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ABSTRACT

This study focuses on the supply chain actors’ QCD framework. The authors present an innovative tool
that illustrates the operating system of different actors in the supply chain by combining virtual and
physical reality. The study aims to present and “visualize” the QCD coherence system with the help of
the PaTeNt© — QCD spatial model. The study, therefore, focuses on the supplier, the central company;
the relationship between the supply chain actors and the QCD framework, which is suitable for the
agile, proactive collaboration.

The parts of the model, which is the result of the development:

® the elements of quality,
® the elements of cost,
® the elements of delivery.

The development of the model was brought to life by the tasks which need to be solved and this
model helps the understanding and transparency during the work.
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1. INTRODUCTION

The model helps to define the QCD approach and context system in relation to the supply
chain actors and in particular to identify their relationship by mapping the five tetrahedron
networks — the physical-spatial of the model.

The starting point of the PaTeNt © - QCD model was also used in other respects. It was
first used in the analysis of competency skills. Subsequently, PaTeNt © - JD5T - supported
the spatial presentation and visualization of job descriptions [1, 2] and was then part of the
EcoMode international research [3], and the PaTeNt©- SESC - short supply chain supplier
evaluation model [4]. These models are well applicable in research facilities, educational
institutions, and the public and competitive sectors in a given functional area. The model is
registered in the Hungarian Patent Office and it is currently under design protection. (on the
90806 registration number according to the D0500121 application number.)

However, this model composed of 5 tetrahedrons is not only suitable for structuring and
systematizing the factors but also provides an opportunity to determine the central factors
and to detect and illustrate the relationships between the factors.

The approach of the “vision” of reality, as it is known, is particularly important in art too,
but it is also significant in the sciences. “The most important thing is to see the individual
factors and the connections that arise between them, because then we ourselves get into
another dimension” [5]. Recently, there has been a growing demand for illustration, “vision”.
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In the sciences, decision cubes are suitable for this. These
multidimensional “columns” store pre-collected data/infor-
mation, allowing quick queries for different purposes. Thus,
they make the data and the information obtained from it
visible. The PaTeNt© - QCD model serves a similar purpose.
The presented PaTeNt© - QCD model was developed
within the framework of a special, multidimensional data
model. The spatial model presented in this study demon-
strates supply chain actors based on the QCD triple unit.

2. INTRODUCTION OF BASIC MODEL

The development of the PaTeNt© model was initiated by the
tasks that need to be solved in practical life. In connection
with various research a wide range of structures, details, etc.,
relevant data, knowledge need to be collected. These
different data have made and make it necessary to create a
multidimensional spatial model [6], through which the data
structure and their interactions can be seen; it is possible to
form a conceptual scheme about the available data.

The general purpose and possibilities of the PaTeNt©
model can be summarized as follows:

e the conceptual schema for researchers and practitioners;
e the data structure, structure rethinking, visual support,
data, factors, dimensions with different depth and details;

e visualization of complex relationships of multidimen-
sional datasets, i.e. seeing and showing relationships;

¢ “holding” data, information, seeing through relationships;

e casy presentation of relationships and exploration of re-
lationships, founding the ability to analyze;

e convertible views, rotatability, the model can be trans-
formed into different shapes, so the illustration of the
relationships can be realized in the case of overlapping
pages;

o cffective extension using multiple tetrahedrons or fractals;

e tracking changes (reloading data-transiting changes);

e determination of research topics, educational materials,
central element(s) of corporate governance;

e exploring cause-effect, part-whole relationship, exploring
interacting factors, logical connections;

e exploring horizontal, vertical segmentation in the data
structure;

e contact crosslink;

¢ founding the data structure of a multidimensional data
model [6, 7].

The outstanding features of the PaTeNt© basic model
are presented below in relation to the applications of the
model.

The outstanding features which are going to be presented
according to [8]:

1. The model is a conceptual schema.

2. The model is suitable for defining (a) central element(s).

3. The model is suitable for exploring the cause-effect, part-
whole relationship, and demonstrating interacting fac-
tors, logical connections.
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4. With the help of the model the horizontal, vertical
dispersion can be illustrated.

