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The Editor and editorial board members do not receive any remuneration. These positions are voluntary.
The members of the Editorial Board may serve as scientific reviewers.

We are very pleased to inform that our journal ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is
going to complete its ten years of publication successfully. In a very short period it has acquired global
presence and scholars from all over the world have taken it with great enthusiasm. We are extremely
grateful and heartily acknowledge the kind of support and encouragement from you.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering seeking qualified researchers as members of the
editorial team. Like our other journals, ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering will serve as
a great resource for researchers and students across the globe. We ask you to support this initiative by
joining our editorial team. If you are interested in serving as a member of the editorial team, kindly send us
your resume to redactie@fih.upt.ro.
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ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is dedicated to publishing material of the highest
engineering interest, and to this end we have assembled a distinguished Editorial Board and Scientific
Committee of academics, professors and researchers.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering publishes invited review papers covering the full
spectrum of engineering. The reviews, both experimental and theoretical, provide general background
information as well as a critical assessment on topics in a state of flux. We are primarily interested in
those contributions which bring new insights, and papers will be selected on the basis of the importance of
the new knowledge they provide.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering encourages the submission of comments on
papers published particularly in our journal. The journal publishes articles focused on topics of current
interest within the scope of the journal and coordinated by invited guest editors. Interested authors are
invited to contact one of the Editors for further details.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering accept for publication unpublished manuscripts on
the understanding that the same manuscript is not under simultaneous consideration of other journals.
Publication of a part of the data as the abstract of conference proceedings is exempted.
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Manuscripts submitted (original articles, technical notes, brief communications and case studies) will be
subject to peer review by the members of the Editorial Board or by qualified outside reviewers. Only
papers of high scientific quality will be accepted for publication. Manuscripts are accepted for review only
when they report unpublished work that is not being considered for publication elsewhere.

The evaluated paper may be recommended for:

2 Acceptance without any changes - in that case the authors will be asked to send the paper
electronically in the required .doc format according to authors’ instructions;

B Acceptance with minor changes - if the authors follow the conditions imposed by referees the paper
will be sent in the required doc format;

B Acceptance with major changes - if the authors follow completely the conditions imposed by referees
the paper will be sent in the required .doc format;

B Rejection - in that case the reasons for rejection will be transmitted to authors along with some
suggestions for future improvements (if that will be considered necessary).

The manuscript accepted for publication will be published in the next issue of ACTA TECHNICA
CORVINIENSIS - Bulletin of Engineering after the acceptance date.

Al rights are reserved by ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering The publication,
reproduction or dissemination of the published paper is permitted only be written consent of one of the
Managing Editors.

All the authors and the corresponding author in particular take the responsibility to ensure that the text of
the article does not contain portions copied from any other published material which amounts to
plagiarism. We also request the authors to familiarize themselves with the good publication ethics principles
before finalizing their manuscripts.

ISSN: 2067-3809
copyright © University POLITEHNICA Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http://acta.fin.upt.ro
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The ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering, Tome XVII [2024], Fascicule 4 [October - December]
includes original papers submitted to the Editorial Board, directly by authors or by the regional collaborators of
the Journal.

Also, the ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering, Tome XVII [2024], Fascicule 4 [October -

December], includes scientific papers presented in the sections of:

# ISB-INMA TEH' 2023 - International Symposium (Agricultural and Mechanical Engineering), organized by
Politehnica University of Bucharest - Faculty of Biotechnical Systems Engineering (ISB), National Institute of
Research-Development for Machines and Installations Designed to Agriculture and Food Industry (INMA
Bucharest) Romanian Agricultural Mechanical Engineers Society (SIMAR), National Research & Development
Institute for Food Bioresources (IBA Bucharest) National Institute for Research and Development in
Environmental Protection (INCDPM), Research-Development Institute for Plant Protection (ICDPP), Research
and Development Institute for Processing and Marketing of the Horticultural Products (HORTING), Hydraulics
and Pneumatics Research Institute (INOE 2000 IHP) and “Food for Life Technological Platform’, in Bucharest,
ROMANIA, October, 2024 The current identification numbers of the selected papers are the #7-8 and #11-13,
according to the present contents list.

B ICAS 2024 - International Conference on Applied Sciences, organized by University Politehnica Timisoara,
Faculty of Engineering Hunedoara (ROMANIA) and University of Vitez in Travnik (BOSNIA & HERZEGOVINA), in
collaboration with Academy of Romanian Scientists, General Association of Romanian Engineers - Hunedoara
Branch, Association Universitaria Hunedoara, Bosnia and Herzegovina American Academy of Arts and Science
and Western Balkan Alumni Association, in Travnik (BOSNIA & HERZEGOVINA), May 30 - June 1, 2024, The
current identification number of the selected paper is the #15, according to the present contents list.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is a good opportunity for the researchers to exchange
information and to present the results of their research activity. Scientists and engineers with an interest in the
respective interfaces of engineering fields, technology and materials, information processes, research in various
industrial applications are the target and audience of ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering. It
publishes articles of interest to researchers and engineers and to other scientists involved with materials
phenomena and computational modeling

The journal's coverage will reflect the increasingly interdisciplinary nature of engineering, recognizing wide-ranging

contributions to the development of methods, tools and evaluation strategies relevant to the field. Numerical

modeling or simulation, as well as theoretical and experimental approaches to engineering will form the core of

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering's content, however approaches from a range of

environmental science and economics are strongly encouraged.

Publishing in ACTA TECHNICA CORVINIENSIS - Bulletin of Engineeringis free of charge. There are no author fees.

All services including peer review, copy editing, typesetting, production of web pages and reproduction of color

images are included. The journal is free of charge to access, read and download. All costs associated with

publishing and hosting this journal are funded by ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering as part
of its investment in global research and development.
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"2Mircea TALU

A REVIEW OF VULNERABILITY DISCOVERY IN WEBASSEMBLY BINARIES: INSIGHTS
FROM STATIC, DYNAMIC, AND HYBRID ANALYSIS

"The Technical University of Cluj—Napoca, Faculty of Automation and Computer Science, Cluj—Napoca, ROMANIA

2:5C ACCESA IT SYSTEMS SRL, Cluj—Napoca, ROMANIA

Abstract: WebAssembly (Wasm) has rapidly gained adoption as a powerful, low—level assembly lanquage designed to enable near—native performance in web browsers, alongside
secure execution in other environments such as loT and edge computing. Despite its secure—by—design nature, WebAssembly is vulnerable to several types of attacks, including
memory safety issues, side—channel attacks, and code injection. These vulnerabilities pose significant threats to applications relying on WebAssembly, particularly in performance—
sensitive and security—critical environments. This study examines existing research on static, dynamic, and hybrid analysis approaches for discovering vulnerabilities in WebAssembly
binaries. By categorizing state—of—the—art methods, are highlighted both their contributions and limitations. This study aims to foster a unified framework for vulnerability discovery
that aligns with the needs of both WebAssembly applications and the broader cybersecurity landscape.
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INTRODUCTION

A codlition of companies, including Morzilla,
Microsoft, Apple, and Google, created
WebAssembly (or “Wasm” for short) in 2015 to
address the shortcomings of traditional web
technologies. WebAssembly has emerged as a
revolutionary technology, designed to serve as a
portable compilation target for high-level
longuages,  primarily  used to  improve
performance in web applications and expand
into other domains like the Internet of Things (IoT),
blockchain, and edge computing [1-4]. It has
also been recognized as an official standard by
the World Wide Web Consortium (W3C).

Since its inception, Wasm has offered a portable,
platform-independent, and highly efficient
format that translates high-level languages into
a binary instruction set that can be executed
within a sandboxed environment. Currently,
several programming languages, including C,
C++, Rust, AssemblyScript, C#, F#, Dart, Go,
Kotlin, Swift, D, Pascal, Zig, and Grain, are
supported by WebAssembly, enabling a wide
range of applications [5-7].

A WebAssembly binary is structured as a module,
which encompasses a set of Wasm functions, the
declarations of their shared global variables, and
details about the linear memory where these
functions and variables are stored. The execution
model follows a stack-based machine, with
Wasm instructions manipulating the stack by
pushing and popping values. A Wasm module is
run by an embedder, such as the host JavaScript
engine, which manages the loading of modules,

resolves imports and exports between them, and
coordinates /O operations, timers, and error
handling.

WebAssembly functions as a ftechnology that
complements JavaScript, although it does not
compile from JavaScript itself. Instead, it allows
seamless integration, where JavaScript facilitates
interaction between the Document Object
Model (DOM) and WebAssembly modules within
browsers [5].

The main advantage of WebAssembly is ifs
capacity to enhance application performance
while maintaining security. Despite its design for
secure execution, WebAssembly is not immune
to various security vulnerabilities that can be
exploited by malicious actors. These
vulnerabilities arise  from several inherent
characteristics of the WebAssembly architecture,
its interaction with host environments, and its
operational context within web browsers [8-10].
The key security challenges that have been
identified include memory safety vulnerabilities,
side—channel attacks, susceptibility to
speculative execution vulnerabilities, and the
complexities associated with its intferaction with
JavaScript [11,12]. These vulnerabilities pose
serious challenges, underscoring the importance
of developing robust vulnerability discovery
methods for securing WebAssembly binaries. It is
known that the security flaws present in memory—
unsafe languages such as C and C++ can
propagate info WebAssembly binaries, posing
significant vulnerabilities [6].
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This research explores current studies on methods
for identifying vulnerabilities in WebAssembly
binaries through statfic, dynamic, and hybrid
analysis techniques.

RESEARCH METHODOLOGY

A survey was carried out fo evaluate the
increasing research focus on Vulnerability
Discovery in WebAssembly Binaries, with insights
drawn from static, dynamic, and hybrid analysis
tfechnigues. Due to the practical importance of
this areq, the review covers the period from 2018
to 2024. This research reviews various journal
articles discussing key concepts and real-world
applications.

# Research on static analysis methods

STOTIC analysis refers to the examination of
WebAssembly code without executing it, relying
on code inspection to identify potential
vulnerabilities. This method typically involves
analyzing the program'’s structure, conftrol flow,
and data flow to detect patterns that could
lead to security issues. For example, static
analysis tools can focus on identifying risks such
as memory access violations, type errors, or
conftrol flow integrity (CFl) problems. By analyzing
code at compile-time, static analysis can
provide early detection of vulnerabilities,
although it may struggle with issues that only
emerge during runtime. This section discusses
three prominent statfic analysis tools — Wassail,
Wasmati, and WASP1 - focusing on their
methodologies, strengths, and limitations. The
development of these tools offer a unique
approach to vulnerability detection, from
Wassail's focus on information flow to Wasmati's
use of code property graphs and WASP1's
execution model. While these tools have their
respective limitations, they represent critical
advancements in securing  WebAssembly
oppl cations.

Wasssail stands out as the pioneering static
analysis tool developed exclusively to
identify vulnerabilities in WebAssembly
binaries [13,14]. It utilizes a summary-
based, compositional analysis technique
that focuses on tracking information flow
throughout the program.

This approach generates a summary for each
WebAssembly function, detailing how
information is transmitted within the function.
These individual summaries are integrated when
analyzing function calls, offering a
comprehensive view of the information flow
across the whole binary. The analysis itself is
performed on a Confrol Flow Graph (CFG),

where data flow analysis identifies potential
vulnerabilities related to the movement of
sensitive  or insecure information within the
program.

Stiévenart et al. [15] applied a program slicing (a
broad technique that, based on specific criteriq,
trims a program down to its smallest form while
still  fulfiing those requirements) and their
experiments demonstrated that program slicing
reduced binary sizes to 52% of their initial size.
They concluded that this technique could also
be beneficially applied to loop analysis. On the
other hand, Wassail's summary-based approach
is particularly noteworthy for its scalability [16].
Compositional analysis has been shown to scale
effectively in other domains, as it reduces the
complexity of analyzing large binaries by
focusing on individual functions before
aggregating their effects at a higher level.
However, the scalability of Wassail itself has not
been thoroughly evaluated, leaving questions
about its effectiveness in analyzing larger, more

complex WebAssembly binaries [16].
Nonetheless, Wassail's ability fto  detfect
information flow vulnerabilities makes it a

valuable tool in identifying a wide range of
security issues, including unauthorized access to
memory or improper handling of sensitive data.
While Wassail's focus on information flow s
crucial for preventing data leakage and
breaches, its reliance on function summaries
may lead to Ilimitations in  detecting
vulnerabilities  that arise  from  complex
interactions between functions or external inputs.
Therefore, Wassail might be more suitable for
smaller binaries or binaries with well-defined and
isolated function boundaries. Future work could
explore expanding Wassail's capabilities to
cover inter—function vulnerabilities and improve
its e oluo’rlon in larger-scale applications.

i Wasmati builds upon the foundation laid
by Wassail by infroducing a more
sophisticated approach to vulnerability
detection in  WebAssembly binaries
through the construction of a Code
Property Graph (CPG) [17].

The CPG is a multi-layered data structure that

combines information about the program'’s

execution order, conftrol flow, data
dependencies, and other relevant properties. By
searching for specific patterns in CPG sub-
graphs, Wasmati can detect vulnerabilities such
as buffer overflows, use-after-free errors, and
other memory corruption issues that are
common in low-level code like WebAssembly.
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One of the primary challenges Wasmati
addresses is the rapid growth of the CPG due to
the inability to stafically determine the targets of
indirect calls. Indirect calls, which allow a
function to call another function based on
runtime information, complicate static analysis
because their targets are not known until the
program is executed. Wasmati mitigates this issue
by infroducing opfimizations during the CPG
generation process. These optimizations include
adding annotations, caching intermediate
results, and using more efficient graph traversal
algorithms, reducing the complexity of analyzing
indirect calls. The scientists reported that this tool
could construct a CPG for a WebAssembly
binary in an average of 58 seconds,
demonstrating its efficiency [17]. Brito et al. [18]
by leveraging optimized techniques for CPG
generation and four distinct query back-ends, it
efficiently identifies various vulnerability types in
WebAssembly binaries code. Extensive testing
across diverse  datasets demonstrated  its
scalability and reliability, making it a valuable
solution for analyzing complex, real-world
WebAssembly applications [18]. Additionally,
Wasmati was found to have a low false positive
rate, meaning it could accurately identify
vulnerabilities without flagging benign code as
malicious. This is a significant improvement over
some other static analysis tools, which often
suffer from high false positive rates, leading to
wasted time and effort in manual verification.
However, like Wassail, Wasmati has its limitations.
The relionce on CPG construction can result in
scalability issues as the size of the binary
increases. Moreover, while Wasmati can
efficiently detect certain types of vulnerabilities,
it may struggle with more complex attack
patterns that require a deeper understanding of
runtime behaviors, such as race conditions or
time-of-check to  fime-of-use  (TOCTOU)
vulnerabilities. Nevertheless, Wasmati's ability to
detect structural vulnerabilities in WebAssembly
binaries makes it an important tool for static
analysis in the WebAssembly ecosystem.

WASP1 infroduces a hybrid approach to
static analysis by combining symbolic
execution with concolic execution [19].
Concolic execution is a technique that
merges concrete and symbolic execution
to explore all feasible execution paths
within a program, maximizing code
coverage and increasing the likelihood of
discovering hidden vulnerabilities.

Symbolic execution allows the tool to generate
concrete inputs for different execution paths,
ensuring that all paths are explored and tested
for poftential issues. WASP1 is specifically
designed to uncover vulnerabilities such as
integer overflows, buffer overflows, and memory
access violations in WebAssembly modules.
Unlike purely static analysis techniques, concolic
execution enables WASP1 to examine the effects
of inputs on the execution of the binary, allowing
for a more comprehensive analysis. To
demonstrate its effectiveness, the authors of
WASP1 developed a framework called WASP-C,
which allows for the testing of C programs by
converting them into WebAssembly binaries and
then analyzing them with WASP1. The results of
the WASP-C framework showed that WASPI
could effectively uncover a range of bugs and
vulnerabilities in the tested programs. However,
one limitation of WASP1 is that it requires access
to the high-level source code of the program to
perform its analysis. This constraint means that
WASP1 is primarily useful for open-source
programs or situations where the source code is
available, limiting its applicability in cases where
only the compiled WebAssembly binary s
available. WASP-C showed competitive results
against other tools in symbolic execution tasks,
focusing on byte-level granularity for Wasm
code. Despite this limitation, WASP1's use of
symbolic execution provides a powerful tool for
vulnerability discovery. Its ability to maximize
code coverage ensures that even deeply
hidden vulnerabilities can be identified, making it
partficularly useful for identifying security issues
that arise from edge cases or rare execution
paths.

Static analysis techniques have the following
advantages: early detection, comprehensive
coverage, and scalability. Their limitations
include false positives/negatives, lack of
contextual information, and complexity in
analysis.

i Research on dynamic analysis methods

In contrast, dynamic analysis involves examining
WebAssembly binaries while they are being
executed, providing real-time insights info how
the program behaves in different scenarios. This
approach is particularly useful for identifying
vulnerabilities that arise from the interaction of
the code with the execution environment, such
as buffer overflows, race conditions, or
unauthorized memory access. While dynamic
analysis offers the advantage of catching
runtime—specific issues, it typically requires more
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computational resources and may not cover all
execution paths of the program.

Szanto et al. [20] proposed an innovative
approach to detecting vulnerabilities in
WebAssembly  binaries  through the
implementation of a  taint-fracking
technique. Taint tracking is a widely-used
method in software security to monitor the
flow of sensitive data, such as personal
information  or  cryptographic  keys,
through a program's execution, helping to
identify  potential  vulnerabilities  like
information leakage or code injection
attacks.

What distinguishes Szanto et al.'s [20] approach is
its ability to apply taint tracking without requiring
modifications to the underlying structure of the
WebAssembly binary, thereby preserving the
integrity of the original code. To achieve this,
they developed a custom virtual machine (VM)
that runs natively within JavaScript, which is
partficularly significant because of the prevalent
use of WebAssembly in web applications. By
integrating the taint-tracking system into a
JavaScript-based VM, Szanto et al. [20] ensured
compatibility with existing web technologies,
enabling seamless deployment in real-world
web environments. The method works by
assigning a tainted label to each allocable byte
in WebAssembly's memory section and each
variable on the stack. This granularity in labeling
ensures that every potentially sensitive data
point is monitored throughout the execution,
thereby improving the precision of taint
propagation analysis. A key advantage of this
technique is its non-intrusiveness.

Unlike ftraditional taint-tracking methods that
often require binary rewriting or instrumentation,
Szanto et al.'s [20] method avoids these invasive
alterations, reducing the risk of infroducing new
vulnerabilities or bugs intfo the system. This aspect
is critical for security-sensitive applications,
where even minor modifications to the code can
lead to unintended side effects. Additionally, by
preserving the original binary structure, their
approach ensures better compatibility with
existing WebAssembly compilers and execution
environments. However, this precision and non-
intrusiveness come at a cost in terms of runtime
performance.

Szanto et al. [20] reported that the overhead
infroduced by their taint-tracking technique
scales mostly linearly with the execution time of
the WebAssembly binary. In practice, this means
that the system can incur a performance

penalty of wup to 100% compared to

uninstrumented execution. While such an

overhead might be prohibitive for performance—
crifical applications, it is worth noting that in

many security contexts, this frade-off s

acceptable. Ensuring the safety and security of

sensitive data flows often justifies increased
computational  costs, especially in  web
applications that handle personal  user
information or financial data. The technique
proposed by Szanto et al. [20] contributed to the
growing body of research aimed at enhancing

WebAssembly binaries security, a field that has

gained considerable attention due to the

increasing adoption of WebAssembly in both
clien’r—5|de and server-side applications.

i TaintAssembly. TaintAssembly [21]
infroduced a sophisticated taint-tracking
mechanism  tailored  for  detecting
vulnerabilities in WebAssembly binaries
that  distinguishes itself  through its
infegration with the V8 JavaScript engine,
which is the backbone of widely used
platforms such as Google Chrome and
Node.js [22].

This strategic modification leverages the existing
infrastructure of V8, enabling more efficient and
seamless taint fracking within web environments
where  Wasm is increasingly  prevalent.
TaintAssembly opted for a more integrated
approach by modifying the V8 engine itself to
embed taint-tracking functionalities directly into
the execution pipeline of WebAssembly binaries.
By doing so, it minimized the need for external
interventions or the creation of auxiliary VMs,
thereby streamlining the taint-tracking process
and enhancing performance  efficiency.
TaintAssembly supports taint fracking for a
comprehensive set of data types, including
integers (i32, i64) and floating—point numbers
(f32, f64), which are fundamental to Wasm's type
system. Additionally, it extends taint tracking
capabilities to linear memory, which is crucial for
monitoring data flows in applications that heavily
utilize memory operations. Furthermore,
TaintAssembly introduces a probabilistic variant
of taint tracking, which employs statistical
methods to infer potential taint propagation
paths. This probabilistic approach enhances the
detection of complex vulnerabilities that may
not be easily identifiable through deterministic
methods alone.

A notfable difference between TaintAssembly

and Szanto et al.’s approach lies in the handling

of WebAssembly module structures.
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TaintAssembly requires modifications to the
Wasm module before taint labels can be
assigned to variables. This preprocessing step
involves analyzing and restructuring the Wasm
binary tfo insert faint labels appropriately,
ensuring that all  relevant variables are
accurately tracked during execution. While this
infroduces an additional preprocessing phase, it
enables more precise taint propagation and
reduces the likelihood of false positives in
vulnerability detection.

One of the most significant advantages of
TaintAssembly is its superior runtime performance.
Through its integration with the V8 engine and
optimized taint-tracking algorithmes,
TaintAssembly achieves a runtime overhead of
merely 5-12%. This is a stark confrast to the
approach proposed by Szanto et al., which
incurs an overhead of up to 100%. The reduced
overhead makes TaintAssembly more viable for
real-world applications, where performance
constraints are a critical consideration. The
efficiency gains are primarily attributed to the
tight integration with V8, which allows for more
direct and less resource-intensive taint fracking
compared to running a separate VM.

Moreover, by leveraging the V8 engine’s
optimizations and just-in—time (JIT) compilation
capabilities, TaintAssembly can maintain high
execution speeds while performing taint analysis.
This integration ensures that taint tracking does
not become a bottleneck, thereby supporting
the deployment of security mechanisms in
performance-sensitive environments such as
web browsers and server-side applications.
However, the requirement to modify the V8
engine introduces certain limitations. Maintaining
compatibility with future updates of V8 can be
challenging, as engine modifications may need
to be reapplied or adjusted with each new
release. Additionally, the preprocessing step to
modify Wasm modules adds complexity to the
deployment pipeline, potentially increasing the
effort required to integrate TaintAssembly into
existing workflows.

Despite  these  challenges, TaintAssembly
represents a significant advancement in the
realm of WebAssembly security. Its ability fto
provide efficient and accurate taint tracking
within widely adopted platforms like Google
Chrome and Node.js underscores its practical
applicability. By enabling developers to detect
and mitigate vulnerabilities such as buffer
overflows, code injection, and information
leakage in Wasm binaries, TaintAssembly

confributes to the robustness and reliability of
web applications.

Wasabi. Wasabi [23] represents a versatile
and robust framework designed for the

dynamic  analysis of  WebAssembly
binaries. Wasabi addresses this need by
employing binary instrumentation

techniques that enable comprehensive
runtime analysis without necessitating

modifications to the original Wasm
binaries.
At its core, Wasabi performs  binary

instrumentation by injecting calls to analysis
functions written in JavaScript directly into the
WebAssembly binary. This approach leverages
the seamless interoperability between
WebAssembly and JavaScript  within - web
environments, facilitating the integration of
sophisticated analysis capabilities. The
instrumentation process involves identifying
relevant points within the Wasm binary where
analysis functions should be inserted, thereby
enabling real-time monitoring and data
collection during the execution of the binary.

By embedding these analysis hooks, Wasabi can
perform a variety of analyses, including
instruction counting, call graph extraction,
memory access tracing, and taint analysis.
Instruction counting in Wasabi allows developers
and security analysts to monitor the execution
frequency of specific instructions, providing
insights into performance bottlenecks and
potential optimization opportunities. Call graph
extraction is another critical feature, enabling
the construction of a detailed map of function
calls within the Wasm binary. This facilitates the
identification of complex interdependencies
and the detection of anomalous or unauthorized
function invocations that may indicate malicious
behavior or software defects. Memory access
tracing is particularly important for uncovering
vulnerabilities related to memory safety, such as
buffer overflows and use—after—free errors. By
tracking how memory is accessed and
manipulated during executfion, Wasabi can
identify paftterns that may lead to security
breaches or data corruption.

Taint analysis, one of Wasabi's most powerful
features, involves fracking the flow of sensitive or
unfrusted data through the program. This
enables the detection of potential information
leaks, injection attacks, and other forms of data
misuse by ensuring that tainted data does not
reach critical execution points without proper
validation. A significant innovation of Wasabi is its
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support for selective instruction instrumentation.
Instead of indiscriminately instfrumenting every
instruction in the Wasm binary, Wasabi allows
users to specify which instructions are relevant for
a particular analysis.

This targeted approach reduces the overhead
associated with instrumentation, as only the
necessary parts of the binary are instrumented.
By focusing on specific instructions, Wasabi can
provide more precise and efficient analysis,
tailored to the unique requirements of different
applications and security contexts. Despite its
advantages, the implementation of Wasabi
infroduces runtime overhead, which varies
significantly depending on the application and
the specific instructions being analyzed. The
authors of Wasabi reported a runtime overhead
ranging from 2% to 163% [23].

This variability is attributed to several factors,
including the complexity of the instrumentation,
the frequency of instrumented instructions, and
the nature of the analyzed workload. While a 2%
overhead is relatively minimal and acceptable
for many applications, a 163% overhead can be
prohibitive for performance—critical
environments.
Consequently, the selective instrumentation
feature of Wasabi plays a crucial role in
balancing the frade-off between analysis
comprehensiveness and runtime efficiency.
Wasabi's ability to perform multiple types of
analysis within a single framework enhances its
utility for developers and security professionals.
By providing a unified platform for instruction
counting, call graph extraction, memory access
tracing, and taint analysis, Wasabi simplifies the
process of conducting thorough security
assessments and performance evaluations of
WebAssembly  binaries. This  mulfi-faceted
analysis capability is particularly valuable in
complex applications where understanding the
interplay between different components s
essential for ensuring both performance and
security.

Fuzzm. Fuzzm [24] represents a specialized
fuzzer for WebAssembly (Wasm) binaries,
leveraging the widely adopted American
Fuzzy Lop (AFL) framework to perform fuzz
testing on binary-only applications.

Fuzz testing is a crifical technique in software
security, where random or semi-random inputs
are supplied to a program to uncover
vulnerabilities such as crashes, memory
corruption, or unexpected behavior. Fuzzm
extends this principle to WebAssembly, enabling

the security analysis of Wasm binaries even in the
absence of source code, which is often a
challenge in the context of proprietary or third-
party applications. The AFL framework, which
forms the foundation of Fuzzm, is traditionally
used to fuzz applications by compiling them from
source code and inserting instrumentation at
compile time. This instrumentation tracks path
coverage, a critical metric in fuzzing that
indicates how thoroughly the fuzzer explores
different execution paths within the application.
Path coverage helps guide the fuzzer toward
unexplored code paths, improving the chances
of discovering bugs or security flaws. However,
Fuzzm departs from this source-code-centric
approach by operating directly on Wasm
binaries. Since Fuzzm does not have access to
the source code, it cannot leverage AFL's
compile-time instrumentation techniques.
Instead, it employs static binary instrumentation
to achieve similar functionality. Specifically,
Fuzzm inserts code at all branches within the
Wasm  binary, ensuring that  coverage
information is collected in a way that is
compatible with AFL's feedback-driven fuzzing
mechanism. This static binary instrumentation is
crucial for enabling effective fuzzing in the
absence of source code, allowing Fuzzm to
monitor and report the execution paths taken by
the WebAssembly binary during fuzz testing.

One of the significant advantages of Fuzzm is its
ability to provide detailed coverage information
while maintaining a low runtime overhead.
Binary instrumentation can often introduce
performance penalties due to the insertion of
additional code at various points in  the
program's control flow. However, the authors of
Fuzzm demonstrated that the overhead imposed
by their static binary instrumentation is minimal,
making the tool practical for extensive fuzz
testing campaigns without excessively slowing
down execution. This low runtime overhead is
essential for achieving high throughput in fuzzing,
as it allows more inputs to be tested in a shorter
period, thereby increasing the likelihood of
discovering vulnerabilities.

