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Abstract: Biodegradable materials and their applications are now a widespread topic of scientific activities and
publications, mainly due to their ever-expanding possibilities for use in biomedical fields. Advances in the study and
evaluation of materials often require different methods to determine the properties and consequences of degradation,
whether changes in structure, mass changes, morphological changes or differences in the mechanical properties of the
material before and after degradation. The aim of this work is to summarize the available and used methods, as well as to
compare the information obtained for the design of a suitable method. The procedures are described on the basis of studies
that have addressed the issue of biodegradation of materials using in vitro methods.

1 Introduction Degradation mechanisms are closely related to

Degradation of materials in different environmentschemical structures, molecular weights, the presence of
depending on their use, is generally a frequently observBdcroorganisms and environmental conditions. The
phenomenon in a wide range of disciplines, not excludirjotection of materials can be achieved to some extent by
biomedical engineering. In the case of degradatict/rface engineering and control of the physical, chemical
assessment in a simulated human environment, it 38d biological environment so that the surfaces of the
possible to speak of a phenomenon called biodegradatidhaterials are as inert as possible [3].

Materials are generally prone to degradation to some
extent due to various factors. In general, there are thréd ~ Mechanisms of material damage
basic categories of material degradation - physical, Degradation can be initiated by external influences
chemical and biological. Physical refers to the effect gfuch as heat, humidity, chemicals, exposure to UV
force, heat, or radiation. Degradation of chemical origiradiation, mold or bacteria and is promoted by mechanical
refers to the destructive reactions between a material agitess. There are many ways in which degradation can
the substances that come into contact with it. Biologicgccur. One of the most common ways is wear, for example,
degradation involves all interactions between livingvhen material is constantly rubbing against another
organisms or microorganisms and materials [1,2]. material. A form of degradation that affects many types of

In industrial practice, degradation is a negative rath@olymers is degradation caused by ultraviolet light, which
than a positive phenomenon, mainly due to changes in taffects the internal bonds of polymers. Chemical
structure of materials, which results in undesirable changdegradation is another process that can make the material
in the properties of materials. This can lead to reducéess useful over time (e.g., exposing steel to hydrochloric
safety, reduced operational efficiency, but also economieid).
problems. Degradation is therefore understood to mean Degradation processes often coexist in combined
processes of mostly continuous and irreversibi®rms, such as corrosive wear or the occurrence of stress
deterioration of material properties. However, there agfacks due to the environment, where at least two
industries (eg ecology or bioengineering) whergegradants are involved in the degradation. While in the
degradation may be desirable, in the form of biodegradatsiase of one degradant it would be a subthreshold level of
materials. Biodegradability and compostability are types glamage, in combination the material fails. The most
material degradation in specific environments [2]. common mechanisms of damage are corrosion, wear and

fatigue of the material [2,3].
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1.2 Principles of biodegradation EN (European Standards), JIS (Japanese Standards) and

Biodegradability of materials is nowadays a veryarious other national standards organizations [8,9].
desirable process, especially with regard to the In nature, biodegradation is influenced by several
environment, but also in the case of other fields such &j)vironmental factors and is mainly caused by enzymes
medicine, where such materials have enormous potentigtoduced by microorganisms, but other mechanisms may
Some microorganisms have a naturally occurring ability @lso be involved. However, during testing, conditions
degrade, transform, or accumulate vast amounts #fiould be kept as constant as possible to ensure
compounds, including hydrocarbons, polychlorinatetepeatability of results. It is therefore important to choose
biphenyls (PCBs), polyaromatic hydrocarbons (PAHs}he most appropriate testing method [10].
pharmaceuticals, radionuclides, and metals [4]. In general, biodegradation can be assessed by two basic

Thus, biodegradation is generally a process ahethods:
decomposition of a substance by living microbial ¢ in vivo- a method of evaluating the behavior of a
organisms. Microorganisms are one of the most adaptabl@logical system in its natural environment,
biological species in the world and there is a huge amount ¢ in vitro - in experimental biology, these are methods
that can contribute to degradation in different conditionghat are performed using components isolated from their
These organisms are secreted by enzymes, which bréekial biological environment.
down the substance into smaller compounds by metabolic In vitro or in vivo degradation of a substance can be
and enzymatic processes [5]. characterized as:

A very important factor for biodegradation is the @) a primary change in the chemical structure of the
presence or absence of oxygen. Based on this, it may St#stance that leads to the loss of specific properties of the
aerobic or anaerobic biodegradation [6]. substance,

The process of biodegradation can occur in different (b) environmentally friendly; biodegradation to such an
environments, which has a great influence on the courextent that the undesirable properties of the compound are
and rate of degradation. Biodegradation in maringliminated,
freshwater, soil and composting conditions is most often ¢) final complete decomposition of the compound;
assessed. The behavior of materials in different conditioagher fully oxidized or reduced single molecules such as
is different, but all environments are suitable for certaigarbon dioxide / methane, nitrate / ammonium and water

microorganisms [7]. [11].
2 1.4 Comparison of in vitro and in vivo methods
% Compost 'I_'he in vitro study is performed in a con;rollled
& environment, such as a test tube or petri dish. In vivo is the
g Soil Latin term for "live". It refers to tests, experiments, and
g procedures that researchers perform on a living organism
i Fresh water (person, laboratory animal, or plant).
%” Salt water While in vivo methods are usually time consumiing,
3 . )
& vitro methods are fast and cost-effective methods that

- provide a necessary and useful complement to in vivo
Figure 1Agresivity of biodegradation depending on environmergtudies in materials testingln vitro testing is a
straightforward research methodology that allows more
It is thus a systematic and complete mechanicalgtailed analyzes and biological effects to be performed on
physical and chemical change in which the material & larger number oin vitro subjects than they would in
broken down by biotic microorganisms such as bacterianimal or human experiments [12].
fungi or yeast, supported by abiotic ecosystem factors such
as climate and environmental conditions (i.e. acidity? Biodegradation testing

humidity, temperature etc.) [3]. Currently, regulations require that biodegradability
_ _ claims be based on aerobic biodegradability, which usually
1.3 Biodegradation methods measures oxygen consumption, CO2 production and the

Historically, biodegradation test methods were firsttate of inorganic carbon intermediates. For the aerobic
developed for chemicals in wastewater, with the firsgnvironment, biodegradability is measured on the basis of
protocols published by the OECD (Organization foCO2 analysis. For an anaerobic environment, a parameter
Economic Cooperation and Development) in 1981. Lateis used, which is the amount of Dissolved Organic Carbon
biodegradation methods for other environments and algoOC) [13].
for other materials were described. In addition to the There are tests simulating different conditions (aquatic,
OECD, similar procedures have been published by IS@rrestrial, biological conditions of the human body), based
(International Standards), ASTM (American Standardspn static, semi-continuous or continuous principles,

operated under aerobic or anaerobic conditions. In any of
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these tests, the following important factors affect Parameters such as humidity, temperature, pH,
biodegradation [3,11]: presence resp. the absence of oxygen and the supply of the

« the concentration of test material, which should beutrients already mentioned therefore have a significant
high enough for the analytical methods chosen, but logffect on the microbial degradation of the materials and
enough for toxic substances or if actual environmentaiust be taken into account in determining the degradation
concentrations are to be simulated; [7].

» physico-chemical properties of tested substances
(solubility, volatility, ...) 2.2 Biodegradation assessment parameters

+ composition and concentration of inorganic nutrients Biodegradation is associated with several processes
in the test medium; such as oxygen consumption, carbon dioxide formation,

« the presence or absence of other degradallremical surface change or physical losses, which are
substances in the same medium for cometabolic processsisservable in the sample. There are 2 key aspects to

» conditions and properties of test systems, such B®degradation testing:
volume and shape of test vessels, open or closed bottles,1. degradation parameters: weight loss, molecular
temperature, method of mixing or shaking, and oxygemeight decrease, dimensional change, deterioration of
supply; mechanical properties and analysis of surface chemistry.

* test duration. 2. biodegradability.

In Figure 2 it can be seen the available test methods Different types of analysis methods are used for
used for each degradation condition. In general, they canaluation, depending on the type of parameter being
be divided into laboratory, simulation and field tests.  assessed. Frequently used methods in the first stages of
degradation are X-ray photoelectron spectroscopy (XPS),

Enzymatic
scanning electron microscopy (SEM) or infrared
With individual spectroscopy (IRS), which are used to assess surface
| Leboratory tests cultures changes [12].
— In the later stages of degradation, other parameters such
Wc'ffltr::’é‘:d as weight loss, changes in molecular weight, temperature

or mechanical properties are evaluated on the basis of mass
analysis. The assessment of biodegradability is determined
by measuring the conversion of carbon to carbon dioxide
(and methane in the case of anaerobic conditions) [16].

Simulating tests fr= bioreactors

Natural

Teren tests = .
environment

Biodegradation testing
___1
—

2.2.1 Chemical development
Figure 2Methodsof biodegradation testing The basic process in aerobic biodegradation is the
oxidation of carbon-based organic substances, which leads
Laboratory tests are a suitable analytical tool for tht® the conversion of carbon to carbon dioxide. A certain
assessment of biodegradation, while providing amount of carbon may remain present in the sample as
synthetically generated environment with definedesidual carbon [17].
conditions and their results are best reproducible. Respirometry or the Sturm test are most often used to
Simulation tests are performed in special bioreactors thesaluate chemical development. In principle, these are very
provide complex and well-defined environmentabimilar tests, with the difference that while the Sturm test
conditions. Field tests are the most appropriate choice ascurately measures carbon dioxide production and
terms of relevance, as the material degrades directly untdedegradation is determined as-€CO2 conversion, in
the natural conditions of its use, but due to the variabilitjhe case of respirometric tests, O2 consumption is
of environmental conditions, in most cases it is not possibieeasured instead of CO2 production [5,14].
to verify the results of these tests by repeated studies [14].
2.2.2 Weight
2.1 Factorsinfluencing biodegradation Mass loss is the most basic and widespread
The basic biotic factor is the metabolic capacity ofonsequence and indicator of degradation. Weight loss
microorganisms. The rate of degradation often depends @¢asurement is a common method for detecting the
the concentration of the substance and the number @degradation of various insoluble materials.
organisms capable of metabolizing the substance [15]. For example, Shrivastava et al. used weight loss as one
Another important factor is nutrients and oxygenway to detect the biodegradation of wool by two species of
Microorganisms need macronutrients and micronutrienfgngi, with weight losses of 58% and 22% for individual
to synthesize cellular components. In order to avoi@ngal cultures after 4 weeks of incubation.
uncontrollable microbial growth, it is necessary that Typically, the analysis of this property is performed by

sufficient nutrients and oxygen are available in a usabléeans of an experimental measurement, which consists of
form and in the right proportions [3,7]. collecting mass data at different times (before, during and
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after the degradation process). Before each weighing, tberrosion and adhesions, these processes depending on the
sample must be decontaminated (using distilled @hemical composition of the interface [18,22].
deionized water) and dried. The material can be The study of surfaces and surface phenomena at the

dehumidified in three ways [18]: atomic or molecular level is therefore an essential scientific
* Mechanically (centrifugation, pressing, ...) field. Surface chemical analysis is a term covering a range
» By the action of heat (dryers) of analytical technigues used to determine the elements and
«  Physico-chemical. molecules present in the outer layers of solid samples.
The most commonly used techniques are Fourier
2.2.3  Morphology Transform Infrared (FTIR) spectroscopy, X-ray

Biodegradation leads to a significant change in thHehotoelectron spectroscopy (XPS), secondary ion mass
surface structure of the material. Its process leads $8ectrometry (SIMS) and contact angle measurement [23].
continuous disruption of the sample surface, which results
in the formation of cracks, microcracks and other defects, Design ofin vitro degradation methods
as well as changes in the dimensions of the sample [19]. for materials

Prior to analysis, the sample is usually cleaned or Gijyen the similarity of the methodological procedures
otherwise adjusted for microscopy. Different materialfcluded in the study review, this part of the work is rather
require different sample preparation procedures (grinding,summary of the possibilities within the methods that can
polishing, etching, etc). In the case of electrope ysed in the assessmentiofvitro degradation of
microscopy, the sample must be thoroughly dried t@aterials. Some procedures such as corrosion ratings are
prevent deterioration. The samples are dehydrated Byecific only for metallic materials. In Figure 3 we can see
immersion in acetone. The sample is then poured infdschematic of the methodological procedure that followed

synthetic resin, cured by polymerization and post-treategi the studies presented in this work.
(trimming, grinding) [20].