5. The model can be transformed into special shapes
through mobility.

6. The model is a contact crosslink that can also be thought
of as a multidimensional data.

2.1. Conceptual schema

The model forms a conceptual scheme between the different
data and factors in such a way that it is suitable for struc-
turing the data and allows systematization according to the
different aspects suitable for the topic. Tetrahedrons, as
separate units, are suitable for the separation of the factors
and, at the same time, for the exploration of the connections
between them by connecting them.

2.2. Defining the central element(s)

The model is suitable for defining central elements and
factors. The central element/s of the model, the elementary
unit of the system being one, two, or more central tetrahe-
drons, are attached to its edges.

The determination of the central element can be
accomplished by attaching additional related tetrahedrons to
the corresponding edges. In the example shown in Fig. 1, the
focus is on the person and the business goal.

2.3. Logical connections of model

The matching pages interact with each other, there is a
logical connection between the page contents. Thus, the

Fig. 1. The model is suitable for defining central elements and factors
(Source: Authors’ compilation)
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model is suitable for exploring and demonstrating cause-
effect, part-whole relationships. It clearly and illustratively
depicts — and by its rotatability — determines the factors that
interact and influence each other, and it is suitable for
mapping the relationships between them. Of course, the data
should be placed in the model accordingly.

The model is suitable for exploring logical relationships,
i.e. it can show what kind of “whole” the given factors form
and what parts they consist of (Fig. 2).

Figure 2 shows an application example for displaying the
relationships explored during given research, for presenting
the system between the factors of a spatial job description.
The shaping of the groups can be well observed. This specific
division is not necessary and general, it seemed appropriate
during the given research work. It can be seen that several
classifications can be set up for the functions at the
same time.

2.4. Horizontal, vertical dispersion

The model can be apprehensible as a “contact crossref” too,
that, utilizing the special shape of tetrahedrons, can also be
used to illustrate horizontal and vertical segmentation.
Figure 3 shows that by arranging the contents side by side
(e.g. responsibilities), the horizontal contents can be illus-
trated, by displaying the contents on top of each other the
vertical division can be presented (e.g. activities, task,
function, process, business goal). By systematically applying
this structure, the relationships between factors can be
visualized.
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Fig. 2. The model is suitable for exploring cause-effect, part-whole
relationship
(Source: Authors” compilation)

Brought to you by University of Debrecen | Unauthenticated | Downloaded 04/04/22 01:53 PM UTC

Fig. 3. The horizontal, vertical demonstration of the dispersion of
the model
(Source: Authors’ compilation)

2.5. Special shapes through mobility

The model can be transformed into special shapes in terms
of its formal appearance and mobility, which shapes are
suitable for expressing the relationships between the content
placed on the pages. Proper positioning of the edges shows
the relationship between each aspect. This layout provides a
conceptual scheme for highlighting and mapping the
importance of relationships.

The connection points of the model, and thus its
mobility in the special direction, are an important unique
feature of the spatial model - it is important that the profiles
at which edges connect and thus into what other shapes it
can be transformed. In this way, it is possible to show more
and more links between the “contents” indicated on the page
or between the “contents” of the pages belonging to the
peaks which are aligned by rotation (Fig. 4).

2.6. Contact crosslink

From a tetrahedron as an elementary unit, several tetrahe-
drons can be connected to a larger system. From the con-
nections, chains and networks can be formed, which results
in an efficient extension of the model. Thus, the model helps
to rethink the data structure when different depth and
detailed data are available.

The production of the model is possible in several ways.
The implementation can be physical - plastic, paper, metal,
etc. — or imaginary: software. In this case, the 3D barriers
can be solved and several more aspects can be considered. It
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Fig. 4. The model can be transformed into special shapes
(Source: Authors’ compilation)

is possible for many individuals to get to know the model at
the same time, or even by teleworking.