Furthermore, Fuzzm's design is not fied to a
specific WebAssembly runtime environment,
enhancing its versatility. This flexibility means that
Fuzzm can be used across different Wasm
execution environments, including both web-
based runtimes (such as those in browsers) and
standalone Wasm runtimes (such as Wasmtime
or Wasmer). By decoupling the fuzzer from any
particular  runtime, Fuzzm allows security
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researchers to apply it to a wide range of Wasm
applications and execution contexts,
broadening its applicability. In addition to its
core fuzzing capabilities, Fuzzm also incorporates
a canary-based protection mechanism to guard
against  memory  corruption  vulnerabilities.
Memory corruption is a common and serious
security issue in  low-level programming
longuages that WebAssembly often interacts
with, such as C and C++. Canary-based
protection works by placing special “canary”
values in memory regions that are vulnerable to
overflow, such as function stack frames. If a
buffer overflow or similar vulnerability attempts to
overwrite the memory, the canary value s
altered, signaling the presence of a vulnerability
before it can be exploited. This proactive
detection mechanism adds an additional layer
of defense, enabling Fuzzm not only to identify
crashes but also to flag potential memory safety
issues before they lead to severe security
breaches. Fuzzm’'s approach to fuzz testing has
several implications for the future  of
WebAssembly security. Given the increasing
adoption of WebAssembly in areas such as web
development, blockchain smart contracts, and
serverless computing, the ability to fuzz test
Wasm binaries without access to source code is
of paramount importance. Proprietary Wasm
binaries deployed in production environments
often do not come with readily available source
code, making tools like Fuzzm indispensable for
ensuring the security of such applications.
Moreover, Fuzzm’'s low overhead and broad
runtime compatibility make it an ideal candidate
for integration into continuous integration (Cl)
pipelines, where frequent security testing of
binaries is crucial.

WAFL. WAFL [25] is a cutting—edge binary—
only fuzzer designed specifically for
WebAssembly (Wasm) binaries, leveraging
the robust capabilities of the AFL++ [26]]
framework, a community—driven extension
of the original American Fuzzy Lop (AFL)
fuzzer.

Unlike traditional fuzzers that require access to
source code for instrumentation, WAFL operates
directly on Wasm binaries, making it particularly
valuable for testing proprietary or third—party
applications where source code may be
unavailable. A key component of WAFL's
architecture is its integration with the WAVM [27]
runtime, an Ahead-of-Time (AOT) compiler for
WebAssembly. WAVM translates Wasm binaries
infto opfimized native machine code prior to

execution,  which enhances
performance.

WAFL extends WAVM by applying a series of
patches that enable the generation of
coverage information essentfial for AFL++'s
feedback-driven fuzzing approach. These
patches modify the WAVM runtime to insert
instrumentation hooks at all branch points within
the Wasm binary, facilitating precise tracking of
execution paths without altering the original
binary structure. WAFL employs AOT compilation
to minimize runtime overhead, as Wasm binaries
are precompiled intfo native code, reducing the
need for Just-In-Time (JIT) compilation during
fuzzing. Additionally, WAFL introduces lightweight
Virtual Machine (VM) snapshots, allowing the
fuzzer to quickly save and restore the VM state
between fuzzing iterations. This optimization
significantly accelerates the fuzzing process by
minimizing setup and teardown times, thereby
increasing the overall throughput of fuzzing
campaigns.

Empirical evaluations have demonstrated that
WAFL can achieve impressive performance,
sometimes even outperforming native AFL x86—64
harnesses compiled from source code. This
superior performance is atfributed o the efficient
intfegration with WAVM and the effective use of
VM snapshots, which collectively reduce the
overhead typically associated with binary
instrumentation. To generate AFL++-compatible
coverage information, WAFL implements static
binary instrumentation within the WAVM runtime.
This process involves inserting instrumentation
code at all branch instructions within the Wasm
binary, ensuring comprehensive coverage data
collection. By capturing detailed execution
paths, WAFL enhances AFL++'s ability to guide
the fuzzing process towards unexplored and
potentially vulnerable areas of the binary. This
meticulous coverage generation is crucial for
maximizing the effectiveness of the fuzzing
efforts, enabling WAFL to uncover a wide range
of wvulnerabilities, including buffer overflows,
memory corruption, and code injection flaws.

In addition to its core fuzzing functionalities, WAFL
incorporates  a  canary-based  protection
mechanism to detect and prevent memory
corruption vulnerabilities. Canary values are
strategically placed in memory regions
susceptible to  overflow attacks. During
execution, any aftempt to overwrite these
canaries triggers an immediate detection of the
anomaly, allowing WAFL to flag potential security
breaches before they can be exploited. This

significantly
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proactive defense mechanism not only aids in
identifying crashes but also enhances the overall
security assurance provided by the fuzzer.
Despite its strengths, WAFL is inherently tied to the
WAVM runtime, which limits its applicability to
environments that utilize WAVM for executing
Wasm binaries [28]. This dependency restricts
WAFL's use in scenarios where alternative Wasm
runtimes, such as Wasmtime or Wasmer, are
preferred.
Dynamic analysis techniques have the following
advantages: runtime context, reduced false
positives, and detection of complex
vulnerabilities. Their limitations include limited
coverage, performance  overhead, and
environmental dependencies.

Research on hybrid analysis methods

Recent studies have demonstrated the

complementary nature of these approaches,

with static analysis offering early detection of
code vulnerabilities, and dynamic analysis
capturing issues that manifest during execution.

Researchers have explored combining both

tfechnigues into hybrid models to enhance

vulnerability detection in WebAssembly binaries.

These combined approaches provide a more

comprehensive security assessment by

leveraging the strengths of both static and
dynamic methods.

WASP2 [29] presents a sophisticated framework

for detecting vulnerabilities in WebAssembly

binaries by leveraging both static and dynamic
analysis  techniques informed by known
vulnerability patterns. A core component of

WASP2 is its deep learning-based vulnerability

classification model. The model is frained to

identify vulnerabilities by mapping static features
from known vulnerable binaries in architectures
such as x86 and ARM to their corresponding

WebAssembly  binary  representations.  This

mapping process involves several steps:

— Feature Extraction - WASP2 extracts a
comprehensive set of static features from
both the source architectures (x86/ARM) and
the WebAssembly binaries. These features
include opcode sequences, control flow
patterns, data flow characteristics, and other
relevant code attributes that are indicative
of vulnerabilities.

— Model Training — The extracted features from
known vulnerable and benign binaries are
used to train a deep neural network. The
architecture of the model typically includes
multiple layers, such as convolutional layers
for feature extraction and fully connected

layers for classification. Techniques such as

dropout, batch normalization, and
regularization are employed to prevent
overfitting and enhance the model's

generalization capabilities.

— Cross—Architecture Mapping - By mapping
features across different  architectures,
WASP2 ensures that the model can
generalize  vulnerability  patfterns  from
traditional binary formats (x86/ARM) to
WebAssembly binaries. This Cross—
architecture  approach is crucial for
leveraging the extensive body of knowledge
and datasets available for x86 and ARM
vulnerabilities, thereby enhancing the
model's robustness and accuracy. The
authors of WASP2 conducted extensive
evaluations to assess the framework's
effectiveness in detecting known
vulnerabilities within WebAssembly binaries.

The evaluation process involved the following

steps:

— Dataset Construction: A diverse dataset
comprising WebAssembly binaries with known

vulnerabilities, derived from  real~world
applications and benchmark suites, was
assembled. This dataset included various
types of vulnerabilities such as buffer
overflows, use-after-free  errors, integer
overflows, and code injection flaws.

— Model Performance - The deep learning
model achieved high accuracy in identifying
vulnerable subroutines, demonstrating its
capability to generalize vulnerability patterns
from x86 and ARM architectures to
WebAssembly. Precision, recall, and Fl-score
metrics were used to quantify the model's
performance, with WASP2 attaining precision
and recall rates exceeding 90% in most
categories.

— Runtime Overhead - The integration of static
and dynamic analysis infroduced minimal
runtime overhead, primarily attributable to the
efficient feature extraction and model
inference processes. The dynamic analysis
phase with Wasabi added an additional layer
of verification without significantly impacting
overall performance. WASP2 offers several key
advantages such as:

— High Accuracy: By leveraging deep learning
and cross—architecture feature mapping,
WASP2 achieves high accuracy in detecting
known vulnerabilities, reducing the rate of
false positives and negatives.
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— Comprehensive Analysis — The combination of
static and dynamic analysis provides a holistic
view of potential vulnerabilities, enabling the
detection of both structural weaknesses and
runtime behaviors that could lead to security
breaches.

— Automation and Scalability - WASP2
automates the vulnerability detection process,
making it scalable for large codebases and
suitable  for integration into  continuous
integration/continuous deployment (CI/CD)
pipelines.

— Adaptability: The framework can be adapted
to incorporate new vulnerability patterns and
support additional architectures, enhancing
its long-term viability and relevance. Despite
its sfrengths, WASP2 exhibits certain limitations:
dependence on known vulnerabilities, runtime
environment  constraints, and  resource
intensive.

Hybrid analysis techniques have the following

advantages: enhanced coverage, improved

accuracy, and contextual awareness. Their
limitations include increased complexity, higher
overhead, and coordination challenges.

i Research on comparative analysis of the
static, dynamic, and hybrid detection
techniques

Vulnerability detection in Wasm binaries can be

approached through various methodologies,

primarily categorized into static  analysis,
dynamic analysis, and hybrid techniques. Each
of these approaches offers distinct advantages

and faces unique challenges, making a

comparative  understanding  essential  for

selecting the appropriate strategy in various

security contexts (Table 1).

In the context of WebAssembly, the choice

between static, dynamic, and hybrid analysis

techniques depends on several factors,
including the availability of source code, the
performance requirements of the application,
and the nature of potential vulnerabilities. Static
analysis is particularly useful for preliminary
security assessments and ensuring code integrity
before deployment. Dynamic analysis excels in
environments where real-time monitoring and
runtime behavior are critical, such as in web
browsers and server-side applications running

Wasm modules. Hybrid approaches are ideal for

scenarios demanding  thorough  security

evaluations, where both code structure and
runtime behavior must be scrutinized to uncover

a wide array of vulnerabilities. Recent work by M.

Talu [30] discusses advanced data protection

techniques in WebAssembly, conftributing to the

security landscape.
Table 1. Comparative analysis of the static, dynamic, and hybrid detection techniques

Aspect | Static Analysis | Dynamic Analysis || Hybrid Analysis
Comprehensive Limited to executed Comprehenswe by.
Coverage across all sths combining both static
possible paths P and dynamic coverage
Higher iy Reduced false
. Lower false positives, i
False potential for . positives and
. . Iy but may miss some )
Positives/Negatives|| false positives . negatives through
. vulnerabilities L
and negatives cross—validation
Generally low Higher due to Higher, combining
Performance s .
Overhead asno execution|| instrumentation and || overheads of both
is required monitoring approaches
Contextual lelte_d’ no Rich, with runtime Enhanced by )
. runtime leveraging both static
Information context .
context and dynamic contexts
Moderate, ||High, due to the need||  High, due to the
Complexity ||depends onthe||  forcontrolled  |{|integration of multiple
analysis depth execution methodologies
High, suitable || Limited, especially for || Moderate, balancing
Scalability forlarge || performance—critical || thoroughness with
codebases applications resource demands
Good for || Excellent for runtime Superior. Covering a
Detection structural and and context— pwi de(ran eofg
(apability syntax—based dependent g
e o vulnerabilities
vulnerabilities vulnerabilities
CONCLUSIONS

In  conclusion, the security landscape of
WebAssembly binaries is evolving rapidly as this
technology gains prominence in modern web
applications and server-side environments. This
research has highlighted the critical need for
effective vulnerability discovery techniques
tailored to the unique characteristics of Wasm.
By examining static, dynamic, and hybrid
analysis methods, we have provided insights into
the strengths and limitations of each approach.
Static analysis techniques are valuable for their
ability to perform comprehensive code
evaluations and early detection of vulnerabilities
without execution, yet they often struggle with
false positives and a lack of contextual
understanding. In contrast, dynamic analysis
offers deeper insights into runtime behavior,
enabling the identification of context-
dependent vulnerabilities. However, it s
constrained by the execution paths that are
actually traversed during testing, which can limit
its overall coverage. Hybrid analysis methods
emerge as a promising solution, combining the
thoroughness of stafic analysis  with  the
contextual richness of dynamic analysis. By
integrating these approaches, hybrid techniques
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can enhance vulnerability detection while
mitigating the weaknesses inherent in each
individual method. The effective deployment of
these technigues in the WebAssembly ecosystem
is crucial to ensure the security and reliability of
applications utilizing Wasm.
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COST OPTIMIZATION OF A REINFORCED CONCRETE WATER TANK

" Department of Civil and Environmental Engineering, University of Port Harcourt, P.M.B 5323, Port Harcourt, Rivers State, NIGERIA

Abstract: The research aims to investigate the cost optimization of a reinforced concrete water tank design under Eurocode 2 quidelines. Water tanks are essential for domestic,
industrial, and agricultural use, but their substantial construction and maintenance costs necessitate cost optimization strategies. This study utilizes Eurocode 2, to develop a cost
optimization framewaork for reinforced concrete water tanks. The research employs a multi-objective optimization approach to balance the conflicting objectives of minimizing
construction costs while ensuring structural safety and serviceability. A comprehensive cost model, incorporating material costs is developed to assess the total cost of the water tank.
To evaluate the performance of the cost optimization framework, a case study is conducted using multiple hypothetical water tank projects. The results demonstrate the effectiveness
of the proposed approach in achieving significant cost savings of 37.07%, 33.48% and 10.03% for concrete water tanks of 8000, 12000 and 18000 liters respectively, while meeting
the necessary structural requirements. The findings of this research contribute to the field of structural engineering and provide quidance for engineers and designers involved in water
tank projects. The cost optimization framework presented in this study can aid decision-making processes, enabling the selection of cost-effective designs that meet Eurocode 2

requirements.
Keywords: concrete, cost optimization, Eurocode 2, serviceability, water tank

INTRODUCTION

Reinforced concrete water tanks are critical
infrastructure components that enable water
storage in a variety of setftings, including
residential, commercial, and industrial settings.
They are influenced by a wide range of external
elements, including seismic stresses, wind loads,

and material restrictions  (Manning,  1973).
Furthermore, economic issues are crifical,
particularly in  locations with low financial

resources (Salam and Badaruzzaman, 2011). As
a result, the design of reinforced concrete water

tanks must be based on a thorough
understanding of  structural engineering
concepts.

However, the building and maintenance

expenses connected with these structures can
be significant, necessitating the use of cost-
cutting techniques. In the construction of
reinforced concrete  water tanks, cost
optimization entails striking an ideal balance
between structural integrity and associated
costs. It necessitates taking into account a
variety of aspects, such as material amounts and
design parameters, while also guaranteeing
compliance with essential design norms and
standards. Eurocode 2, also known as EN 1992-1-
1, is a set of recommendations for the design of
concrete structures, including water tanks.

The creation of a detailed optimization
framework in which the cost of the reinforced
concrete water tank is the objective function
and the constraints are derived from Eurocode 2
is appropriate for investigating the structure's

cost optimization. Cost optimization entails
determining the best tank dimensions, wall
thickness, reinforcement details, and concrete
strength parameters. The crack width was taken
into account to ensure the tank's serviceability
and  functionality  (Eurocode 2,  2004).
Furthermore, Eurocode 2's practical constraints
and design limitations are incorporated into the
optimization framework.

Hasan (2011) conducted a notable study on the
application of optimization methods to the
structural design of concrete rectangular and
circular water tanks. The total cost of the tank
was considered as an objective function, with
tank capacity, width and length of tank in
rectangular, water depth in circular, unit weight
of water, and tank floor slab thickness as design
variables. A computer program has been
created to solve numerical examples using
equations from the Indian IS: 456-2000 Code.
According to the findings, the minimum total
cost of a rectangular tank is more sensitive to
changes in tank capacity and floor slab
thickness, whereas the minimum total cost of a
circular tank is more sensitive to all variables.
Increases in tank capacity, width, length, floor
slab thickness, and water depth affect the cost.
Saxena et al. (1987) used the heuristic flexible
tolerance method to present the minimum cost
design of reinforced concrete water tanks based
on the Indian and ACI ("building" 1969) codes.
The cost function factored in the costs of
concrete, steel, and formwork. They came fo the
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conclusion that large capacity water tanks can
save a significant amount of money.

Tan (1993) used a direct search method and the
(SUMT) to present the minimum cost design of
reinforced concrete cylindrical water fanks
based on the British Code for water tanks. Only
the material costs of concrete and steel were
included in the cost function. The thickness of the
tank wall was idealized using piecewise linear
slopes, with the maximum thickness at the base.
Another relevant study by Martnez-Martn et al.
(2022) proposed an adaptive  threshold
acceptance method with a neighborhood
move based on the mutation operator from
genetic algorithms as an optimization framework
for water tank design. Their research sought to
examine the design of elevated tanks in relation
to the full prescriptions of Eurocode 2, Eurocode
8, and the Spanish Structural Code of Practice.
This includes variable loads such as seismicity,
wind, and snow, as well as the action of self-
weight and dead loads. The analysis revealed
significant nonlinearity as a result of seismic
forces and column rigidity. The study also
discovered that for seismic zones of high
degrees, steel reinforcement and concrete
volume per unit height remained relatively
constant with height.

Salom and Badaruzzaman (2011) investigated
the cost optimization of a water tank model 9 m
long, 6 m wide, and 24 m high with a capacity of
28530.6 gallon. The model was created for
twelve different cases using the Staad Pro.2007
computer program, which is based on the
American code (ACIl) and the Euro code (EU2
and EU3). Case 7 was the best case for water
tank design because it was designed using Euro
2 code and the model was a full concrete
structure. A comparison of the ACI and Euro
codes revealed that the Euro code is 6% more
optimum in design than the ACI code, so it is
recommended that the Euro code be used in
the design of concrete water tank structures.
Furthermore, flexural cracking was investigated
because it is important in the structural behavior
of reinforced concrete tanks. Jelusic (2022) used
a mixed-integer nonlinear programming (MINLP)
algorithm and the Eurocode standard. The case
study demonstrates the value of the optimization
approach by proposing two different economic
designs of reinforced concrete sections. A
previously unseen direct comparison of different
methods for modeling cracking in reinforced
concrete cross-sections is also presented.

While previous research has primarily
concentrated on optimizing water tank design
parameters, few studies have investigated the
comprehensive cost estimation of reinforced
concrete water tanks. Eurocode 2 provides
design and analysis guidance, but specific cost
estimation methods are frequently lacking. As a
result, the purpose of this study is to bridge that
gap by developing a comprehensive cost
model that includes material costs, labor costs,
and construction time, allowing for a more
accurate assessment of the total project cost.
The study focuses on creating a comprehensive
cost model that estimates the total cost of
building the water tank. This model takes into
account the various material costs. The cost
optimization framework seeks to identify the most
cost-effective design alternatives while
maintaining structural performance by taking
these factors into account. A case study is
conducted using a hypothetical water tank
project to evaluate the effectiveness of the
proposed cost optimization framework.
Furthermore, the study analyzes and compares
the costs and performance of three different
tank designs, each of which increases capacity,
demonstrating the potential cost savings
achievable through optimization.

This study advances structural engineering by
presenting a systematic approach to cost
optimization in the design of reinforced concrete
water tanks. The findings provide engineers and
designers involved in water tank projects with
practical guidance, allowing them to make
informed decisions and choose cost-effective
designs that meet Eurocode 2 requirements. This
research promotes resource efficiency and
sustainability in infrastructure development by
optimizing the costs associated with water tank
construction. The goal of this study was to create
a cost-optimization framework for the design of
reinforced concrete water tanks using Eurocode
2. The study used a multfi-objective optimization
approach to reduce construction costs while
ensuring the structural safety and serviceability of
the water tank.

MATERIALS AND METHODS

i Materials

Eurocode 2 (2004) was used to create a
mathematical model of a concrete structure.
The model was created using an Excel
spreadsheet, and the optimization process was
carried out using Excel's Solver Tool.
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Methods

— Formulation of the Optimization Problem

The water retaining structure is shown in Figure 1,
2 and 3. The assigned dimensions and the
derived material quantities of concrete,
reinforcement steel and formwork were used to
develop a cost objective function with
constraints for water retaining structures under
Eurocode 2.
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Figure 1: External dimensions of the reinforced concrete water tank.

Figure 2: Interior dimensions of the reinforced concrete water tank.
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Figure 3: Cross-section of the reinforced concrete water tank.

— Development of the Objective Function
The cost of the water tank is the sum of the cost
of concrete, steel and formwork components.
The quantity of each of these components
depends mostly on the dimensions of the tank.
The cost objective function can be defined as:
Total Cost, C = (cost of concrete) + (cost of steel)
+ (cost of formwork)
Which can be rewritten in full as:

C=[Cc x Ve X uc]+[Csx YXAs]+ [C; X Fa] (1)

where:

C = Total cost of manufacturing the water tank.
Cc = Cost coefficient of concrete in cost per
mass (naira per kg).

Cs = Cost coefficient of reinforcement steel, in
cost per cross-sectional area (naira per mm?).

Ct = Cost coefficient of formwork, in cost per
area (naira per m?).,

Uc = Unit weight of concrete (kg/m3).

Ve = Volume of concrete (m3).

Fa = Total formwork area (m2).

Y A= Total area of steel reinforcement (mm?2).

— Inputted and Computed Parameters

Given that the cost of manufacturing the
reinforced concrete water tank is related to the
various parameters listed in the previous section
above, further derivations were used to
calculate the variables necessary for the
calculation of the parameters present in the
objective function.

Input parameters were classified info those that
could be directly imputed and used in the
objective function; those which were needed to
compute values of parameters to be used in the
objective function; and finally those that would
be adjusted in the optimization process to
produce an optimal cost of manufacturing the
water tank. These parameters that needed
additional calculations before being used were
separated in  the Excel spreadsheet as
computed parameters.

The cost coefficients were each calculated
based on their necessary dimensions and
underlying real-world market prices as follows:

= Cost Coefficient of Concrete (Cc): This is the
total cost per mass of concrete (naira per kg).
It was found by calculating the total cost of
manufacturing a given mass of concrete and
dividing that cost by the mass of concrete
manufactured.

Cost Coefficient of Steel (Cs): This is the cost
per cross-sectional area of reinforcement steel
(naira per mm?2). It was found by dividing the
cost of specific sizes of steel bars by their
areas. Given that reinforcement bars are
manufactured and sold based on their
diameter sizes, the bar diameters were used
to derive the cross-sectional areas.

Cost Coefficient of Formwork (Cs): Here, the
cost coefficient of formwork is the cost per
area of the formwork material used
(commonly wood). Its dimensions are in naira
per mz,

The material properties of both the concrete and
the steel, which were used to compute values in

25 | University Politehnica Timisoara — Faculty of Engineering Hunedoara




ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering | e—ISSN: 2067 — 3809

Tome XVII [2024] | Fascicule 4 [October — December]

the objective function and in the derivation of
some constraints, are:

= Characteristic Strength of Concrete (f): This is
the compressive strength of 150 mm sized
cubes tested at 28 days at which not more
than 5% of the test results are expected to fail.
It is taken in Eurocode 2 as 25 N/mmz.
Characteristic Strength of Steel (fy): This is the
minimum vield stress, at which not over 5% of
the test outcomes should fail. Taken as 500
N/mm?2 according to Eurocode 2.

Unit weight of Concrete (uc): This is the ratio of
the mass of concrete per unit volume. Taken
as 2400 kg/m3.

The inputs for the geometric dimensions of the
beam (as shown in Figure 1, 2 and 3):

Total length of the tank (Ir)

Total width of the tank (br)

Total height of the tank (hr)

Thickness of the sidewalls of the tank (fsw)
Thickness of the top slab (hrs)

Height of tank side walls (hsw)

Thickness of the bottom slab of tank (hss)

Span distance between the tank support
(|spon)

Distance of overhang from tank support (lo)
Capacity of tank (C)

The computed parameters included the internal
dimensions of the concrete tank, the volume of
the tank and water within it, area of
reinforcements and the required formwork area.
The internal dimensions of the tank are derived
from:

1= 1t — 2tsw (2)
b = bT - Ztsw (3)
h = hgw (4)

Volume of the tank (Vi), maximum volume of
water (Vw) and concrete (Vc) were derived
from:

Vw=1Xbxh (5)
Vr = Ipxbr X hry (6)
Ve= Vpr— Vw (7)

Area for reinforcements are derived based on
the part of the tank they were to be placed and
the resulting load acting on such sections.
Area for the top slab was derived from:

AS(TS) == OOOthTS (8)
Therefore, the total area of reinforcement at the
top slab was give as:

Acrsy = Ag(tsy X br (?)
Area for each of the side wall was derived from:

Main reinforcement:
A _ Multsw)
S(SW) ™ 0.87f,1(0.95(tsw — 50))

(10)

where:

Muieswy = 1.2 X Mger(sw) (11)

Maer(sw) = 3 (981 X hsy) X hsyy x (22 + 225)(12)
Distribution reinforcement:

Ad(sw) = 0.002btgy (13)

Therefore, the total area of reinforcement within
the sidewalls was given as:

Aisw) = 4 (Asisw) X hsw + Agswy X Ir) (14)

Area for each of the bottom slab was derived

from:

Main reinforcement:
A _ Muits)
S(BS) ™ 0.87f,3(0.95(hps — 50))

(15)
Where:
Muigs) = <(weight of slab x 1.35) +

2
(weight of water x 1.2) x 15“’%) — Mult(support) (16)
Muitsupporty = Multisw) + (Weight of sidewall %

( 0 — tSTW) X 1.35) + <(weight of slab x 1.35 +

_ 2
weight of water x 1.2) x @) (17)

weight of sidewall = (hgy + hgg) X tgyw % 25 (18)
weight of slab = hpgg X 25 (19)
weight of water = 9.81 X h (20)
Distribution reinforcement:
Ad(BS) = OOOthBS (2])
Therefore, the total area of reinforcement at the
bottom slab was give as:
Ags) = Ags) X It + Aqges) X br (22)
The total area of reinforcement along the entire
tank was given as:
YXAs = Aisw) + Arrs) + As) (23)
The total area of formwork used Fq was found
using:
Fa = (It X br) + ((hsw + hps) X by)

+4(b xh) + (b x h) (24)
— Development of Constraints
The constraints used were of two types:

behavioral and geometric.

The behavioral constraint was concerned with
the permissible crack width on the water tank.
This was not to exceed 0.3 mm, according to
Eurocode 2. This was stated mathematically as:

Crack width,wg < 0.3 (25)
where:
WK = Srmax X Ecr (26)
Srmax = 3.4¢ + 0.425(k;k, @/pp,eff) (27)
os—k M) 14+0aePpe
Eor = t<Pp,effEs( Pp ff) (28)
where:

C = concrete cover.

26 | University Politehnica Timisoara — Faculty of Engineering Hunedoara




ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering | e—ISSN: 2067 — 3809
Tome XVII [2024] | Fascicule 4 [October — December]

Ki=0.8
K2 = 0.5 for bending.
@ = bar diameter.

As,min

Ppetf = Aceff

As,min = kckfct,effAct/fyk
Ke = 1.0, for pure tension
K=1, whenh=300 mm

2
fetefr = 0.3fck(§), for concrete grades < C50/60.
os = serviceability level stress in
reinforcement.

Ac,eff = (h - X)/S

Es

the

(x:
€ Eem

Es = 200, 000 MN/mm?

Eem = 22 (“;—;8)0'3

The geometric constraints include the permissible
extents possible for the dimensions of the water
tank and its reinforcements. In addition to these,
the expected tank capacity must also be
considered, if the tank’s cost is to be minimized.
Behavioral constraint:

wg < 0.3 (30)
Geometric constraint:
C= Vw (31)
ht = hgs + hsw + hrg (32)
1800 < I < 8000 (33)
1000 < by <3000 (34)
1000 < hy <3500 (35)
150 < tgyw < 300 (36)
100 < hpg <150 (37)
1200 < hgy < 2600 (38)
150 < hgg < 400 (39)
300 < Agg <500 (40)
5000 < Agy < 20000 (41)
500 < Ags < 5000 (42)

i Optimization Model and Outputs
The optimization model consists of the objective
function and its related constraints. These have
been described in the previous sections in detail.
It can be summarized as:
Minimize:

C=[C, X V. X uc]+[Csx YA+ [Cs X F,] (43)
Subject to:

wg < 0.3 (44)
ht = hgg + hgw + hrg (46)

1800 < I < 8000 (47)
1000 < by < 3000 (48)
1000 < hy < 3500 (49)
150 < tgw < 300 (50)
100 < hpg < 150 (51)
1200 < hgy < 2600 (52)
150 < hgg < 400 (53)
300 < Apg <500 (54)

5000 < Agy < 20000 (55)

500 < Ags < 5000 (56)

The design variables and the cost of
manufacturing the tank were the outputs of the
optimization model. The design variables

included the geometric dimensions of the water
tank and the total area of reinforcements.
MODEL OPTIMIZATION

The optimization model and its related formulas
were replicated in Microsoft Excel were
optimization of the model was performed using
its Solver feature.

i Development of Excel Spreadsheet

The objective function, input parameters, design
parameters, computed values, constraints and
their aforementioned formulas were
appropriately placed in the Excel spreadsheet.

i Use of Excel Solver

Once the spreadsheet was created, the Solver
button was selected from the Data tab on the
Excel interface. The Solver dialogue box
displayed was then filled with pertinent data
from the spreadsheet. The constraints were
added individually, by clicking the “Add” button
shown in Figure 4.

