijerne, hladnjace, teretna vozila sa
uredajima za samoistovar - Kkiperi, autobusi za

medugradskitransport, autobusi za prigradski transport,
autobusi za gradski transport itd.).[4]

S obzirom da svako preduzeée mora da obavlja
proces proizvodnje, prodaje, vodenja arhive, kadrovske
evidencije, itd, nezavisno od njegove veli¢ine mora biti
organizovano.[5] Organizovanje je funkcija
menadzmenta kojom se projektuju i uspostavljaju
odnosi medu aktivnostima i ljudima ukljutenim u
pribavljanje, alociranje,  koriSéenje i  zamijenu
organizacionih resursa. Krajnji rezultat organizovanja je
“organizacija”, efikasna struktura autoriteta,
odgovornosti i komunikacionih kanala za realizaciju
cilieva preduzeta, planova, budzeta, politika i
procedura. [6]

Kao i u vecini mikro i malih preduzeca, u
preduze¢u ,Vertigo Montenegro“ d.o.0. radi se o
najprostijem modelu organizacione strukture — linijskom
modelu. Linijski model je poznat kao vojnicki tip
organizacije, koji je u industriji primijenjen iz vojne
organizacije. Prenosenje naredenja od menadzera |
izvijeStaja o izvrSenju zadataka od potcinjenih vrsi se po
liniji hijerarhije.

Preduzec¢e ,Vertigo Montenegro” d.o.o. ima tri
sektora poslovanja koja obuhvataju: sektor prodaje,
sektor za ekonomske i pravne poslove i sektor logistike.

VI.  PRIMJENA NTS INFORMACIONOG

SISTEMA

Na kraju svakog radnog dana, odnosno na
pocCetku sledeCeg, rukovodilac logistike provjerava
ostvarene prevozne puteve(rute) po vozilima za
prethodna dvadeset Cetiri Casa. Slika 1 prikazuje
predeni put za izabrano vozilo plavom bojom, a crvene
zastavice predstavljaju tacke zaustavljanja koja su duza
od tri minuta. Sa pomenute slike je jasno uocljivo da je
zaposlena, komercijalistinja, za vrijeme svog radnog
vremena posjetila trgovacke lance na potezu Budva-
Herceg Novi, kretaju¢i se oko Bokokotorskog zaliva.
Pregledom ove rute, rukovodilac logistike moZe na brz
nacin utvrditi da li je zaposlena posijetila objekte za koje
je bila zaduzena.
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Slika 1: Pregled ostvarene rute

Upotreba sluzbenih vozila van radnog vremena
je takode nesto §to se u ovom preduzedu kontrolise.
Najvise zbog potroSnje goriva, pa se nakon unijetog
radnog vremena za svakog zaposlenog u sistem lako
dolazi do podataka da li je i koliko vozilo kori§¢eno van
definisanog radnog vremena. Na slici 2 prikazan je
pregled voznje van radnog vremena po danima u toku
jedne sedmice.

Ovim izvjeStajem, rukovodilac logistike moze
lako izvrSiti uporednu analizu u odnosu na dnevne
planove koje svaki zaposleni dobija. Takode, bitno je
napomenuti da je u sistemu mogucée definisati neradne
dane (u ovom slu¢aju to su datumi oznaceni crvenom
bojom), ali se kroz drugi izvjestaj (“lzvjestaj o voznji
neradnim danima”) dobija prikaz eventualne aktivnost
vozila za vrijeme vikenda, praznika i sl.

i1 50 106k TSR O darima

o 22092018 00.00.00
[ 20.09.2015 235959

Slika 2: Pregled kori§¢enja vozila

Ukoliko se traze razlozi povecanoj potrosniji
goriva, svakako da treba uzeti u obzir rad motora u leru.
Provierom detalja predene rute komercijalistkinje na
relaciji Budva — Herceg Novi uoceno je da je ukupno
vrijeme provedeno u voznji 03h: 42min: 23sek, a u leru
motor je radio 02h:17h:33sek. U odnosu na to da je
vozilo bilo u pokretu nepuna Cetiri sata, vrijeme rada
motora u leru je neSto na Sta treba obratiti paznju.
(Slika 3).
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Slika 3: Rad motora u leru
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Stil voZnje znatno uti¢e na vijek trajanja vozila,
odnosno njegovih djelova, a takode moze uticati i na
potro8nju goriva. Pregledom zvjeStaja koji rukovodilac
logistike Cesto pokrece, a koji je za potrebe ovog rada,
pokrenuo (postavivsi iste parametre kao u prethodnim
sluajevima), utvrdeno je da se vozilo od Budve do
Herceg Novog kretalo brzinom veé¢om od dozvoljene (80
km/h), tj. 109 km/h. Ovaj izvjeStaj svoju prakti¢nu
primjenu ima za analizu uticaja na zivotni vijek vozila,
kao i za uvid u eventualne probleme sa potroSnjom
goriva u odnosu na normativ. (Slika 4).
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Slika 4: Rad motora u leru

VII.  ZAKLJUCAK

Karakteristika svakog autotransportnog
preduze¢a drumskog transporta je da tezi postizanju
odredenih ciljeva. Njihov uspjeh se mjeri kroz efektivnost
— da li preduzeée ostvaruje postavlijene ciljeve i
efikasnost — nacin na koiji je preduzece postiglo ciljeve i
metode koji su primenjene za njihovo ostvarivanje.[7]

U ovom radu prikazan je sadrzaj i nacin
funkcionisanja Fleet Management sistema kompanije
NTS koji je zapravo skup softverskih i hardverskih
rieSenja uz pomo¢ kojih je omogucéeno efikasno i
efektno upravljanje voznim parkom. Sistem se sastoji od
razliCitih hardverskih jedinica (GPS/GPRS modema,
antena, razli¢itih senzora, protokomijera, FMS intefejsa i
sl.) koje imaju zadatak da pruze izuzetno precizne
podatke o vozilu (lokaciji, nadinu voZnje, potroSnje
goriva, temperature tovarnog prostora i sl.). Modemska
jedinica prikuplja podatke sa svih dodatnih uredaja i
putem GPRS/HSDPA mreze mobilnog operatera Salje ih
ka IT centru, gdje se podaci obraduju i isporucuju
korisnicima u aplikaciju (desktop/web/mobilna verzija
aplikacije).

IstraZivanjem na polju primjene inteligentnih
transportnih sistema u autotransportnim preduzedima u
Crnoj Gori, doslo se do porazavajuéih podataka. lako je
u 21. vijeku tehnologija u opStem smislu toliko
napredovala da je postalo nemogudée baviti se bilo
kojom djelatno8¢u na kvalitetan nacin bez primjene iste,
u Crnoj Gori postoji problem neprihvatanja inteligentnih
sistema, a pogotovo je to primjetno u saobracajnoj
djelatnosti. Najve¢a prepreka ka savremenom nadinu
poslovanja u vedini autotransportnih preduzec¢a je
nestru¢an kadar na rukovodeéim pozicijama koji ne
smatra neophodnim ulaganje u tehni¢ko-tehnolo$ki
razvoj preduzeé¢a, samim tim Sto ne prepoznaje



prednosti istog, a prisutno je i izviesno nepovjerenje
prema svemu sto je “kompjuterizovano”.