3. ADAPTATION OF QR CODE IN THE QCD
MODEL

Modern logistics and manufacturing are now unthinkable
without identification technology and automation. Accord-
ingly, several technologies have evolved in these areas: from
simple barcodes to smart labels — from simple data to arti-
ficial intelligence [9].

Communication between supply chain participants is the
top priority. The exchange of information is essential be-
tween actors, regardless of the company, which can be either
a production or a service company. In the case of production
companies, the related information about the product
(product name, price, when, where it was manufactured,
warranty, raw material information, etc.), at a service com-
pany for example in the case of airlines, the service provider
may include passenger and flight information for a flight
ticket or personal information for a concert or cinema ticket.

For the QCD model, the Quick Response (QR) code is
chosen. QR codes are graphic signals that can be read with a
QR reader or by a smartphone camera and guide a person to
a website, video, or document. The advantage is that the user
does not have to enter the web address or information on
the website URL.

Quick Response (QR) codes are two-dimensional barc-
odes that are becoming new norms for users, helping them
reach their partners, and providing relevant online access to
relevant content in a fast, user-friendly way. Educational
institutions are constantly using these 21st-century tools as a
way to engage key stakeholders, i.e. students. Scanning the
code takes the user into an online digital world [10, 11].
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Usage of QR code became necessary due to the following
aspects:

QR code is a free open standard.

e It does not require a product ID-readable device (separate
scanner for the barcode), it can be read quickly and easily
with a smartphone.

e Two-dimensional barcodes connect Internet content and
real objects, making it possible to connect the virtual
knowledge space and the real world.

® A good feature is that it can take a photo or scanned
image from any direction, it does not need to worry about
the correct orientation of the code, the system will auto-
matically detect the correct direction.

e The information that can be displayed on each surface of
the tetrahedron is short, only keywords can be displayed,
by reading the QR code it is possible to present further
detailed descriptions, contexts, and interpretations of the
keywords.

e During the presentation of the special shape, not only the
illustration but also the interactivity and the active
participation of the audience can attract attention.

e The code points to a link, the content of which can always
be updated to students in case of constant maintenance
and care.

® QR code is very popular among the younger generation.

e It can be part of the education, the theoretical material

can be easily linked and the knowledge can be deepened

with the QR code used in the model.

To use QR codes, a smartphone that has a QR code
reader and an internet connection are needed. The QR code
reader is usually available for free download from applica-
tions, and certain phones already have a built-in QR code
reader [12].

Response code technology of acceptance and use has
become more widespread in recent times. The company
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executives surveyed see QR codes primarily as a technology to
increase the benefits of both strategic and communication with
customers, thereby increasing the company’s efficiency [13].

According to the research, users were asked whether the
use of QR codes in education was favourable in their
experience, had an effect on learning, easier understanding
of the curriculum. If so, what were the parameters and
components that helped learning? All participants see a
positive effect: the majority of participants because of
attractiveness and visualization, and many users because of
updatable information and direct leading [14].

The combination of the model and the QR code makes
the theoretical curriculum tangible and interactive.

4. GENERAL INTRODUCTION OF THE QCD
MODEL

In the case of production and service companies, the ma-
terial and information flow from the raw material supplier
through the production process to the end-user are moni-
tored throughout all phases of the logistics process.

As one of the main goals of companies is to increase the
added value of the product by improving performance,
customer confidence, companies are paying more and more
attention to the entire supply chain [15].

The competitiveness of the supply chain can only be
maintained if the QCD triple unit is continuously developed.
Proper use of the QCD unit as one of the basic elements of
the kaizen can result in performance improvement [16].

The QCD unit (Fig. 5) is built from the dimensions of
quality, cost, and delivery. “Q,” quality is very often
customer-defined, one of the most important, necessary but
not sufficient dimensions of a business relationship. The
second dimension, “C,” is cost, which involves realizing the
output of a product or service to meet customer needs. “D”
means delivery, product, or service to the customer.