Solver Parameters x
Set Objective: SHs3| -
To: (O Max ®) Min ) Value Of:

By Changing Variable Cells:
514,555, 5157, 5158, 5159, 5L510,5M513, SNS15, SNS 17,5156 55
Subject to the Constraints:
SLS10 <= 55515 -
SL54 «= 5559 fidd
SLS5 <= §5510
SLS6 «= 85511 Change
5L56 = (SL58+5L59+5L510)
SL87 <= §5512
5158 <= §5513 Delete
5159 <= §5514
SMS13 <= 55518
SMNS15 <= 85520 Reset All
SNS17 <= 55522
S0510 <= 5185
50811 == 516 ~ Load/Save
Make Uncanstrained Variables Mon-Megative
Select a Solving GRG Monlinear ~ Options
Method:
Solving Method
Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.

Figure 4: Excel’s Solver Add-in, with objective function, design variables

and constraints fully imputed.
Clicking the “Solve” button at the end of the
dialogue box led to the software processing the
optimization problem. After a few minutes, the
new values of the cost objective function and
design variables were obtained and recorded.
RESULTS AND DISCUSSION
This consisted of the cost opfimization of a
reinforced concrete tank with known dimensions.
The cost, dimensions and reinforcement areas of
the tank and their resulting values after cost
optimization are shown in Table 1.
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Table 1: Design case study of a RC water tank under cost optimization.

Table 3: Cost optimization results for Tank B (12000 liters).

Parameters Initial Values | Optimized Values TankB
Iy 5000 2322.39 Parameters Initial Values | Optimized Values
br 1000 1689.21 It 5000 3462435
hr 1850 1528.869 br 2000 2756.325
T 200 100 hr 1800 1834.298
hrs 100 100 tow 150 150
hsw 1500 1265.549 hrs 100 100
hgs 250 163.320 hw 1500 1544.806
Ars 200 100 hss 200 189.492
Asw 107211 10000 Ass 400 551.265
Ass 1679.84 1500 Asw 9057.56 6629.04

Capacity (litres) 4000 Ags 2301.88 2181.04

Vi (m?) 414 3.999 Capadity (litres) 12000
Cost 489128.302 393536.265 V() 11.985 12
Gain 95592.037 Cost 530000.36 352534.926

Gain (%) 19.543 (Gain 177465434

A cost savings of 95592.037 naira (19.543%) was Gain (%) 33.484

made through the cost optimization process.
Whilst there was an overall reduction in all the
tank’s parameters, the width of the tank (br) was
increased from 1000 mm to 168%9.21 mm. The
volume of water present in the tank after
optimization approximately equals the design
capacity of the tank.

Comparison of Select Model Reinforced
Concrete Tanks

Three tanks of increasing capacities: 8000, 12000
and 18000 liters were designed and set up for
cost opfimization. The results are shown on Table
2,3 and 4.

From the below tables, there is a steady decline
in the gains from cost optimization of the tanks as
the capacity increases. As the tank capacity
rises from 8000 to 12000 to 18000 liters, the gain

Table 4: Cost optimization results for Tank C (18000 liters).

Tank C

Parameters Initial Values | Optimized Values
I 5000 4367.874
br 2300 3000
h 2350 1888.858
fow 150 150
hrs 100 100
hw 2000 1638.858
s 250 150
Ars 460 600
Asw 133234 11459
Ass 2159.95 2088.83
(apacity (litres) 18000
Vi (m?) 188 18.000
Cost 439580.867 395467.817
Gain 44113.05
Gain (%) 10.035

(%) reduces from 37.07 to 33.48 to

respectively.

Tank A

Table 2: Cost optimization results for Tank A (8000 liters).

10.03%

Parameters Initial Values Optimized Values
Iy 5000 3107.029
br 1500 2485.748
hr 1800 1575.892
tow 150 150
hrs 100 100
hsw 1500 1303.896
hes 200 171.996
Ars 300 49715
Asw 9057.56 5890.54
Ags 2101.88 177645
Capadity (litres) 3000
Vi (m?) 8.46 7.999
Cost 487144937 306556.647
Gain 180588.29
Gain (%) 37.071

Another tfrend is the consistent increase in cost
that was also matched by an increase in the
optimized cost as well.

The width of the tank (br) (as shown in Figure 1)
consistently increases for all tanks after cost
optimization as the other geometric parameters
of the tank reduce.

CONCLUSIONS

The design case study was carried out in order to
improve the cost-efficiency of a reinforced
concrete tank with predefined dimensions.
Following the cost optfimization process, a
significant cost reduction of 95,592.037 naira was
achieved, representing a significant 19.54%
decrease in overall expenditure.

Various parameters governing the tank's design
were reduced during the optimization process,
with the exception of the tank's width (referred
to as br), which increased from 1000 mm to
16892.21 mm. As expected, the volume of water
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contained within the tank after optimization

closely matched the tank's original design

capacity.

The investigation was expanded to three

reinforced concrete tanks, each with a capacity

of 8000, 12000, and 18000 liters, respectively.

These tanks went through the same cost-cutting

procedure.

A significant cost reduction of 37.07% was

achieved for Tank A (8000 liters), resulting in @

significant financial gain of 180,588.29 naira.

Similarly, the cost of Tank B (12000 liters) was

reduced by 33.48%, resulting in a significant gain

of 177,465.434 naira. Tank C (18000 liters)

achieved a less significant cost reduction of

10.03%, resulting in a gain of 44,113.05 naira.

As tank capacity increases, this data shows a

trend of diminishing returns in cost optimization. It

was consistently observed that as tank capacity

increased, so did the cost of tank construction.

Furthermore, the width of the tank (br) increased

consistently across all tanks during the cost

optimization process, while other geometric

parameters decreased.

In summary, the study's findings show that cost

optimization resulted in significant cost savings in

all cases, albeit with diminishing returns as tank

capacity increased. Furthermore, during the

optimization process, the expansion of the tank's

width emerged as a consistent design tfrend.
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Abstract: Noise has always been a significant issue in airport areas, affecting residential dwellings, or even wildlife and ecosystems in areas surrounding airports. Aircraft
noise in airport areas refers to aircraft generated noise during various phases of flight, including take-off and landing. The aim of this article is to highlight the impact of aviation
naise on public health. The basics of aviation noise, the noise perception and context for the noise annoyance are presented, as simply as possible in this research article. This study also
includes the aviation noise source that imply annoyance, as well as the relationships between physical mechanisms of noise and noise perception in order to describe and highlight

aviation noise issues.
Keywords: noise, noise perception, annoyance, aviation noise source, health risks

INTRODUCTION

Acoustics is a scientific branch that studies
sound, how it propagates and how it interacts
with the environment. These include aspects
such as the production, fransmission and
reception of sound, as well as phenomena
associated with it, such as resonance, absorption
and diffusion of sound. Sound is the result of the
vibration of a solid, liquid or gaseous body. These
vibrations locally induce a variation in
atmospheric air pressure, which propagates and
which the ear mechanism converts into
information that is analyzed by the brain and
perceived as sounds [1].

As a result, acoustics combines the description of
mechanical phenomena with the physiological
aspects related to the auditory sensation.
Therefore, the mechanics and physiology of the
auditory  apparatus are inseparable  for
understanding and interpreting noise-induced
auditory perception [1] [2].

Noise is defined as an unpleasant sound and
excessive or prolonged exposure can lead to
negative effects on human health, such as
hearing damage, stress or sleep disturbances [1].
An important characteristic of noise is its intensity,
which refers to the loudness of noise and is
measured in dB (decibels) [3]. A louder noise
corresponds to a higher intensity level of noise.
Another property is spatial distribution [3]. Noise
can be produced from various sources, e€.g.:
industrial machinery, construction, electronic
devices, traffic and environmental factors such
as wind or rain, that can damage the
environment. This article deals only with air fraffic
— generated noise.

MECHANISM OF PRODUCTION OF AVIATION

NOISE

Noise has always been a significant issue in

airport areas, affecting residential dwellings, or

even wildlife and ecosystems in areas
surrounding airports. Aircraft noise in airport areas
refers to aircraft generated noise during various
phases of flight, including take-off and landing

[4] [S].

Some of the important aviation noise sources

include:

— Engine noise: The engines of an aircraft
produce significant amounts of noise during
all phases of flight, particularly during takeoff.
This noise is generated by the combustion of
fuel within the engine, as well as the
interaction of the engine's moving parts, such
as turbine blades and compressor fans, with
the surrounding air. Jet engines, in particular,
produce a characteristic high-pitched noise
known as ‘"jet noise!" Each engine sub-
component that contributes to engine noise is
highlighted in Figure 1.

— Aerodynamic noise: As an aircraft moves
through the air, it generates aerodynamic
noise due to turbulence and airflow
disruptions around the airframe, wings, control
surfaces, and other components. This noise
can be particularly pronounced during
takeoff and landing, as well as at high speeds
during cruise.

— Airframe noise: Various components of the
aircraft's structure, such as landing gear, or
detached high-lift devices (Figure 2), can also
confribute to overall noise levels. For example,
the extension and retraction of landing gear
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and flaps produce noise, especially during
approach and landing phases.

— Auxiliary systems: Other aircraft systems, such
as air conditioning, hydraulic pumps, and
auxiliary power units (APUs), can also
generate noise. Even though these sources
may be less significant than engine and
aerodynamic noise, they can sfill have an
important contribution to overall noise levels,
especially on the ground.

The interaction of these sources of noise can

result in complex acoustic characteristic of

different aircraft types and operating conditions.

Fan:
« Tongs (Al freguencas)
+ Broadband Maise
* "Buzz-Saw" Noise

Compressor: o
» Tones (High frequency)
* Broacband Moise

Combuster: ="

« B il o M
* Broacband Moise (Low Poguency) v o

[Low froquency)

Turbine;

« Tomas (Hgh freguency)

+ Broadband Noisa
(High fraquancy )

Figure 1. Engine noise source identification [5]

Figure 2. Airframe component noise contributions to total aircraft noise [5]
CONSEQUENCES OF AVIATION NOISE ON PUBLIC
HEALTH IN EUROPE
According to the Environmental noise guidelines
for the European region excessive noise
exposure above noise levels of 45 dB Lden and
40 dB Lnight is an important environmental issue
causing various health risks [6]. The relationship
between health outcomes and aviation noise
exposure has been evaluated by European
Environment Agency (EEA), using exposure-
response functions illustrated in Environmental
noise guidelines for the European region [6].
According to World Health Organization (WHO)
health statistics, aviation noise prolonged
exposure can lead to:

— Hearing Loss: Prolonged exposure to high
levels of noise, such as those generated by
aircraft engines, can lead to hearing loss.

— Annoyance: Aviation noise can cause
annoyance and dissatisfaction with the living
environment, leading to reduced quality of
life for individuals living in affected areas.
Chronic exposure to noise-related annoyance
can have detrimental effects on mental and
emotional well-being [7].

— Sleep disturbance: Aviation noise, particularly
during nighttime operations, can disrupt sleep
patfterns and lead to sleep disturbances such
as difficulty  faling  asleep, frequent
awakenings, and decreased sleep quality [7].

—Ischaemic heart disease (IHD), known as
coronary artery disease (CAD) or coronary
heart disease (CHD): Exposure to chronic
noise, including aviation noise, has been
associated with  an increased risk of
cardiovascular problems such as hypertension
(high blood pressure), ischaemic heart
disease, stroke and heart attacks. The stress
response triggered by loud noise can rise
blood pressure and heart rate, contributing to
cardiovascular strain over time [7].

— Reading and oral comprehension issues for
children: Living in  noisy environments,
including those affected by aviation noise,
can contribute to increased levels of stress,
anxiety, and depression. Persistent exposure to
loud noise may also impair cognitive function
and interfere  with concentration and
productivity, such as reading and oral
comprehension for children [7] [8].

— Premature mortality due to IHD [7] [8].

ANIMATH

Aviation noise health effects estimation. NCF519
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Figure 3. People affected by aviation noise in Europe [6]
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All these consequences of aviation noise on

public health in Europe are highlighted in Figure

3, which shows the estimated number of people

affected by aviation noise across several

European countries, based on calculations with

data from the country, with data from the

country and estimated data, or with data from
airports affecting agglomerations.

These data are available in EEA 2019 Noise

country fact sheets (NCFS).

ATTEMPTS AND REGULATIONS TO

AVIATION NOISE

Since the beginning of aviation, noise has been

a major environmental problem that mostly

affects the residential areas that surround

airports. In general, environmental noise is a

clear illustration of the unintended social and

technological consequences of ongoing human
growth, with clear negative behavioral and
health effects on those who are exposed.

In Europe in particular, urban areas account for

one-third of reported noise exposure problems

(14-51% in EU States), which are primarily related

to noise-related annoyance among the

population [5].

A comprehensive and systematic approach

developed by the International Civil Aviation

Organization (ICAO) to address aircraft noise

issues around airports is ICAO Balanced

Approach [9]. Its main goal is to achieve an

equitable balance between the need for

aviation services and the desire to minimize the
impact of aircraft noise on communities

surrounding airports [9].

The ICAO Balanced Approach consists of four

main components:

— Noise Reduction at Source (focuses on
reducing aircraft noise emissions through
technological advancements in  aircraft
design, engine technology, and operational
procedures),

— Land Use Planning and Management (which
involves land wuse planning and zoning
regulations to minimize the exposure of
communities to aircraft noise),

— Noise Abatement Operational Procedures
(focuses on the implementation  of
operational measures to minimize aircraft
noise during takeoff, landing, and taxiing) and

— Operating Restrictions (involves the
establishment of operating restrictions and
limitations on aircraft operations to manage
aircraft noise impacts effectively) [5] [?].

The ICAO Balanced Approach highlights the

importance of cooperation among national

REDUCE

governments, aviation  authorities,  airport
operators, airlines, local communities, and
industry stakeholders, to develop and implement
effective noise management strategies.

It recognizes that no single measure can fully
address aircraft noise issues and that a balanced
combination of measures is necessary to
achieve meaningful noise reduction while
maintaining the viability and growth of the
aviation industry [10] [11].

CONCLUSIONS

Aviation noise is an unpleasant sound produced
by aircraft during various phases of flight,
including take-off and landing. It is a significant
source of environmental noise pollution,
parficularly in areas surrounding airports and
along flight paths.

Aviation noise can have several adverse effects

on communities and environment, including
health impact and environmental concerns.
Efforts to mitigate aviation noise include

implementing reducing noise procedures, by
using quieter aircraft and engine technologies,
optimizing flight paths, and implementing land
use planning measures to minimize noise impacts
on surrounding communities.

Overall, reducing aviation noise is essential for
protecting public health, improving quality of life,

mitigating environmental impacts, promoting
social  equity, and ensuring regulatory
compliance.
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OPTIMIZATION IN LOGISTICS: INCREASING EFFICIENCY WITH METAHEURISTICS
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Abstract: The wide application of metaheuristics and the continuous development of algorithms is currently one of the most researched areas in the field of optimization.
Hundreds of algorithms already exist and their number is constantly increasing. There is almost no area where intelligent methods are not used. Numerous metaheuristic
algorithms help optimization in the field of logistics as well. Despite the popularity of metaheuristic algorithms, they are rarely used in industrial practice. A wide range of
different procedures is available to perform optimization tasks, traditional, e.g. from gradient—based algorithms to metaheuristics. The authors of the paper give suggestions

to facilitate this.
Keywords: Logistics, metaheuristics, optimization, efficiency

INTRODUCTION

Optimization is very important in many fields: from
engineering, to business, to medicine, different
techniques are used to find the best solution. The
goal of optimization can be essentially anything:
minimizing costs, waste, scrap, travel time, energy
consumption or maximizing efficiency,
performance, profit. In practice, however, we
always find limiting conditions when solving
problems, which can be time, money, available
resources, and other complex constraints. In
addifion to these, different techniques must find
the optimal solution when solving a task [1].
During optimization, the definition of the
objective function is one of the most important
tasks, since the problem can be solved by
minimizing or maximizing this function. Different
algorithms and optimization techniques help this,
especially inteligent methods, since most real
problems are non-linear and multi-constrained.
A wide range of different procedures is available
to perform opftimization tasks, traditional, e.g.
from gradient-based algorithms fo
metaheuristics. Nondeterministic polynomial-time
difficult (NP-hard) problems are usually not
efficiently solved by traditional, exact algorithms,
so approximate heuristic methods are the
appropriate way to deal with the challenges in
this case [1].

We can distinguish two common meanings of the
term metaheuristics. One is a set of high-level
frameworks, concepts and strategies that
provide a basis for developing optimization
algorithms. The other means the concrete
implementation of an algorithm based on such a
framework [2]. Metaheuristics arrive at the final
solution iteratively, but they do not guarantee the

best optimal solution. Therefore, the aim of the
developments is to find a “good enough”
solutfion in a short calculation time. This eliminates
the “combinatorial explosion” (the computation
fime required to optimally find NP-hard problems
increases exponentially depending on the size of
the problem). Metaheuristics therefore represent
a good compromise between the quality of the
solutions and the calculation time, especially
when a very complex problem with a large
number of instances has to be solved. This has
aready been proven by the scientific
community, and it can be said that
metaheuristics can be effectively applied in the
field of optimization. In many cases, it is an
excellent alternative where exact methods (e.g.
linear or dynamic programming) are no longer
able to find a solution within an acceptable time.
Another advantage of metaheuristics is that they
do not impose specific requirements when
formulating an opfimization problem. Thus, the
ability to obtain acceptably good solutions
where other methods cannot guarantee this has
made metaheuristics the choice for solving the
majority of real-world multifactorial optimization
problems in both academic research and
practical applications [3].

The rapid growth rate of new-generation
metaheuristic algorithms and new proposals,
continuous developments, has induced the
publication of thousands of studies in recent
years. In many cases, these algorithms are not
evaluated based on their usefulness or their
performance values, but they emphasize the
novelty of modeling a given problem or task. Due
to this, similar new methods can appear at the
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same time [4] and “double discoveries” [5] can
be made.

Another problem is that, contrary to the
hypotheses, countless algorithms do not provide
the appropriate efficiency and do not bring the
expected results in solving real tasks [6]. Although
metaheuristic algorithms are clearly considered
the pioneering method for solving complex and
realworld problems, most of the publications
present the techniques at a theoretical level and
there are few depictions of specific engineering
solutions in real-world situations. Of course, the
number of successful and efficient algorithms is

also large and several metaheuristics have
become popular in optimization research.
The paper confributes to gefting a

comprehensive picture of the latest results of
metaheuristic publications and applied methods
in the field of logistics. The authors propose a
technique to assign an algorithm to a given
problem. In this way, the practical application of
metaheuristics and the appearance of these
techniques on real problems can be facilitated.
The paper is structured as follows: in part 2, with
the literature review, the authors present the
latest scientific works thematically. In the third
section, a group of metaheuristic algorithms
already used in the field of logistics is reviewed,
and then the increase/facilitation of their
use/application can be found in the fourth
section. In the 5th part, the authors present the
effectiveness of the implementation of the
algorithms with the help of an examination. In the
6th section, the conclusion and further research
directions are formulated.
LITERATURE REVIEW
Hundreds of metaheuristic algorithms have
already been developed, but their number is
constantly increasing. On the one hand, by
continuously creating new methods, and on the
other hand, by improving, existing algorithms and
crossing different techniques (hybridization).
The authors have divided the literature dealing
with metaheuristics into 3 large areas and based
on these, they present the current state of
research in the following groups:
a. comprehensive analyzes of the area,
b. possible classification of metaheuristics and
c. other research materials that are considered
good practice in the field.
i Comprehensive analyzes
Tens of thousands of scientific works have been
published in the field of metaheuristics in the last
few years and decades. In many cases, a
detailed (or less detailed) presentation of special

tasks or an algorithm was made in a given
publication.  Searching  through  research
materials is very difficult. If, for example, we want
fo propose a heuristic solution to a problem, it is
not easy to find previous works, ideas, and
suggestions due to the variety and huge amount
of articles. Therefore, several useful and at the
same time well-usable, comprehensive
analytical works on metaheuristics have already
been prepared.

Hussain et al. [7], for example, conducted a
survey by analyzing 1222 studies (research works
published between 1983 and 2016) to determine
the amount of research conducted in the field of
science and to present the current state of the
field. Critical questions related to the concerns of
the field were also formulated, which could also
be potential research topics.

Ma et al. [8] collected more than 500
metaheuristics and presented some of them in
detail from two main aspects: the source of
inspiration and the basic operators needed to
generate solutions. They also examined the
publication numbers of some very popular
algorithms, and the metaheuristics were placed
in ascending order according to the year of their
publication. The latter is rare because in most
comprehensive studies the algorithms are
arranged in ABC order based on their names.
Rajwar et al. [9] examined 540 algorithms and
provided statistical information. Several possible
classification structures were presented, as well as
the areas of application and most important
parameters of the most popular metaheuristics
were collected. Based on the number of
algorithms examined, the study is outstanding
and unigque, as it currently contains perhaps the
most examined and collected metaheuristics.
The work of Ezugwu et al. [4] is also outstanding
from the point of view of the analysis of
metaheuristics: they listed nearly 300 algorithms
with the following most important data: author,
source of inspiration, class, field of application.
Perhaps there is no other summary study at the
moment that presents the application areas of
nearly 300 different algorithms in broad outlines,
but in such detail. The advantages and
disadvantages of some algorithms have been
examined before, which can also contribute to
the success of further research and practical
applications [6]. It would also be worthwhile to
extend this kind of comparative analysis fo many
more metaheuristics.

Mohammadi and Sheikholeslam [10] presented in
detail the field of intelligent opfimization and
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published a comprehensive analysis containing
more than 320 algorithms, which was described

as follows: the algorithms were grouped
according to classes taking into account
numerous specifications: author, year of

publication, source of inspiration, most important
regulatory parameters, areas of application.
Various analyzes and publication measurements
are included in their work.

Systematic classification of metaheuristic
algorithms

Presenting a systematic classification of all
metaheuristic  algorithms  available in the
literature is an extremely difficult task and a great
challenge [4]. Fister et al [11] gave a brief
overview of nature-inspired algorithms and listed
the following classes: algorithms based on swarm
inteligence, biologically inspired algorithms that
are not based on swarm intelligence, algorithms
inspired by physical and chemical processes and
mentioned another category that may include
all other algorithms that do not fit into the
previous categories.

Ma et al. [8] describe that the most popular
faxonomy is based on sources of inspiration. They
describe a rough classification “i

in  which
metaheuristics are divided into population-based
optimization algorithms and single-solution—
based optimization algorithms according to the
number of solutions generated during each
iteration” [8]. In their article, they primarily deal
with population-based algorithms, so this class
was further divided into evolutionary algorithms,
algorithms based on swarm inteligence, and
algorithms based on physical or chemical
processes.

In their article, Rajwar et al. [?] present several
classification techniques: according to source of
inspiration, according to the number/size of
elements (population) of the search space,
according tfo the movement/operation of the
population, according to the number of
parameters. The latter — excluding the source of
inspiration — are considered a new type of
classification structure in the scientific field of
metaheuristics.

Molina et al. [12] also classified algorithms based
on the sources of inspiration. They proposed a
comprehensive taxonomy for nature-inspired
optimization algorithms in a new, different
approach.

Brownlee analyzed metaheuristic algorithms
inspired by nature and collected a lot of
parameters and important information about the

individual metaheuristics, which can be of great
help primarily for programming [13].

A new classification of metaheuristic algorithms
was infroduced by Abdel-Basset et al., which
focuses on the type of inspiration. According to
this, the techniques were classified into metaphor
and non-metaphor based algorithms.  The
metaphor-based class was further divided into
different subcategories: biology-based, physics—
based, swarm infeligence-based, social
behavior-based, music-based, chemistry-based,
sports—based and mathematics—based
metaheuristics are distinguished. The non-
metaphor-based class was not broken down into
further subcategories. All but one of the
subcategories of metaphor-based algorithms
(mathematical-based) belong to the additional

class inspired by nature, while the non-
metaphor-based class and the metaphor-
based-mathematical-based  algorithms  are

metaheuristics not inspired by nature [14].

Since most algorithms imitate processes and
patterns inspired by nature, this is the category
that researchers in the field deal with the most.
The majority of classification techniques classify
these algorithms into different categories.
Currently, one of the newest taxonomies with the
most subcategories is represented by the work of
Darvishpoor et al. Nature-based algorithms were
classified according to the source of inspiration
and actually, Abdel-Basset et al. can be
inferpreted as an extended version of his
classification.  Nine  main  categories are
distinguished: bio-based, ecosystem-based,
social-based, physics—based, chemistry-based,
music—based, sport-based, hybrid and math-
based. The bio-based category is further divided
info 10 subcategories: evolution-based, organ-
based, behavior-based, disease-based,
microorganism-based, insect-based, avian-
based, aquatic-based, terrestrial animal-based,
and plant-based [15].

The largest group of different metaheuristic
algorithms are algorithms inspired by nature. This
is primarily due to their excellent performance
and relatively simple structure. Hundreds of
animals, plants, natural  formations and
phenomena were used as a source of inspiration
to develop an algorithm. Natural phenomena
and behavioral patterns serve as the basis for
algorithms, such as: food-seeking behavior of
certain species, the water cycle, movement
characteristics of animals, behavioral patterns of
team sports, eftc. There are at least -
approximately — 400 algorithms that belong to
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the group of algorithms inspired by nature [15].
Table 1 shows some algorithms and their sources
of inspiration [16].
Table 1: Some metaheuristics and their sources of inspiration
Intelligent social behavior of a flock of
birds
The process of monkeys climbing trees
while searching for food
Mine bomb explosion
The lifestyle of microalgae

A shark’s ability to find its prey by smell

Mechanisms of dolphins in detecting,

Particle Swarm Optimization (PSO)

Monkey Search (MS)

Mine Blast Algorithm (MBA)
Artificial Algae Algorithm (AAA)
Shark Smell Optimization (SS0)

Dolphin Swarm Optimization

Algorithm (DSOA) chasing and preying on schools of sardines
Virus Colony Search (VCS) Viral infection and dissemination strategies
Crow Search Algorithm (CSA) Intelligent food hiding behavior of crows
Grasshopper Optimization . .
Algorithm (GOA) Swarming behavior of grasshoppers

The orbital motion of electrons around the
nucleus
Social behavior of spotted hyenas
The mating mechanism of the butterfly
Dynamic foraging behavior and efficient
locomation of southemn flying squirrels
Imitating the behavior of the Scottish red
deer
Annealing process in metallurgy

Electro—Search Algorithm (ESA)

Spotted Hyena Optimizer (SHO)
Butterfly—inspired Algorithm (BA)

Squirrel Search Algorithm (SSA)

Red Deer Algorithm (RDA)

Simulated Annealing (SA)

i Research materials

When we want to optimize, depending on the
size of the problem and the number of
parameters and consfrained conditions, there
are many methods available to solve a task
efficiently. Among the exact and heuristic
techniques, the former is effective for problems
with a smaller number of instances, while the
latter can also handle large data sefs, but can
“only” provide a good enough solution. At what
point is it worth investing time and money in
developing an intelligent algorithm and is it worth
using? The general comparison of exact methods
and metaheuristic solutions is discussed in few
scientific works, each example is typical for the
solution of a specific problem. For example,
Chandra et al.’s paper [17] compares the Branch
and Bound (B&B) method with the Fruit Fly
Optimization Algorithm (FOA) and the Artificial
Atom Algorithm (A3) metaheuristics. In terms of
processing time, the difference between the two
methods is more than 12 days, however, if certain
conditions are met, B&B performed better. It
should therefore be considered to carry out
comparative analyzes in this direction during the
practical application of a new metaheuristic
method.

Another strong contribution to the scientific field
of metaheuristics is the collection of solution

proposals collected and thematically arranged
for individual specific problems in one work. A
good example of this is the article by Golab et al.
[18], in which metaheuristic approaches applied
to resource—constrained project scheduling
problems were presented. This also provides a
good basis for further research and can
contribute to the identification of the most
suitable solution method for the task.

In the scientific field of metaheuristics, several
problems have already been formulated in the
research community, for example, that there are
no uniformly accepted standards in the field of
operations research. This fact also damages the
credibility of the results dealing with
metaheuristics.  To  eliminate  this, several
researcher have dlready suggested that the
optimization research community should adopt
certain standards. Kendall et al. [19] formulate a
specific proposal and draft for the unification of
many areas, including the presentation of
algorithms, solutions, calculation speed, software
features, etc. By doing so, they hope to further
improve the quality of research by adhering to
the same minimum standards. This can conftribute
to and improve the reproducibility and
comparability of results, as well as the efficiency
of individual researchers and research groups.
Another good practice is the complete analysis
of each algorithm: the basics of metaheuristics,
general  presentation, hybrids, application
possibilities, etc. A good example of this is Neshat
et al.’s article [20], in which the Artificial Fish
Swarm algorithm is presented, or Teodorovi¢'s
work [21] with the analysis of Bee Colony
Optimization, but the work of Zebari et al. [22]
with a complete overview of the Bat Algorithm
can also be classified here.