Takode, postoje i vlasnici autotransportnih
preduzeéa koji se udaljavaju od tradicionalnog nacina
rukovodenja, pa dozvoljavaju implementaciju ITS-a u
svom preduzecu, ali naj¢eS¢e ne smatraju to dovoljno
vaznim da bi se i sami ukljucili u nacin funkcionisanja i
benefite koje imaju od primjene sistema, tako da se ta;
dio posla prepusta nekome od zaposlenih, a u praksi se
pokazalo da su to u rijetkim slu¢ajevima oni koji pored
ostalih poslovnih aktivnosti nemaju vremena za dublje
analize rada voznog parka. Sa druge strane,zaposleni u
autotransportnim preduzec¢ima, pogotovo oni koji su
zaduzeni za upravljanje i kontrolu voznog parka,
naj¢es¢e su inicijatori uvodenja nekog informacionog
sistema koji ¢e im omoguditi da posao obavljaju sto
produktivnije. Analizom preduzecéa “Vertigo
Montenegro” d.o.o iz Podgorice, doSlo se do podataka
koji oslikavaju nadin primjene ITS-a u vedini
autotransportnih preduzeé¢a u Crnoj Gori. Naime, NTS
sistem koriste na osnovnoj razini, najviSe za kontrolu
pozicije vozila (GPS prac¢enije) i kontrolu upotrebe vozila
van radnog vremena. Od dodatnih telemetrijskih uredaja
imaju CAN uredaj na jednom vozilu i kada je to vozilo u
pitanju, kontroliSu preciznije potroSnju goriva sa kojom
se sve zavrSava. Pored ovog sistema, kontrolu poto$nje
resursa vode i eksterno, naj¢esce unosenjem vrijednosti
u Excel tabele.

lako, kao preduzece kojem je distribucija
proizvoda osnovna djelatnost, moze imati dobrobiti od
modula koji se tiCu plana linija, rutiranja i sl., GPS
pracenje je ono Sto je generalno najprihvatljivie u
crnogorskim autotransportnim preduzec¢ima. Na osnovu
ogranizacione strukture pomenutog preduzecamoze se
zakljuciti da je formiranje sluzbe za razvoj nephodnost.
Takva sluzba pratila bi izmjeritelje rada i parametre rada
vozila putem uvedenih inteligentnih transportnih sistema
i na osnovu toga predlagala mjere za efikasnijim,
efektnijim i kvalitetnijim radom vozila.
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Napomena

Podaci o detaljima NTS aplikacije odobreni su
od strane “NTS” kompanije i kompanije “Vertigo
Montenegro”.
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Determination of Some Microbiological
Properties of Kombucha Produced from
Different Herbal Teas

Fatma Coskun® & Serap Kayisoglu®

Abstract- “Kombucha” is a beverage made by fermenting tea
(generally black or sometimes green and oolong tea) and
sugar, with a symbiotic culture of bacteria and yeast generally
for 7-10 days. The final product is a sour, slightly sparkling,
acidic beverage. In this study, black tea, green tea, sage
(Salvia fruticosa Mill), peppermint (Mentha piperita L.), and
linden (7ilia cordata) leaves were used in making kombucha.
Some microbiological analyzes of the samples were carried
out on the 3rd, 7th, 10th, and 14th days of fermentation, which
lasted 14 days at 24°C. The number of Lactobacillus,
Lactococcus, yeast, and acetic acid bacteria were average
5.73, 5.66, 5.63 and 5.55 log CFU/mL on the 3rd day of
fermentation; average 5.77, 5.01, 5.70 and 3.55 log CFU/mL
on the 14th day of fermentation, respectively. Generally,
microorganisms increased until the 7th day of fermentation
and then decreased. Different herbal teas can be used to
produce kombucha enhanced functional properties.
Keywords: kombucha, SCOBY, fermented black tea,
fermented green tea, fermented linden tea, fermented
sage tea, fermented mint tea.

. INTRODUCTION

ombucha is a type of refreshing beverage that is
commercially produced by many companies and

produced homemade. It is widely consumed in
the world. It has a delicious taste, antioxidant properties
of tea extracts, and beneficial effects of fermentative
bacteria, which have antioxidant properties. Because of
these, its consumption is increasing day by day.
Phenolic substances found in the leaves of tea used in
kombucha production also have antimicrobial effects on

microorganisms  such as Aeromonas, Bacillus,
Clostridium  botulinum, — Clostridium  perfringens,
Enterobacter,  Klebsiella,  Proteus,  Pseudomonas,

Shigella, Staphylococcus aureus, Streptococcus [1,2].
Bacteria and yeasts lead a symbiotic life in the
cellulosic film layer, where the microorganisms that play
a role in the fermentation of kombucha are found. Gram-
negative aerobic bacilli, yeasts, and lactic acid bacteria
in the Acetobacteraceae family were identified in this film

Corresponding Author a: Tekirdag Namik Kemal University, Faculty of
Agriculture, Food Engineering Department, 59030, Stleymanpasa,
Tekirdag, Turkey. e-mail: fcoskun@nku.edu.tr

Author o: Tekirdag Namik Kemal University, Vacational School of
Technical  Science, Food Technology Department, 59030,
Stleymanpasa, Tekirdag, Turkey.

layer [3,4,5,6]. This cellulosic structure, which increases
in thickness as fermentation progresses, provides the
necessary oxygen for microorganisms [3,6]. These
microorganisms create free phenolics using phenolic
compounds in tea leaves, and they create useful
fermentation products such as various organic acids,
vitamins, and minerals for the health and also contribute
to the sensory properties of the product. The
metabolites formed depend on the variety of tea leaves,
the variety of microorganisms in symbiotic culture and
fermentation conditions [3,6,7,8,9,10].

Kombucha is usually prepared from black tea
and green tea. This research was carried out by
considering it would be beneficial to prepare kombucha
by sage, linden, and mint teas, which are highly valuable
for health. In sage, flavones such as apigenin, luteolin,
kaempferol, and quercetin were determined.

Camosol and camosic acids are also
antioxidant phenolic compounds found in sage. Mint
(Mentha piperita L.) is one of the commonly consumed
herbal teas. The leaves of mint contain phenolic
components rosmarinic acid and various flavonoids
such as eriocitrin, luteolin, and hesperidin. Peppermint
has significant antimicrobial and antiviral activities,
strong antioxidant and antitumor activities, and some
antiallergenic potential [11]. Some of the beneficial
effects of kombucha are anti- microbial, antioxidant,
anti-carcinogenic, and anti-diabetic properties that have
positive effects on stomach ulcers and high cholesterol.
It is also recommended for use in the treatment of
different  diseases such as AIDS, arthritis,
atherosclerosis, cancer, constipation, gallbladder
diseases, hemorrhoids, hair growth, hypertension, and
indigestion. It has also been shown to be effective in
immune responses and liver detoxification [9].
Kombucha regulates intestinal flora, strengthens cells,
helps the body maintain acid-alkaline balance, and acts
as a natural antibiotic [12]. Great attention should be
paid in home-made kombucha since pathogenic
microorganisms are likely to contaminate the tea. Some
people consuming homemade tea have dizziness,
headache, nausea, and allergic reactions. For this
reason, it can lead to contraindications in pregnant and
lactating women and should be consumed with caution
[8]. However, as a result of tests carried out by the U.S.
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Food and Drug Administration, kombucha has been
reported to be safe for human consumption [10].

In this study, black tea, green tea, sage, mint,
and linden teas were used in making the kombucha.
The fermentation period was kept for 14 days in making
kombucha.

II.  MATERIAL AND METHODS

a) Materials

Black tea, green tea, mint, linden, sage, used
for making kombucha in the research were obtained
from local markets in Tekirdag. Kombucha mushrooms
were purchased from the online shopping site via the
internet.

b) Preparation and Fermentation of Herbal Teas

In order to extract the teas, 10 g of each tea
sample, which is used as a bacterial medium for
fermentation, was left in 1 L of boiled water for 15
minutes [13]. After extraction, the suitable medium was
prepared by adding 70 g/L of sucrose. The prepared tea
samples were transferred to glass jars, which were
sterilized at 121°C for 20 minutes (Fig. 1). After we
waited until these samples reached room temperature,
all samples were inoculated with 7 g/L kombucha
mushroom culture. After glass jars were covered with
cheesecloth, left to fermentation at 24 + 1°C and in the
dark for 14 days. Tea samples were taken from the
incubator at 3-day intervals, and analyzes were
performed.