The QCD dimensions are very significant both internally
and externally in the supply chain, from the perspective of
supplier and customer relationships.

Quality (Q)

Cost (C)

Delivery (D)

Fig. 5. QCD triangle
(Source: Authors based on British automobile sector developed vision)
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At the same time, not only does the production/service
company need to have the right QCD dimensions, but
compliance with this field is also important and prioritized
for customers and suppliers in this rapidly changing envi-
ronment [17].

Proper access to the QCD unit is also influenced by the
appropriate product, process, and organization (PPO) [18].

The development of the QCD unit can also be supported
by various indicators [19], but other evaluation processes
may also support the monitoring of progress [20, 21]; it is
not uncommon for even a contract between business part-
ners to fix a review of the QCD [22].

The rationality-based design between the two QCD
models in [23] may lead to different but high performance.
Toyota’s manufacturing system was developed on the
premise that the control mechanism shown in [23] out-
performs its modular manufacturing system shown in [23],
specifically in its system for developing production capac-
ity [23].

The QCD (quality, cost, delivery) dimensions can be
extended with service and environment factors, so in this case,
we can talk about a QCDSE framework [24], however, with a
well-defined QCD framework, it is not easy to convince
management to integrate additional dimensions, whether so-
cial or environmental, to improve costs [25], although sus-
tainability [26] may be necessary to maintain competitiveness.
In the present model, we examine the QCD framework.

Industry 4.0 actually covers the entire supply chain,
comprehensive automation, and digitization. Which can
apply to either a physics or a virtual system. Coordinating
different tools and applications helps companies grow faster
and provide effective decision support [27].

The ever-changing technological revolution currently
requires the formation of organizational changes, the
continuous change and fine-tuning of business and corpo-
rate relations [28].

It is important to have an overall view of the relation-
ships and company connections and the expected conse-
quences and effects of the decisions at the management level.

4.1. Internal relationship system

According to the aspect of view of the internal processes of
the production/service company, maintaining the QCD
balance is determinant, because if the 3 conditions are not in
line, the internal process of the company does not work
properly. For example, if the cost of the product is on the
planned level, and the service or delivery is on time, but
there is a quality defect in the product, then that product
cannot be sold or can only be sold below the planned price.

In the production, the transportation delays between the
machines can be analyzed and optimized. There are more
methods and strategies to find the best solution and result [29].

4.2. External relationship system

By developing a new or existing product, the first actor in the
supply chain is to inform the supplier as early as possible and
to take an active part in the processes, as it affects the lead time,
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turnover, time to market, or development costs of the com-
pany’s product and the efficiency of the whole process [30].

QCD symmetry is also relevant for an external relation-
ship, if the ratio shifts it can lead to customer problems or
dissatisfaction. For example, if the cost and delivery are of the
right standard, but the quality is not the expected level, then
we cannot talk about customer satisfaction. However, if the
quality and price are right, but the delivery is delayed or not
to the given address, we can still talk about a loss of customer
confidence. It is therefore very important to maintain this
balance, which needs to be addressed as a matter of priority.

The spatial model of the QCD correlation system is able
to define the main processes. In this case, the focus is on the
corporate processes and their relationships. The spatial
description is suitable for modelling by exploring logical
relationships, i.e. it can show what kind of “whole” the given
factors form and what parts they consist of. Therefore, the
model can be apprehensible as a “contact crossref” too, that,
utilizing the special shape of tetrahedrons can also be used to
illustrate horizontal and vertical segmentation.

The model can be transformed into special shapes in
terms of its formal appearance and mobility, and thus it is
perfectly suitable for expressing the relationships between
the content placed on the pages.

The connection points of the model, and thus its
mobility in the special direction, are an important specifi-
cation of the spatial QCD processes, that is, it is important
that the profiles at which edges connect and thus into what
other shapes it can be transformed, thus showing more and
more links between the “contents” indicated on the page or
between the “contents” of the pages belonging to the peaks
which are aligned by rotation.