Another area for improvement in studies and
research on metaheuristics is that relatively few
concrete engineering problems are presented at
an adequate level, if at all. Even in the case of
the presented problems, it often happens that
the problem is not represented properly, with few
parameters and an incomplete mathematical
description. In their article [23], Zhao et al.
describe the engineering solutions, decision
variables, limiting conditions, etc. of the Artificial
Hummingbird Algorithm: they examine the
effectiveness of the algorithm for 10 specific small
engineering tasks, comparing it with other
algorithms. In the study by Agdrdi et al. [24], the
specific  engineering problem is properly
formulated and described.
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Tens of thousands of studies related to
metaheuristics are available in  scientific
databases. Research, results, and developments
are confinuous, but there is a need to improve
the quality of the field, tfo provide accessible,
uniform summary and comparative works in
order to make the field of science more clearly
understandable and unambiguous for future
researchers.
METAHEURISTICS IN LOGISTICS
Metaheuristics  perform  well for complex,
complicated problems. In the field of logistics
and supply chains, the processes are extremely
complex and their proper coordination and
global optimization is also necessary in addition
to the optimization of the individual sub-
processes. Therefore, metaheuristic algorithms
are also used in these areas and there are many
procedures for solving complex tasks (e.g. [25],
[26], [27]). There is a wealth of research and
results to effectively solve a logistics or supply
chain problem. However, due to the variety and
quantity of articles, it is difficult to find the best
solution for a specific problem and the details
and reasons for the method used.

Few scientific works have been published that

focus on a particular problem, and optimization

techniques suitable for the problem have been
systematically collected. From this approach, the
authors focus on the problems.

Ezugwu et al. determined in the case of almost

[4] 300 algorithms, in which area the given

algorithm has already been applied. With the

help of this, already used metaheuristics for some
logistics problems could be easily identified, here
are some examples:

—Travelling salesman problem: African Buffalo
Optimization, Ant colony optimization, Artificial
bee colony algorithm, Artificial Ecosystem
Algorithm, Bean  Opftimization  Algorithm,
Bumble Bees Mating Optimization, Chicken
swarm opftimization, Clonal Selection
Algorithm, Consultant-Guided search, Crystal

Energy Optimization Algorithm, Egyptian
Vulture  Optimization,  Elephant  Search
Algorithm,  Firefly —algorithm, Fish  swarm

algorithm, Genetic algorithm, Golden ball,
Harmony Search Algorithm, Honey-bees
mating optimization algorithm, Hunting search
algorithm, Hydrological cycle algorithm,
Intelligent Water Drops Algorithm, Invasive
Weed Optimization, Memetic Algorithm,
Penguins Search Optimization Algorithm,
Photosynthetic Learning Algorithm, River
Formation Dynamics, Shuffled Frog Leaping

Algorithm, Simulated annealing, Swallow
Swarm Optimization Algorithm, Tabu Search
algorithm, The scientific algorithms, Variable
Neighborhood Descent Algorithm, Water
Wave Optimization, Water-flow Algorithm

— Knapsack problem: Artificial Algae Algorithm,
Arfificial Chemical Reaction Optimization
Algorithm, Cuckoo search, Egyptian Vulture
Optimization, Fruit Fly Optimization Algorithm,
Glowworm swarm optimization, Intelligent
Water Drops Algorithm, Migrating  Birds
Optimization, Monarch Butterfly Optimization
Algorithm, Monkey search algorithm, Mulfi-
verse Optimizer, Viral systems

— Transportation problem: Keshtel Algorithm,
Sheep Flocks Heredity Model, Viral systems

— Scheduling: African Buffalo Optimization, Ant
colony optimization, Ant Lion optimization,
Artificial bee colony algorithm, Bat Algorithm,
Biogeography Based  Optimization, Bird
mating optimizer, Brain Storm Optimization,
Bumble Bees Mating Optimization, Cat swarm
optimization, Earthworm Optimization
Algorithm,  Firefly  algorithm,  Fruit ~ Fly
Optimization  Algorithm, Gases Brownian
motion  Optimization, Genetic  algorithm,
Imperialist Competitive Algorithm, Intelligent
Water Drops Algorithm, Invasive Weed
Optimization, League championship
algorithm, Migrating Birds Optimization and
Monkey search algorithm, Particle swarm
optimization, Raven Roosting Optimization
Algorithm, Saplings Growing Up Algorithm,
Sheep Flocks Heredity Model, Shuffled Frog
Leaping Algorithm, Symbiotic  Organisms
Search, Virus Optimization Algorithm, Water
Wave Optimization, Water-flow Algorithm,
Whale Optimization Algorithm, Wind Driven
Optimization

—Job scheduling: Artificial Chemical Reaction
Optimization Algorithm, Artificial Fish Swarm
Algorithm, Fish swarm algorithm, Harmony
Search Algorithm, Particle swarm optimization,
Tabu Search algorithm, Variable
Neighborhood Descent Algorithm

— Flowshop scheduling problem: African Wild
Dog Algorithm, Anarchic Society Optimization,
Artificial  Immune  System, Golden ball,
Memetic Algorithm, Monkey search algorithm

— Job-shop scheduling problem: Anarchic
Society Optimization

— Flexible job scheduling problems: Camel herd
Algorithm

— Production scheduling problem: The Bees
Algorithm
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— Routing problem: Cultural algorithm, Genetic
algorithm, POPMUSIC: Partial Optimization
Metaheuristic Under Special Intensification
Conditions, Simulated annealing, Variable
Neighborhood Descent Algorithm

— Multicast routing problem: Animal Migration
Optimization Algorithm, Bumble Bees Mating
Optimization

— Vehicle routing problems: Ant colony
optimization, Bumble Bees Mating
Optimization, Egyptian Vulture Optimization,
Golden ball, Honey-bees mating optimization
algorithm, Intelligent Water Drops Algorithm,
Monarch Butterfly Optimization Algorithm,
Saplings Growing Up Algorithm, Simulated
annealing, Tabu Search algorithm, Variable
Neighborhood Descent Algorithm, Water
Wave Optimization

Of course, this does not mean that only these

algorithms were used to effectively solve the

listed problems, since the number of
metaheuristics and scientific works is growing
exponentially every year. However, the question
can legitimately arise, why is there little reuse of
algorithms in a field that develops so quickly?
Why are there few actual applications of these
algorithms in  practice? There are critical
elements that have already been formulated by
other researchers, for example, Swan et al
summarized some problems that can hinder
development in the field of metaheuristics. They
also formulated the shortcomings of the
published works (for example: the description of
the algorithms in the arficles dealing with
metaheuristics is not precise enough and this
hinders independent re-implementation, or that
the main processes of algorithm design are rarely
documented), the improvement of which could
increase  the practical application of

metaheuristics [5].

INCREASING THE PRACTICAL APPLICATION OF

METAHEURISTICS

Metaheuristic algorithms perform well in solving

complex, complicated, high-volume tasks.

Nowadays, their application in the field of

optimization is significant, but at the same time,

the practical use and reuse of algorithms is less
realized. The primary goal of theoretical research
and scientific  work should be to make
metaheuristics more widespread in practice and
appear as a real technique. Both the work of the
specialist and the solution of the tasks must be
promoted in the field of optimization. Scientific
works can provide a suitable basis for this, but an
important research question is how can this really

be implemented? What does it take a method
to work effectively in practice? What are the
possibilities of integrating these techniques into
the field of logistics?

After reading hundreds of scientific papers, the

authors make the following conclusions -
especially regarding the pseudocodes of
metaheuristics:

—In order to increase the reuse of metaheuristic
algorithmes, it is necessary to define the basic
properties and most important elements that
are necessary for the proper application of an
optimization technique or the implementation
of the basics.

—Based on the pseudocodes of the
metaheuristics, the framework of the algorithm
can be franslated into a chosen programming
language so that it is syntactically correct. Of
course, this does not mean that the program
will work and is able fo provide a solufion fo a
specific problem. However, it is already a big
help for programmers if the framework of a
metaheuristic  is easier to implement.
Metaheuristic algorithms and their transfer to

different  programming languages are
extremely complicated without a basic
concept. Only a few programming
mathematicians have the appropriate

knowledge for this. This also proves that it is not
easy to apply a metaheuristic optimization
procedure in practice, although due to the
complexity of real engineering problems,
general use would be necessary in many
cases.

—If the program runs in the selected
programming language written from the
pseudocode, it can be said that it s

syntactically correct, but it cannot output a
result. The reason for this is that this code only
provides the framework of the metaheuristics,
however, exact parameters and the
mechanisms of the behaviors need to be
clarified in order to demonstrate a solution.
The example below clearly illustrates what data
a randomly selected algorithm needs to function
properly.
In order for the Artificial Fish Swarm Algorithm
(AFSA) [28] program to function effectively and
efficiently, the following data, parameters and
operations are generally required:
= Definition of problem-specific data: the
problem to be solved, special requirements,
decision variables, objective function and
constraints.
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Determination of the size and dimensions of
the solution space.

Determination of population size (hnumber of
artificial fish) for each iteration.

Determination of the maximum number of
iterations.

Defining the preying, the swarming and the
following behavior: defining the logic of the
behavior based on the characteristics of the
problem.

Definition of inifialization method (random,
problem-specific approach).
Determination and adjustment of crowd

factor (how neighboring artificial fish interact
with each other).

Determination of stop conditions.

Additional parameters: there are other
dependent problem-specific and algorithm-
specific parameters that must be taken into
account (e.g. exploration—-exploitation tfrade—
off).

Selecting appropriate data
displaying information.

Testing with different parameters to determine
the performance indicators, efficiency, and
robustness of the algorithm to achieve the
optimal configuration.

In programming, semantics includes questions
of content. Essentially, it is a set of rules for the
operation of the program. A program is
semantically correct if it runs and produces
results. Of course, this does not mean that it
works correctly for a specific problem, since it
is necessary to check the final result and if it is
not correct or does not give the expected
result, then some parameter setting or
operating mechanism is incorrect and must
be corrected. Specialists in the given field are
able to provide appropriate assistance for the
latter.

If a detailed and correctly formulated
pseudocode of an algorithm is given, as well
as a description of the mechanisms that
basically determine the operation of the
algorithm and the most important data, then
we can obtain executable, syntactically and
semantically correct program codes in
different programming languages. However, it
is extremely important to precisely define the
task to be solved with strictly defined data,
information and parameters, as well as to take
infto account the special properties of the
chosen algorithm. The performance of an
algorithm can be further improved by
evaluating the results and by fine-tuning the

structures for

seftings and parameters related to the
particularities of metaheuristics. Based on
these, it is likely that an optimization
procedure using metaheuristics can be
carried out with the help of the above.
However, this also requires the knowledge of
specialists in the specific field.
It can be seen that a lot of data and mechanism
definition are needed for the actual application
and efficient operation of a metaheuristic
procedure. In the case of complex problem
solving, a high level of theoretical and practical
knowledge and the serious expertise of a
programming mathematician are required to
solve the task. However, if the variables, the
objective function, the operating mechanisms,
and all other parameters and information are
properly defined, then the use of the algorithm
and its practical applicability are easier with their
help.
PROMOTING IMPLEMENTABILITY AND EXTENDING
PRACTICAL APPLICATIONS
In the fields of logistics, there are countless
complex problems and optimization tasks for
which the application of these algorithms
provides and could provide an optimal solution
within  an appropriate calculation fime. In
practice, however, it is not an easy task to
choose which metaheuristic to choose for a
given problem. The reasons for this are essentially
the same as those described earlier: there are
many different metaheuristic algorithms for
countless problems, and in the absence of few
practical, real-world examples, it is difficult fo say
which method to choose for a given problem.
Furthermore, metaheuristics have not been
grouped so far based on their components and
structural elements, which are responsible for the
basic optimization performance of the given
method, and it has not been revealed why the
method works well, or what is the relationship
between the properties/components of the
metaheuristic and the structure of the problem to
be solved.
The adaptation of an algorithm is based on close
cooperation between the programmer and the
logistician. So far, it has been presented which
data help the programmer to implement an
algorithm, but all this is not enough to properly
solve a problem without the professional
knowledge of the logistician. The task of the
logistician is to tell the specifications of the
problem, the exact parameter settings, their
modification if necessary, and the readl
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operational efficiency of the algorithm based on
the accuracy of the results.
In terms of variables, optimization problems can
basically be divided into two broad categories:
discrete and continuous. Many logistic problems
are combinatorial optimization problems, which
can usually be traced back to discrete sefts, but
this does not mean that all combinatorial
opfimization problems have discrete variables. In
light of these, the authors classified logistics
problems according to these three categories:
combinatorial, discrete  and continuous.
Metaheuristics were also classified into the same
categories in light of the types of problems they
have already effectively solved based on the
literature. Of course, an algorithm can efficiently
solve both confinuous, discrete and
combinatorial problems, but the authors believe
that if an algorithm is able to solve the largest
number of combinatorial problems, it is likely that
it can be used to solve several other types of
combinatorial problems. Some examples are
presented below according to the described
classification principle.
Problem:s:
— Continuous
continuous
— Discrete Facility Location Problem (DFLP) -
discrete
— Economic Order Quantity (EOQ) — continuous
— Job Scheduling (JS) — combinatorial
— Knapsack Problem (KP) — combinatorial
—Traveling  Salesman  Problem (TSP) -
combinatorial
— Vehicle Routing Problem (VRP) — combinatorial
— Metaheuristics:

Capacity  Planning (CLP) -

— African Buffalo Optimization (ABO):
combinatorial [29]
— African  Vultures  Optimization  Algorithm

(AVOA): continuous [30], [31], [32], [33]

— Ant Colony Optimization (ACO): combinatorial
[34], [35], [36]. [37]

— Artificial Bee Colony (ABC): combinatorial [38],
[39]

— Artificial ~ Fish ~ Swarm  Algorithm
continuous, combinatorial [40], [41]
The authors assume that more emphasis should
be placed on the nature of the problem when
connecting the optimization technique and the
problem. This can provide a starting point and
help you find the right way to solve the problem.
According to their assumption, if an algorithm
worked effectively in solving combinatorial
problems based on the literature, it is likely that it
will also be suitable for solving logistic

(AFSA):

combinatorial problems. The goal is to determine
which of the metaheuristics chosen at random
can be suitable for solving a chosen logistics
problem. The method is suitable for promoting
the industrial use of metaheuristics, because the
goal here is not to prove the efficiency and
capabilities of an algorithm against other
algorithms. The (most) suitable solution method
must be found for a given problem.

EFFICACY STUDY

If we compare the problems and metaheuristics
presented in the previous chapter, then a
possible matching can be the following
(Hypothesis 1): Confinuous Capacity Planning
problem (Eq. 1) can be efficiently solved by the
African Vultures Optimization Algorithm (AVOA).

Objective function:
T

Minimize f [k; (P() = P(t— 1)) + k, I(H)?] dt
0

where T is is the planning horizon, ki and k2 are
cost coefficients, P(t) is the production rate and
I(t) is the inventory level at time 1.

In the first step, the previously described
fechnique must be used, i.e. a method capable
of solving a Contfinuous Capacity Planning
problem can be adapted based on the
information found in scientific works, expert
knowledge and the pseudocode and most
important operating mechanisms of the selected
algorithm.

25000

20000

15000

Value

10000

5000

0

12345678 9101112131415161718192021222324252627282930

Iterations

Figure 1: Results of an AVOA—based procedure
A characteristic of metaheuristic procedures is
that it is necessary to experiment with the
appropriate setting of parameters and different
mechanisms. Even in the case examined by the
authors, several modifications were needed to
obtain acceptable values. Initially, the algorithm
did not improve the fitness value above the inifial
value found in the first iteration. After the
modified parameters and mechanisms, the

algorithm significantly reduces the fithess value in
the first few iterations. However, it converges
quickly, suggesting that it is trapped in a local
minimum and is not looking any further to find a
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potentially better global minimum. Further fixes
and modifications proved to be successful. Fig. 1
shows that the adaptation was successful. The
metaheuristic approach achieved an exiremely
good result in the 30th iteration. The following can
be said about the previous iterations: In the
beginning, the algorithm converged quickly, but
it successfully got out of the frap of the local
minimum and effectively reduced the fithess
value in later iterations. This indicates that the
parameter modification and the diversity
mechanism performed effectively.

CONCLUSION AND FUTURE WORK

Nowadays, the development, usefulness and
success of metaheuristic optimization procedures
are unquestionable. Hundreds of algorithms have
dready been developed and demonstrated
their success based on various efficiency tests.
However, the number of metaheuristics applied
to specific, real-world problems and the
scientifically acceptable, detailed presentation
of solving a real engineering task with
metaheuristics are sfill few. This would require the
provision of data and parameters that actually
promote practical applicability and adaptability
to problems in other areas. The primary goal of
the paper was to show how the results of
scientific works and industrial practice can be
brought closer together.

The authors examined metaheuristic optimization
procedures and the possibilities of how they can
be adapted and implemented to solve various
logistics tasks and problems. It was determined
how important it is fo have the detailed
pseudocode of a metaheuristic and other
important parameters and operating
mechanisms available in a given paper. With the
expert knowledge that can be obtained from
scientific works, an optimization procedure can
be created, which is able to effectively solve the
problem while retaining the special properties of
a chosen metaheuristic. It can be concluded
that a program written based on AVOA's
pseudocode and other parameters performed
well in a continuous optimization problem. Of
course, there are parameters that can be fine-
tuned to achieve even better performance and
results, and the efficiency of the algorithm can
be gradually improved.

Another result is that a working optimization
method can be implemented in practice and is
suitable for solving real logistics tasks. With a
similar novel classification of logistics tasks and
metaheuristics, the authors facilitated the
assignment of an optimization technique to a

given task. In relation to the parameter settings of
the algorithms, it was pointed out how important
the conftribution of the logistician is during the
adaptation of an optimization procedure into
practice. With the help of all these, the practical
usefulness of the paper confributes to a great
degree of promotion of the logistical applicability
of metaheuristic algorithms, as well as to bringing
empirical theory and industrial practice closer to
each other. With the help of the presented
techniques, the implementability of an algorithm
was facilitated not only in the field of logistics,
since the method can be adapted to other fields
as well.
Based on the paper, it is clear that there are
countless possibilities for further research in the
area. Further development and expansion of the
methods presented in this work is a primary task
for the future. In addition to these, adding
additional information to the organization of
pseudocodes can conitribute fo even more
effective implementability. A database
supplemented with mathematical formulas can
also be a defining task of a further research
direction.
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AN ANALYTICAL ASSESSMENT FOR COMPARING GENERALIZED LEAST SQUARES -
QUANTILE REGRESSION AND GENERALIZED LEAST SQUARES

"Department Of Statistics, Olabisi Onabanjo University, Ago—Iwoye, Ogun State, NIGERIA

Abstract: This article presents a comparative analysis of the Generalized Least Squares—Quantile Regression (GLS—QR) and Generalized Least Squares (GLS) models using
macroeconomic data from the Central Bank of Nigeria (1981—2020). Focusing on poverty reduction (PR) as the dependent variable and incorporating independent variables such as
money supply (MS), government expenditure, government revenue, and finandial inclusion, the study evaluates the predictive performance of both models. Results indicate that GLS—
QR outperforms GLS, with adjusted coefficients of determination revealing a stark contrast: GLS at 3.8% versus GLS—QR at 46%, 45%, and 47% for the 25th, 50th, and 75th
percentiles respectively. These findings clearly shows the superiority of GLS—QR in providing more accurate estimations of poverty reduction dynamics, suggesting its potential utility
for policymakers and economists in formulating effective poverty alleviation strategies in Nigeria.

Keywords: Generalized Least Squares—Quantile Regression (GLS—QR), Generalized Least Squares (GLS), poverty reduction (PR), money supply (MS), strategies in Nigeria

INTRODUCTION

Generalized least squares (GLS) regression was
infroduced by [1], it is a stafistical technique that
accommodates heteroscedasticity and
correlation in the error terms, making it versatile
for regression analysis, it minimizes the weighted
sum of squared residuals, with weights drawn
from the inverse of the residual's estimated
covariance matrix. GLS is widely used in various
fields including econometrics, biology, finance,
where data often exhibit heteroscedasticity and
correlated errors.

Considering the research of [2] on the adaption
of akaike information criterion under least
squares frameworks for comparison of stochastic
models demonstrated using simulated data. [3]
addressed the parameter  identification
challenge in a bilinear state-space system with
colored noise by eliminating the state variables
from the model. They developed an input-
output representation of the bilinear state-space
system for parameter identification and
infroduced a recursive generalized extended
least squares method for estimating the
parameters of the resulting model.

Additionally, they proposed a computationally
efficient three-stage recursive generalized
extended least squares technique. [4] proposed
a few preconditioned generalized AOR
(denoted by GAOR) approaches. A comparison
was also made between the original and
suggested preconditioned approaches' spectral
radii for the iteration matrices. In this study, the
estimator of the GLS and Quantile regression was
combined to give GLS-QR for the regression

parameters of the multiple regression model and
subsequently subjected to the real-ife data and
compare the performance of GLS and GLS-QR
model.

MATERIALS AND METHOD

The macroeconomic variables employs poverty
reduction as the dependent variable and
Money  Supply, Government  Expenditure,
Government Revenue, and Financial Inclusion
are the explanatory variables and R program
was used for the analysis.

i Generadlized Least Squares

Generalized least squares is a statistical method
used to analyze data and estimate the
parameters of a linear regression model when
the assumptions of ordinary least squares are
violated, particularly when the errors in the data
are correlated or have unequal variances.

OLS is given as:

gi = Bo+ Bisi +u (1)
Equation (1) can be reformulated as:
8i = PBosoi + Bisi + y (2)
where sy; = 1 for each value of i.
Assuming heteroscedastic variances o? are
known, equation (3) becomes:
8i _ Soi Sj uj
e Bo(c—oi)'*' B1(G—i)+ o (3)
Thus,
8i = Bosoi + Bisi + uj (4)

In order to minimize the GLS estimators. Equation
(4) becomes

Yul = (g — Bossi — Bisi)? (5)
Thus,

2 =2[®)-mE)-mE
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Then,
B, = X z) X(zixig)— & ZiSi)(ZZZigi) (7)
Ez) (T zis?)— X(zisi)
where z; = Gll
Quantile Regression
gt = SBq + ue (8)
Yque+ X(1—qu (9)

Minimize equation (9), then it becomes

Yu? = Y(g - siBy)’ (10)
Thus,
g
Bq _ SQgEk/s) (.l ])

Substituting u; =g — stBq In to equation (9),
equation (12) becomes

qX (g — stBq) + 1 —a(ge — siBq) (12)
where 0 < q<1
Combining equation (8) and (11), gives

BaLsq,aNd BGLSQP
The Proposed regression model can be written
as:

g= Bers-q, t Bars-q,S1 + BaLs—q,S2

+EGLS—Q353 + et ﬁGLS—Qp_lsp—l (13)
RESULTS AND DISCUSSION
i GLS Regression
The association between four explanatory

variables and poverty reduction was assessed
using a GLS model. This equation appears in the
fitted model:
PR = 34.025 - 0.00023 MS — 0.00016 GEX
+ 0.00032 GRV + 3.64 FII

GLS-Quantile Regression
A GLS-QR model explains
between poverty reduction and
explanatory factors.
The fitted models of lower, middle and upper
quartiles of GLS—-QR contains the equations
below:

PR = 21.84 4+ 0.14 MS — 0.009 GEX + 0.059GRV +

0.049 FII (Lower quartile GLS-QR)
PR = 21.31+ 0.092 MS — 0.011 GEX + 0.15GRV +
0.10 FII (Middle quartle GLS-QR)

PR = 30.93 4+ 0.036 MS — 0.012 GEX + 0.074 GRV +

0.304 FII (Upper quartile GLS-QR)
Comparison of GLS and GLS-QR
The GLS adjusted coefficient of determination is
3.8%, the GLS-QR (25%), GLS-QR (median), and
GLS-QR (75%) all have adjusted coefficients of
determination of 46%, 45%, and 47%, respectively.
The adjusted coefficient of determination of GLS
shows that only 3.8% of the variability in poverty
reduction is collectively explained by changes in
money  supply, government expenditures,

the association
the four

government revenue, and financial inclusion. The
adjusted coefficient of determination of lower,
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median and upper quartile of GLS-QR gives a
better explanatory power than GLS.
CONCLUSION

This study highlights the comparative efficacy of
the GLS-QR model against the conventional

Generalized Least Squares (GLS) model in
analyzing the relationship between
macroeconomic variables and poverty
reduction in Nigeria. By utilizihng extensive

macroeconomic data from the Central Bank of

Nigeria spanning nearly four decades, the

research provides valuable insights into the

predictive capabilities of these models.

The findings reveal that GLS-QR significantly

outperforms GLS in estimating the dynamics of

poverty reduction, as evidenced by substantially
higher adjusted coefficients of determination
across various percentiles. Specifically, while GLS
demonstrates a modest adjusted R-squared
value of 3.8%, GLS-QR vyields markedly superior

results, with values ranging from 46% to 47%

across the lower, middle and upper quartiles

These results shows the importance of

incorporating quantile regression techniques

alongside fraditional least squares methods in
analyzing complex socio—economic phenomena
like poverty reduction. The superiority of GLS-QR
suggests its potential utility for policymakers and
economists in devising more targeted and
effective poverty alleviation strategies tailored to
the diverse needs of Nigeria's population.

Moving forward, further research and policy

implementation efforts should consider an

advanced econometric methodologies like GLS—

QR to address the persistent challenge of

poverty in Nigeria comprehensively.

References

(1] C. Rao,"Linear Statistical Inference and its Applications”. 2 Edition, wiley, New York,
1973.

[2] H-T. Bank and M.—L Joyner, “AlC under the Frame Work of Least Squares
Estimation,” Applied Mathematics Letter, vol. 74, pp. 33 — 45. 2017.

[3] L Wang, Y. Ji,, L. Wan and N. Bu, “Hierarchical Recursive Generalized Extended
Least Squares Estimation Algorithm for a Class of Nonlinear Stochastic Systems with
Colured Noise”. Journal of the Franklin Institute, vol.356 n0.16, pp. 10102 — 10122.
2019.

[4] Y.Ke.,C.Maand H. Zhang, “The Preconditioned GAOR Methods for Generalized Least
Squares Problem”. Journal of Applied Analysis and Computation, Vol. 11 no. 3, pp.
1138 —1160. 2021.

copyright © University POLITEHNICA Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA

http://acta.fih.upt.ro




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering | e—ISSN: 2067 — 3809

Tome XVII [2024] | Fascicule 4 [October — December]

" Daniela MILOSTEAN
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Abstract: Vehicles, which people are so dependent on, are produced all over the world in quite large number. Therefore, when they become obsolete or can no longer be
repaired from various reasons, are called end—oflife vehicles (ELVs). Considering the high number resulting annually, the legislation in force, in each EU member country,
obliges the insurance of treatment activities for all end—of—life vehicles, and so in this way the concept of sustainable development is supported. The main purpose of this
paper is to provide an overview on end—of life vehicles treatment operations, and also an analysis regarding the quantity of ELVs generated and then reused (REU), recycled
(RCY) respectively recovered (RCV). The analyzed data were obtained from Statistical office of the European Union. The study makes a comparison between Romania, the
Member States of UE and the quantitative targets that are set out in the End—of—life vehicle Directive. In Romania the REU-RCV and REU-RCY percent for year 2020 was
91.60% respectively 85.40%. Therefore, Romania fulfilled the conditions related to the imposed targets only for reuse—recycling rate.

Keywords: End—of—life vehicles (ELVs), Recovery, Recycling, Reuse, Eurostat

INTRODUCTION

Considering the large number, the end of life
vehicles (ELVs) can represent a major problem of
the contemporary world, as an incorrect
treatment can have a negative impact on the
environment.

So, in 2000, the European Union issued the
Directive 2000/53/EC of the European Parliament
and of the Council on end-of life vehicles [1]
and thereby has infroduced means to promote
and increase recycling [2]. At the same time, it
established the minimum technical requirements
for the treatment of ELVs. The EU policy on ELVs
emphasizes the importance of a correct
management approach as related to treatment
operations of all components and materials that
can be found in a vehicle. Therefore, the targets
imposed by the European Commission
according to Article 7 (2b) of Directive
2000/53/CE are: by "1 January 2015, for all end-
of life vehicles, the reuse and recovery shall be
increased to a minimum of 95 % by an average
weight per vehicle and year. Within the same
time limit, the reuse and recycling shall be
increased to a minimum of 85 % by an average
weight per vehicle and year”. This directive is
transposed into Romanian legislation by Law 212
of July 21, 2015, regarding the management of
end-of-life vehicles. All economic agents that
deal with ELVs management must comply with
all the specifications of the law mentioned
above.