Table 1Mechanical properties and methods of testing

Mechanical property Method of testing Conditions pr:;:]rgﬁon pric;l::::{;n
Elasticity / plasticity Compression, tensile tests,
Stiffness, static load| twist and bend
behavior — - - - -
Creep of the material Creep tes Definig material properties Weight measuring
Hardness Brinell, Rockwell,

Vickers exam
Toughness Impact tesi
Fatigue behavior Wohler fatigue te:

2.2.4 Mechanical properties Data collection during testing

One of the other consequences of biodegradation i

z . . . . Weight measuring pH of solutions
reduction in mechanical properties due to the disruption ..
the crystalline structures of the material. Mechanical ’
properties belong to the quantitative parameters . .
degradation assessment, and the basis is the observe L o I e e E i T

and assessment of the behavior of the material unuc:
external mechanical stress. Standardized tests are used for
testing, which ensure uniform procedures for mutu. [T E I F IS T
comparison of material properties [20,21]. Quantitative analysis Qualitative analysis

The tests cover a wide range of materials, usiry . .
common test methods such as bending tests, tensile and Figure 3process of testing
compression tests, wear tests, fatigue tests, etc. The choice )
of method depends on the property of the sample undeéd  Choice of test method

consideration. In all the studies described in this work, agreement was
found in the choice of test method. The research was based
2.2.5 Surface chemistry on testing by immersing samples in solution, ie on the so-

The final design of materials depends, among othéglled immersion test, which is a suitable method for
properties, to a large extent on their surface microstructuetermining biodegradation in simulated human fluid. It is
and behavior. In this respect, surfaces play an importz#g0 one of the most widely used methods for assessing
role in many technological processes such as catalydietal corrosion.
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The principle of the test is to place (immerse) thare not specified). According to an overview of solutions
sample in a suitably selected medium for a fixed period aked in the degradation of metallic materials by Di Mei et.
time, which may be interrupted in order to obtain thdl. the use of complex saline solutions as a degradation
necessary data (eg weighing or changing the solutiompedium for the Mg corrosion test for biomedical use is not
Samples are weighed before, during and after testingpmpletely reliable. Although PBS solutions provide a
During testing, it is necessary to monitor and correct thrmore complicated test environment such as NacCl solution,
pH value and also maintain the selected temperatutbey lack several important inorganic ions (eg Ca 2+,
within the deviation. carbonates or phosphates), which have a significant effect

According to the ASTM Manual for Laboratory on Mg corrosion.

Submersible Corrosion Testing of Metals, a versatile

device should be used, most often consisting of a suital¥y2.4 Data collecting

sized flask (500-5000 ml), a reflux condenser with an Data collection took place a total of three times during
atmospheric seal, an atomizing or aerating atomizer,each test in each of the studies, before, during, and after
thermometer vessel and a temperature control deviaegradation. The first measurement was performed on the
heating equipment and sample support system. Howeviitial characteristics of the material in terms of weight,
the equipment selected in this way is explicitymechanical properties and surface evaluation. The last

characterized for corrosion assessment. measurement (i.e. after degradation) is in principle
identical to the first measurement and is necessary to
3.2 Test conditions compare the results obtained. Data measurement during the

The basic parameters that need to be determined in tRét was focused only on data collection and pH control of
biodegradation test are the temperature, the degradatibg degradation medium.
medium with a suitable pH, as well as the duration of the Weighing is an integral part of degradation assessment
test. Testing conditions vary for different materials anédnd is one of the main parameters of the degree of
their uses and may vary from research to researdtegradation. It takes place throughout the process at
However, in order to obtain relevant results, it is importaarious time intervals. However, weighing should be
to maintain the input conditions throughout the procesggeceded by drying of the samples due to the absorption of

within tolerable deviations. the samples by the solution during the immersion time.
However, not all studies report the drying process as part
3.2.1 Test duration of the procedure.

The total duration of testing is very different compared Various methods were used to analyse the data obtained
to the studies, ranging from a few days, weeks to montfig.the studies. The most commonly used (in all studies) was
Some studies may take a year or more. The testing tifiee SEM method, for surface evaluation. FTIR analysis is
chosen may depend on the potential use of the mater@liso relatively numerous, it was omitted only in the studies
E.g. Bone defects usually heal much longer, so degradati@hmetallic materials, while in them the analysis used by
behaviour should be monitored over a much longer perie@tical microscopy was the only one used. In addition to
of time. the conventional methods mentioned, other methods such

as BEI, SEC or XRD were used in the studies.
3.2.2 Temperature and pH value

In general, the test solution and in particular the p
have a significant effect on the outcome of the degradati SEEES
experiments. A key issue for biodegradation is th '
simulation of physiological conditions occurring in living [
organisms. For this reason, the most frequently chosen }
is 7.4 and the temperature is 37 ° C (x 1 ° C), which wi
uniformly chosen in each of the studies. Thus, it can

lF*f'gure 4 SEM analysis of polymer surface after 1, 4 and 7 weeks

argued that the most suitable values for biodegradation of in vitro degradatiorj18]
testing, independent of the material tested, are pH 7.4 and
a temperature of 37 ° C. 4 Conclusions

3.23 Degradation medium Today, there are a relatively large number of different

fhout the behaviour of the material directly in a living

ganism or in a solution of simulated human fluid.

and gIasg-c_eramm;). In addition to these ?Olunonﬁrowever, the procedures and methods chosen for
however, it is possible to use e.g. also Hanks' solution

(HBSS), which has been used in other studies (but these

~ 75 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia

- International Scientific Journal about Technologies
Volume: 8 2022 Issue: 3 Pages: 71-77 1SSN 2453-675X

BASIC BIODEGRADATION METHODS OF MATERIALS
Alena Findrik Balogova; Marianna Trebunova; Jozef Ziv¢ak; Radovan Hudak

biodegradation testing often differ, which can be confusing

when selecting test methods for research in this area.
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Abstract: The construction sector is one of the most important economic activities since it is responsible for planning,
designing, and developing the infrastructure that social development requires, such as roads, schools, and hospitals. Thus,
the late completion of construction projects may harm social welfare. Construction companies have problems coping with
completion times since they simultaneously manage multiple infrastructure projects that differ in the number of workers
they need and the possibility of having projects whose development overlaps. So, companies split their projects into
development stages to simplify the management of construction projects, which require an efficient allocation of workers
to cope with the stages’ activities. This paper analyzes the distribution of workers among development stages to cope
with the projects’ completion times. Noticing that not all workers should participate in the same development stage of a
single project, the previous problem casts similarities with the maximum flow problem. We follow this modeling approach

to determine the number of workers participating at each development stage when a company simultaneously manages
more than one construction project. Later, we apply the previous model for a company that operates 11 projects and has
24 workers; the maximum workers’ flow model sets the number of workers that each development stage needs for the
on-time completion of the 11 projects by considering three different scenarios, concerning the overlapping of development
stages.

1 Introduction workers among stages when companies are in charge of

Due to the high costs associated with constructic¥everal projects [5].

projects, sponsorship-based tenders are common forIn this paper, we analyze the previous allocation
increasing the competitiveness and efficiency within theroblem for the case of a construction firm that manages
sector in the realization of infrastructure projects [1], id1 projects with different completion times. The company
order to avoid a crisis management [2]. Sponsorship-basgRlits them into development stages, and each requires a
tenders are competition systems that assign projectsdiéferent quantity of workers. Since projects’ stages
those companies that offer low construction costs atd@velop similar activities, workers can ‘flow’ from one
reasonable completion time. In other words, theg¥oject toanother whenever a stage requires them. So, the
assignment mechanisms pretend to reduce projects’ cdafgvious problem casts similarities with the maximum flow
while parallelly coping with completion times. AlthoughProblem of Ford and Fulkerson [6]. In other words, our
tenders have succeeded in lowering costs [3], the on-tif@deling approach considers that workers move on a
completion of these projects remains a challenge sinBipartite network whose nodes represent stages and

companies simultaneously manage several projects wiRFojects; and arrows go from stages to projects. So, arrows
different features. indicate the stages that a project needs for its on-time

For the on-time completion of each projectcompletion. Moreover, the arrow’s weight is the maximum
construction companies split their projects intdiumber of required workers at some stage.
development stages, when they manage different projects Typically, the maximum flow problem determines the
at the same time. However, the complexity of this strateggaximum amount of some resource from a source node to
increases as stages overlap with other projects’ stageglestination node, satisfying capacity constraints. For
because each phase requires a different number of work&&mple, Karshenas and Haber propose a piecewise linear
For example, the initial stages tend to be more labg?bjective function to minimize the total project cost
intensive than the last stages, which implies that the initidirough the maximum flow problem [7]. However,
stage needs more workers than the last stages. Herfg8lham [8] demonstrates that this approach can assign
construction companies characterize by having permandk&ining personnel in the U.S. Air Force at a lower cost. In
and eventual workers during the completion of a projefgcent years, Gorham’'s ideas have been applied to
[4]. Even more, the empirical evidence points out that latedustries like textile [9], automotive [10], aeronautics
completion times are caused by an inadequate allocatiord bt], and manufacturing [12] to optimize human resources.
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Our paper is closely related to the previous literature. Quintana [15] points out that each arrow can be
Specifically, we apply Gorham'’s ideas for the constructioconsidered as a conduit with a capacity that indicates the
industry, one of the most important sectors within a countrpaximum number of workers that can flow through it. The
since it generates and maintains the infrastructure that otleapacity of an arrowk is a non-negative constagftr),
industries use [13]. So, we analyze three different scenarighile the flowf (tk) is a non-negative functigffrom 4
that consider different starting and ending stages hyg R, . Due to the construction company has constraints for
considering data from a construction enterprise théiring additional workers, the flow does not exceed the
simultaneously manages several projects. In other wordgpacity, i.e., f (i) < q(ux), for all ik € A. The
our assignment procedure is flexible enough to deal witlburce and terminal nodes are artificial nodes that allow us
problematic situations that are either beyond control ang establish the following features concerning the total
often lead to delays. In comparison, the traditionalumber of workers and completion times:
approach of planning and controlling projects tends to fail 1. All workers can flow frons to any vertex € X.
mainly because of too much precise control, which curtalge assume that the total number of workers in the
creativity from playing a crucial role in construction [14]. company is, i.e.,q(si) = K foralli € X.