Proper alignment of the edges creates the connection
between each aspect. This arrangement forms a conceptual
scheme for finding and mapping relationships.

The dimensions of Supplier Relationship Management
(communication, cooperation, trust, atmosphere and adap-
tation) have a significant, positive impact on performance.
In the service sector, it analyzed this relationship and impact
on the hospital system [31].

Accurate knowledge of customer needs and the trans-
mission and communication of these features and re-
quirements to suppliers is key. Continuous supplier
performance measurement can keep the requirement of the
end user of the supply chain [32].

Not only getting to know the company’s relationship
system is key, but even the physical and cyber relationships
where the organizational departments form a coordinated
unit, thus implementing communication, information ex-
change, automated systems, other processes, groups, in-
dividuals. This environment is the foundation of the smart
industry [33].

5. THE SPATIAL QCD MODEL DESCRIPTION

In order for a production or service company to be able to
meet the constantly changing market needs, a well-regulated
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system is needed. A transparent system is needed for all
actors in the entire supply chain. Well-thought-out and
planned processes are needed to design the structure.

Given that all sides of the 3D model (Fig. 6) are only
visible in spatial representation at a time, the contents of
each tetrahedron are presented below (Figs 7-13).

The starting point of the model is the production/service
company, to this central element the internal QCD processes
of the company and the QCD processes and metrics of its
external relations (both on the supplier and customer side)
are connected. These are implemented through processes.
The different functions of QCD appear in the segmentation
according to the processes. Specific metrics, tasks, and ac-
tivities can be assigned to the elements of the QCD frame-
work (Fig. 7). Due to the rotation mechanism to be described
later, these elements appear on the sides of two tetrahedron.

The two main units of the spatial QCD model - the
internal and external processes — are connected by the three
main groups:

® Q - quality part dimension processes and indicators
e C - cost part dimension processes and indicators
e D - delivery part dimension processes and indicators

The building blocks of these groups are structured on
three to three sides of a tetrahedron. A truly successful
company needs to think about a new complex control sys-
tem that will dazzle its customers, but provide the quality of
the goods demanded by the customer at the right time and
in all cases. The most important task for customers with
excellent QCD (Quality, Cost, Delivery) in a constantly
changing industrial environment is to create a new system
that allows for flexible changes in the production process,
taking into account high quality requirements [17, 34].

5.1. Q - Quality dimension tetrahedron structure

The tetrahedron representing the first group connected to
the two central tetrahedron presents the content specifica-
tion of the quality part. The units of content specification of
the quality part are presented and segmented on 3 sides of a
tetrahedron (Fig. 8).

A detailed description of the quality tetrahedron can be
found in a document available by reading the QR code
(Fig. 9). The document details the basic definitions and
definitions, a detailed description of the tasks and indicators
on each side of the tetrahedron.

5.2. C - Costs dimension tetrahedron structure

,Logistics have a variety of different impacts on an organi-
zation’s financial performance. Logistics has traditionally
been seen as an operational necessity that cannot be avoided;
however, a good logistics operation can also offer opportu-
nities for improving financial performance.” [35].

The tetrahedron representing the second group con-
nected to the two central tetrahedron presents the content
specification of the cost part. The units of content specifi-
cation of the cost section are presented and segmented on 3
sides of a tetrahedron (Fig. 10).
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PRODUCING/
SERVICE
COMPANY
Intemal

Fig. 6. An overview demonstration of the 3D QCD description

(Source: Authors compilation)

Internal
quality
tasks

Quality
related information
processes, indicators

PRODUCER/

SERVICE
ClOStZ COMPANY/ Delivery External General
relate:
related . C
informations, informations, quality indicators
activities activities tasks

Fig. 7. Production/service company internal QCD connection Fig. 8. Quality specification parts
(Source: Authors compilation) (Source: Authors compilation)

Brought to you by University of Debrecen | Unauthenticated | Downloaded 04/04/22 01:53 PM UTC



International Review of Applied Sciences and Engineering

Fig. 9. QR code of quality system description
(Source: Authors compilation)

Internal
costs

General
indicators

External
costs

Fig. 10. Cost specification parts
(Source: Authors compilation)

The processes of supply chain management and the
quality part have been embedded in the operational processes
of companies almost from the very beginning. In addition to
the organizational and operational aspects, quality aspects
may extend to technical devices, techniques or technology.
For some industries, there are separate systems of standards
that focus on critical core competencies in the field [36].