According to the literature [3], the European
Union member states apply the diagram shown
in Figure 1 in the process of ELVs managing.

ELV
(premature or natural)

100%

Batteries, L
fluids, fuel Depollution
3-5%
Engine, tyres,
rims, ...
5-35%
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Dismantling

|
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|
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- metal separator
Magnetlc drum Heavy memgoreddy
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fraction metal fraction
35-656% 1-5%

Figure 1. The treatment flow of end—of—life vehicles in the European Union [3]
Usually, in the treatment of end-of-life vehicles
are followed three main stages [4,5,6]:

— depollution, an essential stage in which all
hazardous substance, materials and
components are selectively removed such as
batteries, fuels, pyrotechnic components,
cooling  fluids, components containing
mercury, oils, glass;

— the dismantling stage involving the removal of
components that can be reused as such or
can be reconditioned and then reused such
as wheels, engines, plastic parts, radiators and

— the shredding stage where the car hulks are
fed infto a hammer mil. The resulting
fragments are sorted into ferrous and non-
ferrous metals and a residues named
automotive shredder residue (ASR).
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In Article 6 (3c) of Directive 2000/53/CE is
specified that the dismantling stage must be
carried out in such a way as to allow the reuse,
recovery and, in particular, the recycling of
vehicle components. Ferrous fraction (steel) and
non-ferrous metals (aluminum, copper, zinc,
lead, etc.) represent about 70-75%, respectively
5% of the mass of an end-of-life vehicle [6] and
can be reused or recycled in proportion to
about 100%. The rest of 20-25% waste that
remains after shredding called automotive
shredder residue (ASR) [6] is divided in two
categories: heavy fraction which contains glass
and metal fines and light fraction that contain
plastic, rubber, texfiles, etc. [7]. So, in order to
reach the target of 95% for reuse-recovery must
be found efficient and clean methods to
improve the ASR recovery.

Economic operators involved in ELVs treatment
activities can be guided by the International
Dismantling Information System (IDIS). IDIS is a
platform that contains information on the
preliminary treatment and dismantling of end-
of-life vehicles. Moreover, it provides instructions
for airbag deployment and handling of high
voltage batteries respectively information on
parts and components with recycling potential,
mentioned in the EU directive on end-of-life
vehicles [8]. The platform covers over 72 vehicle
brands and is available in 43 countries including
Romania, and 31 languages [8].

The paper emphasize the obligatory main stages
in ELVs treatment, analyze the trend concerning
the rate of reuse, recovery, recycling for
Romania (in period 2012-2021), and then
compare the data with those of the EU member
states and with the target imposed by the EU.
The data used for graphical dependencies
presented regarding ELVs generation, reuse
(REU), recovery (RCV) and recycling (RCY) were
obtained from the Statfistical Office of the
European Union (Eurostat) website [9].
END-OF-LIFE = VEHICLES MANAGEMENT IN
ROMANIA

In 2023, approximately 94 million motor vehicles
[10] were produced worldwide, 10% more than
the previous year, as can be seen in figure 2.
Considering the large number generated, it is
predictable that the number of vehicles
removed from use is also high. The studies [7]
indicate that every year 50 million vehicles
become waste or ELVs to be freated.
Based on statistical data, in 2021
European Union member

[?], only in
countries

approximately 5.68 million ELVs were subjected
to tfreatment operations (Figure 3).
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Figure 2. Estimated global motor vehicle production
(reproduced from Statista 2024 [10])
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Figure 3. Total number of ELVs generated by current EU member states,
in period 2012—2021
Figure 4 shows the number of ELVs generated by
current EU member states over a 10-year period
(2012-2021).
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Figure 4. ELVs generated by current EU member states in period 2012—2021
Analyzing the number of ELVs for year 2021, was
found that the countries that removed from use
the largest and the smaller number of vehicles
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more precisely 1.345.831 and 2.497, are France
respectively Luxembourg.

By calculating the arithmetic mean of the ELVs
number generated for each country for the last
decade, it turned out that France is in the first
place with a number of 1.248.299 end-of-life
vehicles, followed by Italy (986.008 ELVs) and
Spain (707.143 ELVs). Romania did not exceed
the value of 100.000 ELVs annually, the highest
number of end-of-life vehicles being 84.621 in
2019 (Figure 5).
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Figure 5. ELVs generated in Romania in period 2012—-2020

As specified above, economic operators
treating end-of-life vehicles are required to
reuse (REU) and recover (RCV) at least 95% of
the average mass per vehicle per year. The
graph in figure 6 shows the percentage
quantities obtained in Romania compared to
the European Union average and the impose
target. Studying the chart, we notice that
Romania managed to obtain percentage values
slightly below the average results obtained for
EU. During the period 2016-2020 our country
succeeded to exceed the reuse and recycling
rate of 90%, but the target imposed was not
reached.
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Figure 6. ELVs reused and recovered (REU-RCV) [%] in Romania
compared with EU average and EU target

If we refer to the reuse and recycling rate, we
can see in figure 7 that the target imposed of
85% is achieved from year 2015 until 2020.

From the data provided by EUROSTAT, it is found
that that in 2020, twenty—four member states
achieved the reuse—recycling target of 85%, and
twenty achieved the reuse-recovery target of
95%.
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Figure 7. ELVs reused and recycled (REU-RCY) [%] in Romania
compared with EU average and EU target

In Romania, the monitoring of the objectives
regarding the reuse, recycling and recovery of
ELVs is done according to Annex 2 of H.G.
2406/2004 [11]. The REU-RCV rate is calculated
by dividing the total amount reused and
recovered to the fotal mass of end-of-life
vehicles, and the REU-RCY rate is the ratio of the
total amount reused and recycled to the total
mass of end-of-life vehicles. The values are
reported as percentage.

Increasing the reuse and recovery rate at 95%
could be achieved by finding efficient and
environmentally friendly freatment methods of
waste that remains after shredding called
automotive  shredder residue. Must be
mentioned that ASR is a complicated solid
waste, if we refer to its composition, since it
contains different plastics, elastomers, foams,
metals, glass, textiles, etc. [12] and so is hard to
recycle. But, for example Santini A., et al. [13]
showed that recycling of light, organic fraction
of ASR through mechanical separation and
pyrolysis could be a suitable recycling method if
the resulted oil can be refined and used as
chemical.

Another low cost, green recycling strategy
elaborated Yang S. [14] called solid state shear
miling technology (S3M), applied on ultrafine
fraction of ASR, is used to obtfain polypropylene
composites that can be used in the production
of container for waste, plastic garbage bags
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etc. Thus must find more efficient recovery

solutions for ASR, knowing that the most
unfavorable option in waste treatment s
disposal.

CONCLUSIONS

End-of-life vehicles can have a negative impact
on the environment if they are not treated
properly by the economic agents involved in this
process. Therefore, Romania, together with the
rest of the EU member states, meet or trying to
reach and exceed the reutilization, recycling

and recovery targets set in the Directive
2000/53/CE.

For Romania, the next conclusions can be
drawn:

—In year 2020 achieved the reuse - recycling
target of 85% along with twenty—four other
member states;

— The highest reuse —recovery rate of 92.4% was
achieved in 2017, while in 2020 the obtained
percentage was slightly lower (91.6%);

—In order to achieve and exceed the 95%
reuse—recovery target, attention must be
directed to more effective utilization of the

automotive shredder residue.
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Abstract: Barley, two—rowed barley and oat crops covers an area of approximately 500 thousand hectares in Romania and produce 1.3 million tons of grains. Due to thermo—hydric
stress, sometimes it is necessary for these cultures to be established in the spring instead of autumn. The aim of the work is to create a decision support based on a method for
determining the phenological stages of spring crops using the mathematical correlations between atmospheric temperature and biological parameters. With this method, digital
simulations can be made regarding the phenological phase, plant height, water content and crop progress. The proposed method is useful for the digitization process in agriculture in

order to optimize the consumption of fertilizers and pesticides
Keywords: barley, oat, spring, temperature, BBCH

INTRODUCTION
Knowledge of the phenological stages of plants
is useful for determining the optimal timing of
agronomic care and harvesting activities. Since
plants are dependent on ambient temperature,
the calendar period from sowing to harvest may
exhibit variations that can lead to suboptimal
crop management. For a better assessment of
the biological age and phenological stages of
plants, the concept of thermal time was
infroduced as the sum of effective temperature
degrees (GDD) (Arnold C.,1959,1960; McMaster
G.S. and Wilhelm W., 1997).

As early as 18" century, the term "heat units"
(Re’aumur, 1735) was used in agriculture to
assess the development stage or age of the
plant. Using this concept, thermal constants of
plants were defined. Inifially, a simple calculation
was used, represented by the product of the
average daily temperature and the number of
days corresponding to the period from sowing to
the point of interest. Over time, it was observed
that certain factors, such as soil temperature or
extreme values of atmospheric temperature,
could infroduce errors in accurately determining
the biological age. In the case of atmospheric
temperature values lower or higher than the
favorable temperatures for the species, summing
the degrees can result in different accumulated
values for the same phenological stage. This led
to the infroduction of a new parameter called
biological threshold, representing the
temperature value at which a species begins to

have metabolic activity or accumulate biomass.
Thus, the calculation formula became (1):

GDD = [(Tmax + Tmin) /2] — Tease (1)
where GDD is growing degree days, Tmax and Tuin

are the maximum and minimum daily
temperatures, and Tease is the threshold
temperature.

By using this formula, the threshold temperature
value is extracted from the atmospheric
temperature, and the remaining value is taken
into account when summing up the useful or
effective degrees. For crops sown in the fall, the
formula containing the biological threshold in the
calculation mode is considered acceptable for
thermal time because the temperature values in
the fall-winter-spring months have a balanced
weight. For crops sown in the spring, high
temperature values were observed that
confributed to the calculated value but did not
contribute to plant biomass accumulation. These
temperatures are considered supra—optimal as
they slow down plant-specific metabolic
processes.

To mitigate this effect, an upper temperature
threshold was introduced. For corn, an upper
threshold of 30 °C was infroduced (Cross H.Z. and
Zuber M.S.,1972), and one of 25 °C for wheat
(McMaster G.S. and Smika D.E., 1988). Thus, the
sum of effective temperature degrees is
calculated only for those values within the
temperature range limited by the minimum
biological threshold and the upper threshold. This
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calculation method has become the most
widespread and is used by several researchers
(Nield R.E. and Seeley W.M., 1977; Davidson H.R.
and Campbell C.A.,1983). With the advent of
meteorological stations capable of recording
atmospheric parameter values at a sampling
rate of one hour or a few minutes, the possibility
of increasing the accuracy of thermal time
determination was analyzed. By increasing the
sampling rate, the frequent fluctuations in
temperature are taken info account, which
normally cannot be covered by only the
minimum and maximum daily tfemperatures.

Considering that biochemical reactions are
correlated  with  temperature  through @
polynomial function that follows a bell-shaped

trend, this study proposes using a nonlinear
function to calculate the sum of effective
degrees.

MATERIALS AND METHODS

In the experiment, barley, triticale, and oats were
sown on an area of 200 square meters each on
March 14, 2023, after preparing the seedbed
through fall plowing and spring disking. Weekly,
biometric determinations were carried out from
March 27 to July 27, including plant height, plant
mass, plant moisture, and phenological stage.
Ten plants from each cultivated species were
analyzed at each time interval. Atmospheric
temperature data were collected from the local
station at an hourly sampling rate.

The average plant height was determined by
measuring the highest point of the plants from
the soil surface. Plant moisture was determined
using a thermobalance (Partner MACS50/NH) at
115 °C after three consecutive identical
readings, and the BBCH scale determination was
performed according to the specific scale for
cereals (Witzenberger A. et al., 1989; Lancashire
P.D. etal., 1991).

The calculation of the sum of useful degrees was
performed using the classical (linear) method (2):

GDD = Y {[(Tmax+Tmin)/2]-Tsase} (2)

where Tgase for barley / two-rowed barley is 2°C
and 5°C for oat, and the nonlinear method (3):

GDD = Y [(a*T4+bT3+cT2+dT+e) *T/100]/24 (3)

where a, b, ¢, d, and e are the coefficients of
the polynomial, and T is the atmospheric
temperature.

For barley, triticale, and oats, the polynomial
equations for determining the percentage of
thermal comfort of atmospheric temperature are
presented in Table 1.

Table1. The polynomial equations for determining the percentage of thermal
comfort of atmospheric temperature

Species non—linear equation GDD=)

Barley — Hordeum [(0.00078*T*—0.05985*T* + 1.15634*T*—

vulgarel.. 0.19557*T — 6.67968)*T/100]/24
Two—rowed barley — [(0.00078*T* - 0.05985*T* + 1.15634*T*—
Hordeum distichonl.. 0.19557*T — 6.67968)*T/ 100]/24

[(0.0047%T*—0.33412%T 4 7.52267*T* -

Oat —Avena satial.. 56.67688T-+ 135.4783)*T/100]/24

RESULTS

The growth of plants in height during the
experimental period followed a trend similar to
climatic evolution (Figure 1).
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Figure 1 — Rainfall amount during the experimental period

In Figure 2 is presented the dynamics of height
growth of plants where it can be observed that
the majority of collected sample had increasing
values, except for three determinations out of
the 18. In the first month from sowing, all three
species had the same height. Throughout the
growth period, it was observed that two-rowed
barley and oat had a more accelerated height
growth compared to barley. This difference in
growth may be due to genetic characteristics
defining the species or adaptability to drought.
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Figure 2. —The height growth dynamics of barley, oats, and two—rowed barley
Correlations between the sum of growing
degrees calculated by the two methods (Figure
3 and Figure 4) and the dynamics of height
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growth had regression coefficient (R?) values
ranging between 0.94 and 0.96, demonstrating
that plant height can be mathematically
approximated using atmospheric temperature
values. Due to the very close values of the
regression coefficients, it can be concluded that
there are no significant differences between the
two  methods regarding the  physico-
mathematical determination of plant height.
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Figure 3. —The correlation between plant height and GDD (classical linear—method)
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Figure 4. —The correlation between plant height and GDD (non—linear method)

The biomass accumulation of the three species
followed a normal growth trend for plants,
reaching values of 34.69 g per plant for two-
rowed barley, 32.15 g for oats, and 28.6 g for
barley. In Figure 5, the dynamics of plant biomass
accumulation are presented, highlighting that
the majority of collected biometric samples were
useful for mathematical analysis.
Mathematical correlations between the sum of
temperature degrees and plant mass (Figure 6
and Figure 7) had regression coefficient (R2)
values ranging between 0.77 and 0.83. The
correlation coefficient values of plant mass and
GDD are lower than those of plant height and
GDD, by both methods. One possible
explanation could be the lack of the uniformity
of the collected samples.
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Figure 5. — Biomass accumulation dynamics of barley, oats, and two—rowed—barley
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Figure 7. —The correlation between plant mass and GDD (nonlinear method)
The water content of the plants (Figure 8)
reached values close to 85-90% during the
period from germination to the halfway point of
inflorescence emergence (BBCH 55), after which

it began to decrease progressively to 10%,
indicating the optimal harvest time.
The mathematical determination of water

content dynamics throughout all phenological
stages, according to the analysis of correlation
coefficient values, can be accurately performed
regardless of the method used to calculate the
sum of degree days. In Figures 9 and 10,
correlation coefficient values ranging between
0.90 and 0.97 are presented. The linear method
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of calculating the sum of degree days had
regression coefficient values higher than those of
the nonlinear method, but statistically non-
significant.
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Figure 8. — The plants water content variation during the 2023 growing season
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Figure 9. —Water content and GDD correlation (classical linear—method)
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Figure 10. —Water content and GDD correlation (nonlinear method)
The analysis of the cumulative growing day
degree values for the phenological ripening
phase of grains highlighted that, using the linear
method (Figure 11), higher accumulated heat
values are obtained compared to the nonlinear
method (Figure 12). Thus, barley and two-rowed
barley crops reached the phenological stage of
ripening at a value of 1457 degree days using

the linear method and at 1290 using the
nonlinear method. Both values fall within the
range reported in the literature, specifying for
these crops a range between 1193 and 1438
days—-degree (Miller P. et al., 2001). The oat crop
reached the phenological ripening stage at
1139 days degree using the classical calculation
method and at 1007 days degree using the
nonlinear method.
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Figure 11. —The correlation between the phenological phase and GDD (classical
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Figure 12. —The correlation between the phenological phase and GDD (nonlinear
method)

Comparatively, the values obtained for the oat
crop using both methods were lower than the
known data range (1483-1738 degree-days)
(Miller P. et al., 2001). One possible explanation
for this could be the spring planting of crops and
the low precipitation of 176 mm (Figurel)
between March 14 and July 27, 2023,
significantly lower than the 30-year average of
287.4 mm for the same period (INS, 2007).
The precipitation deficit also affected the
production level, with two-rowed barley and oat
crops yielding 1.5 and 1.2 tons/ha, respectively,
compared to the multi-year average for fall-
sown crops of 3.4 tons/ha. The precipitation
deficit was more pronounced in the case of
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barley, with a production of only 270 kg/ha,
significantly lower than the average of 1900
kg/ha.
CONCLUSIONS
Determining thermal time is crucial for planning
specific agronomic activities at the farm level.
By comparing calendar fime to thermal time,
assessments can be made regarding the
progression and duration of the crop's
vegetative cycle. Precise knowledge of the
thermal constants for cultivated species and the
theoretical cumulative growing degree days for
the spring crop season enables farmers to
decide whether to establish a barley, two-
rowed barley or oat crop in place of failed fall-
sown crops. Since the nonlinear method of
calculating cumulative growing degree days
generated lower values for phenological stages
compared to the classical method, it can be
concluded that this method leads to a better
correlation with the phenological stage of the
plant because it takes into account the fact
that the temperatures above the upper
biological threshold do not optimally contribute
to biomass accumulation.
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ASPECTS REGARDING THE PHYSICAL CHARACTERISTICS OF BLUE MOLD CHEESE

DURING RIPENING PROCESS

" National University of Science and Technology Politehnica Bucharest / Romania

Abstract: The aim of this paper is to conduct a brief study on blue mold cheeses for a deeper understanding of their ripening process, texture evolution and physical properties. Mold
cheeses are a distinct category of cheeses, characterized by the presence of a spedific type of mold called Penicillium roqueforti. Blue mold cheeses are recognized for their distinct taste
and aroma, as well as their distinctive appearance, respectively strands of blue-green mold within the paste. There are several varieties of blue cheese, the most famous of which are
Roquefort, Gorgonzola, Stilton and Danish Blue. Refrigeration and pasteurization of milk, addition of starter cultures and ripening conditions (temperature, humidity, time, air
circulation, etc.) are the most important steps in the technological process to produce quality ripened cheeses. In cheese making, the most important step in the process is ripening.
This involves a series of biochemical changes that determine the quality of the cheese, its texture and physical characteristics.

Keywords: cheese, ripening, physical characteristics, temperature, penicillium roqueforti

INTRODUCTION

A popular fermented food that is produced and
consumed worldwide is cheese, (Fox and
McSweeney, 2017). Cheese can be a soft, semi-
hard, hard or extra hard, matured or fresh, which
can be covered or not covered with wax, to
which ist was added aromatic plants and for
which the whey/casein protein ratio does not
exceed that of milk (Romanian Law 307/2022).
Cheeses with fungal flora are part of the
category of soft cheeses. This category of soft
cheeses is characterized by a high content in
water, a short ripening period and a shorter shelf
life. Due to the soft, fine consistency, as well as
the pleasant taste, with a specific aroma to the
assortment, the production of these types of
cheese has recently expanded, the number of
assortments being in a continuous increase
worldwide, (Catherine Donnelly, 2016).

Molded cheeses possess viscoelastic properties,
meaning they display the characteristics of
both solids (elasticity) and liquids (viscosity).
Internally mold-ripened cheese was first
manufactured in France, where it is sfill
manufactured on a large scale today, under
the name of Roquefort, then expanding to
other counftries, under different names, for
example in Romania the Bucegi cheese and
the Homorod cheese are manufactured, (Costin
Gh. et al. 2003). Roquefort cheese is part of the
category "Blue veined cheese" or Blue cheeses,
due to the development of Penicillium roqueforti
mold in the spaces of the cheese paste. In
France, the Penicillium roqueforti used to make
Roquefort cheese is obtained from moldy bread.

The bread is kept in a humid room until it is
completely covered with a blue powder, after
which it is dried and ground, (Ramdn Ordonez et
al. 2019). Penicillium roqueforti is recognized for
its major role in ripening, but in conventional
cheese made from raw milk, the secondary
microflora is also essential for the formation of
the specific sensory characteristics, (Lourdes
Santiago-Lopez et al., 2018). The technological
process of obtaining cheeses includes several

stages, the most important of which are
reception of milk, heat freatment,
standardization, coagulation, cuttihng and

processing of curd, draining, pressing, salting and
ripening,  (Ane  Aldalur,  Maria  Angeles
Bustamante et al., 2019).

After the completion of the salting phase, the
last stage of the technological manufacturing
process is the ripening of the cheeses. It is a
complex process that results from the action of
enzymes that are present in both milk and curd,
as well as enzymes secreted by microorganisms
that grow naturally in milk or are seeded through
the use of specific cultures (Coelho et al., 2022).
In the ripening process, the cheese curd, initially
white, crumbly and with an insipid taste,
becomes yellowish-white, elastic, unctuous, with
a taste and aroma specific to each variety
(Masoumeh Alinaghi et al., 2023).

Ripening consists of three phases: pre-ripening,
ripening or the main fermentation, when the
production of flavoring substances begins, and
final ripening, the phase during which the taste
and aroma of the cheese are mainly finalized,
(Andretta, M., Almeida et al., 2019).
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In the ripening process of cheese, temperature
plays an essentfial role, because a high
temperature stimulates the proliferation and
activity  of microorganisms, while a low
temperature slows down their development.
Ripening is generally carried out at temperatures
between 10-20°C (M. E.Johnson, 2017). To obtain
quality cheeses, the precision of temperature
control during the ripening stage is a key factor.
In general, mold cheeses are matured in rooms
with a confrolled temperature of 10-12°C and a
relative air humidity of 95-100%. Thus, recordings
of the air temperature in the ripening room
revealed slow temperature variations throughout
the process, with variations between 11.4°C and
12.1°C, (Pellegrino Conte, Luciano Cinquanta et
al, 2020). During the ripening process, it is
necessary to ensure air exchange at least three
times a day, with an air speed of 2.5 to 3 m/s. This
air ventilation removes gases such as ammonia
and carbon dioxide, which are produced during
ripening, (Thomas Bintsis, Photis Papademas,
2018).

The ripening period is 2-4 months, and after the
second month, the cheese is thoroughly cleaned
of spores and packed in aluminum foil, sfill
maintaining the temperature of 10-12°C and the
relative humidity of the air at minimum 95% until

maturation is complete, (Mariana Gonzdlez,
Eliana Budelli et al, 2019).
MATERIALS AND METHODS
The laboratory experiments consisted in

obtaining Roquefort cheese from cow's milk,
followed by its characterization. To facilitate the
development of blue mold inside the cheese
and to allow air circulation, the cheese is
spiked with needles or other specialized tools.
These perforations help to increase the
ventilation of the cheese and to evenly
distribute the moisture and mold inside. The
Roquefort cheese, obtained in the laboratory,
was analyzed during the period of 30 days of
ripening.

Figure 1- Day 1 of ripening
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Figure 3 - Day 30 of ripening
! Dry matter
Determination of dry matlter in the cheese
samples it was performed using the SR EN ISO
5534:2004 reference method. A Memmert UNS5
drying oven (Schwabach, Germany) and an
analytical balance (SHIMADZU ATX224R; Kyoto,
Japan) were used as equipment. Moisture
content is responsible for the bitter, astringent,
salty, umami taste present in mold-ripened
cheeses.
Usually, reducing the fat content results in
increased hardness. KUcUkoner and Haque,
2003 demonstrated that high-fat ripened
cheeses were characterized by softer
consistency and higher elasticity than low-fat
ripened cheeses throughout the ripening
period.
i The acidity
Determination of acidity in cheese samples was
performed by ftitration with 0.IN NaOH and
phenolphthalein. An analytical balance
(SHIMADZU ATX224R; Kyoto, Japan) was used as
equipment.

Figure 4 - Sample preparation
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i pH
Determination of pH in cheese samples was
performed using a digital pH meter (WTW
pH330i; London, UK).
RESULTS
The physico-chemical  characteristics  of
Roquefort cheese are presented in table 1.
Tabel 1. Physico-chemical characteristics of Roquefort cheese during ripening
Acidity

Day - ripening Dry [E;(jtter ] pH
1 51.39 72.15 4.95
5 5295 75.18 5.10
10 53.65 78.65 5.25
15 54.79 82.52 542
20 54.95 84.32 5.60
30 55.20 85.36 5.88

It is found that dry matter varied from 51.39% to
55.20%. In low-fat cheeses, water acts as a
plasticizer and determines their final rheological
properties. Reducing the fat content of cheeses
increases their hardness and has a negative role
on their sensory attributes.
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Figure 5 - Changes of dry matter during ripening

Two stages can be distinguished in the ripening
process of Roquefort cheeses: a first stage is
represented by the first 15 days of ripening,
which are characterized by a sudden change in
the ripening parameters, and the following 15
days, which are characterized by a slow
increase in values of the studied parameters.
Acidity increased during the 30 days of ripening
and gave the cheeses a pleasant sour taste
when it is in reasonable quantity. In hard and
semi-hard cheeses, the sour taste gradually
disappears as the lactic acid breaks down and is
replaced by a nut-like taste. A characteristic of
Roquefort cheese is its moderate or slightly
increased acidity, which contributes to its
distinctive taste and texture.

The fermentation and ripening processes, as well
as the Penicillium Roqueforti mold species used
in the production process, confribute to the
acidity of Roquefort cheese. Camembert

cheese has a higher acidity than Roquefort
cheese, and this is due to the pressing of the
cheese pieces.
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Figure 6 - Changes of acidity during ripening

As shown in Figure 7, the pH increased during
the ripening of cheeses and this results from the
consumption of lactic acid and the formation
of non-acidic products of its degradation, as
well as the release of free fatty acids and
alkaline products as a result of protein
degradation. The pH value in mold-ripened
cheeses has an important effect on their
properties, such as texture, taste and smell.
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Figure 7 - Changes of pH during ripening

The pH of Roquefort cheese varies depending
on the stage of ripening and other production
conditions, but is usually in a slightly acidic
range, around 5.0 or even lower. This is @
characteristic of Roquefort cheese that
confributes to its distinctive taste and the
development of a unique blue mold.
CONCLUSIONS

The study of the physical characteristics of blue
mold cheeses reveals significant aspects of
these cheeses. These characteristics include
their appearance, texture, color and structure,
which are the result of a complex production
and maturation process. The modification in the
consistency of the cheese is the main change
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during the ripening process, because the
reduction of moisture depends on the duration
and the temperature conditions in the ripening
rooms. At the same time, the rind of the cheeses,
characteristic of each variety, is finished.
Also, the study of these cheeses showed the
importance of ripening room factors such as
temperature, humidity and air circulation on the
physical characteristics.
A careful control of these parameters is crucial
for obtaining cheeses with appropriate flavors
and textures. Roquefort cheese has a soft and
creamy middle texture. The formation of taste
and aroma substances takes place in the final
phase of ripening. The texture of Roquefort
cheese is a perfect combination of soft and
creamy on the inside, with characteristic blue-
green indentations and a denser rind on the
outside. This texture is essential to its distinctive
taste and makes Roquefort one of the most
prized blue cheeses in the world.
Research on the physical characteristics of blue
cheeses adds significant insight to understanding
the production process and culinary value of
these cheeses. It also provides a solid basis for
the continuous development and improvement
of these food products and to satisfy the tastes
of cheese lovers around the world.
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Abstract: Numerous global communities and research institutions have expressed a strong interest in an enhanced version of kulfi, enriched with increased nutrients and
bioactive compounds. Through the amalgamation of peach pulp, banana, and pistachio, along with probiotic bacteria and mango—flavoured camel milk powder, certain trials
were conducted in an attempt to enhance the colour, flavour, and therapeutic attributes of kulfi. Varied proportions of banana pulp (5%, 10%, 15%) and 2% pistachio
powder, mango pulp (10%, 15%, 20%), probiotic cultures, peach pulp (5%, 10%, 15%, 20%), camel milk powder, and Amaranthus:SMP ratios (25:75, 50:50, 75:25,
100:0.0, 0.0:100) were explored across different research institutions to create diverse types of kulfi. Following rigorous physico—chemical and sensory assessments, the final
optimized product was determined, consisting of 15% banana pulp, 15% peach pulp, 15% mango pulp, and 3% mixed probiotic cultures (/. acidophilus and L. case/in a
50:50 proportion), with Amaranthus:SMP in a 25:75 ratio. This particular combination proved highly favorable compared to other variations. The incorporation of fortified
ingredients, such as fortified kulfi with improved antioxidant activity and total phenolics, and malted quinoa—enriched kulfi with heightened polyphenol content and
antioxidants, showcases a promising avenue for developing healthier frozen desserts. The resulting products demonstrated effectiveness in terms of nutritional quality,

maintaining the authentic taste of locally available kulfi,

Keywords: kulfi, peach pulp, banana pulp, pistachio powder, probiotic mango kulfi, amaranthus, nutritional enhancement

INTRODUCTION

Kulfi, also known as Malai Kulfi/Malai-ka-burf is a
popular Indian frozen milk product prepared
from cow or buffalo milk and/or a combination
thereof. It closely resembles ice cream in
composition; however, it does not contain air
(Nalkar, 2012; Singh et al., 2017; Nizam and Rai,
2018). Traditionally, Kulfis are prepared by
concentrating sweetened and flavoured milk by
slow heating with continuous stirring untfil its
volume is reduced by a half.