2. Weightgg(pt) indicates the number of workers each
2 Methodology project needs for on-time completion.

The allocation of temporary workers among
development stages for projects’ on-time completion casts Given the previous constraints, the workers-projects
similarities with a maximum flow problem. As we allocation problem is to find the maximum flow of workers
mentioned before, a worker may 'flow’ from project tothat each project's stage needs for on-time completion.
project whenever their skills are needed at a particulBelow, we present the mathematical model that
stage. However, if the construction company is in chargeimmarizes the previous problem.
of several projects, it needs to allocate such workers to

cope with the completion times of all its projects. We Maxz = x, ()

model the workers’ flow by considering a netwadfk= subject to

(X,A), whereX is the set of nodes aml is the set of X5, ifLt=5

arrows. Yeueaf W) — Y weaf (k) = 0, ift=x (2
We assume thalW is a bipartite network, i.eX is —X;, ift=1

partitioned into two sets, a set of nodes that represent 0<flx) < q(ix) 3)

periods,S = 1,2,...,n, and a set of nodes that represent

projects,P = pq,Ps, .., Pm- A generic period is denoted  Expression (1) establishes the objective function of our
by i, while a generic project is denoted fayor p. So, an problem, i.e., to maximize the number of workers that
arrowip is an arc from some stagién S to some project should ﬂow from the source node to 'ghe terminal node.
p in P. SinceN is bipartite, there are no arrows frshto ~ EXpression (2) illustrates flow constraints related to the
S, or fromP to P. We consider thaf is a well-ordered set total number of workers that flow through the netwitk
concerning time development, i.e., the company stargpecifically, the number of workers that depart from the

construction activities in period 1, and ends its operatiog§urce node must equal the number of workers that arrive
during periodh. in the terminal node. At the same time, flow’s conservation

is satisfied in middle nodes, which means a flow equal to

Assumption 1. I'"(p) = {i € S|ip € A} is the set of Z€ro. In other words, the number of workers that start

all periods in which the construction company develop¥0rking in a project's stage is the same that leaves the
activities for completing projegt. project. Finally, the worker’s flow in an arrow must not

exceed the maximum capacity of such an arrow, expression

By Assumption 1, the on-time completion of project #3) requires.
requests|I'" (p)| periods. Even more, note that we can
interpret periods inf~(p) as development stages for3  Data description
project p. Since S is a well-ordered set, the initial  The construction company that we analyse is in charge
development stage @ is min{I'"(p)}, while the last of eleven projects, which the company got from
stage of projegp is max{I'*(p)}. participating in public sponsorship-based tenders. All
To analyze the allocation of workers among projects @sojects have the same completion time, 45 days, and the
a flow problem, we consider the netwdik= (X,4) such company splits all projects into three development stages

that: of 15 days. Moreover, the company has a total labour force
1. X = {s,t} wheres and tare the source and of 24 workers, and each development stage needs at most
terminal nodes, respectively. 14 workers.

2. A =AuU({sili € S} U {ptlp € P}.
A generic arrow i is denoted byk.
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Table 1 Data of the construction company

WorkersProjects,  Project Stage Work MAX: FLOW (N,1)
completion | duration year Now, we describe the problem’s constraints. First, we set
time (in days | (in days |(indays| the capacity constraints
24 11 45 15 36(

@FOR(ARCOS(1,J):FLUJO(1,J)<=CAPACIDAD(l,J)):

Despite the construction company’s efforts to copkater, we establish the flow conservation constraints
with the on-time completion of its projects, it struggles to
reach this goal. More than 14 workers are assigned to so@&OR(NODOS(I):@SUM(ARCOS(J,1):FLUJO(J,1))
developmental stages, according to historical data. At th&@SUM(ARCOS(1,J):FLUJO(1,J))):
same time, some projects start their development mahinally, the data that our model needs summarize arrows
periods after the company gets it because there are gapacities.
available workers. In other words, projects’ construction
does not initiate because the company’s assignmdDATA: For each arrow, we need to specify its capacity,
mechanism does not allow the ow of workers frome., the maximum number of workers that can flow through
projects, where they are not necessary, to new projects. lem. Note that arrows with nodes not{int} have a
apply the maximum ow problem explained in the previousmiaximum capacity of 14, while arrows from the source

section to deal with this problem. node to stages have a capacity of 24 workers. Also, arrows
from projects to the sink node have a capacity constraint
4 Reaultsand discussion of 14 because it represents the maximum number of

This section solves the maximum flow problemivorkers needed to complete a project in 45 days.
described in Section 2 by considering the company’s
features summarized in Table 1. Since the maximum flowAPACITY:
problem is a linear programming model, we use thHeNDDATA:
LINGO 11 software to compute its solutions. Below, wéND:

present and explain the model's code. In the following subsections, we discuss three possible

scenarios. The first one is the construction company’s
MODEL : situation at the moment of our study; such a scenario
SETS: considers that the company needs to plan the year to

We first set the variables of the maximum flow model. ditialize and terminate a project because it has already
we establish the total number of nodes and arrowgotten the 11 projects. The other two examples show the
describing the network under workers from ondlexibility of our modeling approach by specifying the
development stage to another. The cardinality of the nodei&ges where projects arrive and should finish. The
set is n = 37 because we have 11 projects, 24 developm@@fhplete codes for each scenario are shown in the
phases, and the initial and terminal nodes. Appendices.

NODES/1...n/: 4.1 Scenario 1 (thecurrent situation)

Before specifying the arrows set, it is essential to remember Nowadays, the construction company is in charge of 11
that the maximum ow problem unfolds on a network whopeojects whose arrival was characterized by the lack of
nodes play different roles. Hence, nodes represeptanning from the company’s managers. Since the
development stages and projects, but we also includecampany needs to complete each task by using its workers
source and a sink, nodes one and n, to describe the probl&n45 days, we assume that the company can carry out and
as alinear programming model. Consequently, the arrowsomplete any project at any period. So, in the network
set includes arrows from the source node to all stageghere workers ow, the set of arrows whose initial or final
while all projects should be connected with the sink nodeodes are not ifs, t} is:

It is worth recalling that arrows from stages to projects

depend on the period where the company gets the project. A=SXxP 4
So, all projects may start and finish during the samthat is to say, for all: € S andp € P, there exists an
development stages, or the initial stage may overlap wittrrow: p in A.

the last stage of particular projects. In the following In other words, the previous scenario is represented by
subsections, we present networks that illustrate theecomplete bipartite network when we only consider nodes

company’s current scenario and other possibilities. in S andP. Figure la illustrates the network that serves the
case where the company is not sure of the initial and final
ARROWS (NODES, NODEYS): stages of its eleven projects. We use the LINGO software
ENDSETS: to solve the maximum ow problem represented in Figure
The objective is to maximize the flow of workers that gba. The results show that the company can complete each
from the sink node to the source node. project in two stages. Table 2 indicates the initial and final
~81~
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stages and the number of workers that the company needsTable 2 Allocation of workers by initial and final stages

to cope with completion dates. Project| Initial Number Final Number
Stage | of workers | Stage | of workers
0 1 6 4 14 10
2 2 10 15 4
3 15 14
4 3 8 15 6
5 5 14
6 1 10 3 4
o 7 1 14
s 8 7 14
Vs 9 2 14
% 10 7 10 24 4
,:,.é" ‘ 11 14 14

Rkl

4.2 Scenario?2

Although the previous analysis allows the company to
plan the number of active workers at each project during a
year, it is common that the initial and final stages of
different projects overlap. Our second scenario analysis is
based on the previous observation.

Hence, we consider that the construction company
carries out a new project halfway through completing a
project; that is to say, the company starts a new project in
the second development stage of a previous project. Also,
we consider the existence of a tight completion time. For
example, we have that project 2 starts during period 2,
which implies that it should finish at period 4. Figure 2
illustrates this scenario.

(b) Results
Figure 1 Scenario 1: Any project can start and terminate at an
period

In other words, the projects’ features allow the
company to cope with completion times in a year. Whe
the company does not have specific delivery stages, it
possible to allocate the necessary workers to complete
project in only one stage. Figure 1b illustrates this solutio

(a) Network
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(b) Results
Figure 2 Scenario 2: Projects begin in the intermediate stage «
a previous project

As before, we use LINGO to solve the maximum ov
problem by considering the network in Figure 2a. Table
summarizes the number of workers that need to work «
each project during a particular stage. As before, v
observe that no project is completed in three stages; e\
more, it is possible to complete a project by assigning :
workers in only one development stage.

Wi

(a) Network
Table 3 Allocation of workers by considering the second

scenario
Project | Initial Number | Final Number
Stage of Stage of
workers workers i

1 1 14 4 ‘
2 2 14 15 4
3 4 14 g
4 4 4 5 10 ’
5 6 14
6 7 14 3 4
7 9 14
8 10 14
9 11 14
10 10 4 11 10
11 13 14

start a new project in the middle of a previous project. Th
means that the company accepts a new project in the |
development stage of a given project, see Figure 3a.

. O
4.3 Scenario3
In the third scenario, we assume the company does t \g/

(b) Results
Figure 3 Scenario 3: Initial and final stages overlap

Using the LINGO software, we observe the company
can assign the maximum number of workers in only one
stage. Table 4 presents the stage under which each project
is completed, while Figure 3 illustrates this result.
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Table 4 Allocation of workers by initial and final stages  that the total number of workers at each stage may vary.

Project | Initial Stage | Number of workers Also, projects’ completion may change by exogenous
1 2 14 factors like natural disasters or economic crises. This
2 4 14 means that the directed network may suffer random
3 6 14 modifications. In future works, we pretend to extend our
4 8 14 analysis by considering exogenous factors that introduce
5 10 14 uncertainty to the number of workers or the network’s
6 12 14 structure.
7 14 14
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Abstract: The Transport is among the most significant human activities on the planet. Better transportation allows for
more trading and a wider distribution of people. Transportation infrastructure like bridges and roads significantly
influences the environment and is the primary energy drainer, making transportation sustainability a key concern. This
paper also analyses current bridge scour and road potholes detection equipment and methodologies and their effect on the
transport system. In scouring regards, a particular emphasis on those uses the structure’s complex reaction to suggest the
presence and severity of the scouring phenomena affecting the structure. A Sensitivity Analysis of a newly introduced
monitoring system is also assumed. This report examines the similarities and differentials between the bridges scour
detection methods and potholes methods. Our key aim is to minimize human effort in identifying road potholes and bridge
scouring by using a quick, easy-to-use, cost-effective process, resulting in fewer injuries and economic savings. On the
other hand, many initiatives have been taken to create a technology that can instantly identify and detect potholes, leading
to improved survey reliability and pavement quality through prior inspection and prompt intervention.