A detailed description of the tetrahedron related to the
cost elements can be found in a document available by
reading the QR code (Fig. 11). The document details the
basic definitions and definitions, a detailed description of the
tasks and indicators on each side of the tetrahedron.

5.3. D - Delivery dimension tetrahedron structure

The supply process is an integral part of the supply chain
and has an impact on the efficiency of the entire process. In
the case of transportation systems, it is also necessary to
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Fig. 11. QR code of cost system description
(Source: Authors compilation)

Internal
connection
of delivery

General
indicators

External
connection
of delivery

Fig. 12. Delivery specification parts
(Source: Authors compilation)

follow the principle of continuous development. Nowadays
it is needed for the existence of transport information sys-
tems technology. In the delivery of goods, there needs to be
an exchange of information between those involved in the
transport process including customers as well [37].

Continuous improvement in transportation and logistics
is needed to enable transportation companies and systems to
keep up with technological change and thus be able to
compete with other companies in the market [38].

The tetrahedron, which presents the third group of ac-
cessories connected to the two central tetrahedron, presents
the accessories of tasks and indicators related to services and
transport processes. The units of the technical specification
of the service sub-process description are presented and
segmented on the 3 sides of the tetrahedron (Fig. 12).

A detailed description of the service-related tetrahedron
can be found in a document available on a link by reading
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Fig. 13. QR code of delivery/service system description
(Source: Authors compilation)

the QR code (Fig. 13). The document details the basic def-
initions and definitions, a detailed description of the tasks
and indicators on each side of the tetrahedron.

The authors of the model also made the spatial model of
the model, knowing that it would perfect the planar repre-
sentation. The photos of the spatial model can be found in
the study, but due to the visual constraints of the article, they
were presented in a two-dimensional form.

The PaTeNt© - QCD model is thus an approach tool
that makes information content and relationships touchable.
This gives you more support than before:

¢ exploring and understanding the connections,
e easy communication with goals,
e systems approach thinking.

With the future emergence and spread of 3D presenta-
tion techniques, widespread use is expected, as information
can be efficiently transmitted through the physical display of
relationships and the use of QR codes.

The future logistics envisage a more intensive use of the
Internet and virtual space, with the help of which a higher
level of communication will be available and collaborative
communication and support between man and machine can
be realized [39].

With help of the model, the relationships of the company
can also be seen visually, thus facilitating easier transparency
and indirectly contributing to the development of the entire
company processes and to customer relation in the long run.

To detect and know the customer touchpoints is a base
for a customer satisfaction [40].

6. CONCLUSIONS

The PaTeNt© - QCD model presented by the authors il-
lustrates the comprehensive QCD framework of supply
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chains with specific captions. This is very useful for all actors
in the supply chain. By visualizing the model, it can effec-
tively and emphatically illustrate the goals of efficient and
economical supply chains. This spatial model both in edu-
cation and in economic life systematizes and illustrates the

e quality elements,
® cost elements and
e delivery elements of supply chains.

The model can also serve as a basis for increasing the
economic competitiveness of educators, researchers, and
even companies, as well as for supporting the under-
standing of the given correlation system. As a result of the
research, a new QCD organization management tool was
created, which is also suitable for the development and
coordination of SC processes by exploring the exact
correlations.

Furthermore, the model can help to formulate expecta-
tions against materials, machines, and instruments. The
point is to explore relationships. These possibilities require
further research, parallel display with the development of
technology.
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