Figure 1: Black, green, mint, linden and sage teas before fermentation

c) Microbiological Analysis

Serial dilutions of kombucha samples were
prepared in aseptic conditions using sterile saline
containing 0.89% NaCl. MRS Agar (de Man Rogosa
Sharpe, Merck) was used for counting lactobacilli, Petri
plates were incubated for 72 hours at 30°C [14].
Lactococci were counted after 48 hours incubation at
30°C in M17 Agar (Oxoid) [15]. PDA (potato dextrose
agar) was used for total yeast count, and Petri plates
were incubated for three days at 25°C [16]. For total
acetic acid bacteria count, a medium containing 1%
glucose, 1% yeast extract, 2% CaCQO,, and 1.8% agar
(Calcium Carbonate Agar) was prepared and sterilized,
and then 3% ethanol (95%) (Merck 100983) was added.
Then the Petri dishes were incubated for three days at
30°C [17]. Colonies were evaluated for all
microorganisms at the end of the incubation, and the
results were expressed as "log CFU/mL".

d) Statistical analysis

To test the differences between the parameters
analyzed before and after fermentation in tea samples,
two ways analysis of variance (ANOVA) was performed.

© 2020 Global Journals

Significant differences between means were determined
by Duncan’s multiple range tests at P<0.05 significance
level.

[11. RESULTS AND DIsCUSSION

Kombucha is a fermented beverage. Ambient
temperature, pH, oxygen content, dissolved CO,,
process conditions, and composition of the medium
affect fermentation [18]. As a result of this, the nutritional
quality, the organoleptic properties, and other
physicochemical properties of the product are affected.
The different plant varieties, sugar concentrations,
fermentation time, and the composition of the tea
mushroom also affect fermentation and the properties of
the fermented product [10,19].

Kombucha is created with the help of a
symbiotic culture. This symbiotic culture consists of
acetic acid bacteria (Gluconobacter and Acetobacter
sp., Komagataeibacter) [20] lactic acid bacteria
(Lactobacillus, Lactococcus) [18]. And vyeasts
(Saccharomyces cerevisiae, Saccharomycodes ludwigii,



Schizosaccharomyces pombe,  Zygosaccharomyces
balilii, Kloeckera apiculata, Torulaspora delbrueckii,
Brettanomyces  bruxellensis  [21], Candida, Pichia,

Lachancea, and Kluyveromyces [9,18,21].

Kombucha fermentation includes alcohol, lactic
acid and acetic acid fermentation. In the fermentation of
Kombucha, fermented tea and biofilm are formed as a
result of the activity of different yeasts and bacteria
species. First, in fermentation, sucrose breaks down into
glucose and fructose as a result of yeast hydrolysis.
Alcohol occurs as a result of fermentation of glucose

and fructose. Then acetic acid bacteria convert alcohol
into acetic acid. In addition to acetic acid, gluconic and
glucuronic also occur [10].

Kombucha tea is usually made from black and
green tea. In this study, different herbal teas known to
be beneficial for health were also used. The aim is to
make the benefit of the kombucha tea even more useful
with these herbs. The number of Lactobacillus,
Lactococcus, yeast, and acetic acid bacteria
determined during fermentation were shown in Table 1.

Table 1. Changes of some microbiological properties of Kombucha samples during fermentation (log CFU/mL)

s | men| G | dmmm || em | esssie
3 5,53 ATar* 6,47 ABD 6,45 Bab 6,05 Cd
Black Toa 7 6,04 AP 5,37 ABD 6,30 BC 6,01 CC
10 5,90 AP 5,09 ABD 6,21 BD 4,44 Cb
14 5,56 /@ 5,00 Aba 5,39 Ba 2,00 @
3 6,07 B2 4,74 BD 4,86 Bab 4,44 Ad
Groen Tea 6,65 BP 6,30 BP 6,41 BC 4,49 AC
10 6,25 Bab 6,34 BP 6,23 BP 5,38 AP
14 6,26 Ba 5,03 Ba 6,23 Ba 482ha
3 5.12Aa 6,32 ABD 4,67 Adb 5,90 Bd
Vint Tea 5,98 A0 5,70 ABD 577 AC 5,77 B¢
10 5,19 Aab 5,05 ABD 5,01 AP 4,95 8Bb
14 537Aa 4,97 Aba 497ha 2,08 Ba
3 6,31 Ba 5,48 AP 6,31 Cab 5,07 Ad
Lindon Tea 7 6,50 B0 5,61 AP 6,00 CC 4,79 A¢
10 6,56 Bab 6,14 AP 6,29 CP 3,33 AP
14 6,12 Ba 4,01ha 5,86 Ca o00ha
3 5,644 5,07 Bb 5,88 Bab 6,30 Pd
Sage Tea 6,02 AP 6,01 BD 6,19 BC 6,13 DC
10 6,27 Aab 6,18 B0 6,62 B0 5,84 Db
14 5,56 A2 6,05 Ba 6,04 Ba 5,73 D2

* Capital letter refers to the difference between tea varieties.

** Lower case refers to the difference between fermentation days.

Lactobacillus number of black, green, and mint
teas reached the highest value on the 7th day of
fermentation. Lactobacillus number of linden, and sage
teas reached the highest number on the 10th day of
fermentation (Fig. 2). As a result of statistical analysis,
the difference between the tea varieties in terms of
lactobacilli numbers was found significant at the level of
P<0.01 (F=7,716**). The difference between
fermentation days was also found significant at P <0.01
(F=4,498**). Degirmencioglu et al. [6] prepared the

teas from white, green, black, oolong and pu’er tea
leaves (100g / L sugar and 6g / L tea leaf, 100 mL / L
fermented kombucha and SCOBY) at 30°C after 21 days
fermentation time. In their study, there was a rapid
increase in lactic acid bacteria numbers until the 3rd day
of fermentation, and this increase continued until the
12th day of fermentation. The highest value in LAB
numbers was determined as 5.80 log CFU/mL in green
tea. Their results are similar to those of this study.
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The Lactococcus number increased rapidly in
all samples until the 3rd day of fermentation.
Lactococcus numbers decreased in the kombucha
samples prepared from black tea and mint tea after the
3rd day of fermentation and in the others after the 10th
day of fermentation (Fig. 3). As a result of statistical
analysis, the difference between the tea varieties in
terms of Lactococcus numbers was found to be
significant at the level of P <0.05 (F = 3.194*) and the
difference between the fermentation days at the level of
P <0.01 (F = 11.643 **). Due to lactic acid they

Lactobacilli log cfu/ml
3% [¥%) e (%3] [=2]

[y

produce, Lactic streptococci and lactobacilli can lower
the pH to 4.5-4.3 and 3.5-3.2, respectively [22]. At low
pH, lactic acid is in toxic form for most bacteria and
yeasts. Highly produced acetic acid by the lactic acid
bacteria interacts with the cell membrane. It can affect
intracellular acidity and cause protein denaturation. The
acidity constant of acetic acid is higher than that of
lactic acid (lactic acid 3.08, acetic acid 4.75). Lactic acid
increases the effect of acetic acid by lowering the pH of
the medium [23]. Kilic [24] stated that acetic acid is
effective on Saccharomyces sp.