1 Introduction in 1995 of the Interstate 5 bridges over Arroyo Pasajero

Scour can generally be defined as sediment corrosig#sulted in seven people's murders. The reports of these
around an obstacle in the flow field's direction. Scour cafisasters show that the local scour is the chief reason for
significantly break down structures such as bridge#eir collapses. In addition to the human life lost, the bridge
spillways, and weirs when their foundations have beéipllapses cost approximately millions of dollars as indirect
undermined. Scour around bridge foundations is classifi@gyments to refurbish and replace bridge structures per
into three types. First, long-term aggradation anyear and t_he |nd|rec_t expenditure for the d|sru.pt|on of
degradation cause elevation and supplementary variatidf@nsportation ~ services. The Federal Highways
in the river's shape over a very long period due tdministration 1978 reported a concentrated study of
geomorphic modifications. Second, contraction scoltfidge failure in the U.S., proving that bridges and
happens due to flow restriction for natural reasons or théighways collapsed due to severe floods between (1964
presence of any obstacle such as river embankmentsa8fl 1972) and cost about $100 million. In New Zealand,
contraction caused by a bridge opening. Third, local scofite scour consumed $36 million per year. The bridge's
around the bridge foundations happens when bridg@"aDSQ resulting from the scour is a common mmdeqce,
abutments and piers choke the flow in the rivers' marnd millions of dollars are expended each year to repair or
channel and valley (Figure 1) (Chang, 1988). rebuild bridges affe_:cted by_the_water scour. _

Several recent bridge structure failures have resulted Roads offer a vital contribution to global prosperity and
from local bridges Scouring nearby piers_ Furthermoré’ellver Slgnlflcant .SOC|a| anefltS. They are of critical
they concentrated on understanding the causes of pier sdfportance to making a nation grow and develop. Roads
causes and developed new methods for protecting bridgé§ connecting more areas and promoting economic and
against scour effects. Over three decades, 1,000 bridgé§ial growth. Road connection is among the essential
collapsed, 60% due to hydraulic failures, including bridgeublic properties for these purposes. However, due to
scooping, in the United States (Lagasse and RichardséAnstant loading and weathering on the roads, a pothole can
2001). They reported that the local scour along briddee caused, severely affecting human life. A pothole is
foundations was caused by river flooding, which is thougliefined as a scouring in the road's surface, frequently
to be the chief cause of the bridge disaster. Furthermo@$phalt pavement, and traffic removes these broken
bridge failure results in the deaths of many people am@rtions of the pavement surface. This action causes the
economic damage due to the cost of rebuilding antater in the soil structure under the pavement surface and
reconstruction. For instance, in 1987, Scholarie Credke highest traffic moving over the pavement's affected part
Bridge collapsed in New York (USA), killing around ten(Figure 2). The flowing water at the beginning deteriorates
people. In 1989, a part of the U.S. 51 Bridge wake underlying soil structure, and as a consequence of
demolished into the Hatchie River close to Covington, tHaffic, fatigue led to the break of the soft supported road

U.S., resulting in eight deaths. The collapse in Californigurface in the exaggerated area. Transport vehicles started
excavating, resulting in a road break, the pavement, and the
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underlying layer of land (Rioja, 2003). Most potholegiaps left not sustained and opened to allow moisture and to
appear during the wet or rainy season. However, potholéamage the structural reliability of the road surface.

are not unusual to grow and deteriorate during the dry The Hungarian Statistics office, where the last study
season due to road activity and temporary wet conditiomss conducted in 2017, found that about half of the road
from localized irrigation, ponding, and water seepage. Tleonditions in Hungary (about 54%) are wrong. Forty
bad reinstatement of trenches excavated by bituminopsrcent of the prominent and 60 percent of the secondary
roads usually leads to potholes. Potholes could Ietwork are in a terrible state. The condition is currently
accompanied by extreme cracking and breakage thre worst in Komarom-Esztergom County, where 73% of
distortion of the pothole's surface, indicating a deepéocal roads are poorly paved. In the Noégrad andrGy
cause of the potholes' formation. Water intrusion intbloson-Sopron, 69 %-70 % of roads are only in the fair and
surficial cracks in the road pavement and erosion of onbearable condition in Pest County. Potholes are caused
the pavement's surface and upper structural layers are mor&@nly by excessive rain when the water reaches the road
likely to be the source of minor deformation in the potholby its tears, freezes, and bursts the asphalt. In 2018, -about
area. The distress should be present as a bowl-shaped Bo®0 claims of poor road conditions arrived at the
with minimum plan dimensions of 6 inches to be called Hungarian Road Authorisation. Out of 1,600 reports,
pothole. The low gravity potholes are less than 1-inchpughly 640 were confirmed and spent a total of 43 million
moderate gravity is between 1 and 2 inches, and the higtJF on repairing (Katydhelyzet: pocsék allapotban
gravity potholes are more than 2 inches wide. Furthermorgnnak az Utjaink | Viliggazdasag, 2021).The Automobile
A pothole has three characteristics that differentiate it frodssociation of the United States reported an annual loss of
any entity on the street from an outer appeal. At first, tH#4 billion in 16 million vehicles, including tire puncture,
potholes are more profound than the surrounding fieltisting, and suspension injury. There is a greater risk to
Second, the pothole outline is roughly like an ellipse tothe economy due to potholes, which includes risks
circle seen from the driver's viewpoint. Third, theassociated with road users and businesses in the form of a
surrounding area's composition around the potholes higher rate of incidents and potential payments for
more delicate than the texture within the pothole itselinsurance rates. Driving on potholed roads increases
thicker and grainier. Potholes may have arisen when sn@ensumer prices as it accelerates vehicle degradation and
and icefall, and the water flows under cracks formed due depreciation. In addition, it raises the level of much-needed
road corrosion. As a result, freezing temperatures at niglfpairs and extra fuel consumption. The industry has
freeze the water, and the pavement below it growsuffered annual losses in Nigeria due to vehicles' poor
Consequently, cold night temperatures and water becomuads. They calculated a loss of over a million dollars per
ice, forcing the pavement to grow beneath. The traffigear, in addition to the other economic damages associated
continues to pound on the expanding segment; thus, a laith poor highways, such as air pollution, traffic delays,
divot happens below, breaking down the pavement amadmed robbery, and frequent deaths (Ericksson et al. 2008).
forming a pothole (Koch et al., (2011).Kornél Almassy,
C.E.O. of B.K.K. Public Roads reported that the number of
potholes on Budapest's roads had risen dramatically due to

the rapid temperature fluctuations. Due to current weather
conditions, more than four hundred potholes have
developed, and repair staff is working three shifts to
developing the consistency of the Budapest road network.
The weather in Budapest is affecting the city's road system.
The main challenge is not the cold weather only, but the
unexpected rise and fall of the temperature. One day, it was
less than 10-15 degrees and another 15 degrees, damaging
the capital's road network, with hundreds of potholes ¥ 3 :

reported daily. Inspectors continually check the roads, an@Igure 1the p|er' scoursat the eastern Yuriage Bndge Kayen
if they come across a large pothole, they would cover it
with bagged asphalt. Potholes can grow up to several feet
across but usually just a few inches in diameter. Harm tires,
wheels, and car suspensions will likely occur if they
become high enough. In addition, serious road crashes can
occur directly, particularly at higher vehicle speeds.
Potholes can be the product of four major causes:
Insufficient pavement thickness to sustain traffic through
freezing/dew cycles without localized failures, failures in _ :
service trenches and castings (maintenance hole and dra|ﬁ|gure2The potholeson theroad surface (t|rerev|ew com,
casings), insufficient drainage, and Pavement flaws and 2021)
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2 Scour monitoring using instrumentations  Tethered float platforms include kneeboards and pontoon-
Monitoring concepts for structural structures have beetyle floats. The floating volume seems crucial for stability
through a steady growth phase over the last decade. A &st-moving, whirling water. A bridge inspection vehicle
result, they play a role in designing new and emergirgay also deploy both floating and non-floating structures.
architectures. Traditional instrumentation used for trackinjhis is exceptionally effective whenever the bridge is
and measuring scour and their characteristics is discus§édisiderably above the river. For example, bridges taller
in this chapter based on literature analysis of sensors 4h@n 15 m are ordinarily unreachable from the bridge
instrumentation technologies used to monitor scour @¢rface unless this procedure is applied. Mueller and
particular site conditions. This chapter briefly reviewé-anders developed an articulated arm for positioning a
selecting the more often used scour detection a§@nar transducer in 2000. The trailer-mounted equipment

measuring techniques. Then, the instruments used &ld work on highway bridge lengths up to 15 meters
divided into portable and integrated or fixedhigh. Based on the angle and distance between the teaser

instrumentation methods. Portable  instrumentatiodnd the transducer, an onboard computer calculated the

methods include Physical probing, fathometers (Sona;??”Sducef'S orientation around a given point on the bridge
and Geophysical information, while fixed or integrate eck. The researchers also illustrate a manned boat as a

instrumentation methods include buried sensors, sonar, &&@Ur measuring platform, requiring a safe distance

similar devices. between the bridge and the launch facilities. During floods,
however, the river level may reach or submerge the low
21 Portableinstrumentations chord of the bridge, and watercraft ramps may be flooded.

Portable scour samples have been taken using sevétdpthometer is often used for depth measurements, while
instruments. In particular, there are three approaches Rgpsition detector_s. are usually GPS dewces..'_rhe benefllt of
creating a portable scour measurement and diving probiffg”S above traditional land-based vulnerability screening
Fathometers are the second kind of meter (Sonar) a§dhat it eliminates the necessity for control stations to have

Geophysical data. line-of-sight. The GPS can be used in the dark and bad
weather, making it particularly valuable for flood
2.1.1 Diving probing and sound rods monitoring. The disadvantage of GPS is that it can be

Diving is a basic scour screening system in which @ilized in areas with overhead barriers, such as trees or

trained bridge inspector conducts a manual inspection Bfidge decks. GPS readings of the structure’s surface have
the bridge underwater. This system will capture scour daRsoved correct without walking beneath the bridge.

from various sites, and the water clarity does not affect the )

data collection process. However, the downside of thisl-3 Geophysical data

approach is that it can be costly, making it more ideal for G€ophysical instruments use wave spread and
worst-case cases. It also has a strong potential for rigReurrence data to detect the interfaces between different

Furthermore, owing to the subjectivity of the regulatord€SOUrces with di.fferent physical qualities. The distir)ction
the data produced from such visual inspections may hav8gfween acoustic and geophysical procedures is that
high degree of uncertainty (Zheng, 2013). A sound rod g’eophyspal te_chmques can de_ztect semi-detail, but acoustic
used for the bridge inspector to manually test a bridge 5#" only |dent|f_y the wgter-son contact, not the sedlm.ent
placing a rod or weight on the Streambed to determine ti®/er- The primary differences between geophysical
sediment depth. The bottom of the shaft must be low ﬁpproe}ches are the delivered S|gnals and the tangible asset
prevent it from contacting the Streambed due to its weigfftérations that create reflections. Lower-frequency
and friction created by rushing water. When the riverbed ®0uUstic waves are used in seismic instruments, similar to
sand, sounding rods travel through it, decreasing accuraggnar (2-16 kHz). Seismic waves can be propagated by air
Diving probing offers several benefits, including that it iPUbbles and huge silt concentrations, just as sonar can
not affected by air entrainment or high sediment levels afgankielun and Zabilansky, 1999) (Figure 3). The best use
may be employed in rapid, shallow water. The main fla®f Fhe geophysmal technique isto (_jetermme scouring depth
in this methodology is the inaccuracy of the data samplésincreasing the water zones during a flood at lower flow
acquired and the potential hazards involved. Furthermof@nditions. These challenges have become minimized as
this strategy is pricey and lacks the potential for automat8¢Pre advanced, low-cost GPR devices with digital data

alerts. dispensing capability have been identified. However, GPR
can be limited by cost and difficulties, as well as the
21.2 Fathometers necessity for borehole data and trustworthy bridge

For portable scour measures, fathometers #pfluences the development to recalibrate and understand

acoustically depth sounders are typically utilizedth® results.