Figure 1. Kulfi, also known as Malai Kulfi/Malai—ka—burf

It comes in various flavours, including rose,
mango, cardamom, saffron (kesar or saffron),
strawberry, and pistachio; as well as
supplemented with fruit pulp of mango, apple,
orange, strawberry, and peanut.

In India about 0.7% of the total milk produced is
converted into frozen desserts like ice-cream
and kulfi. Kulfi contains approximately 8.53 % fat,

34.18 % TS, 3.43 % protein, 11.02 % SNF, 6.17 %
lactose, 0.84 % ash. In the past few years,
significant efforts have been dedicated for
improving the quality of kulfi to align with
consumer preferences.

This review paper delves into the intricacies of
recent developments in the preparation of kulfi,
presenting a detailed examination of the
methodologies and outcomes involved in the
pursuit of enriched and nutritionally enhanced
kulfi varieties.

ENRICHMENT OF KULFI

In the new millennium we are witnessing the
upward frend in nutritional and health
awareness which has increased the consumer
demand for functional foods (Singh and David,
2018). The present investigation was made with
an attempt to enrich the kulfi by incorporating
various flavors and supplements that not only
contribute to human health but also contribute
to extending the shelf life of the kulfi.

Singh and David (2018) experimented on
development of pistachio flavoured banana kulfi
by partial addition of different levels of banana
pulp and pistachio powder and anotherworked
on suitability of incorporating probiotics in
mango based kulfi with different levels of

Alfanso, most popular fruit (king of fruit crop) and
the addition of L. acidophilus and L. casei
(Nalkaret al.,2019). Susngiet al. (2019) worked on
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development of kulfi supplemented with peach
pulp by partial addition of different levels of
peach pulp which are highly acceptable by
consumers for ifs physico—-chemical and sensory
characteristics. Gupta et al. (2020) also studied
on camel milk powder supplemented with
concentrated mik and Camel milk powder
which have therapeutic health benefits like
antimicrobial, anti-inflammatory, anfi-diabetic,
anti-cancerous. Patel et al. (2020) researched
on development of Kulfi incorporated with
Amaranthus  (Rajgara)  with  the rafio of
Amaranthus: SMP.

Murthy et al., (2009) conducted an experiment
by using sunflower brand vanaspathi (vegetable
fat) as an alternative source of mik fat to
prepare filled kulfiKaur et al., (2021) was
developed kulfi by encapsulating betalains
which was extracted fromred beefroot (Beta
vulgaris L.) pomace. Fortified kulfi had high
antioxidant activity and low microbial load than
control sample. Jl and A.P. (2024) prepared a
functional kulfi with addition of malted quinoa
flour to make it high protein and fibre
richproduct.Quinoa has gluten free property
which can be beneficial for celiac disease and
digestive issues. The cereal with low glycemic
index would be promising in food incorporation
especially for the diabetic patients. Singh & Das
(2017) was prepared coconut milk fortified kulfi
with addition of different percentage.

Giri et al. (2014) experimented on effect of
quality of kulfi by partial replacement of sugar
with stevia. Stevia is 100-300 fimes sweeter than
sucrose with many health benefits such as
increase digestion, helps to prevent diabetes,
decreases weight, prevent tooth decay etc.
Sontakke et al. (2023) worked on the buffalo milk
kulfi with strawberry pulp addition at different
levels.

Strawberries are excellent source of manganese
and vitamin C. they also met the criteria for
being an excellent supply of potassium, folate,
riboflavin, vitamin B5, omego-3 fatty acids,
vitamin Bé, vitamin K, magnesium, and copper.
They were also very good source of dietary fibre
and iodine.

METHOD OF PREPARATION

After collection of the ingredients, scientific
procedures were employed to conduct the
experiments. The preparation method for kulfi
remains consistent with the traditional approach,
involving processes such as heating of milk,
mixing of ingredients, condensing, transferring
into molds, and the hardening process.

However, several experiments were conducted
by scientists from various laboratories to
infroduce novelty to the product. For
experimental purposes, different temperatures
were ulilized in each experiment, as discussed
below.
Development of pistachio flavoured banana
kulfi
Singh and David (2018) performed an
experiment by partial addition of different levels
of banana pulp (5%, 10%, 15%) and 2% pistachio
powder. In the preparation of control kulfi
samples, milk was standardized to contain 6% fat
and 9% SNF in a double—jacketed vat, and then
condensed to half of its initial volume.
Subsequently, 14% sugar was added after the
condensation process. The mix was cooled to
5°C and frozen in molds at —20°C overnight.
vitability of incorporating probiotics in mango
based kulfi
Nalkaret al. (2019),while working on suitability of
incorporating probiotics in mango based kulfi
with mixing of different levels of Alfanso, most
popular fruit (king of fruit crop) pulp viz.,10%, 15%,
and 20% and probiotic cultures L. acidophilus
and L. casei with different proportions. After the
addition of probiotics, Kulfimix just after cooling
of milk andincubated for 5h at 37°C prior to
addition of mango pulp.
i Development of kulfi
peach pulp
Susngi et al. (2019) experimented with peach
pulp by partial addition of different levels of
peach pulp (5%, 10%, 15% and 20%) and one
confrolled sample was also prepared to
estimated it.
tudies on Camel milk powder supplemented
Kulfi
Gupta et al. (2020) studied on camel milk
powder supplemented with 95% concentrated
milk and 5% Camel mik powder (95%CM +
5%CMP), 90% concentrated milk with 10% Camel
milk powder (90% + 10%CMP), 85% concentrated
milk with 15% Camel milk powder (85%CM +
15%CMP).
Development of Kulfi
Amaranthus (Rajgara)
In the investigation conducted by Patel ef al
(2020), the examination focused on varying
proportions of Amaranthus and SMP (25:75,
50:50, 75:25, 100:0.0, and 0.0:100 ratios).
The formulated Kulfi mix was pasteurized at 80 °C
for 25 seconds, followed by cooling at 4 °C. To
enhance flavour, either artificial or natural Mawa
flavour was infroduced at a concentration of

supplemented with

incorporated  with
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0.3%. Subsequently, the Kulfi mix was poured into
moulds, covered, and placed in a candy-
making machine set at —-20°C for freezing. After
achieving complete freezing, the Kulfi was
fransferred to a deep freezer maintained at -18
* 2°C overnight for hardening.

The frozen Kulfi was stored in the deep freezer
until  further use. The same process was
meticulously carried out fo achieve the desired
results as discussed in the research.

Preparation of filled kulfi by using vegetable
fat

Murthy et al., (2009) was studied on kulfi on
suitability of using vegetable fat over milk fat.
They made control sample of kulfi for their
experiment by using skim milk and fresh cream.
Standardization ofkulfi mix was carried out with
5% fat and 8.5% solids not fat by using fresh skim
milk, cream, and Sagar brand SMP.

Mix preheated temperature was 65°C after that
two stages homogenization was performed (first
stage — 2500 PSI, second stage —-500 PSI). Mix was
condensed to half of its original volume and the
stabilizer, emulsifier, and sugar was added @
0.25% gelatine, 0.25% GMS, 15% of the
condensed product respectively in it and mixed
thoroughly with slow heating.

Mix was kept for aging at below 7°C for 5 hours
without fluctuation of temperature. Then colour,
flavour and crashed almond was added to it
and fransferred to 80 ml kulfi moulds and
hardened at 20 + 2°C for 12 hrs.

Experimental (Filled) kulfi (a frozen dairy dessert)
was prepared by using vegetable fats @ 60%,
70%, 80% of milk fat. Dietetic kulfi was prepared
with addition of ash gourd pulp and checked
the effect (David, 2014).

Development of functional kulfi fortified with
microencapsulated betalains

Kaur et al., (2021) extracted betalain from red
beetroot pomace (Singh et al., 2017) then
purification of betalains were carried out by gel
electrophoresis method (Caldas-Cueva et al.,
2016). Then betalain content was calculated
and microencapsuls were prepared by using
freeze drying method.

The content of betalain in microcapsules was
determined by standard method
(Ravichandran et al., 2014). Kulfi was developed
with some modification of method mentioned by
Giri et al. (2014).

After preparing the hot kulfi mix by addition of
microencapsulated betalains (0.50% and 1%),
freeze dried extract (0.50% and 1%) and
microencapsules  without betalain  (conftrol;

0.50%) at 40°C. freezer temperature was
maintained at —20°C for 24 hours.
i Preparation of malted quinoa flour enriched
kulfi
Jl and A.P. (2024) develop kulfi on certain
objectives (free of sugar, high protein and fibre
rich). Experiment was carried out by adding
different rate of malted quinoa @ 0%, 10%, 15%,
20%.
i Coconut milk fortified kulfi preparation
Singh and Das (2017) experimented by addition
of coconut mik @ 10%, 20% and 30% and the
control sample (without coconut milk) had fat,
sugar and fotal solids @ 12%, 14%, 44%
respectively.
i Development of kulfi by adding stevia with
partial replacement of sugar
Giri et al. (2014) prepared kulfi in which 50%, 60%,
70% sugar was replaced with 0.05%, 0.06% and
0.07% stevia powder respectively.
i Preparation of ash gourd pulp dietetic kulfi
David et al. (2014) developed dietetic kulfi by
mixing of different levels of ash gourd pulp @ 5%,
10%, 15%. Control sample (10% mik fat, 15%
sugar, 0.2% stabilizer, 0% ash gourd pulp) was
made to obtain 37% total solid.
Three corresponding freatments were carried out
(T1, T2, 13). Standardization of T1 (10% milk fat,
15% sugar, 0.2% stabilizer, 5% ash gourd pulp), T2
(10% milk fat, 15% sugar, 0.2% stabilizer, 10% ash
gourd pulp) and T3 (10% milk fat, 15% sugar, 0.2%
stabilizer, 15% ash gourd pulp) were carried out.
i Production of strawberry pulp enriched kulfi
Sontakke et al. (2023) studied on buffalo milk kulfi
to observe the sensory attributes of kulfi with
different levels of strawberry pulp @ 10%, 15%,
20% and 25%.
EVALUATION OF PHYSICO-CHEMICAL,
ORGANOLEPTIC AND SENSORY PROPERTIES OF
KULFI
All chemical constituents including acidity, total
solids (TS), protein content, and fat content were
estimated as per the standard methods (AOAC,
2005). The melting time of Kulfisamples was also
determined. pH was estimated by pH meter.
Melting resistance was determined (Giri et al.
2012).
All the samples were evaluated for sensory
aftributes such as colour and appearance, body
and fexture, flavour, and overall acceptability
on a nine-point hedonic scale (9 for liking
extremely and 1 for disliking extremely) by the
panel of discriminative and experienced expert
judges was formulated (Nalkar et al., 2019).
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Kulfi made from vegetable fat was evaluated by
10 judges (Murthy et al., 2009).

OBSERVATION AND RESULTS

In the investigation conducted by Singh and
David (2018) regarding the development of
pistachio—-flavoured banana kulfi, it was noted
that a 15% inclusion of pulp emerged as the most
favourable among various combinations. This
selection was based on comprehensive
organoleptic and sensory evaluations, as well as
the notable health benefits associated with
banana and pistachio.

Additionally, the incorporation of 15% Alphonso
mango pulp and 3% mixed probiotic cultures (L.
acidophilus and L. casei in a 50:50 proportion) in
the kulfi mix, as explored by Nalkar et al. (2019),
resulted in a product of superior quality. This
partficular combination exhibited higher viability
counts of probiotics (8.75 and 8.20 log cfu/g for L
.acidophilus and L. casei, respectively) after
storage compared to alternative freatment
combinations.

Furthermore, Susngi et al. (2019) found that 15%
peach pulp vielded highly acceptable results in
kulfi formulations, based on both physico-
chemical and sensory evaluations. In a separate
study by Gupta et al. (2020), the exploration of
camel milk powder supplementation in kulfi, with
a composition of 95% concentrated milk and 5%
camel mik powder, highlighted the potential
therapeutic health benefits such as
antimicrobial, anti-inflammatory, anti-diabetic,
and anti-cancerous properties.

In a study by Patel et al. (2020) focusing on the
incorporation of Amaranthus (Rajgara) in kulfi, it
was observed that a rafio of 25:75 for
Amaranthus and Skimmed Milk Powder (SMP)
significantly enhanced flavor, body & texture,
and color& appearance scores. This underscores
the potential for innovative kulfi formulations that
not only prioritize taste but also incorporate
health-promoting ingredients.

Murthy et al. (2009) observed that acidity of kulfi
was lowest (0.241 % LA) which was exclusively
made by skim milk and cream. Acidity and pH of
kulfi were increased as the level of vegetable fat
increased. It was seen that before aging acidity
as 0.241 - 0.255% LA and after aging acidity
was determined 0.262 — 0.272%). There was no
effect on color and appearance at any
substitution level but significant effect was
noticed on body, texture, flavor and overall
acceptability when substitution level increased
beyond 70%. QOily taste was noficed by the
judges.

Fortified kulfi was determined with improved
antioxidant activity and total phenolics and
decreased level of melting rate and microbial
counts (Kaur et al., 2021).

Malted quinoa enriched kulfi was high in
polyphenols additionally antioxidants. It was
observed that kulfi had a unique color, flavor. So,
no artificial coloring and flavoring agents were
added. 15% malted quinoa flour added kulfi was
optimized and stored for 35 days. Antioxidant
activity was higher over storage and there was
slight change in acidity but microbial activity
was decreased significantly over time (JI & A.P.,
2024).

Coconut milk fortified kulfi was evaluated by
organoleptic test and 30% was found best (Total
solid- 55.59%, fat— 22.73%, carbohydrate— 24.28%,
protein— 7.57% and ash- 1.45%) (Singh & Das,
2017).

Giri et al. (2014) observed that specific gravity,
melting rate, total calorie content, carbohydrate
percentage were decreased with increasing
sugar replacement and freezing point, hardness
and fat, protein, ash and moisture percentage
were increased significantly. It was observed that
above 50% replacement of sugar resulted bitter
taste and presence of icy texture.

David, (2014) found highest value in T3
(containing 15% ash gourd pulp) by organoleptic
fest, T2 showed best result in microbiological
count through SPC and coliform count results.
Therefore, for overall acceptability the freatment
can be rated as T0> T1>T2>T3.

Sontakke et al. (2023) noficed that 15%
strawberry pulp added kulfi was more
acceptable. Organoleptic test was conducted
by 9- point hedonic scale.

CONCLUSION

According to the findings of several types of
experiments on improving the colour, flavour,
and medicinal value of kulfi, the physico-
chemical properties, sensory qualities, and
microbiological properties of kulfi were highly
acceptable.

It may be established that kulfi enriched with
various pulps and powders is nutritionally superior
to regular kulfi. As a rich source of high—-quality
animal protein, fat, minerals, and vitamins, kulfi
has seen an increase in popularity in recent
years.

Banana and pistachio offer a plethora of health
benefits, according to traditional medicine and
preclinical studies, and kulfi, as a widely
acknowledged food, can operate as a vehicle
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to transfer the bioactive components of banana
pulp and pistachio.

The incorporation of fortified ingredients, such as
fortified kulfi with improved anfioxidant activity

and total phenolics, and malted quinoa-
enriched kulfi with heightened polyphenol
content and antioxidants, showcases a

promising avenue for developing healthier frozen
desserts.
The utilization of natural sources for color and
flavor in the malted quinoa kulfi is noteworthy,
emphasizing a commitment to avoiding artificial
additives. Thus, the diverse approaches
presented in this review underscore the potential
for creating innovative and health-conscious
kulfi variations.

These findings not only contribute to the culinary

londscape but also address the growing

demand for nutritious and flavorful frozen
desserts in the market.
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COST OPTIMIZATION OF A T-BEAM UNDER BENDING CONSTRAINTS
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Abstract: This research paper focuses on the cost optimization of a T-beam subjected to bending constraints according to Furocode 2. The objective of the study is to minimize the
cost of the T-beam while ensuring that it meets the specified structural requirements and design limitations outlined in Eurocode 2. The optimization problem is formulated as a
nonlinear constrained minimization problem,, taking into account the geometric and material properties of the T-beam, as well as the imposed loading conditions. The Eurocode 2
provisions for structural analysis and design are incorporated into the optimization process to ensure compliance with safety and serviceability requirements. This was solved using the
GRG Algorithm. The optimization offered minimal cost savings, with gains reducing from 1.4% to 0.8% as the beam span increased. However, the optimal cost was found to increase
with the design moment applied, with gains from 11.96% to 32.46% for a design moment ranging from 200kNm to 500kNm respectively. The results demonstrate the effectiveness
of the proposed cost optimization approach, highlighting the potential for significant savings in material usage and construction costs. The findings also provide valuable insights into
the trade-off between structural performance and economic considerations in the design of T-beams

Keywords: cost optimization, Furocode 2, GRG algorithm, moment, t-beam

INTRODUCTION

Reinforced Concrete T-beams are commonly
used in industrial construction, particularly in
building floors, retaining walls, bridge decks, and
in all reinforced concrete construction projects
where an appropriate portion of the slab is
associated with the resisting section of the
supporting beam. Non-linear programming
fechnigues can be used to produce a cost-
effective design solution for large-scale utilization
of such T-shaped beams, as may be the case for
precast reinforced concrete component
manufacture. The best-designed beams can be
adequately fabricated in a prefabrication
facility and then used for their intended purpose.
This could result in significant savings in both the
superstructure and the foundation elements'
expensive construction materials.  The overall
cost to be reduced is fundamentally divided into
the costs of concrete, steel, and formwork. From
an economic standpoint, it is also important to
include the nonlinear ultimate behavior of the
concrete and reinforcing steel in compliance
with current design codes throughout the design
process optimization of the crucial sections.

The current study falls within this framework and is
concerned with the cost-effective design of
reinforced concrete T-shaped beams under
ultimate stresses. The art of cost effective design
entails first formulating a structural optimization
model and then solving it with an appropriate
mathematical programming technique
(Bhalchandra and Adsul, 2012). An objective
function and a set of constraints comprise the
structural optimization model. The latter often

contain search limits for choice variables,
structural behavior restrictions, and various stress
and strain circumstances and their limits. 1deally,
the final design must incorporate compatibility
between the geometrical dimensions of the
optimized T-cross section and the ultimate
loading condition, which includes the T-beam's
self-weight. Some of the early investigations paid
very little aftention to this element. Another
important feature of optimal design is the
adoption of a proper optimization technique. In
structural design optimization, many
mathematical programming techniques have
been applied (Salim et al., 2018; Bhalchandra
and Adsul, 2012; lidiko et al., 2010). This study uses
a suitable mathematical programming
technigue to formulate and solve the nonlinear
minimum cost design issue of reinforced
concrete T-beams under bending constraint.

The purpose of a designer is to create an
"optimal solution" for the structural design under
consideration. An optimal solution typically
indicates the most cost-effective construction
without jeopardizing the building's intended
functional functions. The fotal cost of the
concrete structure is the sum of the costs of its
constituent materials, which include at least
concrete, reinforcement steel, and formwork.
Some properties of reinforced concrete (RC)
structures distinguish their design optimization
from that of other structures. Several cost items
influence the cost of RC constfructions.

To address this issue, this study presents a
thorough technique  for  T-beam cost
optimization. The project will use advanced
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computational tools and optimization
techniques to identify configurations that
minimize material consumption and construction
costs while meeting Eurocode 2 safety and
performance criteria (Eurocode 2, 2004). This
work tries to provide a holistic solution to the
problem of cost-efficient T-beam design by using
an interdisciplinary approach that merges
engineering concepts with economic models.
Optimization is the art of selecting the most cost-
effective or highest achievable performance
alternative from a set of alternatives by
maximizing the desired elements and reducing
the undesirable factors. Babiker et al. (2012)
employed an Artificial Neural Networks-based
model to optimize the cost of simply supported
beams by factoring in the cost of concrete,
reinforcing, and formwork. The beams were
developed in accordance with the American
Concrete Institute (ACI) standard ACI 318-08.

The majority of the recent literature on this topic
was created utilizing the Genetic Algorithm (GA)
optimization technique. Yousif and Najem (2013)
presented the use of genetic algorithms (GA) for
the optimum cost design of RCC continuous
beams based on ACI 318-08 requirements. The
solutions to the depicted example problem
produced sensible, dependable, economical,
and practical designs. Ismail (2017) conducted a
comparison study between one of the
conventional optimization approaches,
Generalized Reduced Gradient (GRG), and one
of the heuristic strategies, Genetic Algorithm. The
comparison found that the GA outperformed
the ftraditional GRG. Bhalchandra and Adsul
(2012) demonstrated the GA technique's
superiority over the GRG and Interior Point
optimization ftechniques. The problem of
optimum design of simply supported doubly
reinforced beams with uniformly distributed and
concentrated load has been solved by adding
the beam's tfrue self-weight.

Alex and Kottalil (2015) attempted to illustrate
the use of the GA to the construction of
reinforced concrete cantilever and continuous
beams. The design was based on the guidelines
provided by the Indian Standard, IS 456. Cost
optimization was performed to obtain the most
cost-effective concrete section and
reinforcements at user-defined intervals. Prakash
(2016) investigated the economic considerations
of reinforced concrete beam design. Manual
and MS-Excel programs were used to design
reinforced concrete rectangular and flanged
sections. IS 456-2000 code standards were used

to design the singly reinforced, doubly
reinforced, and flanged sections at a constant
imposed load of 25 kN/m. The study also took
into account different spans and depth to width
ratios. The maijority of the works were designed in
accordance with international standards such as
ACIl. The design factors utilized for the
optimization issues also differed amongst
researchers. The purpose of this work is to
determine the best design of a singly reinforced
T-beam for a partficular imposed load while
keeping code and practical constraints in mind.
The cost of the beam can be represented as a
function of the amount of concrete and steel
used, the grade of concrete used, the size of the
form work, and so on. This function will be the
problem's objective function. The beam must
meet the strength and serviceability conditions
specified in the EC2 design, which will serve as
constraints for the optfimization problem. The
goal of the optimization is to minimize the total
cost of the beam while keeping the limits in
mind.

The scope of this project was restricted to the
cost of concrete, formwork, and steel. The cost
targets were also determined using the
generalized reduced gradient approach in
Microsoft Excel. This research is justified by its
potential to significantly cut construction costs,
reduce environmental effect, and improve the
level of knowledge in the field of structural
engineering and optimization.

The goal of this project was to find the cheapest
concrete  material, formwork, and steel
reinforcement for a reinforced concrete T-beam.
This was accomplished by altering the beam
spans and the enforced design moment in order
to reduce the total cost of construction of a
reinforced flanged beam. The methodology
used to achieve this goal was the creation of a
computer software in Microsoft Excel that allows
for the simple selection of design variables that
will optimize the overall cost of construction of a
reinforced T-Beam in bending.

MATERIALS AND METHODS

Materials

Eurocode 2 (2004) was used to develop a
mathematical representation of a concrete
structure. An Excel spreadsheet was used to set
up the model and the optimization process was
executed using Excel's Solver Tool.

— T-Beams under Bending Constraints
T-Beams are concrete structural members, which
have a flange cross-section shaped like a ‘T'.
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Their cross-section consists of a central web and
a flange on both left and right sides of the web,
as shown in Figure 1.

l
) \

L E _|

w

Figure 1: Cross-section of a concrete T-Beam.
The T-Beam, experiences tension at the bottom
and compression at the fop. However, due to
the large surface area provided by the concrete
(which is favorable in compression) in the flange,
it is usually unnecessary to consider a case
where compression reinforcement is needed.
In addition, since this research focuses on T-
Beams under bending constraints, the nature of
the beams cross-section under flexure was fully
considered. Here, there were two cases:
— The stress block lies within the compression
flange.
— The stress block extends outside the
compression flange.
— Both cases are shown in Figure 2 and
Figure 3, respectively.

by 0.567fx

N B
hi— I R = T
d T

Fyt

Section Stress Block

Figure 2: T-section, with stress block within the flange, s <

? 5 _Si_
B0 =

neutral
axis

Section Stress Block

Figure 3: T-section, with stress block beyond the flange, s > h

In this research, the second case was chosen
under the design constraints of Eurocode 2 as
the focus of this study.

— Optimization Technique
Generalized reduced gradient (GRG) method
was the opftimization technique used to carry out
the cost optimization. The objective function
developed for the cost optimization was a non-
linear one, with bending constraints derived from
Eurocode 2. The optimization problem is a non-
linear constrained optimization problem, which
the generalized reduced gradient method can
resolve.
Microsoft Excel was the preferred software of
choice to handle the optimization problem.
Being easily affordable and ubiquitous in the
software market, it was also chosen for its ease
and clarity of usage. An Excel spreadsheet was
built to set up the model, before the optimization
process was finally executed using Excel’s Solver
Tool, which possesses the generalized reduced
gradient method for non-linear models as one of
its solving methods. Values were derived from
the spreadsheet and documented as resulfs.

— Development of Model
An objective function was derived which related
the cost of manufacturing a reinforced concrete
T-Beam of specific dimensions to the materials
and their sizes needed to construct the beam.
This was then subjected to bending constraints
under Eurocode 2.

— Cost Objective Function
The cost of the T-Beam is the sum of the cost of
concrete, steel and formwork components. The
quantity of each of these components depends
not only on the dimensions of the beam, but also
on some of its design properties. For example,
the area of reinforced steel is dependent on the
applied moment (also known as the design
moment) and the dimensions of the stress block.
The cost objective function can be defined as:
Total Cost, C = (cost of concrete) + (cost of
rebar) + (cost of formwork)
Which can be rewritten in full as:

C=[Ce x ((bthe + by(h — h) = Ag) X ue x L]+
[Cs + As] + [C¢ X (bs+ 2h)] (1)

where:
C = Total cost of manufacturing the T-Beam.
Cc = Cost coefficient of concrete in cost per
mass (naira per kg).
Cs = Cost coefficient of reinforcement steel, in
cost per cross-sectional area (naira per mm3).
Ct = Cost coefficient of formwork, in cost per
length (naira per m).
br = Width of the flange (mm).
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bw = Width of the web (mm).
h = Total height of the beam (mm).
hr = Height of the flange (mm).
As = Total area of reinforcement steel (mm?2).
L = Length of the beam (m).
Uc = Unit weight of concrete (kg/m3).
— Input and Design Parameters
Given that the cost of manufacturing the T-
beam is related to the various parameters listed
in the previous section above, further derivations
were used fo calculate the variables necessary
for the calculation of the parameters present in
the objective function.
Input parameters were classified info those that
could be directly imputed and used in the
objective function; those which were needed to
compute values of parameters to be used in the
objective function; and finally those that would
be adjusted in the optimization process to
produce an optimal cost of manufacturing the T-
beam.
The parameters that were to be adjusted to
derive the optimized costs were classified as
design variables. Those that needed additional
calculations before being used were separated
in the Excel spreadsheet as computed values.
The cost coefficients were each calculated
based on their necessary dimensions and
underlying real-world market prices as follows:
= Cost Coefficient of Concrete (Cc): This is the
total cost per mass of concrete (naira per kg).
It was found by calculating the total cost of
manufacturing a given mass of concrete and
dividing that cost by the mass of concrete
manufactured.
Cost Coefficient of Steel (Cs): This is the cost
per cross-sectional area of reinforcement steel
(naira per mm?2). It was found by dividing the
cost of specific sizes of steel bars by their
areas. Given that reinforcement bars are
manufactured and sold based on their
diameter sizes, the bar diameters were used
to derive the cross-sectional areas.
Cost Coefficient of Formwork (Cs): Here, the
cost coefficient of formwork is the cost per
length of the formwork material used
(commonly wood). Its dimensions are in naira
per meter.
The material properties of both the concrete and
the steel, which were used to compute values in
the objective function and in the derivation of
some constraints, are:
= Characteristic Strength of Concrete (f«): This is
the compressive strength of 150 mm sized
cubes tested at 28 days at which not more

than 5% of the test results are expected to fail.
It is taken in Eurocode 2 as 25 N/mmz.
Characteristic Strength of Steel (fy): This is the
minimum vield stress, at which not over 5% of
the test outcomes should fail. Taken as 500
N/mm?2 according to Eurocode 2.