0 ||‘|| |||‘| |||‘| |||||
3 7 10 14

Fermantation Days

mBlack Tea mGreenTea

®m Mint Tea

m Linden Tea mSage Tea

Figure 2: Changes of Lactobacillus counts in Kombucha samples during fermentation
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Figure 3: Changes of Lactococcus counts in kombucha samples during fermentation
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The number of yeasts increased rapidly in all
samples until the 3rd day of fermentation. Yeast
numbers decreased after the 3rd day of fermentation in
the sample prepared from black tea, and after the 7th
day of fermentation in other tea samples (Fig. 4). As a
result of statistical analysis, the difference between tea
varieties and days in terms of yeast numbers was found
to be significant at the level of P<0.01. (F=9,715**;
F=9,890**). In the study of Degirmencioglu et al. [6],
the number of yeast in the green tea sample increased
until the 12th day of fermentation, the number of yeast in
the black tea sample was almost unchanged and
decreased after the 12th day of fermentation. The yeast
numbers in this study are similar to the yeast numbers in
their study. The decrease in yeast numbers during
fermentation may be due to a decrease in pH value. pH
values decreased rapidly starting from the first days.
These pH values are far below the pH value of yeasts
that are effective in fermentation. However, it has shown
that bacteria and yeasts in symbiotic culture can
continue their activities. Yikmis and Tuggim [25]
produced kombucha from black tea leaves (10g / L tea
leaves, 10% sugar, and 10% pre-prepared compost tea)
after a fermentation that lasted ten days at 24°C and
stored at +4°C. The yeast count of this sample was 2.51
log CFU/mL on the 1st day of storage. That value is
considerably lower in our study than the number of
yeasts on the 10th day of fermentation of kombucha
produced from black tea leaves. Jayabalan et al. [26]
prepared kombucha from black tea leaves (1.2% black
tea leaves, 10% sugar, 3% SCOBY, 10% fermented
kombucha) at the end of fermentation (at 24°C) for 21
days. While the number of yeast was around 45x10” in 7
days of fermentation, it reached 47.5x10” in the 14th day
of fermentation. Yeast number is higher than determined
in our study. The reason for this difference may be the
microflora in the cultures used. The number of yeasts in
the kombucha produced from mint leaf was lower than
that of the others on all days of fermentation. The reason
for this may be an inhibitory effect of peppermint against
certain yeasts. Schelz et al. [27] found that peppermint
oil was very effective against S. cerevisiae 0425 52C and
S. cerevisiae 0425 ¢ / 1 strains in their study.

Microbial interactions between Saccharomyces
and non-Saccharomyces yeasts seem to be an
advantageous option in mixed fermentation processing,
having several benefits like avoiding the risks of a stuck
fermentation, the addition of flavors and aromas allows
the modification of undesired parameters, between
others [28]. The interaction of yeasts in Kombucha
causes the formation of the desired properties in the
fermented product [30].

The dominant bacteria of Kombucha tea culture
are acetic acid bacteria [29]. In this study, the number of
acetic acid bacteria increased rapidly until the 3rd day of
fermentation in all tea samples, and after the 3rd day of
fermentation in  samples produced from black,

peppermint, linden, and sage tea showed a regular
decrease. In the sample produced from green tea, it
increased until the 10th day of fermentation and then
decreased (Fig. 5). As a result of statistical analysis, the
difference between the tea varieties in terms of the
number of acetic acid bacteria was found to be
significant at the level of P <0.01 (F = 214,793**).
Differences among fermentation days were also
significant at the level of P <0.01 (F = 146.318 **) In the
study of Degirmencioglu et al. [6], the number of acetic
acid bacteria increased rapidly until the 3rd day
of fermentation, and the increase was slower until the
12th day. It was faster from the 12th to the 21st day of
fermentation. In a study of Jayabalan et al. [26], while
the number of acetic acid bacteria of the samples was
around 41x10* on the 7th day of fermentation, it
increased to around 45.5x10* on the 14th day of
fermentation. In our study, the number of acetic acid
bacteria decreased. Acetic acid bacteria show the best
growth in the range of 25-30 °C. [30]. The optimum pH
range for the development of acetic acid bacteria is 5.5-
6.5. They can develop even at low pH depending on the
presence of oxygen in the environment. Acetophilic ones
can develop at pH 3.5, acetotolerant ones can develop
between pH 3.5-6.5 [6]. In this study, since the pH fell
below three after the 3rd day of fermentation, the
number of acetic acid bacteria may decrease. The
difference between our study and other researchers
study may be the difference of the culture (SCOBY)
used, the culture rate, the amount of sugar, the amount
of tea leaf, the infusion time of the tea, and the
fermentation conditions. Although other researchers
added fermented kombucha in addition to SCOBY to
the teas that will be produced, fermented kombucha
was not used as a culture in this research.
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Figure 4: Changes of yeast counts in kombucha samples during fermentation
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Figure 5: Changes of acetic acid bacteria counts in kombucha samples during fermentation

The kombucha fermentation process leads to
the formation of a floating biofilm on the surface of the
growth medium due to the activity of certain strains of
acetic acid bacteria [31] (Acetobacter aceti, Acetobacter
pasteurianus  Acetobacter  xylinoides,  Bacterium
gluconicum, and Gluconobacter oxydans) [8]. It has
been reported that the variety in the composition of
yeast composition of Kombucha may be due to

© 2020 Global Journals

geographic, climatic and cultural conditions as well as
local cross-contamination of yeasts and fungi or
possible cross-contamination between cultures [7,32].

In this study, the masses of biofilms formed in
the kombuchas produced from black, green, mint,
linden, and sage teas were determined as 43.85, 20.70,
7.44, 464, and 3.90g at the end of fermentation,
respectively (Figure 6,7). The effect of peppermint,
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linden, and sage on the growth and activity of some
microorganisms may have affected biomass formation.
The weight of the biomass formed in the kombuchas

obtained from these plants is less than the weight of the
biomass in the kombuchas obtained from black and

green teas.

_ oy

Figure 6: Biofilmsformedin the kombuchas and kombuchas produced fromblack, green, mint, linden
and sage teas at the end of fermentation
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Figure 7. Biofilms formed in the kombuchas at the end of fermentation

IV. CONCLUSION

The number of Lactobacillus in the kombucha
produced from green tea and linden was higher than
that of other samples in all days of fermentation. While
Lactococcus numbers in the kombucha samples
produced from black tea and mint continuously
decrease during fermentation, Lactococcus numbers in
the other tea samples increased until the 10th day of
fermentation and then decreased. While the yeast
number of the kombucha produced from green tea, mint
and linden was highest on the 7th day of fermentation, it
was the highest on the 10th day of fermentation in the
kombucha produced from sage. Acetic acid bacteria
increased in only the green tea until the 10th day of

fermentation and then decreased. Their number in other
tea samples decreased from the 3rd to the 14th day of
fermentation. Different herbal teas can be used to
produce kombucha with enhanced functional properties.
Researching the functional properties of these teas and
publishing the results will enlighten the producers and
consumers.
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An Automated Locking System to Prevent
Backflow of Blood in an Intravenous Setup

Janaki Moorthy ¢, Keerthana Karunakaran® & Shree Vidhya Senthil Kumar®

Abstract- Intravenous (V) therapy is a standard method of
treatment in hospitals and clinics. However, the intravenous
infusion system has its drawbacks, one of them being the
reverse flow of blood back into the IV tube. The difference in
pressure between the drip chamber and the venous pressure
causes the reverse flow. To address the above issue, hospitals
use a blood pressure cuff tied on the same arm where the
infusion is given and, this cuff is inflated when backflow
occurs. However, this technique requires constant monitoring
which is difficult when the number of patients have to be
monitored simultaneously. Although several automatic
systems have been developed to make the monitoring of
infravenous infusions easier for both clinicians and patients
alike, there hasn't been a system specifically designed to
address this issue by locking the tube. In this paper, we
propose a valve-controlled locking system aimed at preventing
backflow using a load cell, a Hx711 amplifier module, a
microprocessor and a solenoid valve. This system is simple
and cost-effective making it accessible even in poor resource
locations.

Keywords: intravenous tube, drip chamber, backflow,
load cell, solenoidal valve, automatic locking.