Hydrographical assessment fathometers and fish locators . . .

of precision survey grade are also utilized. Whilg-2 Fixedinstrumentations o _
measurements are performed from the bridge, transducersinstruments installed in the bridge’s vicinity or in the
are attached to a pole, thumb, tethered buoy, or boohiidge construction itself, usually at piers and abutments,
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to record data to alert concerned staff when the scour depth

becomes extreme are known as fixed instrumentati@®.2 Electrical conductivity devices

approaches known as embedded instrumentation scourThis type of device uses fluctuations in the electrical
monitoring. The device is mounted at pre-determinecbnductivity of various media to identify the orientation of
bridge locations to track and measure scour. Sonar-baskd water-sediment contact. They use the principle of
sensors, sounding rods, magnetic sliding lapels, tilt-metedgtermining the electrical connection between two probes
and float-out instruments are among the most popular do their work. The potential to draw current changes as
embedded instrumentation tracking methods (Lagasse ahd substance between the probes changes. This occurrence
Richardson, 2001). The type of fixed scour monitoringould demonstrate the prevalence and severity of the scour.
device that is used is determined by the information that is

required. Fixed scour measurement and tracking tools c22.3 Magnetic diding collars methods

be categorized into many groups. Magnetic sliding collars are another helpful method
used for scouring identification. This instrument consists
2.2.1 Sonar-based sensors of a thick necklace placed on a magnetic pole. The rod is

Which are permanent devices typically mounted on thgushed into the stream's bed, and the collar lies on the
bridge pier. Sonar emits pulse waves and processes $iiwam's bed. When the sand is swept away from the stream
portable trip time from the riverbed to assess scourifged during the scour, the collar slips down the magnetic
depth. Both scour and accumulation of sediments can tm, and the depth falls. The base station senses this
measured using sonar sensors. The only drawback of sodiffierence in the collar height used to deduce the scour. It
as a scour measurement instrument is that its measuremén straightforward measure, and the water's consistency
are influenced by heavy sediment and turbulent flow in ttdoes not influence its reading. While this method is very
sea. In addition, high-end sonars with a large deptiseful in calculating scour depth, the main downside is that
capacity and high resolution can be costly (Fisher et ailts sensors can only be used once and cannot measure
2013). sediment deposition (Fisher et al., 2013).
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Figure 3. Fixed devices (a) sonar, (b) magnetic collars, (c) float-out devices, modified from (Zabilansky, 1997)

2.2.7 Vibration-based method accelerometers or fiber-optic (FBG) devices, as the scour
This approach uses the principle of calculating thsensor's dynamic sensing feature (Figure 4). However, this

actual occurrence of the rod fixed in the Streambed. Epproach is yet to be thoroughly tested. It is continuing

monitor scouring depth, the opposite relationship betweeesearch, and studies are being carried out (Lagasse and

essential frequency and the sensor of the rod lengthFeederick, 2007).

applied. It uses structural vibration sensors, such as
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Figure 4 Bridge scours detection methods (Maroni et al., 2020)

3 The approaches for the road potholes 50 used for training and research. With 82 percent
monitoring specificity and 86 percent recall, the overall accuracy was

3.1 Two-dimensional |mage-Based Approaches 86 percent.

It is a technique for automatically detecting holes in th . .
asphalt. Using the suggested method, the image is initiatfy Methods of three-dimensional Laser Scanner

segmented into faulty and non-defective parts. The 't WOrks by producing exact digital photographs of

geometric properties of the defective field are then used §giSting structures using reflected laser pulses. Actual 3D

estimate the theoretical form of the pothole. Following tha'?,o'm 9IOUd points with their hgights were gathered durin_g
nning and recovered using a grid-based processing

the surface of the prospective region is separated and

correlated with the texture of the neighboring non2PProach concentrating on essential distress characteristics

defective region. For example, if the composition of tthhar)g et a(lj., 5.005)‘ Experiments showbthat pqtholz
defect zone is denser and blurrier than the neighboriff@Ve""g and distress —coverage can be monitore

regions, the area of interest is classified as a pothole (Ko% ic!gntly and precisely to determine the amount of
and Brilakis, 2011). significant material required.

Buza et al. (2013) proposed an innovative vision-based Th_ey used elevated .3d crogs-scanning tephniques with
g invisible (1.R.) laser line projector and a virtual camera

unsupervised technique that would not require expensi@ . . ; :
build a low-cost real-time inspection approach that

infrastructure, additional processing, or training. Their: == hes both ¢ h : h
technique uses image analysis and spectral clusteringZiglinguishes bothersome features such as rutting, gunshot,
d potholes. In the calibration process, a multifunctional

find and estimate potholes. Image classification, contoff’ | device i lied O th ¢ -
separation using spectroscopic grouping, and detection giftP'anar dévice IS applied to increase the systeém precision

removal are the 3 phases in the suggested model. tRENable the use and dist_ribution o_f further feature points
technique was evaluated using 50 pothole photos fro roughou_t the camera f|eld of view Po_tholes can be
website image collection and MATLAB. The surface are etected in real-time using Iaser scanning equipment,
was estimated to be around 81% correct. As a result, thigVeVer the cost of Iase_r scanning technology remains
technique will offer a preliminary estimate for surfacd!9n at the vehicle level (Li et al., 2009).

repair and rehabilitation. Matlab was used with the Image ) o

Processing Toolbox to test the suggested techniq%$.3 Methods of Stereo Visualization _
Images were altered from video formats acquired using a An extensive survey of the pavement state using the
wireless router robotic truck prototype outfitted with onlystereo visual software for a feasibility report. In that way,
an H.P. Premier Image stabilization Camera mounted € asphalt surface is protected by two optical cameras. The
roughly 2 ft. hundred twenty images were gathered, wifffSt move is an analysis of 2D pictures from both cameras
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for any cracks to be seen and classified. The findings 4f Discussion

two image providers of the same asphalt are then integratedpoor road and bridge conditions and an inadequate
to measure missed damages during one analysis, allowifghsportation infrastructure impede the flow of products
for better precision. Geometric modeling with lateral anglnd people in metropolitan areas. Inadequate infrastructure
longitudinal profiles is frequently used to set threemay also be a deterrent to both domestic and international
dimensional surface models using a pair of photograpliyestors in our metropolitan regions. Productivity
taken within the same paving surface. To gather 3Bbnstraints at the city level, such as infrastructural
characteristics from specific 2D pairs of photographs qpmitations, impacted the productivity of enterprises and
the same pavement surface, procedures should fagnilies, affecting the economy’'s aggregate productivity.
completed, including camera calibration, correctioffransportation development's economic relevance is
distortion, aligning stereo dots, template matching, anghked to improved society's welfare through proper social,
characteristic reports (Wang, 2004). olitical, and economic conditions. Quantitative and

The stereo vision technique replicates the base of tggalitative gains in human capital, such as income and
3D pavement with a pair of pictures. In two couples, fousducation levels, and physical capital, such as utilities,
cameras were used to capture surface pavemeRinsportation, and telecommunications, are predicted.
photographs around a 4-meter extensive floor (an One of the severe challenges in evaluating adequate
individual couple of images covers 200 cm of the roadyeadway repair and refurbishment techniques is accurately
The approach included four stages: measuremefentifying potholes. Physically recognizing and testing
distortion  correction,  correspondence, and  3Brocedures are expensive and timewasting. As a result,
reconstruction. DHDV (Digital Highway Data Vehicle), anseveral investigations have been made to implement
experimental tool advanced by the University of Arkansagechnologies that can quickly identify and recognize
a multi-system road condition investigation, provideghotholes, increasing survey reliability and pavement
preliminary findings on the viability of stereovision forquality by allowing for early detection and intervention.
pavement photography. However, in 3D reconstructiofsrst, existing pothole detection approaches are examined
the resolution can only be achieved in a static environmesfid evaluated, with the most common vibration-based, 3D
of 2mm and a dynamic motion environment of more thag@novation, and perception systems. Although perception
5mm. Therefore, stereo vision strategies are proposedpfethods are much less costly than 3D laser scanning
calculate pavement status with a stereo-visual deviggethods, because of the fuzzy signal created by pollution,
connected to a car to record road network conditions. Thiscan be hard to diagnose a pothole because they observe
method delivers a brief overview of the suggested solutiopy evaluating the acquired picture and video data. As a
The road segment was measured as field trials along a logadult, to improve the current pothole identification
road of 650 m in length. The author found that the proposg@lproach and consistently discover a pothole, a pothole
stereo viewing system could assess Poland's road netwgfntification system based on diverse 2D pictures is
conditions (Hou et al., 2007). necessary.

The method of stereo vision requires a high level of Traditional Scour detection equipment is typically
computational effort to rebuild asphalt surfaces bygxpensive to install and operate and is frequently destroyed
comparing feature points between two points of viewsy debris during floods. Data processing from this
Besides, all cameras are correctly positioned, and whef§uipment can be time-consuming and difficult. The
there is a vehicle movement vibration, the cameras can &@uctural dynamic behavior is frequently used in research
misaligned and impair the accuracy of the resulig jdentify and identify the level of scour around buildings.
Therefore, itis impossible to implement themin a real-timehe research offers the door for non-intrusive condition

setting. monitoring and intermediate maintenance to diagnose and
_ track scour progression. Easy installation above the
3.4 Theradar of Kinect waterline and inexpensive maintenance are two advantages

Using a Kinect sensor (or radar) and USB high-speedd dynamic measurements versus traditional scour
camera, a low-cost radar device detects and analyzgsnputation instrumentation. Frequency shifts will assess
potholes. The project was in its early phases at the timetgag stiffness distortion and, ultimately, the influence on the
this report. There have recently used low-cost Kinect radatructure of interest of the stiffness effect. The instruments
to take pavement depth images and the quantity of afithe Streambed often neglect this factor since the global
estimated pothole volume. The Kinect sensor extractedriluence of scour cannot be detected until a high number
pavement depth picture from the concrete and asphaitinstruments are used nearby scour critical points. There
roads. Meshes have been created to enhance the depigéoralready much space for improvement in complex
of potholes. Detailed analysis of the pothole region, th@easuring methods. Some of the challenges associated
estimated pothole volume was measured using thgth these approaches include the large amount of
trapezoidal area-depth curve test employing a pavemeficeleration data needed to collect helpful knowledge, the
image analysis (Moazzam et al., 201). high power necessities for data achievement systems, and