Unit weight of Concrete (uc): This is the ratio of
the mass of concrete per unit volume. Taken
as 2400 kg/m3.

The inputs for the geometric dimensions of the
beam (as shown in Fig 1):

length of the beam ()

width of the flange (bx)

width of the web (bw)

total height of the beam (h)

height of the flange (hr)

effective depth of reinforcement bar (d)

The design moment Ma, which is the resulting
moment applied on the member as a result of
the load conditions on the member was also
imputed in the model. This moment would be
used to calculate sw, which is the depth of the
stress block into the web of the beam. It would
also be used in the derivation of the bending
constraints, as shown in the next section.

The area of reinforcement As, required in the
objective function was calculated from the
formula:

A, = 0.567fckbf2'f;r7of.::7fckbwsw 2)
Where sw was found by deriving the roofts of the
equation:

Su2 [—0'5672f°kbw] — [0.567f4by(d — hp)lsy +
(Mg— Mg) =0 (3)
Given that there are two roots to equation 3,
additional constraints were developed to ensure
that the value of sw used by the model was an
appropriate  and mandatorily positive real
number. The term Mt in the above equation
represents the moment of resistance developed
by the flange.
DEVELOPMENT OF CONSTRAINTS
The beam was optimized under bending
constraints to Eurocode 2. Hence, the behavioral
constraints were limited to only parameters
related to flexure. These constraints were derived
using structure illustrated in Figure 3. Here, the
design moment Mg, is to be constrained by both
the moment of resistance in the flange Mt and
the moment of resistance of the entire section,
Mr.
To ensure that the stress block extends beyond
the flange, the design moment is to be greater
than the moment of resistance developed by
the flange alone:
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M < My (4)
In addition, to ensure that the beam does not fail
in bending, the applied moment has to be
exceeded by the moment of resistance of the
entire section:

Mg < My (5)
Mathematically, equation 4 and 5 was
combined and restated as:

M < My < Mg (6)

Where,

Mf = 0567fckbfhf( - %) (7)

h
Mg = 0.567f,behe (d - ?f) + 0.567f,by (s —
h
h (4= -3) &)

The term s, from equation 8, is the total height of
the stress block and was derived from the

formula:
0.87fyxAs—0.567fcibehg

S = + hf (9)

0.567f:xbw
Given that in the model, the stress block must
extend past the flange and into the web of the
beam, a constraint relating s to the depth of the
flange hr was developed:

s > hy (10)
In order to ensure that there was no need for
compression reinforcement, the depth of the
neural axis, X, as shown in Figure 3, must not
exceed forty-five percent (45%) of the depth of
reinforcement d. Mathematically:

X < 0.45d (11)
where,
X= — (12)
0.8

Apart from behavioral constraints, there were
geometric constraints placed on the model.
These were based off the permissible and real-
life dimensions of the beam’s possible cross-
section.

Behavioral constraints:

Mf < Mg < My (13)

s > hg (14)
x < 0.45d (15)
Geometric constraints:
350 < by <550 (16)
100 < hf <150 (17)
200 < b,, <300 (18)
400 <h <600 (19)
1200 < Ag < 2500 (20)
Sw >0 (21)

OPTIMIZATION MODEL

The optimization problem has been described in
the previous sections in detail. It can be
summarized as:

Minimize:

C = [cc x ((behe + by (h = hp)) = Ag) X uc X L] +

[Cs + As] + [Cf X (bf + Zh)] (22)
Subject to:

M; < Mg < Mg (23)

s > hy (24)

X < 0.45d (25)

350 < bf £550 (26)

100 < hf <150 (27)

200 < by, <300 (28)

400 <h <600 (29)

1200 < Ag <2500 (30)

Sw >0 (31)

To find X = [X;X,X3X,Xs]T which minimizes the
objective function while satisfying the constraints
stated above.

Let:
be = X4
he = X,
bw = X3
h = X,
As = Xs

The matrix X, contains the design variables which
were to be changed from their initial values to
derive an optimum cost, provided that they can
satisfy the constraints. The output of the model
would include both the design variable and the
now optimized cost C, from the objective
function.

OPTIMIZATION PROCESS

The cost optimization of T-beam was carried out
by replicating the mathematical model in a
Microsoft Excel spreadsheet.

i Development of Excel Spreadsheet

The objective function, input parameters, design
parameters, computed values, constraints and
their aforementioned formulas were
appropriately placed in the Excel spreadsheet
shown in Figure 4.

A E C D £ F G H I | J| K | L M
1 |Cost Optimization of a T-Beam under Bending Constraints to Eurocode 2

2

i Objective Function: 54507.89_'

5 |Input Parameters: Design Variables: Constraints:

6 |C. 12.91429 b 400 Behaviorial Constraints:

7 |C 27.73323 by 200 M; <=My <=M,

8 (G 218.7227 h 400 s>hg

g L 5 s 100 x <0.45d

10 |U, 2400 A 1397.1788 0.45d = 158

11 (b 400 Side Constraints:

12 |by, 200 Computed values: 350 <= b; <= 550
13 |h 400 Sw 14.381934 100 <= h; <= 150
14 |h; 100 A 1397.1738 200 < b, < 300
15 |d 350 s 114.38193 400 <= h <= 600
16 | My 180 M 170.1 1200 <= A, <= 2500
17 |fy 25 My 180

18 fyk 500 X 142.97742

19

Figure 4: Excel spreadsheet set up to evaluate the cost optimization of a T-beam
subject to bending constraints.
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Use of Excel Solver

Once the spreadsheet was created, the Solver
button was selected from the Data tab on the
Excel interface. The Solver dialogue box
displayed was then filled with pertinent data
from the spreadsheet. The constraints were
added individually, by clicking the *Add"” button.
The solving method selected in the Solver
dialogue box was the Generalized Reduced
Gradient Non-linear algorithm method.

Solver Parameters X
Set Objective: SEs3| £
Tor O Max ® Min (O Value OF:

By Changing Variable Cells:
SES6,SEST, SESE,SE59,5E510, 56511 54
Subject to the Constraints:
SES10 <= 5K516 ~
SES11 <= SES1T Add
SES15 >= SESS
SES16 <= SEST1 Change
SES18 <= 51510
SESE <= SK§12
SEST <= 3K514 Delete
SES8 <= SKS15
SES9 <= SK$13
5GS12 <= SE56 Reset All
S5G513 <= SES%
5G514 <= SEST
3G315 <= SES8 v Load/save
Make Unconstrained Variables Non-MNegative
Select a Solving GRG Nanlinear ~ Options
Method:
Solving Method
Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.

Figure 5: Solver dialogue box with relevant cells filled with information from the
spreadsheet.
The “OK” button was then selected, after which
a dialogue box reporting the success of the
optimization process. The cells containing the
design variables were changed due to the
success of the operation. This also led to a
corresponding change in the cost of the T-beam
as represented in the objective function.
RESULTS AND DISCUSSION
Design Example
The developed Excel model was used to
optimize a specific case study T-beam. The
corresponding preassigned parameters are
defined as follows:
Input parameters:
Cc =12.91429 naira/kg, Cs = 27.73323 naira/mm2,
Cf=218.7227 naira/m, L = 6 m, Uc = 2400 kg/m?3,
Ma = 350 kNm, fck = 25 N/mm?, fyx = 500 N/mm?, d
=475 mm.

Design variables:

br =450 mm, bw =250 mm, h = 500 mm, ht =125
mm, As = 1979.6121 mm?2.

The results of the subsequent opfimization is

shown in Table 1. A comparison of the design

variables and opfimal solution is  also

represented. The degree of decrease in the cost
of the beam is shown by the gain, which can be
stated mathematically as:
. __ initial cost—optimal cost
Gain (%) = P p— x 100% (13)
A cost savings of roughly 26% was observed from

the design study with the model.
Table 1: Optimization of the design study, showing initial and optimal values.

Design Variables Initial Design Optimal Solution
br 450 493.8914212
b 250 206.3508112
h 500 5776607185
hr 125 143
As 1979.6121 1200
Cost: 83113.04 61491.88
Gain (%): 26.01416095

Optimum Cost Due to Varying Span
The span of the beam was incrementally

increased from 1 to 10 meters and its cost was
optimized at each step. The results from the

optimization are show in Table 2.
Table 2: Cost optimization results with varying span lengths.

Span (m Original Cost (naira) Optimized Cost (naira) Gain (%)
1 36995.14273 36475.86194 1.40365
2 39939.59987 3942031908 130017
3 4288405701 42364.77622 1.21089
4 45828.51416 45309.23337 11331
5 48772.9713 48253.69051 1.06469
6 51717.42844 51198.14765 1.00407
7 54661.88558 54142.6048 0.94999
8 5760634273 57087.06194 0.90143
9 60550.79987 60031.51908 0.8576
10 63495.25701 62975.97622 0.81783
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Figure 6: Comparison of costs with the span of the beam.

The resulting optimization offered only very little
savings in cost as the difference in the values of
the original cost and optimized cost offered
maximum gains of 1.4%. From Figure 7, the gains
in cost savings reduced from 1.4% to 0.8% as the
length of the beams span increased from 1 to 10
meters.
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Figure 7: Comparison of beam span with gain

Optimum Cost Due to Varying Design
Moment

Unlike the optimization of the beam with
increasing span length, there was an increasing
difference in the original and optimal costs as
the design moment applied on the beam
increased. However, when comparing the
design moment to the cost gains directly, there is
a steady increase in the gains as the imposed
moment increases from 200 kNm to 400 kNm.
After which the gains reduce as the moment
increases to 500 kNm.

100000
@— Original Cost O
= 90000 ©— Optimized Cost @ e
s
Z 80000 o)
I
o
© 70000
@ o
60000 © o
o o ©
50000 oo’
40000
0 100 200 300 400 500 600
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Figure 8: Comparison of costs with the design moment.
Table 3: Cost optimization results with varying design moment loads.

Design Moment (kNm) \ Original Cost (naira) ~ Optimized Cost (naira) ~ Gain (%)

200 55704.065 49039.484 11.964
250 61432.767 50611.070 17616
300 66077.004 52182.657 21028
350 78366.828 56027.879 28.506
400 88953.750 57617.593 35.228
450 90686.835 59576.608 34.305
500 96268.265 65022.430 32457

550
E 500 o)
< 450 o
£ 400 o
£ 350 o
= 300 o
.;-;250 o
2200 | @

150

10 15 20 25 30 35 40
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Figure 9: Comparison of design moment with gain.

CONCLUSION

From the procedures developed and results

observed, the following can be concluded

about the research:

— Minute savings in cost was observed when
comparing the optimization of the structure
with  respect to increasing span. The
difference in the values of the original cost
and optimized cost offered maximum gains of
1.4%. The gains in cost savings reduced from
1.4% to 0.8% as the length of the beams span
increased from 1 to 10 meters.

— Increase in the span of the member led to an
increase in the original costs, as well as the
optimized costs, even though the latter were
smaller than the former.

—There was an increasing difference in the
gains as the design moment applied on the
beam increased. However, when comparing
the design moment to the cost gains directly,
there is a steady increase in the gains as the
imposed moment increases from 200 kNm to
400 kNm. After which the gains reduce as the
moment increases to 500 kNm.
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CONSIDERATIONS REGARDING CONSTRUCTIVE SOLUTIONS FOR THE REALIZATION OF

INSTALLATIONS FOR OBTAINING BIOCHAR

" National Institute of Research — Development for Machines and Installations Designed to Agriculture and Food Industry — INMA Bucharest / ROMANIA

Abstract: Biochar is a product obtained using thermal conversion of biomass and can be a viable option for the valorization of plant resources. The technology for exploiting plant
resources in the form of biochar develops significant potential for improving soil quality, reducing greenhouse gas emissions, and promoting sustainable waste management practices.
There are several methods of producing biochar, including slow pyrolysis, fast pyrolysis, and gasification. The choice of technology will depend on factors such as the type and
availability of raw materials, the desired end product, and the economic aspects of the process. The process of producing biochar can also generate syngas, a mixture of carbon

monoxide and hydrogen that can be used as a fuel.
Keywords: biochar, plant—based resources, pyrolysis, gasification

INTRODUCTION

Biochar is a type of charcoal used for soll
improvement or restoration, regardless of
whether it comes from wood or unused plant
residues (https://ro.frwiki.wiki/wiki/Biochar).
Biochar is obtained by baking any form of
organic biomass in a confrolled process called
gasification (limited oxygen) or pyrolysis (without
oxygen) at a high temperature, often above 450
degrees in the absence of oxygen. Biochar has a
high carbon content of up to 0% and binds the
carbon material reliably, long-term, and without
negative side effects. It is characterized by
special physical and chemical properties and
has a positive effect on biochemical processes.
(https://anzbig.org/about/about-biochar/).
Biochar is also known as vegetal charcoal, and
in general, it is produced by pyrolysis, which
represents a process of chemical fransformation
or decomposition of organic substances at high
temperatures and in the absence of air. It has
been established that various biomass materials
have been used to produce biochar, which
involves agricultural waste, forest waste, garden
waste, food waste, manure, sewage sludge, and
aquatic organisms (Woolf et al., 2010; Wu P. et
al., 2021; Wu P. et al, 2023).

Biochar has received increasing attention for its
potential benefits in carbon capture, climate
change mitigation, waste  management,
bioenergy production, soil improvement, and
pollution control due to its unique properties
(Nidheesh et al., 2021; Xiao et al., 2018, Nenciu et
al., 2022). Biochar has a high content of
recalcitrant carbon (C) and a strong capacity

for carbon dioxide (CO2) adsorption (Shafawi
AN. et al, 2021; Ma Q. ef al, 2021; Cao Y. et al.
2021; Nan Q. et al. 2021). Its sustainable
production and field applications allow for great
potential for long-term carbon storage and
reducing carbon emissions, thereby mitigating
climate change (Feng et al. 2021; Yang et al.
2021; Zhang et al. 2022; Nenciu et al., 2023).

The production of coal and biochar has a
common root. Before the appearance of fossil
coal, the word coal meant - the black fuel
made from wood.

The basis of all coal and biochar production is
pyrolysis: essentially, the decomposition of wood
into its chemical constituents by heat, with or
without oxygen. With the development of
cylindrical metal vessels and high—-temperature
refractory materials, various equipment for
producing biochar has emerged.

High—-quality biochar has high porosity, an
extended  microstructure, and  adsorption
capacity that allow for beneficial interactions
between microorganisms, nutrients, and water in
the soll (http://www.carbon—
negative.us/Burners.htm, https://biocharkilns.com).
MATERIALS AND METHODS

Biochar is an essential part of the next industrial
revolution, creating a more sustainable future
and leading to greater economic prosperity,
increased job opportunities, and continued
quality of life for humanity (Figure 1).

The use of biochar has resulted in improved soll
quality and yield in agriculture and horticulture. It
is also widely used as an additive for animal
feed, can be used in construction materials such
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as concrete or asphalt, for air and water
purification, helps regulate moisture, absorbs
toxins, and promotes beneficial microbial life

(Figure 2).
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Figure 1 — Presentation of the main transformations of different raw materials
(https://anzbig.org/about/about—biochar/)
It is a highly valuable resource and can be an
essentfial part of the next industrial revolution,
creating a more sustainable future and paving

the way for greater economic prosperity,
increased job opportunities, and continued
quality of life for humanity.
(https://anzbig.org/about/about-biochar/)
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Figure 2 — The main beneficiaries of using biochar
(https://anzbig.org/about/about—biochar/)

It is surprising how many people transport their
yard waste (renewable biomass) to landfills or
burn it in open fires until only ash remains. The
technology for obtaining biochar is simple, and
any farmer can produce it.

Biochar is similar fo traditional charcoal, and they
are identical in many respects, but the
difference lies mainly in how they are used. Coal
is used as fuel, and crushed coal mixed into the
soil as soil amendment is biocarbon. As a soil

additive, biochar offers numerous benefits. Unlike
fertilizers, biochar has an extremely long life in
the soil. Coal is rich in carbon and gives it the
ability to persist in the soil indefinitely, being not
susceptible to biological degradation.

Biochar attracts beneficial microbes and fungi,
holds onto nutrients that are introduced into the
soil, meaning biochar works better in the second
and third year than in the first year. One of the
major challenges in agriculture is to make plant
nutrients available in the soil when the plant can
benefit from them. Fertilizers can often only be
applied at the beginning of the growing season,
before the crop canopy closes and field
operations are no longer feasible. Unfortunately,
between the fime ferfilizer is applied and the
crop takes it up, fertilizers can disappear from the
soil or lose their characteristics through excess
precipitation, consumed by weeds, or
metabolized through microbial activity in the sall.
Biochar helps conserve plant nutrients by storing
them in its matrix and making them available
when the crop needs them. This happens
because of a property of biochar, certain clays,
and organic matter in the soil known as cation
exchange capacity.

This property, the cation exchange capacity
(CEC), is a measure of the biochar's ability to
retain ions, such as ammonium and potfassium
cations, in an exchangeable form that is
available to plants. CEC not only helps conserve
fertilizers added to the crop during the growing
season, but also enhances the soil's capacity to
capture and retain nutrients from other available
sources at other times. For example, at the end
of the growing season, crop residues are often
left in the fields to decompose. When this
organic matter decomposes, biochar captures
some of the released nutrients, leaving these
nutrients for the next growing season.

Biochar in the soil also has the ability to retain soll
moisture, leading to significant cost savings in
irigation (Mansoor S. et al. 2021; Zhu H. et al,
2020). Biochar alters soil performance by
retaining moisture and making it available during
periods of low rainfall and warm and dry soll
conditions. This is possible because biochar have
very large internal surfaces. This internal surface
absorbs moisture when water availability in the
soil is high and releases it back into the soil when
water availability is low. One might think that
biochar, being black in color, heats up from the
sun, but biochar helps keep the soil moist even in
full sunlight.

76 | University Politehnica Timisoara — Faculty of Engineering Hunedoara




ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering | e—ISSN: 2067 — 3809
Tome XVII [2024] | Fascicule 4 [October — December]

Biochar also has a significant impact on soll
drainage. Clayey soils, which are usually poorly
aggregated, are too compact and do not drain
efficiently. Inefficient drainage results in long
periods of inadequate soil aeration. Other sails,
especially sandy soils, can drain too efficiently.
Excessively efficient drainage can shorten the
benefits of periodic watering.
In both cases, adding biochar compensates for
the deficiencies of the soil: clayey and poorly
aggregated soils become less compacted and
provide better aeration, and sandy soils gain
additional moisture storage capacity.
Biochar also makes a significant contribution to
mycorrhiza by promoting microbiota
populations. Mycorrhiza is a fungus that has a
symbiotic relationship with plant roots and
confributes to a healthy exchange of soil-plant
nutrients.
In a world dependent on fossil energy, it is easy
to see the benefits of biochar carbon capture as
compensation for current and future emissions
from fossil fuels. Experts in the field believe that
there is already an excess of carbon dioxide in
the atmosphere, which requires measures to
reduce it. It has been established that the main
factors contributing to the increase of carbon
dioxide, about 34% of emissions, have been
afttributed to land deforestation.
Therefore, in a way, the primary objective of
biochar is to restore lost carbon to the soil due to
decades of agricultural practice. After that, the
exceptional durability of biochar will allow for the
accumulation of more carbon in the soil, with
additional fertility benefits.
Coal and biochar have the potential to
sequester gigatons of atmospheric carbon per
year, making it the most powerful atmospheric
cleaning engine we have. If only a small portion
of the carbon captured by plants can be
pyrolyzed and transformed into coal (biochar),
humanity's prospects will be much better,
making a fransition to a lower carbon emission
economy. (http://www.carbon-
negative.us/Burners.htm, https://biocharkilns.com/)

Among the main equipment used for producing

biochar, we can mention:

— Ovens are commonly used for small-scale
biochar production and can be constructed
from a variety of materials, including brick,
steel, or concrete. Ovens can be powered by
a variety of heat sources, including wood,
propane, or electricity.

—Slow pyrolysis reactors are used for the
production of biochar on a larger scale and

can be built from materials such as steel,
concrete, or ceramics. Slow pyrolysis reactors
are often heated using wood or other biomass
as a heat source.

—Fast  pyrolysis reactors are used for the
production of large volumes of biochar and
can be built from materials such as steel or
ceramics. Fast pyrolysis reactors are fuelled by
high-temperature heat sources such as gas or
oil.

— Raw material preparation equipment: Biochar
production requires the use of organic raw
mafterials, which must be prepared before
pyrolysis. This may include equipment for
grinding, drying, or pelletizing raw materials.

— Systems used in biochar exploitation: Soil
amendment systems for incorporating biochar
intfo the soil can include equipment for mixing
biochar into soil, compost, or other organic
materials, as well as tools for applying the
mixture to fields or gardens.

Carbon sequestration systems for burying
biochar in soil or incorporating it info products
may include specialized equipment for mixing
and applying biochar, as well as tools for
monitoring and measuring carbon sequestration
over time.

Research on the thermochemical processing of

vegetable waste obtained from agriculture has

shown that advanced technologies can
produce superior chemical compounds, biofuels
and significantly reduce the negative impact on
the environment (Nenciu F. et al. 2022; Mirceq,

C. et al. 2020).

Bioenergy production systems for using biochar

as a fuel or feedstock can include boilers,

combustion systems, or reactors for converting
biochar into bio—-oil or other bioenergy products

(Chi NTL. et al. 2021; ChoS-H. et al. 2021; Low YW.

and Yee KF. 2021).

RESULTS

In figures 3 a) and 3 b), a simple setup can be

observed, a container in which the plant mass is

burned, and biochar is obtained after the
combustion.

The advantage of this biochar production system

is that it can be implemented in small households

by all farmers who want to use this product
called biochar.

One version of an Australian company for

producing biochar is presented in Figure 4,

called Carboniser (Exeter Retort Kiln). The raw

material used for heating the retort is biomass.
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Figure 3 —a) and b) — simple small—scale production system in open field: a)
Biomass burning; b) Biochar obtained after burning

Figure 4 — Fixed unit for biochar production — Carboniser

This system converts woody waste info a
valuable soil amendment called BIOCHAR and
can also produce cooking charcoal. These
biochar production wunits are much more
environmentally friendly than traditional kilns
because they emit fewer harmful emissions
(https://www.facebook.com/).

In figure 5a) a mobile unit for producing
charcoal and biochar can be seen, which can
be transported to the location where the raw
material (woody waste) is located, as shown in
figure 5b). The weight of such a mobile unit is
1860 kg, and it has the advantage of being
easily towed. The overall dimensions of the
assembly are: 3737 mm in length x 2200 mm in
width x 2400 mm in height, plus 1.5 m for the
furnace chimney.

The oven is completely insulated with ceramic
material to operate in any type of climate. The
oven has a capacity of 1.7 cubic meters. The
burning time is approximately 8 hours depending
on the type of wood used as raw material. The
amount of material obtained after burning is
about 170 kg. The raw material used for burning,
also called pyrolysis (Dufta S. et al. 2021; Lian F.

et Xing B. 2017, Mircea et al., 2022; Oprescu et
al., 2023), can be made from any type of wood,
from logs to twigs.

Figure 5 —a) and b) Mobile biochar production unit
(https://www.biocharretort.com/): a) Mobile coal and biochar production plant; b)
The finished product obtained after firing

In operation, it releases up to 75% fewer
pollutants than conventional variants, and ash
and waste are reduced to zero. The temperature
used in the pyrolysis process is controlled with the
help of an integrated digital thermometer. It has
loading and unloading doors at both ends for
quick access and is also easy to handle - no
special skills are required
(https://www.biocharretort.com/).

Biochar is of increasing interest due to concerns
about climate change caused by carbon
dioxide (CO2) and other greenhouse gas (GHG)
emissions. Biochar is a way in which carbon can
be extracted from the atmosphere and is a
solution to reduce the global impact of
agriculture (and all agricultural waste). Because
biochar can capture carbon from the soil for
hundreds to thousands of years, it has received
considerable interest as a potential tool to slow
global warming.

The burning and natural decomposition of trees
and agricultural matter contribute a large
amount of CO2 released into the atmosphere.
Biochar can store this carbon in the soil, which
can lead to a significant reduction in GHG levels
in the atmosphere; at the same time, its
presence in the soil can improve water quality,
increase soil fertility, and increase agricultural
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productivity. Biochar is biomass (wood, leaves,
straw, or other biosolids) heated to high
temperatures without oxygen. This process,
known as pyrolysis, concentrates carbon in a
form that is highly resistant to biological
decomposition. When applied to soil and other
products, much of its carbon content s
sequestered for over 100 years
(https://biocharkilns.com/biochar/).

The BKI ovens are now lined with refractory
ceramics and equipped with an arm crane o
load and unload the base material and lift the
insulation cover, as shown in figure 6.

Figure 6 — BKI—type ovens, assembly view
(https.//biocharkilns.com/biochar/)

In Figure 7 a) and b), a mobile biochar
production plant and a biochar grinding plant
can be seen, which can be manually adjusted
to produce particles between 2 and 20 mm.

The combustion vessel can have a capacity of
up to 3 cubic meters and is also equipped with a
temperature indicator (https://biocharkilns.com/).
Biochar has a microporous structure and also
chemically attracts organic molecules and
water and tends to hold them in place. In order
to make them available to plants, it must be
soffened or saturated with all these elements
before entering the soil, otherwise it will compete
with plants for water, microbes, and nutrients
and may harm plants if used in its raw state.
Therefore, we recommend mixing biochar with
soil or a good active organic compost before it
reaches the soil, so that it can absorb its full
complement of water, nutrients, and microbes,
so that it can make them immediately available
fo plants once it is added to the soil. Final
concentrations after repeated application of

biochar will function up to approximately 8 to
10% biochar by weight of the soil content (Peter
Hirst, New England Biochar).

Figure 7 a) and b) — Bio Feeder mabile pyrolysis unit
(https://biocharkilns.com/products/):
a) Bio Feeder overview; b) Biochar crushing plant

Biochar also aftracts organic molecules and
water, tending to hold them in place. In order to
make them available to plants, it must be
soaked or saturated with all of these elements
before being introduced into the soil, otherwise it
will compete with plants for water, microbes,
and nutrients and may harm plants if used in its
raw state. Therefore, is recommended mixing
biochar with soil or a good active organic
compost before it reaches the soil, so that it can
absorb its full complement of water, nutrients,
and microbes, so that it can immediately make
them available to plants as soon as it is added to
the soil.

Final concentrations after repeated application
of biochar will function up to about 8 to 10%
biochar by weight of soil content (Peter Hirst,
New England Biochar). The pyrolysis of wood in
such a device practically takes place in 4
different stages: evaporation of the moisture
present in the wood occurs as the initial phase,
up to an average temperature of 170°C (338°F).
At this stage, gas production is minimal. As the
fire builds up inside the kiln, the temperature rises
and at around 280°C (536°F) the exothermic
reaction begins. Gas consisting almost entirely of
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carbon monoxide and carbon dioxide s
released, and a certain amount of acetic acid is
formed together with small amounts of wood
naphtha and tar. Then, the exothermic reaction
confinues during which the carbon
concentration in biochar takes place. Large
amounts of hydrocarbons, acetic acid, and
wood naphtha and tar are produced, while
temperatures rise to 380 to 400°C (716 to 752°F)
(https://biocharkilns.com/biochar/).

Figure 8 —a), b), ¢) — Mobile Bio Feeder pyrolysis unit
with a capacity of 3 cubic meters (hzips.//biocharkilns.com/biochar7):

a) wood; b) biochar; ¢) Overall view of the mobile unit
The weight of biomass can vary from softwood,
hardwood logs to bamboo, and the moisture
content also varies. Depending on the size and
air gaps between the branches, it is better to
speak only from a volume perspective when
determining the amount of biochar, as it may
weigh more on a wet day.
Often, mixing biochar with water is preferred to
inoculate and protect microorganisms, so the
weight will vary. Due to the presence of water
and its natural evaporation, biochar should
never be evaluated based on weight. In figure 8,
we have a mobile pyrolysis unit with a capacity
of 3 cubic meters, figure 8 c) and images of the
material used to obtain biochar (figure 8 a) and
the final product obtained, biochar, figure 8 b)
(https://biocharkilns.com/biochar/).
CONCLUSIONS
The production and operation of biochar require
the use of specialized equipment and systems,
including ovens, pyrolysis reactors, raw material

amendment
systems, and

preparation  equipment,  soll

systems, carbon retention

bioenergy production systems.