. INTRODUCTION

ntravenous infusion is a form of therapy where fluids

are infused into the body through the veins [1]. It is

the standard method of treatment for individuals in
whom food or medication cannot be administered orally.
It is commonly used in chemotherapy, to reduce
electrolyte imbalance to manage dehydration, fever and
anemia [1], [2]. It is usually administered in the upper
limbs due to an increased risk of thrombophlebitis
during line placement in the lower limbs [3].

An intravenous (IV) setup consists of drip bottle,
drip chamber, a capillary tube and a roller clamp. The
drip bottle is suspended from a stand at a height from
the patient. The drip chamber is connected to the bottle
at its mouth. The roller clamp facilitates regulation of
flow rate which is measured in drops per unit time. The
fluid in the drip chamber reaches the patients’ vein as a
result of the pressure difference between the drip
chamber and the patients’ venous pressure [2], [4].
Once the volume of liquid in the bottle goes below a
certain level, the pressure is reversed causing backflow
of blood into the capillary tube which has several
adverse effects such as blockage of tube, loss of blood,
swelling, infection, hypothermia [5] and blood leakage
[6]. Another severe effect is air embolism [7] which can

Author a o p: e-mails: murthy.mjjm@gmail.com,
keerthanakaran23@gmail.com, shreevi123@gmail.com

result in reduced cardiac output and in extreme cases
cause death.

To prevent backflow, a manual method is being
adapted in hospitals wherein a blood pressure cuff is
tied on the upper arm and the catheter is passed
beneath the cuff. The cuff is inflated when necessary,
causing constriction of the lumen thus preventing
backflow [8]. Although this method is quite simple and
has not been proven to have any adverse effects, it
requires constant monitoring by clinicians. Apart from
backflow, intravenous therapy also requires tremendous
effort on the part of the nurses not to mention
continuous surveillance of the patients’ status [9] which
is difficult to do in poor resource locations.

In recent years, several methods [1], [2], [4-
17]have been developed to make the process of
monitoring intravenous infusion easier both for the
patients and clinicians. These include alarm-based
systems [1], [2], [5], [10], waming systems based on
RFID technology [9], [11], optical detection [12],0ne-
way valves [13], [14], flow sensors [15] and wireless
sensors [16], [17].Although several similar techniques
have been developed, none of them are aimed at
prevention of backflow [5]. In this paper, we have
proposed an automated locking system which
effectively prevents the backflow of blood into the
catheter.

I1. LITERATURE SURVEY

Several studies have been conducted and
techniques developed to make the management of
intravenous infusions easier. Across the studies, the
various methods that have been used are listed below:

a) Alarm based systems

b) RFID based systems

) Optical detection

) Flow sensors

) One-way valves
Wireless sensors

D O 0

a) Alarm based systems

Several studies [1], [2], [5], [10] have proposed
an intravenous infusion monitoring and alarm-based
system. Jianwen et al. used a photoelectric sensor
technology and signal processing system to display and
monitor the velocity of the fluid and also to indicate the
blockage or end of an infusion process using an alarm.
The hardware system consists of an infrared detection
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unit, SCM processing unit, data display module, sound
and light alarm module, the locking module and wireless
communication modules [10], [11].

In a study conducted by Shelishya et al., the
system consists of slotted interrupter modules which are
IR sensors used to monitor the flow of fluid in an IV tube.
The sensor output is then given to an analog to digital
convertor. This ADC output is then fetched by a
microcontroller which is programmed to activate a voice
module to alert the nurse on the end or blockage of an
infusion process [5], [11].

Bhavasaar et al. emphasize intravenous liquid
monitoring and alarm system using load cell as well as
heart beat sensors. This method lowers the chance of
heart attacks and reduces the complications in IV
therapy by monitoring the level of the liquid in the IV bag
when the level drops below the set point and by sensing
air bubbles formed in the catheter [1], [11].

Raghavendra et al. designed a system for
detecting variations in light transmission between a LED
and a photodiode placed around the drip chamber. This
device displays the drip flow rate and also has an alarm
system which indicates the deviation from the pre-set
value [2], [11].

b) RFID based systems

RFID system uses tracker tag system, these
tags consist of electronically stored information and the
passive tag collects information from the nearby
available RFID reader. In this technique the major
components are load cell of s-type, drip bag weight
scale, RFID/NFC tag reader, 6502microcontroller
system. The load cell transforms the tension pulled by a
drip bag, to weak electrical signal. Then the electrical
signal is amplified and is filled into a 16-bit A/D
converter. Finally, the tension is converted into 2-byte
digital weight data. The two-byte data and five-byte RFIF
data are packed as a data packet which is transmitted
via UDP protocol to a data collector module of IV
infusion monitoring system [9]. The RFID tag is
designed and attached on the bag of intravenous drip.
The tag is disabled when the bag is not empty because
liquid contained [11].

Sometimes LAN (Local Area Network) has been
used in the process of data transmission. Active tags
have local power source and it may operate hundreds of
meters away from the RFID reader [12].

c) Optical detection

Here the system to be monitored is stimulated
through an appropriate electromagnetic signal, typically
a step-like voltage pulse, which is propagated through a
probe, any impedance variation will cause the partial
reflection of the propagating signal through a probe. Any
impedance variation will cause the partial reflection of
the propagating signal. The analysis of the reflection
coefficient in time-domain, p, allows the retrieval of the
dielectric characteristics of the material under test, as

© 2020 Global Journals

well as of its quantitative parameters, such as in the
case of the level of liquid materials [11], [13].

While considering the case of the liquid sample
having a certain level, at the air-to-liquid interface an
impedance chance occurs, due to the difference in
dielectric permittivity. Therefore, the measured reflection
coefficient shows a significant variation which may be
used to individuate the air to liquid interface. Here the
non-invasive probe is made of two strip electrodes,
attached on an external surface of a container in which
the medical liquid is contained. The ad-hoc probe
configuration was realized through two adhesive copper
strips with a width of 3 mm and a mutual distance of 3

m [11], [13].

d) Flow sensors

The piezoresistive flow rate sensor inspired by
the hair cell sensor found in the fish lateral line system
has been composed and fabricated. The sensor has
been bonded with a 3D printed fixture and they have
been integrated on an intravenous tube. The responses
of the sensor with respect to flow rates between 100Mi/h
and 500 mL/h are noted. The flow rate has been tested
using an experimental set up and it is controlled by
peristaltic pump. The sensor shows both transient
phase and stable phase responses [11], [16].

e) One-way valves

One-way valves or non-return valves (NRV’s)
are valves that are used across several medical devices
as a means to prevent backflow in intravenous infusions
and as a means of preventing contamination of the
patients’ fluids with the infusion fluids [14],[15]. These
valves are specially designed allow only a designated
direction of flow (DDF) [15] and can usually withstand
high levels of reverse pressure before failing [14].
However, two studies [14],[15] conducted on these
valves have indicated that they cannot be relied upon as
a means of prevention of backflow or as infection
control.

Ellger et al. [15] conducted a study on five
different models of NRVs and tested them for rising
levels of pressure against DDF and migration of micro-
organisms proximal to the valve. As an outcome of the
study, 40% of the NRVs’ resulted in backflow in instance
of rising pressure against DDF and 30% of samples
showed migration of micro-organisms near the valve. It
was thereby concluded that NRV's are not a reliable
method of prevention of backflow or contamination of
fluids. Another study conducted by Nandy et al. [14] to
test the levels of cross-contamination in one-way valves
used 5 models of valves against3 different infusions
passed against the direction of flow. Leakage occurred
in several models of valves against direction of flow. The
conclusion was that one-way valves are not reliable for
prevention of contamination in case of backflow [11].