other effects.
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5 Conclusion and recommendations [4] FISHER, M., CHOWDHURY, M.N.,-KHAN, AA.,
Transportation of goods and services to people is made ATAMTURKTUR, S.. An evaluation of scour
more accessible by adequate road infrastructure, which is measurement devicesFlow Measurement and
the development wheel. Good roads make it easier to carry Instrumentation, Vol. 33, No. October, pp. 55-67,
products and services and deliver them on schedule. They2013.
can also help with agricultural production and high-qualit{ﬁYHOU, Z., WANG, K.C., GONG, W.Experimentation
health care. Aside from that, excellent roads reduce the lossOf 3D pavement imaging through stereovision,
of human life, commodities, and property, provide a International ~ Conference  on  Transportation
convenient and comfortable transit route, and function as a Engineering 2007, pp. 376-381, 2007. .
recreational avenue. In addition, good roads minimize thé] HUNT, B.E.: Monitoring scour critical bridges,
cost of transportation upkeep, fuel, and operation. The Transportation Research Board, 2009.
methods are presented in scouring, and potholes detectiéhJOG, G.M., KOCH, C., GOLPARVAR-FARD, M.,
is costly in monetary costs and requires more human BRILAKIS, 1: Pothole properties measurement
resources. Therefore, instead of investing so much money through visual 2D recognition and 3D reconstruction,
on new gadgets, sensors already integrated into our International Conference on Computing in  Civil
smartphones can be used. A primary mobile phone, which Engineering 2012, pp. 553-560, 2012.
anybody can use, can identify potholes on the lanB3] Katyuhelyzet: pocsék allapotban vannak az Gtjaink |
regarding the bridge monitoring, it can connect the Vilaggazdasag. Vilaggazdasag, [Online], Available:
smartphone to sensors fixed in the bridge structure, which https://www.vg.hu/vallalatok/kozlekedes/katyuhelyzet
can function for a long time and give an alarm during the -Pocsek-allapotban-vannak-az-utjaink-1383451/
flood period. Our key aim is to minimize human effort in _[10 Mar 2021], 2019.
identifying potholes and bridge scouring by using a quick?] KOCH, C., BRILAKIS, I.: Pothole detection in asphalt
easy-to-use, cost-effective process resulting in minor Pavement imagegdvanced Engineering Informatics,
injuries.  On the contrary, primarily underwater Vol. 25, No. 3, pp. 507-515, 2011.
instruments are used by standard methods to detect brid&@l ZABILANSKY, L.J.: Ice force and scour
distance profiles that can also be detected using instrument instrumentation for the White River, Vermont, Cold
deployments and services. Additionally, the advancement Regions Research and Engineering Lab Hanover N,
of these fixed and portable scouring measurement devices, U.S. Army Corps of Engineers, USA, 1996.
GPS, remotely operated ships, instrumented vehicles, ddd] LAGASSE, P.F., RICHARDSON, E.V.: ASCE
knowledge of the need to calculate and monitor bridge ~compendium of stream stability and bridge scour
spacing have greatly enhanced the scour database, methods PapersJournal of Hydraulic Engineering, Vol. 127,
for forecasting spacing depths, bridge scouring, and bridge  NO 7, pp. 531-533, 2001. .
protection. Recently, the theory of vibration-based hartd2] LAGASSE, P.F.:Instrumentation for measuring
sensing has been investigated to address particular Scour at bridge piers and abutments, Transportation
challenges by examining the natural bridge or bridge = Research Board, 1997, _
frequency spectrum. [13] LI, Q., YAO, M., YAO, X., XU, B.: A real-time 3D
Finally, there are some similarities in monitoring bridge ~ scanning system for pavement distortion inspection,
scour and road potholes, such as sonar, sensors, and Measurement Science and Technology, Vol. 21, No.
vibration-based methods, which can significantly depend 1, 2009.
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Abstract: Video games are popular leisure activity for all ages and therefore it is needed to examine their psychological
and physiological effects. The aim of the presented paper is to point out possible changes in physiological functions due
to playing computer games and to present them in a pilot study. Part of the work is the categorization of video games and
a systematic overview of studies aimed at examining and confirming or refute their connection. The purpose of this pilot
study is to measure blood pressure and human heart rate while playing different video games and to evaluate possible
changes in the game. The methodology of the experiment includes demographic data, measured values during the
monitoring of individual subjects and the measuring means used.

1 Introduction measurement, a cuff is placed on the upper limb, typically

A popular leisure activity for many peop|e is playing)n the shoulder .Or WriSt, which is PreSSUrized to a value at
video games. For gamers, gaming can be seen as a \f(_mCh the artery IS SeCUrely constricted and no blood flows
distraction or a hobby, and their popularity continues & it. Periodic pressure changes occur as the cuff pressure
grow. According to various surveys, it is clear that despi¢ecreases. Pressure changes are caused by volume
the rapid development of gaming consoles, many peogiglsation in the arteries [5,6].
prefer to play games on personal computers. The These oscillations are transmitted to the measuring
increasing preva|ence of video game p|ay among peoﬁlQVice via the cuff pressure, where they_are evaluated.
has led to research into their potential positive or negatiVéus, the pressure gauge does not determine the values of
psycho_physio|ogica| effects. Research Suggests tfﬁ;tStOllC and dlaSFOllC pressure, but the \./alue of the so-
depending on the content of the game, gambling can affé&lled mean arterial pressure and both limits are calculated
physical and mental health [1-4]. by the software of the device [7,8].

The aim of the presented work is to investigate the An interesting measuring technology was used of
short-term effects of video games on human physiology i®mart” clothing from Hexoskin® in a study from 2020. It
a pilot study. Using the available measurement technologilows remote monitoring of health in real time and display
the cardiovascular parameters of the subjects playifgta on a smartphone or tablet using the Bluetooth
different types of games during a uniform time limit werdunction. Smart clothing was developed for personal

examined. experiments and was also used by health researchers to
study physiology of elite and professional athletes to
1.1 Overview of studies optimize their physical health. Hexoskin® incorporates

The measuring devices used in the studies were diverBBysiological sensors into intelligent textile materials to
with the automatic pressure gauge being the mo&onitor ECG, heart rate, heart rate variability, respiratory
commonly used. Digital automatic pressure gauges mostfte: respiratory volume and other activity measurements

work on so-called oscillometric principle. During theSUch as step counting and energy expenditure. This
technology may be suitable for this type of experiment, as
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it allows continuous measurement without disturbing theere made per day, the first measurement being the

player while playing [9,10]. morning after waking up and the last before going to bed.
In a horror video game study, they used a Biopd€uctuations in values could be caused by work during the

technique to measure electrodermal activity, heart rate adiay, physical activity or exercise. The first three subjects

respiratory rate. Biopac provides a complete combinatidrave a sedentary job and work most of the time at the

of hardware and software with a range of electrodespmputer. The fourth subject works manually.

cables, transducers and stimulus options for the secure

collection of physiological signal data. BIOPAC supports Table 1 Questions and answer's of subjects

a wide range of experimental protocols - from simple t0 o estions Subject | Subject | Subject | Subject
complex - and are designed to enable researchers with no. 1 no. 2 no. 3 no. 4
different levels of experience to acquire, analyze arw Age 29 26 22 29

interpret scientific data [11]. gender man man | woman | man
In a 2018 experiment, they used a "Runner card —°Y
" . . consider
watch" from TomTom to measure their heart rate. Thi yourself a
watch has two heart rate measurement options, with a bu regular / Regular Regular | Casual Casual
in optical sensor directly in the watch or via an externi occasional player player player player
sensor mounted on the chest. The heart rate is measure: player or a
LED light that penetrates the surface of the skin and tI  "non-

wall of blood vessels. The sensor is located on the wri__player"?
and captures the changing reflections of light that changeHow long
with the blood flow. Due to their size and location, they haveyou
provide comfort when playing video games and data is lavin 17 vears | 13 vears ) )
imported directly into the smart device [12]. ga%eﬁ Og a year year
A 12-lead ECG was used in a study to examine the regular
cardiovascular side effects of video games in boys aged pagis?
from 7 to 10 years. The device senses the electriC Howmany
potentials that the heart muscle generates during hoursa Morethan | More

operation and thus also records the heart rate. However, week do you 20 hours than 3 S S

connected limb and thoracic leads could interfere with tr play regular hours
player during play and it is also not appropriate to meast...._games?
as the subject moves, as the electrical potentials of they\é)\{:‘r"":J :rrn ee Action Action | Simulati
skeletal muscle may be recorded [12]. preferences RPG RPG ons Horror
2
2 Methodology Areyou
The chosen technology was an automatic bloc treating
pressure monitor, which was also the most widely use  some no no no no
technology for measuring cardiovascular values in tt  chronic
presented studies. diseases?

Four subjects aged from 22 to 29 years (three men and . .
one woman) were asked to complete the questionnaire wt? Factorsinfluencing measurement
basic information. Subjects answered questions about age,Participants were introduced to the rules for measuring
gender’ game preferencesi gaming experience’ and hea h')Od pressure and heart rate correctly using an automatic
When asked how skilled subjects are in playing videgPhygmomanometer. During the monitoring, the
games, the first and second subject stated very well skille@rticipants measured the blood pressure by themselves
and the third subject stated not very skilled. The first arnd recorded the values, which were later processed. For
second subject stated that they were considered to the objectivity of the measurement, participants were asked

players and the third and fourth subject to be considerg@t to smoke, consume alcohol / caffeine and eat just
casual players. before the measurement and the experiment itself.

21  Subjectsmonitoring beforethe experiment 2.3~ Measuring equipment
An overview of the average values of blood pressure A digital Omron Class M3 (Figure 1) shoulder cuff
and heart rate in subjects during the day is important fglood pressure monitor was used to measure blood pressure
the final comparison. These values can be used to compafél heart rate.
video game values with activities other than exercise or
relaxation. The subject's blood pressure and heart rate were
measured for three days and the values recorded were
attributed to the respective activity. Ten measurements
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number of challenges may change depending on this
choice.

2.6 The course of the experiment

The experiment was run one player at a time, who was
familiar with the rules. After completing the questionnaire,
they sat in front of the computer on which the selected
video game was prepared and set up. After five minutes of
sitting and resting, their blood pressure and heart rate were
- measured. These values were recorded and subsequently
\V the players were acquainted with the genre of the game, the
Figure 1 Onron M3 digital automatic pressure monitor name and the principle of control of the game.

Interfering elements were removed as much as possible

The device has several functions such as mOtiQﬂJring play and measurement. As the game began, a
Qetection during measurement, detection ofarrhythmiaa ﬂ)pwatch was set up every ten minutes to measure
irregular pulses, control of a correctly fitted cuff an hysiological functions. Since the playing time per game
memory for two users. The manufacturers state a pulgels 60 minutes, more frequent measurements could mean
measurement accuracy of 5% and a pressure measuremelil the player would not be able to concentrate on the
accuracy of + 3 mmHg. The measuring range provides ahgme and this would be counterproductive. After ten

blood pressure from 0 to 299 mmHg and at a heart rgigy, tes, the game was paused and the pressure gauge cuff

from 40 to 180 beats / min. was put on. The measurement started and the values were
. recorded. Simultaneously with the game, the game was
24 Game environment recorded using the "recording" function, which is available

In order to compare the different effects of severgh the game panel of the Windows 10 operating system. By
genres of video games, three popular genres were selectg way, it was possible to later describe the game situation
namely action RPG, survival horror game and FPS ganifafore the measurement during the game. During more
The hypothesis is that in more intense or exciting gamegtion passages, it would be possible to realistically
there will be a difference in blood pressure and heart rat8mpare the values with the values of calmer passages for
before play than during and after play. The games wegach game and each subject. These recordings were saved
selected on the basis that the players did not haygtomatically when the recording was stopped. At the end
experience with specific games. This could affect thgfthe game period, the video game was paused and the last
results as players may react differently to the game thgghding during the game was immediately measured. In the
when they play it for the first time. However, whenend, the player remained still for five minutes, then he was
choosing an existing game, there is no control over thgeasured for the last time and the values were recorded as
design of the game, which can be limiting in terms of thgg|ues after the game.
various non-life passages. Therefore, before playing, itwas There was a slight twilight in the room where the
necessary to set specific storyline "missions” that th@easurement was made, as this factor can also affect the
games offer and the player was directly exposed to t{igensity of the gaming experience. Subjects played games
story. In the horror game, it was necessary for the playerdgying different parts of the day, ie. in the morning (8:00 -
empathize with the story and to evoke the atmosphere anloo), in the afternoon (12:00 - 17:00) or in the evening
a feeling of fear, it was necessary to complete the whqie7:00 - 00: 00). For this fact, it was appropriate to compare

story with the introductory trailers. the values from the game time and from monitoring in the
For the survival horror game, a game from 2017 calleghme part of the day.

"Resident evil 7: Biohazard" was selected. The game called
"Call of Duty: World War II" from 2017 was chosen as theraple 2 Average values during gaming compared to the average

FPS game. From the action RPG, the game called "Fallout values from the monitoring of the first subject
4" was chosen, which takes place in a post-apocalyptic .. Subject | Subject | Subject | Subject
world. According to "The Entertainment Software Rating no.1 no. 2 no. 3 no. 4

Board", video games have a rating of M ("Mature"), it FpSgame | afternoon | evening | morning | evening
suitable for people aged 18 and over, and according

PEGI, games are suitable for at least 18 years old players. '_éggg afternoon | evening | morning | evening
Action . .
25 Difficulty of the games RPG afternoon | afternoon | morning | evening

At the beginning of each game, the subjects chose the
difficulty of the game according to their playing
experience. Video games usually offer the player three to
four options to choose from, and the system of rules or the
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3 Evaluation of results and discussion 31  Summary of the measured data of the first

The measurement results reflect the current situationsatbject
the time of the measurement and are influenced by the In Figure 2 is a graphical representation of the
current situation. Therefore, it is important to record thmeasured values of systolic pressure (SP), diastolic
course of the game in order to associate an action in tmessure (DP) and heart rate (HR) of the first subject. In the
game, e.g. distance / near combat with a change in bldedend, the games are marked in order, the so-called FPS
pressure or heart rate. game (G1), survival horror game (G2) and action RPG

(G3).
- subject no.1
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Figure2 Graphical representation of the measured data of the first subject

As a consequence of these measured data, it is clear gyatolic blood pressure values were significantly lower
the systolic blood pressure of the first subject fluctuatatian the average values during the workload. The average
maximally during FPS play, while the diastolic bloodvalue of diastolic pressure during play does not differ
pressure fluctuated minimally. The data were measursiynificantly from the value during workload.
differently during the horror game, when the diastolic
pressure and the mild systolic pressure fluctuatetible 3 Average values during gaming compared to the average
maximally. The heart rate was relatively stable during the values from the monitoring of the first subject

horror game. Playing an action RPG caused the slighte Systolic Diastolic
fluctuation in the first subject's cardiovascular values. Subject no. 1 blood blood F;)ulse
During the FPS game, the average blood pressure ¢ p;fniiure p;?;SHure pm
heart rate were significantly higher compared to th While playing g g
average rest value. At the same time, the average valt.  (Fpsgame) 140 03 90
during the playing of the FPS game are also high average
compared to the average value during the workload. Highest and
Playing a horror game caused only a negligibl Iov%estvalue it el il B et
difference in systolic blood pressure compared to tt  Whileplaying
average rest value. The average diastolic pressure and h ~ (Horror game) 133 88 81
rate during the horror game were significantly highe avenage
compared to the average rest value. The value of t Highestand 139 | 127 |94a| 85 |83 80
average systolic pressure during the workload is slight—loWwest value
lower than the value of the systolic pressure during tt ‘Vil€pPlaying
. T ) . (Action RPG 132 88 75
horror game. There is no significant difference in th game) average
values of diastolic pressure and heart rate during hor™Hjgnest and
play compared to the values during workload. lowest value | 19| 127 |91 & 79 71
During the action RPG, the average values diffe  Averagevalue o % 80
significantly compared to the values during the rest only i during workload
diastolic pressure, which was significantly higher durint  Average value 132 81 77
the game. During the action RPG game, the avera_ duringrest
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3.2 Summary of the measured data of the heart rate of the second subject. In the legend, the games
second subject are marked in order, the so-called FPS game, survival

In Figure 3 is a graphical representation of th&orror game and action RPG.
measured values of systolic pressure, diastolic pressure and

[ subject no.2
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Figure 3 Graphical representation of the measured data of the second subject

As a result of playing the FPS game, the maximum During the FPS game, the average systolic and diastolic
fluctuation of systolic pressure was recorded, while thgressures were significantly higher compared to the
diastolic pressure and heart rate were stabilized. As a requlerage rest value. At the same time, the average values of
of playing the horror game, a slight fluctuation in bloodlood pressure during playing the FPS game are identical
pressure and minimal fluctuations in heart rate were fountcbmpared to the average value during the workload. The
The systolic pressure during the action RPG was relativehgart rate during FPS play is lower compared to the average
stable. Playing an action RPG was affected by fluctuationalue during rest and workload.
in diastolic blood pressure and a decrease in the other Playing a horror game caused only a negligible
person's heart rate. difference in systolic blood pressure compared to the

average rest value. The average diastolic pressure and heart
Table 4 Average values during gaming compared to theaverage  rate during the horror game were significantly higher

val ues from the monitoring of the second subject compared to the average rest value. The value of the
Systolic Diastolic average systolic pressure during the workload is slightly
Subject no. 2 blood blood Pulse lower than the value of the systolic pressure during the
d pressure pressure bpm . >y St ) .
mmHg mmHg horror game. There is no significant difference in the
While playing values of diastolic pressure and heart rate during horror
(FPS game) 126 78 56 gameplay compared to the values during workload.
average During the action RPG, the average values differ
Highest and significantly compared to the values during the rest only in
|owest value il Bl e I diastolic pressure, which was significantly higher during
While playing the game. During the action RPG, the average systolic
(Horror game) 129 7 35 blood pressure values were significantly lower than the
average average values during the workload. The average value of
I"':,gggala“d 134 | 125 | 81 72 | 56 | 53 diastolic pressure during play does not differ significantly
OWESt value from the value during workload.
While playing
(Action RPG 126 75 66 _
game) average 3.3 Summary of the measured data of the third
Highest and subject
12 122 7 7 . . . .
lowest value 0 o Sl Ml M In Figure. 4 is a graphical representation of the
Average value measured values of systolic blood pressure, diastolic blood
- K 127 78 67 - .
during workload pressure and heart rate of a third subject. In the legend, the
A‘d’ﬁrr?gg‘r’ge 118 64 64 games are marked in order, the so-called FPS game (H1),

survival horror game (H2) and action RPG game (H3).
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Figure 4 1 Graphic representation of measured data of a third subject

Increased systolic pressure when comparing valugalue. The difference in average systolic pressure during
before and after playing was recorded only when playirfgPS play is negligible compared to the rest value. At the
an action RPG by 5 mmHg. After playing the FPS gameame time, the heart rate during playing the FPS game was
the subject had the same systolic pressure as before dls higher compared to the average value during the
game. After playing the horror game, there was nworkload. During play, the average systolic pressure was
significant difference in systolic pressure before and afttwer than during workload. There is no significant
playing. There was no significant difference in diastoliclifference in the values of diastolic pressure during the
pressure values before and after playing in any of thrror game compared to the values during the workload.
measurements. The heart rate after playing a horror gaiffee average heart rate during FPS play is significantly
dropped by up to 12 beats compared to a lot before playitgwer than the value during workload.

In other games, there was no significant difference before Playing a horror game caused an increase in systolic
and after playing in heart rate values. blood pressure compared to the average rest value. The
average diastolic pressure and heart rate during the horror

Table 5 Average val ues during gaming compared to average game were significantly higher compared to the average

values fromthird subject monitoring rest value. The value of the average systolic pressure
Systolic Diastolic during the horror game was slightly lower than the average
Subject no. 3 blood blood F;)ulse value during the workload. There is no significant
p;fniSHuée p;fniSHuée pm difference in the values of diastolic pressure during the
While playing horror game compared to the values during the workload:
(FPSgame) 109 71 76 The subject's blood pressure was even lower than his
average average resting value while playing the action RPG. The
Highest and e e s hez;rt rate was significantly higher dur!ng play. During the
lowest value action RPG game, the average systolic blood pressure was
While playing significantly lower than the average during workload. The
(Horror game) 113 71 76 average heart rate during play is significantly lower than
avenage the value during workload.
:_:):/ggsta\t/alaﬂ(ej 116 | 111 | 74 70 | 78 | 75 As a result of pI_aying the FPS game, the ma>_<imum
e flgctuaplon of systolic pressure was recorded, while the
(Action RPG 102 64 76 dlastollp pressure and heart rate were stab|I|z_ed. Asa result
game) average of playing the horror game, a sllght fluctuation in blood
d pressure and minimal fluctuations in heart rate were found.
Highestand o5 | 150 | 67 | 61 | 78 | 73 : : :
lowest value The _systollc pressure during 'Fhe action RPG game was
A\{erageval ue - 6o = relatively s.table.. Plz_aymg an action RPG game was affected
during workload by fluctuations in diastolic blood pressure and a decrease
Average value in the heart rate of a third subject.
dur?gg o 108 67 64 J

34 Summary of measured data of the fourth
During the FPS game, the average diastolic Pressuggh; ect
and heart rate were higher compared to the average rest
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In Figure 5 is a graphical representation of thenarked in order, the so-called FPS game, survival horror
measured values of systolic pressure, diastolic pressure gagne and action RPG game.
heart rate of a fourth subject. In the legend, the games are

subject no.4
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Figure 5 Graphical representation of the measured data of the fourth subject

As a consequence of these measured data, it is clear Dating the FPS game, the average blood pressure was
the systolic blood pressure of the fourth subject fluctuatddgher compared to the average rest value. At the same
maximally during the horror game, while the diastolicime, the average values during the playing of the FPS
pressure fluctuated minimally. The data were measurgdme are also lower compared to the average value during
differently during the action RPG game, when thé¢he workload. The average heart rate during FPS play was
maximum diastolic pressure and mild systolic pressutewer compared to the average value during rest and
fluctuated. The heart rate was relatively stable whileorkload.
playing the action FPS game. Playing the FPS game causedThe average systolic blood pressure during the horror
the slightest fluctuation in the fourth subject'game was significantly higher compared to the average rest
cardiovascular values. value. Playing a horror game caused only a negligible

difference in diastolic pressure compared to the average
Table 5 Average val ues during gaming compared to theaverage  respite. The value of the average systolic pressure during

val ues from the monitoring of the fourth subject the workload is slightly higher than the value of the systolic
Systolic Diastolic pressure during the horror game. The average diastolic
Subject no. 4 blood blood F;)“'SG pressure and heart rate were lower during the horror game
p;?;SHuée p;fniiuge pm compared to the average during the workload.
While playing Du_ring.the acti_on RPG, the average systolic pressure
(FPS game) 117 74 65 was significantly higher compared to the values during the
average rest and almost the same compared to the value during the
Highest and workload. Playing an action RPG, the average systolic
Iovgst value L | e | e blood pressure values were significantly lower than the
While playing average values during the workload. The average value of
(Horror game) 118 7 60 diastolic pressure during the action RPG game is the same
average as the value during the workload and slightly higher
Highest and 123 | 113 | 8 73 | 62 | 57 compared to the rest value. The average heart rate during
lEEEIND play was lower compared to the average value during rest
L[z and workload
(Action RPG 119 81 56 ’
O o 4  Conclusions
Highest and
Iovgst value il el BRI A person's physical and mental health is primarily
Average value 120 81 74 related to his or her lifestyle, which is also affected by the
during workload way he or she relaxes. The massive increase in the use of
Average value 113 78 69 modern technology has caused people to use their free time
during rest
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to relax by playing video games. Examining the effect in Invegtigation of Sress, Vol. 20, No. 4, pp. 203-208,
both the short and long term is relevant because video 2004. https://doi.org/10.1002/smi.1015
games can have a potentially positive as well as a negatjfg¢ WONG, T., SHIH, D., TSAI, S.: Differentiating
impact on human health. These hypotheses are based orphysiological effects of midterm break in a prolonged
research that scientists have been conducting for years, ancbnline game playing, Biomedical Engineering
their opinions differ, as there are many influencing factors, Applications Basis and Communications, Vol. 25, No.
such as the periodicity of video games [3,4]. 06, 2013.