) Wireless sensors

Wireless sensors have been incorporated into
monitoring systems for intravenous infusion monitoring.
Zhang et al. [18] developed a monitoring system which
involved a monitoring sensor which was incorporated at
an end of the infusion tube. The sensor collects signals
on the progress of the infusion. The sink node is
deployed at a PC in the nurses’ station from where the
infusion status can be monitored. The monitor software
on the PC is used to generate alarms and to process
signals. It also provides information on the medicine
administered, the volume, the drop velocity [11].

Bustamante et al. [17] devised a system to
detect any occlusions in the catheter or to detect when
the catheter is empty and reduces the need for clinical
intervention. It consists of a sensor, a radio module for
low consumption, a feeding module to give an alert in
case of low battery and a microprocessor. The sensor
used is an optical sensor which is used to detect the
dripping of fluid in the tube. The microprocessor
receives the signal from the sensor and determines if
the infusion is dripping or not and generates signals
accordingly [11].

In the above studies, methods have been
developed to facilitate easier monitoring but in all these
systems, an alert is given whenever the flow rate varies
or level of fluid in the reservoir falls below the desired
range and a nurse has to manually rectify the issue. In
this paper, we have discussed a valve-controlled locking
system that automatically locks the IV tube based on a
preset value of the bottle weight [11].

1. VALVE-CONTROLLED LOCKING SYSTEM

The system has been designed in such a way to
keep it as simple and cost-effective as possible. The
setup primarily consists of a load cell, an amplifier
module, a solenoid valve, and microcontroller. The load
cell records the weight of the bottle, and the amplifier
module strengthens the signal. The microcontroller
reads the signal generated by the amplifier and
accordingly controls the solenoid valve interfaced with it.
The system design is as given in Figure 1.

The overall setup of the proposed system is as
given in Figure 2. A load cell is present, from which the
IV bottle is suspended. Based on the tension generated
by it, the load cell produces an electric signal, which is
equal to the weight of the IV bottle. Although, this signal
is too feeble to be read by a microcontroller, hence it
needs to be boosted. The amplification has been done
with an Hx711 module, which is often used in tandem
with a load cell. The amplified signal is then read by a
microprocessor, which in turn controls a solenoid valve
incorporated into the IV tubing. If the value read by the
microcontroller goes below a critical point, the solenoid
valve is turned on and locks the tube, thereby preventing
backflow.

The software platform used is the Arduino IDE.
A single control program monitors the weight of the IV
bag. The flow of the program is as given in Figure 3
below. The output of Hx711 is monitored continuously in
a loop. By default, the value of the solenoid pin is set to
HIGH and is on. Once the weight of the bottle falls
below the threshold point (e.g., 10 grams), the solenoid
pin value is set to LOW and is switched off, thus
effectively locking the IV tube.

a) Hardware description

i. Load cell

To calculate the weight of the IV bottle, a load
cell has been used. Here the load cell module has been
used to convert it to analog data and sends it to the
microcontroller [19].A load cell is a sensor that can
detect the amount of tension applied to it by the object
suspended from it and generates an electric signal [20].
The capacity of load cells varies from 400g to 40 kg. For
this system, to enable higher accuracy as far as the
weight of the IV bottle/bag is concerned, a load cell of
capacity 500g is used, as shown in Figure 4.

In this system, the IV bottle is suspended from
the load cell. The load cell has a parameter called
calibration factor, which determines the stability and
accuracy of the recorded measurements, and this value
has to be set accordingly.

ii. Hx711 amplifier module

The Hx711 amplifier module, as shown in Figure
5, is used in combination with the load cell and
integrates directly with the microcontroller.

The signal generated by the load cell is weak
and cannot be read by a microcontroller directly. Hence,
it requires amplification, and this is where the Hx711
module comes into the picture. It also plays the role of
an analog-digital converter, transforming the analog
signal received from the two-weight sensors to a digital
one, which is sent to the microcontroller [21]. The
amplifier module passes the strengthened signal to the
microcontroller for further processing.

iii. Microcontroller

The microcontroller is the integration point for all
the hardware components and the controlling factor for
the valve. In this setup, the Arduino microcontroller is
used for interfacing with the sensors and with the
solenoid valve, as shown in Figures 6 and 7. The
Arduino Uno is a microcontroller board based on the
ATmega328P datasheet. It has almost 14 digital
input/output pins (of which six can be utilized as PWM
outputs), six analog inputs, an ICSP header, a 16 MHz
quartz crystal, a power jack, a USB connection and a
reset button [8].

The Arduino contains features that are needed
to assist the microcontroller; simply connect it to a
computer with a USB cable or power it with an AC-to-DC
adapter or battery to get started. It is easy to work with
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and can interface with a variety of sensors and is cost-
effective when compared with other controllers. It also
has a reasonably low operating voltage and hence
optimizes power consumption. The microcontroller
reads the signal from the amplifier module, which is
equal to the weight of the IV bag. If the value decreases
below a certain set point, the microcontroller turns the
solenoid valve on and locks the IV tube.

iv. Solenoid valve

The solenoid valve is an electromechanical
device that is used in this setup to lock the tube when
the appropriate situation arises. This valve has an
electric coil known as solenoid with a ferromagnetic
plunger. When the valve is switched on, the electric
current passing through the coil creates a magnetic
field. The plunger is pulled towards the center of the caoill,
causing it to open. When the solenoid valve is closed, it
needs to be offered a lowered current to maintain the
valve pull-in state. This not only reduces energy
consumption and calorific value but also decreases the
turn-off time and improves the turn-off response [22].

Solenoid valves are available in operating
voltages of 5, 12, and 24, 110, and 220 volts. For this
system, a 12-volt valve has been used. The solenoid
valve was chosen not only due to its’ wide variety of
applications in the medical device industry such as in
oxygen concentrators, drug-delivery systems, and
dialysis machines to control blood flow but also due to a
list of other benefits including energy efficiency,
lightweight and compact nature, cost-effectiveness and
reliability.

[V.  RESULT ANALYSIS

For the result analysis, several repeat tests have
been done for this system. A random sample of the
results collected is shown in the table. Starting from the
maximum volume condition, measurements related to
the decrease in the level of the liquid were also
recorded. The set point for the weight of the IV bag was
set at 35 grams for a bottle of capacity 500 ml. While the
weight stays above the set point, the valve remains
unlocked. As soon as the weight of the IV bag falls
below 35 grams, the valve locks the tube.

Table 1: Experiment results

Levelin IVbag | Recorded weight of Solenoid

(ml) the IV bag (g) status
100 103.32 ON
75 77.86 ON
55 57.76 ON
35 37.44 ON
30 33.89 OFF
20 23.33 OFF
10 13.45 OFF

0 3.23 OFF

The critical level at which the tube is locked was
set based on the levels of liquid used in previous
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studies[23], [24], [25], [26] which focused on raising an
alarm to alert the nursing staff when the level of liquid
went below a certain critical value. One study [24] set
the threshold value as 70 ml since the level of liquid at
which the IV bag is replaced is between 50 to 100 ml.
Setting such a midpoint value makes it easier for the
clinician to replace the bag before backflow occurs.
Another study [25], the critical value was set at 50 ml for
the first alert and in this was missed, another alert was
sent when the level of the liquid reached 30 ml. Another
study [26] conducted with an IV bottle of capacity 500
ml sent an alert when the level dropped to 250 ml and
an emergency alert when the level dropped to 50 ml.
However, the studies cited above focused primarily on
sending alerts, but in this system, the focus is on
automatic locking. Hence, to minimize the wastage of
liquids while simultaneously preventing backflow, the
critical level of the system was set at 35 grams.

V. CONCLUSION

The system proposed in this paper can be
implemented in various settings, both in clinics as well at
home. The system is both simple and cost-effective.
Although several techniques have been developed in
the past, these systems only address issues related to
monitoring flow rate and raising the alarm in the event of
any risk of backflow, but none of them could effectively
prevent the backflow of blood in the IV tube since no
system incorporated any kind of locking mechanism.
Given the above observations, the implementation of
this system would result in a considerable improvement
in the management of patients on intravenous therapy.
The future work involves the incorporation of an alarm
system to indicate the status of the solenoid valve and a
sensor to control the rate of infusion along with
application to notify the clinician when the IV bottle
becomes empty and to indicate variations in the set rate
of infusion.

REFERENCES REFERENCES REFERENCIAS

1. Bhavasaar, M., Nithya, M., Praveena, R,
Bhuvaneswari, N. and Kalaiselvi, T. (2016).
Automated intravenous fluid monitoring and alerting
system. 2016 IEEE Technological Innovations in ICT
for Agriculture and Rural Development (TIAR).

2. Raghavendra, B., Vijayalakshmi, K., &Arora, M.
(2016). Intravenous drip meter & controller. 20716 8th
International ~ Conference  on  Communication
Systems and Networks, COMSNETS 2016, 1-5.

3. Chaudhary, K., Gupta, L., & Anand, R. (2010).

Avoiding  iatrogenic  thrombo-embolism:  The

“KAPLIT”  technique. Scandinavian Journal —of

Trauma, Resuscitation and Emergency Medicine,

18(1), 1-2.

Alagundagi, Sourabh Suresh, KrupakarPasala, and

Manish Arora. 2018. "Opto-Electronic System for

&



10.

11.

12.

13.

14.

2018 10Th
Communication

Intravenous  Infusion  Monitoring".
International ~ Conference  on
Systems & Networks (COMSNETS).
Shelishiyah, R., Suma, S., & Jacob, R. M. R. (2015).
A system to prevent blood backflow in intravenous
infusions. ICIIECS 2015 - 2015 IEEE International
Conference  on Innovations in  Information,
Embedded and Communication Systems, 3-6.
Seiberlich, L. E., Keay, V., Kallos, S., Junghans, T.,
Lang, E., & McRae, A. D. (2016). Clinical
performance of a new blood control peripheral
intravenous catheter: A prospective, randomized,
controlled study. International Emergency Nursing,
25, 59-64.

Ray, P. P., & Thapa, N. (2018). A systematic review
on real-time automated measurement of IV fluid
level: Status and challenges. Measurement: Journal
of the International Measurement Confederation,
129(July), 343-348.

Ambesh, P., & Ambesh, S. P. (2015). A simple
technique to prevent reverse flow of blood from
intravenous line in ipsilateral arm with noninvasive
blood pressure cuff. Journal of Clinical and
Diagnostic Research, 9(9), ULO1.

Chen, F. G., Wang, J. Y., Chen, S., Tu, S. C, &
Chen, K. Y. (2015). A hang-and-play intravenous
infusion monitoring system. Proceedings - 3rd
International Conference on Applied Computing and
Information  Technology and 2nd International
Conference on Computational ~ Science and
Intelligence, ACIT-CSI 2015, 278-281.

Jianwen, C., & Han, Z. (2011). Design of intravenous
infusion monitoring and alarm system based on
wireless communication technology. 20771 [EEE
International  Conference on Mechatronics and
Automation, ICMA 2011, 130-134.

Keerthana, K., Shree Vidhya, S., Janaki, M.,
&Kanimozhi, J., (2019). A Survey of Systems used in
the Monitoring and Control of Intravenous Infusion.
International Journal of Engineering and Technology,
11(1), 114-119.

Huang, C. F., & Lin, J. H. (2011). A warning system
based on the RFID technology for running-out of
injection  fluid. Proceedings of the Annual
International Conference of the IEEE Engineering in
Medicine and Biology Society, EMBS, 2212-2215.
Cataldo, A., Cannazza, G., Giaquinto, N., Trotta, A.
and Andria, G. (2011). Development of a remote
system for real-time control of intravenous drip
infusions. 20717 IEEE International Symposium on
Medical Measurements and Applications.

Nandy, P., Young, M., Haugen, S. P., Katzenmeyer-
Pleuss, K., Gordon, E. A, Retta, S. M., ... Lucas, A.
D. (2017). Evaluation of one-way valves used in
medical devices for prevention of cross-
contamination. American Journal of Infection
Control, 45(7), 793-798.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ellger, B., Kiski, D., Diem, E., van den Heuvel, I.,
Freise, H., Van Aken, H., ... Friedrich, A. W. (2011).
Non-return valves do not prevent backflow and
bacterial contamination of intravenous infusions.
Journal of Hospital Infection, 78(1), 31-35.

Shen, Z., Kottapalli, A., Subramaniam, V., Asadnia,
M., Miao, J. and Triantafyllou, M. (2016). Biomimetic
flow sensors for biomedical flow sensing in
intravenous tubes. 2076 IEEE SENSORS.
Bustamante, P., Bilbao, U., Solas, G. and
Guarretxena, N. (2007). A New Wireless Sensor for
Intravenous Dripping Detection. 2007 International
Conference  on  Sensor  Technologies and
Applications (SENSORCOMM 2007).

Yang Zhang, Sanfeng Zhang, Yi Ji, & Guoxin Wu.
(2010). Intravenous infusion monitoring system
based on WSN. [ET International Conference on
Wireless Sensor Network 2010 (IET-WSN 2010),
38-42.

Macker, A. (2018). Arduino based LPG gas
Monitoring & Automatic Cylinder booking with Alert
System. 20718 2nd International Conference on
Trends in Electronics and Informatics (ICOEI),
1209-1212.

Chattoraj, S., & Roy, P. (2015). Design and
Implementation of Low-Cost Electronic  Toll
Collection System in India. 2077 Second

International Conference on Electrical, Computer
and Communication Technologies (ICECCT), (ND).
Mirea, A., & Albu, A. (2018). Acquisition of Physical
Data in an Automated System for Monitoring
Medication Stocks. 2018 IEEE 12th International
Symposium on Applied Computational Intelligence
and Informatics (SACI), 179-182.

Sheng-nian, C., Yu, J., Cheng-tao, X., Yu, L., & Ran,
Q. (2012). Energy-saving Driver Circuit of High-
speed Solenoid Valve Based on Soft-switch
Technology. 2072 Second International Conference
on Instrumentation, Measurement, Compuiter,
Communication and Control (ICIMCCC), (ND).
Priyadharshini, R., Mithuna, S., Vasanth Kumar, U.,
Kalpana Devi, S., &SuthanthiraVanitha, N. (2015).
Automatic  Fluid Level Indication System for
Hospitals. International Journal for Research in
Applied Science and Engineering Technology
(IJRASET), 3(8), 427-432.

Chidgopkar, M. G., & Phatale, A. P. (2015).
Automatic Saline Level Monitoring System Using
Microcontroller, International Journal of Electrical,
Electronics and Computer Systems (IJEECS),3(6),
5-7.

Ram Kumar, S., Saravana Kumar, S., & Sukumar,
M., Remote Monitoring the Glucose Bottle Level in
Hospitals, International Conference on Emerging
frends in applications of computing (ICETAC 2K17),
2-5.