The aim of the presented work was to investigate the https://doi.org/10.4015/S1016237213500579
effect of playing video games from the point of view of2] SIERVO, M., Wells, J.C., CIZZA, G.: The contribution
human physiology in the pilot study by evaluating three of psychosocial stress to the obesity epidemic: an
cardiovascular parameters. The correlation between the evolutionary approacijormone Metabol Res, Vol. 41,
measured values and the game event was found through theNo. 4, pp 261-270, 2009.
available measuring technology and the recording of tfig] GOLDFIELD, G.S, KENNY, G.P.,
game event. Consistent with the results, no risk HADJIYANNAKIS, S., PHILLIPS, P., ALBERGA,
fluctuations were found and the values recorded were A.S., SAUNDERS, T.J., TREMBLAY, M.S.,
within physiological standards. As this is a pilot study MALCOLM, J., PRUD'HOMME, D., GOUGEON, R.,
designed to test the functionality and the research process,SIGAL, R.J.: Video game playing is independently
the results cannot be generalized. The research part of theassociated with blood pressure and lipids in overweight
work was limited by the epidemiological situation in and obese adolescer®pSone, Vol. 6, No. 11, 2011.
Slovakia. https://doi.org/10.1371/journal.pone.0026643

For a more objective assessment of the measured val{#@sSUSAN, J.S.The Effects of Video Game Play on Blood
during play, it would be necessary to use a device that Pressure and Heart Rate, California state science fair,
ensures continuous measurement of the player's 2005.
cardiovascular values, such as electrocardiography. In tfi§ JAGADHEESWARI, R., DEVI, R.G., PRIYA, AJ.:
way, it would be possible to record all values and thus Evaluating the effects of video games on blood pressure
eliminate the regular interference of the player during the and heart rateDrug Invention Today, Vol. 10, Spec.
game. To determine the risk of playing games, research Issue, pp. 2072-2074, 2018.
could be focused on chronically ill patients (ed6] SIERVO, M., SABATINI, S., FEWTRELL, M.S,,
hypertension) under the supervision of a doctor. This WELLS, J.: Acute effects of violent video-game
method of research and its results can have the benefit of aplaying on blood pressure and appetite perception in
recommendation for regular players suffering from a normal-weight young men: a randomized controlled
chronic illness. An interesting alternative to research trial, European Journal of Clinical Nutrition, Vol. 67,
would be to measure and monitor people with gambling No. 12, pp. 1322-1324, 2013.
addiction for several consecutive days, and the results https://doi.org/10.1038/ejcn.2013.180
would be averaged. There are different gaming platfornig] GOODMAN, Ch.T.D., KITCHEN, G.B.: Measuring
whose resulting effects on the player may vary and could arterial blood pressure, Anaesthesia and Intensive Care

be compared. Medicine, Vol. 22, No. 1, pp 49-53, 2020.
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Abstract: The presented paper aims to design 3D templates of the sciatic muscle and thigh to simplify and speed up the
process of modelling TF (transfemoral) sockets using the CAD/CAM method. A proposal for a general procedure for
modelling the proximal part of the TF socket and a thorough description of the proximal part and the types of sockets that
are used is presented. Ten individual scans of positives of TF amputated limbs were obtained from which ten mounting
ring templates were designed via CAD modelling in the Autodesk Meshmixer software. In the last step a production
simulation was generated in PrusaSlicer software for the overall price evaluation.

1 Introduction of the 3D model of the socket, FEM (Finite
The prosthetic socket is a component that secures the ~ Element Method) analysis of the pressures acting
prosthesis on the residual limb. Due to the functionality of on the socket)

the prosthesis socket, personalization is necessary, Each level of production is personalized, as important
considering individual measurements. Currently, the lated@justments need to be made directly to each individual
measurement and production methods available in the fiddgtient. It is caused by the different shape of the stump.
of prosthetics and orthotics are increasingly being used [fjurrently, from a functional point of view, 3 types of
In the design of prosthetic aids, digital data obtained wiffiansfemoral beds are produced (Figure 1):

the help of 3D scanning technology are used, based on * Quadrilateral (transverse oval socket) - using

which the CAD (Computer Aided Design) modelling of the support on the hump of the sciatic bone [8,9].
aid and subsequent CAM (Computer Aided < Ischial (longitudinal oval socket) - using fixation
Manufacturing) production are approached. The use of this of the hump of the sciatic bone [10,11].
innovative method prevents the creation of a plaster ¢ Subischial - using fixation by compression of the
positive of the residual limb and the conventional soft tissue [12-14].

production of the socket itself [2]. The introduction of The most complicated part in the design of the socket
computer-supported tools also reduces the time and cast¢she mounting ring, which surrounds the 5-6 cm long
of the entire development process. These tools makepioximal part of the thigh. The design is complex due to
possible to evaluate different variants of the same prodube curvatures of the surface of the given body segment and
faster and cheaper [3]. the complexity of its 3D scanning. Scans of this area may
Specifically, the transfemoral socket of the lower limtbe unusable depending on the weight and body shape of the
prosthesis is one of the most complex custom-madebject being scanned. Places and points important for the
prosthesis components from a design point of view [4-7]design of the mounting ring may be indistinct, thus it is not
The process of designing a prosthetic socket can pessible to use the CAD/CAM method for its design and
divided into three levels: production.
» Preparatory phase of modelling (import of patient
data, import of 3D model of the femur, adjustment
of the scale of femur circumferences, creation of
3D surface of the socket, optimization of the distal
part of the socket)
+ Stage of personalized modification of the model
(marking important areas of the 3D model of the
stump, virtual sculpting of the stump, adjusting
measurements)
+ Final phase and completion of the geometric
model of the socket (modification of the surface
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Figure 2 Preparation of the 3D positive model

When designing the ring itself, it is necessary to
indicate the area that will represent its inner surface area.
This surface is located distal to the proximal edge of the
socket. The marked area is then extruded to a height of 5
mm, which results in a 3D model of the mounting ring
(Figure 3). In the last step, it is necessary to smooth out the
surface of the model and its sharp edges, which may have
arisen during the creation of the 3D model.

Figure 1 Qljadrilateral (top), ischial (middle) and subischial
(bottom) transfemoral sockets [9]

For this reason, it is important to design and
manufacture mounting ring templates of various shapg

and sizes that can be fixed on the subject during scanning Figure 3 Mounting ring model

to avoid its CAD designing. 3 Results
The result of the modelling is ten templates of the
2 Methodology mounting ring of the TF (transfemoral) socket in a digital

Positive models of transfemoral amputated limbs weferm, which is ready for CAM production. When making a
obtained using the 3D scanning method using the M4D 3Bmplate, it is important to analyse 3D printing from an
scanner (Rodin4D, Merignac, France). The result was #8onomic point of view. The CAM simulation of the
transfemoral 3D scans of positives in STL (Standangroduction of individual rings was created in PrusaSlicer
Triangle Language) format. Editing of the obtained 3MPrusa Research a.s., Prague, Czech Republic) software.
models of the positives and the design of the mountinghe low-cost FFF (fused filament fabrication) type 3D
rings were conducted in the CAD software AutodesRrinter TRILAB DeltiQ2 (TriLAB, Brno, Czech Republic)
Meshmixer (Autodesk, Inc., San Rafael, CA, USA). with  PLA (polylactic acid) and ABS (acrylonitrile

Before designing of the ring, itself, it is necessary tbutadiene styrene) materials were chosen as the device for
modify the model of the 3D scan of the positive on whichmodel production.
it will be designed. The first step is to align the model in Before printing itself, several parameters need to be
the software's Cartesian coordinate system so that #@nsidered, namely the time of modelling using CAD
frontal, transverse, and sagittal planes of the femur modslftware, preparation of the model for 3D printing, printing
are identical to those in the software. Subsequently, it tisne and the amount of material consumed. The simulation
necessary to reduce the number of triangles that make regults are summarized in Table 1.
the surface of the 3D model of the positive. The lower the
number of triangles is, the faster the software can work. We
perform the reduction as needed. It is necessary to be
careful that a too high reduction does not deform the shape
of the surface of the model. Next, it is advisable to removéable 1 Mounting ring templates production simulation results
parts of the positive model that are not essential whgnModel | Used | Length of| Used | Length
designing the mounting ring. Thus, a part of the model 546number | PLA | production| ABS | of
cm distal from the indicated proximal edge of the socket is materi-| (PLA) materi- | producti-
removed by a transverse incision (Figure 2). al [kg] al [kg]
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on create S, M and L (small, medium, and large) template
(ABS) sizes. A larger sample of 3D positives would need to be
1 0.475 0.398 1d 18h used to create standardized sizes. The main advantage of
1d 18h 55m these templates is speeding up and simplifying the 3D
55m 113¢ scanning process when obtaining a virtual positive of the
2 0.418 0.350 1d 16h stump and working on the CAD design of the TF prosthesis
1d 16h
18m socket.
32m 97¢ Based on the shape of the stump, the orthopaedic
3 0.325 0.273 1d 7h technician selects a suitable template with the required size
1d 7h 34m 38m and then adjusts the proximal part of the stump as needed.
45¢ The evaluation of the total value of the material had to be
4 0.357 0.300 1d 10h determined using the PrusaSlicer software, where the
1d 10h 56m average amount of material used for 3D printing was
49m 65¢€ calculated in the case of PLA and ABS filaments. The
5 0.344 0.292 1d 9h output of the calculation was the determination of the total
1d 9h 16m 20m price for the material. It was found that the material price
56( for one template made from PLA material is 12,26 euros
6 0.292 0.245 1d 4h and from ABS material 8,79 euros. This means that PLA
1d 4h 6m 11m material is 3,47 euros more expensive than ABS. However,
251 the total price for the template would be higher because it
7 0.415 0274 1d 9nh is necessary to consider other production expenses, such as
1d 15h 25m a surcharge for the design, device, preparation for 3D
37m 5GE printing, energy consumed during 3D printing and so on.
8 0.430 1d 18h 0.361 12%;8h 5 Conclusions
15m 1107 Using the presented procedure, ten mounting rings
9 0.342 0.287 1d 9h were designed to simplify and speed up the process of 3D
1d 9h 13m 21m modelling TF sockets using the CAD/CAM method. The
561 goal was to create templates that should be in selected sizes
10 0.433 0.363 1d 18h to be used as a template for a professional technician.
1d 18h 25m Based on the shape of the bone, he selects a suitable
27m 110t template with the required size and then adjusts the
Average| 0.383| 1d12h | 0.314 | 1d12h| Proximal partas needed. ,
52m 17m In the future, it is necessary to obtain a larger sample of

3D positives, so that it is possible to design the average
. . sizes of the mounting ring templates according to them. It
4 Discussion would also be appropriate to simulate production on other

Ic\j/lelshrplxer tsk?fiyvar.e dallov;sdthe_ user to quickly Cr.ee:;%})es of CAM technologies and compare the results with
models of prosthetic aids and devices using appropriately, < iits of this research.

selected features. Using available programming tools, it 'is
also possible to automate the design workflow [15]. Acknowledgement
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