© 2020 Global Journals

(J) Volume XX Issue II Version I E Year 2020

o
=]

S

Global Journal of Researches in Engineerin



Global Journal of Researches in Engineering ( J) Volume XX Issue II Version I E Year 2020

AN

AUTOMATED LOCKING SYSTEM TO PREVENT BACKFLOW OF BLOOD IN AN INTRAVENOUS SETUP

26. Gayathri,
Automatic
Glucose

S., & Sundar Ganesh, C. S., (2017). Multidisciplinary Research and Modern Education
Indication System of Glucose Level in (IUMRME), 3(1), 148-151.
Trip Bottle, International Journal —of

7

L OAD CELL (WEIGHT HAS
e Ty BEEN FETCHED)
#

Mot

DRIP CHAMBER

SOLENCIDAL VALVE (THE VALVE LOCKS THE

FLOW ONCE THE CHRITICAL
/’__ " VALLUE I5 REACHED]
I — M
| AUTD IEFGHIH'E- SYSTEM
b M

1 | | )
| -
WEIGHT HAS BEEN FETCHED : i
b PASSES THE SIGNAL TO
LOCK

Y i
=N
| - " L | mormTor
\N'\-_
HX711 AMPLIFIER J ARDUING STATUS OF THE VALVE

Figure 1: Architecture diagram of proposed system

© 2020 Global Journals

Figure 2: Setup of the proposed system



AN AUTOMATED LOCKING SYSTEM TO PREVENT BACKFLOW OF BLOOD IN AN INTRAVENOUS SETUP

START

¥

THE BOTILE

GET WEIGHT OF

SOLENOID ON

Figure 3: Flowchart of the control program

SOLENOQID OFF

STOP

Figure 4: Load Cell

Figure 5: Hx711 amplifier module

© 2020 Global Journals

Global Journal of Researches in Engineering ( J) Volume XX Issue II Version I E Year 2020



lobal Journal of Researches in Engineering (J) Volume XX Issue II Version I E Year 2020

,
b g

(

AN AUTOMATED LOCKING SYSTEM TO PREVENT BACKFLOW OF BLOOD IN AN INTRAVENOUS SETUP

ONINOYY

Z 5 S

EE
»

Figure 6: Interfacing load cell and Hx711 amplifier module with Arduino microcontroller

Figure 7: Interfacing solenoid valve with Arduino microcontroller

© 2020 Global Journals



GLOBAL JOURNALS GUIDELINES HANDBOOK 2020

WWW.GLOBALJOURNALS.ORG



MEMBERSHIPS
FELLOWS/ASSOCIATES OF ENGINEERING RESEARCH COUNCIL
FERC/AERC MEMBERSHIPS

INTRODUCTION

FERC/AERC is the most prestigious membership of Global
Journals accredited by Open Association of Research Society,
U.S.A (OARS). The credentials of Fellow and Associate
designations signify that the researcher has gained the
knowledge of the fundamental and high-level concepts, and is a
subject matter expert, proficient in an expertise course covering
the professional code of conduct, and follows recognized
standards of practice. The credentials are designated only to the
researchers, scientists, and professionals that have been
selected by a rigorous process by our Editorial Board and
Management Board.

Associates of FERC/AERC are scientists and researchers
from around the world are working on projects/researches
that have huge potentials. Members support Global Journals’
mission to advance technology for humanity and the
profession.

FERC

FELLOW OF ENGINEERING RESEARCH COUNCIL

FELLOW OF ENGINEERING RESEARCH COUNCIL is the most prestigious membership of Global Journals. It is an
award and membership granted to individuals that the Open Association of Research Society judges to have made
a 'substantial contribution to the improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Fellows are
elected for life through a peer review process on the basis of excellence in the respective domain. There is no limit
on the number of new nominations made in any year. Each year, the Open Association of Research Society elect
up to 12 new Fellow Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK

GET ACCESS TO A CLOSED NETWORK

N
i - AFERC member gets access to a closed network of Tier 1 researchers and
.~ scientists with direct communication channel through our website. Fellows can
reach out to other members or researchers directly. They should also be open to

reaching out by other.
CERTIFICATE

CERTIFICATE, LOR AND LASER-MOMENTO

Fellows receive a printed copy of a certificate signed by our Chief Author that may
be used for academic purposes and a personal recommendation letter to the dean

of member's university.
Credibility Reputation

o DESIGNATION
W A5 GET HONORED TITLE OF MEMBERSHIP
T *Mgpc~"er . . . .
:’::;;;..“,Rc Fellows can use the honored title of membership. The “FERC” is an honored title

I

which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FERC or William

Walldroff, M.S., FERC.

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Fellow members of FERC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All fellows get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook



FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Fellows receive discounts on the future publications with Global Journals up to 60%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ ACCOUNT

UNLIMITED FORWARD OF EMAILS
Fellows get secure and fast GJ work emails with unlimited storage of emails that
they may use them as their primary email. For example, john [AT]

globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to all the premium
tools that Global Journals have to offer along with the partnership with some of the

! best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .



PUBLISHING ARTICLES & BOOKS

EARN 60% OF SALES PROCEEDS

| Fellows can publish articles (limited) without any fees. Also, they can earn up to
70% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper. The FERC member can decide its

price and we can help in making the right decision.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a
remuneration of 15% of author fees, taken from the author of a respective paper.

ACCESS TO EDITORIAL BOARD
BECOME A MEMBER OF THE EDITORIAL BOARD

Fellows may join as a member of the Editorial Board of Global Journals Incorporation (USA) after successful
completion of three years as Fellow and as Peer Reviewer. Additionally, Fellows get a chance to nominate other
members for Editorial Board.

Credibility Reputation

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 5 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 10 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook



AERC

ASSOCIATE OF ENGINEERING RESEARCH COUNCIL

ASSOCIATE OF ENGINEERING RESEARCH COUNCIL is the membership of Global Journals awarded to individuals
that the Open Association of Research Society judges to have made a 'substantial contribution to the improvement
of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate
membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

© EXCLUSIVE NETWORK

GET ACCESS TO A CLOSED NETWORK

At
‘ ‘F A AERC member gets access to a closed network of Tier 1 researchers and
- scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE

CERTIFICATE, LOR AND LASER-MOMENTO
Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation

DESIGNATION
i, GET HONORED TITLE OF MEMBERSHIP
gl

ey Associates can use the honored title of membership. The “AERC” is an honored
_ =~ title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., AERC or

William Walldroff, M.S., AERC.

L‘-‘.' '
Or
w e i

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of AERC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All associates get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook

VI



FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on the future publications with Global Journals up to 60%. Through our
recommendation programs, members also receive discounts on publications made with OARS affiliated
organizations.

GJ ACCOUNT
UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with unlimited storage of emails
that they may use them as their primary email. For example, john [AT]

globaljournals [DOT] org..

PREMIUM TOOLS

ACCESS TO ALL THE PREMIUM TOOLS
To take future researches to the zenith, associates receive access to all the
premium tools that Global Journals have to offer along with the partnership with

" some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .

Vil



PUBLISHING ARTICLES & BOOKS
| EARN 30-40% OF SALES PROCEEDS

|
Associates can publish articles (limited) without any fees. Also, they can earn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper.

REVIEWERS

GET A REMUNERATION OF 15% OF AUTHOR FEES
Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a

remuneration of 15% of author fees, taken from the author of a respective paper.

Financial

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook

VIII



ASSOCIATE

$4800

lifetime designation

Certificate, LoR and Momento
2 discounted publishing/year
Gradation of Research
10 research contacts/day
1 GB Cloud Storage

GJ Community Access

FELLOW RESEARCH GROUP BASIC
$6800 $12500.00 APC
lifetime designation organizational per article
Certificate, LoR and Certificates, LoRs and GJ Community Access
Momento Momentos
Unlimited discounted Unlimited free
publishing/year publishing/year
Gradation of Research Gradation of Research
Unlimited research Unlimited research
contacts/day contacts/day
5 GB Cloud Storage Unlimited Cloud Storage
Online Presense Assistance Online Presense Assistance
GJ Community Access GJ Community Access

© Copyright by Global Journals | Guidelines Handbook .



PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e |lectures

. © Copyright by Global Journals | Guidelines Handbook


https://globaljournals.org/Template.zip�
mailto:chiefeditor@globaljournals.org�
https://en.wikipedia.org/wiki/Vector_graphics�

e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.

© Copyright by Global Journals | Guidelines Handbook .

XI


https://globaljournals.org/copyright-transfer/copyright-transfer�

Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.

. © Copyright by Global Journals | Guidelines Handbook

Xl



FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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