The choice of equipment design and systems will

depend on the specific requirements of the

biochar production and operation process, as

well as the size and scope of the operation. The

use of biochar in agriculture can be a profitable

long-term investment, although the initial costs

for biochar production and application in soil

may be higher than those of other organic or

mineral amendments, the long-term benefits of

using biochar can offset these costs.
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RESEARCH REGARDING THE INFLUENCE OF GENOTYPE AND EPOCH OF SOWING ON
SEEDS YIELD AT CHICKPEAS (C/CER ARIETINUM L.) IN THE PEDO-CLIMATIC

CONDITIONS OF CENTRAL MOLDOVA

" University of Life Sciences"lon lonescu de la Brad", Aleea “Mihail Sadoveanu”, no. 3, lasi, 700490 / ROMANIA;
2 Agricultural Research — Development Station Secuieni, Principald Streed, No. 377, Secuieni, 617415 / ROMANIA;
3 National Institute of Research — Development for Machines and Installations Designed to Agriculture and Food Industry — INMA Bucharest / ROMANIA

Abstract: The agronomic importance of the chickpea crop is given by the improvement of soil fertility by fixing atmospheric nitrogen, the resistance to drought and high
temperatures, the resistance to falling and the fact that the pods do not burst at maturity. These advantageous features reduce losses during harvesting. The present paper
presents data on the influence of genotype and epoch of sowing at Cicer arietinum L. (chickpeas). The researches were organized in 2021-2022 at the Agricultural Research and
Developement Station Secuieni, Neamt County. The genotypes tested in the first year of experimentation showed a high adaptability to the pedoclimatic conditions of the area, thus
obtaining productions around 2100 kg/ha. Compared to the first year of experimentation, in 2022 the productions were lower, noting that the lowest production was recorded in the
Kaffe variety (1796 kg/ha), and the highest in the Burnas variety (2031 kg/ha). This paper presents new data on the improvement the optimal epoch of sowing in a particular

zone for optimising the seeds production obtained at chickpeas.
Keywords: chickpeas, seed, genotype, epoch of sowing, yield

INTRODUCTION

Chickpea (Cicer arietinum L.) ranks third among
the most cultivated legumes in the world, after
beans and peas (Ohri D., 2016). It is cultivated
worldwide in about 57 countries under varying
environmental conditions (MOEF&CC 2016,). In
South and Southeast Asia chickpea production
dominates with 80% of the regional contribution.
Although developed countries do not contribute
much to chickpea production, the vyield s
parficularly high in some Eastern European

countries.

Chickpeas is traditionally cultivated in semi-arid
tropical  (Asia, Australia and India) and
Mediterranean regions and has recently

expanded its cultivation area to higher latitudes
(Yartsev G. F. et al., 2021). It is a microthermic
plant, which grows and develops well in the
conditions of a warm and semi-arid climate. In
the regions of the world where chickpea grows,
the average maximum temperature ranges from
21 to 29 °C during the day and from 15 to 25 °C
at night (Daba K. et al., 2016,). In our country, this
culture meets favorable conditions for growth
and development and could in the future have
an even greater extension, because the
temperatures during the summer are high and
the possibilities of irrigation of the crops are
minimal.

Chickpea is a valuable crop that provides
nutritious food for an expanding world
population and will become increasingly
important with climate change (Muehlbauer
and Sarker, 2017). Chickpea plays a leading role
in world food security, covering the protein
deficiency in the daily food ration of Indian and
African populations without compromising the
quality of nutrition (Malunga L.N. et al., 2014).

The agronomic importance of the chickpea
crop is given by the improvement of soil fertility
by fixing atmospheric nitrogen, the resistance to
drought and high temperatures, the resistance
to falling and the fact that the pods do not burst
at  maturity. These advantageous features
reduce losses during harvesting.

The optimum sowing time for chickpea depends
on the interaction between the environment
and the genotype used at sowing. Current
chickpea genotypes have excellent frost
tolerance but average daily temperature below
15 0 C has been shown to cause flower abortion
(ChenY.etal, 2017).

In some countries the optimum sowing date
results in flowering when the risk of low
temperatures is high and it is particularly
important to avoid frost during flowering as it can
kill chickpea plants (Kolesnikov A. A. et al., 2022).
Earlier sowing may expose the crop to more

83 | University Politehnica Timisoara — Faculty of Engineering Hunedoara



ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering | e—ISSN: 2067 — 3809

Tome XVII [2024] | Fascicule 4 [October —

December]

rainfall which may increase the risk of Ascochyta
rabies — chickpea anthracnose which has been
reported to be the most destructive disease in 32
countries (Ramirez M.L. et al. 2018, Ryley M. et al.,
2015). It will also increase crop biomass, thus
increasing the risk of gray mold (Botrytis) and soil
moisture deficit during grain filling.

Also, sowing later can result in shorter plants that
will be more difficult to harvest but reduce the
risk of downy mildew (Lake L. and Sadras V.O.,
2014). The minimum germination temperature of
the chickpea crop is 3-4 ° C in cold areas and in
the Mediterranean area the germination
temperature is between 20 ° C and 30 ° C and
the emergence of seedlings takes place in these
conditions, from five to six days after seeding
(Nascimento W.M. et al., 2016).

Optimal sowing time provides more time for
plant growth and development, which s
favorable for higher vyield. Also, sowing
chickpeas at the opfimal time ensures a better
harmony between the soil, the plant and the
atmospheric system, and is also a critical factor
influencing production. The highest production
depends on the date of sowing (Merga B. and
Haji J., 2020, Verma M.M. et al., 2014).The season
for sowing chickpeas in the conditions of our
country is early spring when the soil, at the
sowing depth, reaches 3-4 © C. A delay of 10
days compared fo the optimal season can
reduce production by 20% (Nascimento W.M. et
al., 2016).

This paper presents new data on the
improvement the optimal epoch of sowing in a
parficular zone for opfimising the seeds
production obtained at chickpeas.

MATERIALS AND METHODS

The purpose of the research carried out at the
Secuieni Agricultural Research — Development
Station was to study the influence of
technological factors such as: genotype and
epoch of sowing. The experiments aimed to
identify the genotype with the highest
adaptability to climatic conditions in the area of
influence and establish the optimal time to sow.
The placement was performed in the
experimental field of the A.R.D.S. Secuieni, on a
soil of the faeoziom (chernozem) typical cambic
with  medium texture, acid: pH HO - 5.98,
characterized as: well supplied in phosphorus
(77.6 ppm PAL), Ca (13.6 meqg / 100 g soil Ca)
and Mg (1.8 meq / 100 g soil Mg), medium
supplied with active humus (1.88%) and nitrogen
(16.2 ppm N-NOs3) and poorly supplied with

potassium (124.6 ppm K20 ) (Lupu Cornelia, 2017;
Mirzan Oana, 2020).

The experiment was placed according to the
method of subdivided plofs, in three repetitions
of type A x B, and the experimental factors
studied were: A — genotype (a1 — Kaffe, a2 —
Burnas, as — Orion) and B — epoch of sowing ( b1 -
sown in the second decade of March, b2 — sown
in the third decade of March, bs — sown in the
first decade - April). The studied biological
mafterial included a Romanian chickpeas
variety, Burnas and two foreign varieties, Kaffe
and Orion.

The obtained results were processed and
interpreted statistically according to the method
of analysis of variance.

From a climatic point of view, the vegetation
period, in the two year of experimentation, was
characterized as hot from a thermal point of
view and dry from a pluviometric point of view.
The year 2021 was characterized as a warm and
dry; the annual amount of rainfall that was
unevenly distributed during the growing season
of chickpeas. The monthly averages of
temperatures recorded during the vegetation
period were similar to the multiannual average,
the deviations being between 0.4° C in June and
1.80 C in July. From a pluviometric point of view,
the precipitations were lower than the
multiannual average, registering deviations of —
23.8 mm in April and - 31.4 mm in May (Table 1
and Table 2).

Table 1. Temperatures recorded at A.R.D.S. Secuieni meteorologlcal station
Average Months Average

temperature feb | Mar Apr May | Jun | 1 vegetetmn
period

2021 —0.7 |04 29 | 147 | 222 | 205 10.7
2022 0126 | 27 9.5 16.3 20.7 222 | 2.7 12.1
Multiannual
average

=39|-22| 28 | 95 | 154 | 188 | 204 | 195 10.03

The year 2022 was characterized by hot weather
in terms of temperatures and dry in terms of
rainfall. The spring was normal thermally, the
monthly femperature deviations were between —
0.1°C (March) and 0.9°C (May) (Table 1).
Regarding precipitation, the amounts of water
that fell were reduced in January (5.4 mm) and
February (4.6 mm), these months being
characterized as very dry. Rainfall in April (38.4
mm) helped the chickpea crop to sprout, and
that in June (56.6 mm) to continue its
development. In May, a significant rainfall deficit
of — 44.9 mm was recorded (Table 2).

Throughout the vegetation period of chickpeas
crop, the deviations from the multiannual
The distribution of

average were different.
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precipitation was extremely uneven, on the
phenophases of growth and development of the
plant (Table 2).
Table 2. Rainfall recorded at A.R.D.S. Secuieni meteorological station
Months Sum for the
vegetation
period

Rainfall

(mm) Jan | Feb | Mar May

2021 | 122 108 318 | 238 | 314 794 516 768 | 3178
2002 | 54| 46| 08 | 384 208] 566 352 152| 1770
Multiannual| 011 195 | 269 | 469 | 657 850 | 823 | 602| 4066
average

RESULTS

The genotypes tested in the first year of
experimentation showed a high adaptability to
the pedoclimatic conditions of the area, thus
obtaining productions around 2100 kg/ha. The
influence of the genotype on the yield of seeds
obtained from chickpeas, in 2021, materialized
by obtaining fluctuating yields, between 2022
kg/ha (Kaffe) and 2249 kg/ha (Burnas) (Table 3).
Compared the yields obtained with the average
experience (control), we notice that the Burnas
variety (91 kg/ha) obtained a statistically assured
yield increase and interprete positive very
significant and Orion variety (45 kg/ha) recorded
a production statistically interpreted as distinctly
significant. The Kaffe variety achieved a yield
difference (-136 kg/ha) ensured statistically and
interpreted as very significant negative (Table 3).

Table 3. The influence of genotype on seed yield at Gicer arietinumL.., 2021
Yield % compared to

Difference

Variety (kg/ha) il (kg/ha) Significance
Kaffe 2022 93,69 -136 000
Burnas 2249 104,21 91 HHx
QOrion 2203 102,08 45 *
Average 2158 100 (t.
LSD 5% = 2524 kg/ha
1% = 36,30kg/ha
0,1%= 55,72 kg/ha
Table 4. The influence of genotype on seed yield at Cicer aretinum|.., 2022
it Yield % compared Difference S
(kg/ha) to control (kg/ha)
Kaffe 1796 93,10 -133 000
Burnas 2031 105,28 102 Hx
QOrion 1961 101,65 32 *
Average 1929 100 (t.
LSD 5% = 26,41 kg/ha
1% = 38,01kg/ha
0,1% = 59,21kg/ha

Compared to the first year of experimentation, in
2022 the productions were lower, noting that the
lowest production was recorded in the Kaffe
variety (1796 kg/ha), and the highest in the
Burnas variety (2031 kg/ha). Orion and Burnas
varieties stood out with vyield increases of 32
kg/ha, respectively 102 kg/ha, significant and

very significant compared
experience (control) (Table 4).
The average of the two years, indicates the fact
that the Burnas variety has the greatest
adaptability fo the conditions of the area.
Compared to the control variant (average
experience), this variety achieved a very
significant increase in yield (96 kg/ha) (Table 5).

to the average

Table 5. The influence of genotype on seed yield at (icer arietinumL.., average years

Variety Yield (kg/ha) (yigi?nﬁigled D(lgge;iz;e Significance
Kaffe 1909 93,39 -135 000
Burnas 2140 104,69 9% xax
QOrion 2082 101,85 38 *
Average 2044 100 (t.
LSD 5% = 25,82 kg/ha
1% = 37,15kg/ha
0,1% = 57,46 kg/ha

The second sowing season positively influenced
the seed yield, and its level was influenced by
the climatic conditions recorded in the analyzed
period. In the agricultural year 2021, the yield
fluctuations were quite large, the yields obtained
varied from 2094 kg/ha (the third epoch of
sowing) to 2202 kg/ha (the second epoch of
sowing). From a stafistical point of view,
compared to the confrol (average of
experience) the variant sown in the third epoch
achieved a very significant negative production
difference (- 64 kg/ha). However, the variants
sown in the first and the second epoch obtained
distinctly significant and very significant vyield
increases (20 — 44 kg/ha) compared to the
conftrol (Table 6).

Table 6. The influence of sowing epoch on seed yield at (icer arietinum!\. 2021

Epoch of Yield % compared  Difference Sianficance
sowing (kg/ha) | tocontrol  (kg/ha) g

[epoch 2178 100,92 20 *x
I epoch 2202 102,03
llI“epoch 2094 97,03 764 000
Average 2158 100 (t.
15D 5% = 14,20 kg/ha
1% = 22,38kg/ha
0,1% = 32,47 kg/ha

In the second year of experimentation (2022),
the vyields obtained were smaller and between
1864 kg/ ha (the third epoch of sowing) and
1989 kg/ha (the second epoch of sowing).
Compared to the control (average of
experience) the variants sown in the third epoch
achieved very significant negative production
differences (-65 kg/ha), the variant sown in the
second epoch achieved a very significant
increase in production (60 kg/ha) (Table 7).
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Epoch of sowing

Yield

% compared

Table 7. The influence of sowing epoch on seed yield at Cicer aretinum|.. 2022

Difference

Significance

(kg/ha) to control (kg/ha)
["epoch 1934 100,25 -5
Iepoch 1989 103,11 60 *xx
ll“epoch 1864 96,63 —65 000
Average 1929 100 (t.
LSD 5% = 13,52 kg/ha
1% = 2198 kg/ha
0,1% = 3397 kg/ha

During the experimental period (2021-2022), the
highest production increases (52 kg/ha),
compared to the control were obtained for the
varietie sown in the second epoch, resulting in
chickpea responding favorably for sowing by
until until the beginning of April.

Table 8. The influence of sowing epoch on seed yield at Cicer aretinum\..

average years
Epoch of sowing L QUL JLIERIG Significance
(kg/ha) to control (kg/ha)
["epoch 2056 100,58 12
IMepoch 2096 102,54 52 o
llI*epoch 1979 9,31 —65 000
Average 2044 100 (t.
LSD 5%= 13,86 kg/ha
1%= 22,18 kg/ha
0,1%= 33,22 kg/ha

In the variant sown in the third epoch, a very
significant production deficit of 65 kg / ha was
obtained, compared to the witness of the
experience, which we deduce that it is
necessary to sow the chickpea no later than the
third decade of March, because the seeds do
not reach maturity (Table 8).

CONCLUSIONS

The natural environment of the Secuieni
Agricultural Research — Development Station is
favorable for field crops, where in normal years
as temperatures high yields are obtained for all
crops established within the company, the future
of which is also the chickpea crop.

The average of the two years, indicates the fact
that the Burnas variety has the greatest
adaptability to the conditions of the area.

During the study period (2020-2021), the highest
production increases (52 kg/ha), compared to
the conftrol were obtained for the varieties sown
in the second epoch, which means that
chickpea is favorable for sowing until the first

decade of Agpril.
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Abstract: Ecological agriculture advocates for sustainable, diversified, and harmonious production systems to mitigate crop and environmental contamination. Ecological plant
cultivation, which abstains from the use of harmful conventional substances, has been a prominent focus in economically advanced nations for many decades. Ecological agriculture
emerged as a counterbalance to intensive, conventional (industrialized) farming practices that prioritize maximizing output by employing large quantities of fertilizers and energy—
intensive production enhancers, all aimed at sustaining agricultural production for a continuously expanding, mainly urban population. Agricultural robots have emerged as a response
to farmers' needs for automating repetitive, time—consuming tasks, enabling them to focus on improving production quality and increasing yields. While we commonly refer
to them as robots, these devices come in various forms with varying degrees of mobility. They include unmanned aerial vehicles (UAVs) or drones, milking robots, automatic
harvesting systems, autonomous tractors, unmanned ground vehicles (UGVs) used in nurseries or greenhouses, sorting and packing robots, and weed control systems. The
paper explores various equipment employed for mechanical weed control in ecological agriculture.

Keywords: agricultural production, emerging agricultural robots, weed control, organic farming

INTRODUCTION
Considering the rapid growth of the population,
modern agriculture used excessive

mechanization and chemical products, and the
consequences were the degradation and
pollution of the soil, as well as a low quality of
food (tasteless food, health risks). In this context,
it is necessary to find innovative solutions for the
following needs: maintaining a high vyield,
creating healthier productions and
environmentally friendly crops and capitalizing
on local agricultural land (Viadut et al., 2023).
Sustainable agriculture must not only address
environmental concerns but also ensure
profitability for its longevity. One key approach
to achieving this is cost reduction. Farmers can
work towards cost reduction by enhancing the
efficiency of farming techniques.

Agricultural robots have emerged as a response
to farmers' needs for automating repetitive,
time—consuming tasks, enabling them to focus
on improving production quality and increasing
yields. While we commonly refer to them as
robots, these devices come in various forms with
varying degrees of mobility. They include
unmanned aerial vehicles (UAVs) or drones,
milking robots, automatic harvesting systems,
autonomous  tractors, unmanned  ground
vehicles (UGVs) used in nurseries or greenhouses,
sorting and packing robots, and weed conftrol

systems. At present, milking robots and drones
dominate this market, but other intelligent
systems are poised to take the lead in the near
future.

Weeds are among the major causes of crop
yield loss, compared to any other categories of
agricultural pests (Tillett et al. 2022). They are also
responsible for a large part of the production
costs. Weed conftrol in an environmentally safe
practice, that is often considered a challenge,
and can be achieved by several means, of
which cultural and mechanical methods are the
most common, since easily accessible to
smallholder farmers. However, these methods
have proven to be expensive as they are
laborious and time intensive operations and are

also risk exposing the soil to erosion and
damaging.

In  contemporary  agricultural  production,
chemical herbicides continue to hold a

significant role in weed management (Home et
al. 2022) due to their higher effectiveness.
However, their usage often raises concerns
related to public health, environmental pollution,
and the emergence of herbicide-resistant weed
species. Future strategies for weed management
should seek innovative solutions to minimize the
environmental and  foxicological impacts
associated with these systems and address the
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development of herbicide-resistant weed
species (Asfrand et al. 2022).

Mechanical weed control, one of the oldest
weed management methods, involves the
physical removal of weeds using mechanical
equipment before or during the crop's growing
season. Effective management of fillage
practices plays a crucial role in mechanical
weed confrol. The choice of various ftillage
systems can  significantly  influence @ the
competitive dynamics between crops and
weeds (Slaughter et al. 2022; Nenciu et al. 2022;
Mircea et al. 2020).

Agriculture around the world, faces many
challenges both presently and, even more
significantly, in the future: limited natural
resources, including non-renewable energy
sources (oil, natural gas, coal) with rising prices
for them- worsening economic conditions for the
activities of farmers due to the unfair increase in
the prices of industrial inputs and agricultural
products: ensuring food security at the local,
regional and global level in the conditions of a
higher population density: biodiversity loss,
including genetic loss both on the soil surface
and, especially, in soil (Chen et al. 2022).

In recent years, organic agriculture has gained
aftention not only from researchers but also from
the broader community, encompassing
consumers and farmers. This interdisciplinary field,
influenced by agriculture and environmental
conservation, has evolved its own terminology,

resulting in the development of a distinct
language.
Ecological agriculture embodies a farming

system dedicated to the preservation and
improvement of productive ecological systems,
without resorting to synthetic chemicals. This
approach amalgamates traditional knowledge
with scientific progress across diverse agronomic
domains. A fundamental objective of ecological
agriculture is the protection of the biosphere and
the planet's resources.

The principles of ecological agriculture are
based on the maximum utilization of local
resources and the minimization of economic and
ecological risks. Organic agriculture is not a “do-
nothing” type of agriculture, without fertfilization
and without freatments. The ecological
production method differs from the conventional
one in that it avoids the use of chemical fertilizers
and pesticides. The fundamental rule of organic
farming is that natural inputs are allowed while
synthetic ones are prohibited
(https://www.industrialautomationindia.in/).

Conventional agriculture has determined the
decrease in the content of organic matter in the
soil and the accumulation of toxic compounds.
In ecological practice, soil fertility and health are
maintained by biological methods, such as: crop
rotation, manual work, weeding, composting,
mulching. Using organic fertilizers increases and
maintains the percentage of soil organic matter
(Maris et al. 2022).

Starting from these readlities, obtaining raw
material and quality processing products,
unpolluted - without the use of genetically
modified organisms, the use of synthetic fertilizers

and  pesticides, stimulators  and  growth
regulators, hormones, antibiotics and intensive
animal breeding systems becomes current.

(Dewi et al. 2022).

The growing population, which imposes ever—
increasing demands on food production,
together with the scarcity and high cost of
labour in agriculture, leads to the demand for
robots in agriculture (Bakker et al. 2011;
Fennimore et al. 2019). Developed countries
have long used mechanization in agriculture as
the number of people involved in the sector has
declined in recent decades. Experts have
categorized the most common applications for
robotics in agriculture based on five key
activities: Crop Seeding, Fertilizing and Irrigation,
Thinning and Pruning, Weeding and Spraying,
and Picking and Harvesting (Chisnicean et al.
2019; Griepentrog et al. 2010; Ghergan et al.
2019). In addition to being labor intensive, these
are time-constrained activities and need
precision and accuracy to be ftruly effective.
Another important function of agricultural robofts
is to collect data to monitor various parameters
like soil, crop growth, infections, etc.

Modern robots are operated through a
computer system equipped with the robot's
operating system and essentfial  software
components required for automated task
execution. Control can be done remotely or via
portable control consoles, connected by cables
to the robot and the control computer (Rai et al.
2021).

These robots feature mechanical parts, robot
arms, vision cameras, sensing technology and
artificial intelligence to improve crop production
by minimizing the use of arable land. Several of
these robots are equipped with 3D cameras that
scan modules placed in front of them and
collect information to perform  specific
operations further. These robots can be largely
classified as semi—-autonomous and  fully
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autonomous robots. Fully autonomous robots use
arfificial inteligence and sensors to calculate
how to raise plants without disturbing nearby
crops. As with other industry segments, the major
factor driving the agricultural robot market is the
need to increase production and reduce costs
at the same time.

These robots reduce the need for human labor
and are much more efficient, able to work
around the clock. In addition to being effective,
they are also precise and thus help avoid the
harmful effects of chemicals by pinpointing the
correct dose at the exact place where it is
needed, eliminating wastage as well as
contamination.

Just because the technology is available, it is not
necessarily implementable. One of the main
causes of the technology's limited use s
affordability and the ever—-present ROl or ROI
equation. Like mechanization, robotics require
huge investment, which puts them out of reach
for small farmers. It is about size and scale, and
the benefits only come with the ability to invest in
such high technology
(https://www.futurefarming.com/).

MATERIAL AND METHOD

Since the 1960s, several automatic plant thinning
systems have been marketed. Weeds can be
cut or pulled from the ground with the help of a
mechanical actuator (Bakker, 2009b. In 2002,
Astrand and Baerveldt) (Astrand et al., 2002)
presented a rotary hoe for weed removal. The
weeder was attached to a robot used to control
weeds in sugar beet crops. Home et al. (2002),
from Cranfield University in England, conducted
a study on precision positioning of weeding tools
using artificial vision (Figurel).

Figure 1 — Grain weeder, quided by artificial vision (Klose et al. 2008)

The guided weeder is fitted with hydraulic paddles
designed for mechanical weed control. These
paddles can be rotated around the vertical axis
(see Figure 2). Each blade has a specific design
that enables the tool to navigate around
cultivated plants  without causing harm or
destruction to them (Tillett, 2007).

Figure 2 — Rotary disc provided with a section to protect cultivated plants
(htips.//optics.org/news/12/3/52)
Cycloidal harrow for mechanical weed conftrol
inside crop rows (Ruckelshausen, et al., 2006).
The cycloidal sweeper in Figure 3 was built at the
University of Osnabrick, Germany.

= e

Figure 3 — “Querhacke” cycloidal harrow designed at the University of Osnabriick,
Germany (Grulovd et al. 2020)

The Lukas robot (Figure4) was designed at
Halmstad University in Sweden. Lukas is a mobile
robot for agriculture, used for mechanical weed
confrol on agricultural land. The robot s
equipped with two visual systems. The first system
works based on gray levels, and is used tfo
recognize crop rows and guide the robot along
the row. The second system, based on color
vision, is able to identify crop plants among
weeds. The second visual system conftrols a crop
row weeding tool.

Figure 4 — Autonomous weed—fighting robot designed at Halmstad University
The APl robot (Figure 5N) was designed at
Aalborg University in Denmark. The first studies
began in 2000, at the initiative of the Danish
Institute for Agriculture. The API robot is used in
plant  mapping and selective herbicide
applications.
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Figure 5 — Autonomous weed control robot designed at the Danish Institute of
Agricultural Sciences, Denmark (%itzps.//optics.org/news/12/3/52)
Another agricultural  robot prototype was
designed at Wageningen University in the
Netherlands (Figure 6). The robot allows the
investigation of a wide spectrum of research
options regarding the detection of weeds and
the actuation of the actuator used to remove
them. The robot has implemented an
autonomous navigation system based on RTK-
DGPS (Real Time Kinematic Differential Global
Positioning System) which, in combination with a
visual system, allows the mapping of crop rows

(Bakker, 2011).

Figure 6 — Autonomous weed—fighting robot designed at Wageningen University,
Netherlands (Boris et al. 2022)

Figure 7 — Autonomous robot for protecting agricultural crops designed at the
University of Aarhus, Denmark (Grulovd et al. 2020)
The autonomous robot HortiBot (Figure 7) was
developed at Aarhus University in Denmark for
use in agricultural applications. It is equipped

with  a camera that allows navigation by
following the rows of crops. In areas without rows,
the robot is positioned by an RTK-GPS system.
The herbicide spraying system is equipped with a
set of video cameras that take images of the soll
surface. The images are analyzed to detect
weeds. When one or more weeds are detected
in the image, information about their location is
saved (Griepentrog et al., 2010).

The Weedy robot (Figure 8) was developed at
Osnabruck University in Germany for use in weed
conftrol applications. The robot is a mechatronic
system based on sensory fusion, for selective
weed control.

Figure 8 — Autonomous weed control robot “Weedy” designed at the University of

Osnabriick, Germany (Macrii et al. 2022)
The BoniRob robot (Figure 9) was developed at
Osnabruck University in Germany, in
collaboration with Amazone and Bosch. In 2009,
Ruckelshausen et al. (2009) published a paper
on the BoniRob autonomous roboft
(Ruckelshausen, 2009).

Figure 9 — Autonomous robot for agriculture designed at the University of Osnabriick
in collaboration with Amazone and Bosch (Zilneac et al. 2012)
FarmWise's new weeding tool, the Vulcan,
debuted at World Ag Expo 2023 and was
included in the top 10 new products. Thanks to
computer vision and deep learning models,
Vulcan can differentiate, identify plants and
remove surrounding weeds with high precision.
The objective of this machine is to reduce
manual weeding costs for more than 20 different
vegetable crops, especially in organic farms

where herbicides are prohibited.
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Figure 10 — The Vulcan advanced weeding tool
hitps.//newatlas.com/good—thinking/farmwise—vulcan—automatic—weed—
pulling/

Ecorobotix is revolutionizing agriculture with its

ARA ultra-high precision sprayer. ARA uses
cameras and artificial inteligence to identify
individual plants (both crops and weeds) in real
fime and provide ultra—precise crop freatment to
an accuracy of éxécm, treating only weeds
without spraying surrounding crops or sail,
allowing for precise herbicide application,
insecticides and fungicides plant by plant.

Ecorobotix was founded to radically change
agriculture  for the better, respecting the
environment and reducing the use of chemicals,
the impact on the soil, the use of water and
energy. Ecorobotix offers a revolutionary plant-
by-plant data solution and ultra-high precision
crop treatment that reduces the use of
chemicals (herbicides, pesticides, liquid fertilizers)
by 70-95%, while increasing crop yields by ~5%
and massively reducing the CO2 footprint.

~—

S A —

Figure 11— ARA — EcoRobotix's plant sprayer that uses artificial intelligence,
computer vision and computer systems to detect and selectively spray weeds with a
micro—dose of herbicide | © Ecorobotix (hips.//optics.org/news/12/3/52)
Weeding tools are upgraded to self-thinking
smart tools with cameras and Al. Especially for
arable crops, gardening and vegetables, but
not only. Pasture weeds such as dandelions,
docks and thistles are also targeted with

algorithms. — Photo: René Koerhuis

For several years now, there has been a clear
trend when it comes to weeding tools. These are
upgraded with cameras and Al to smart tools

that think for themselves, with parts, teeth, spray
nozzles and even lasers. The availability of
sophisticated cameras at affordable prices has
led fo an enormous uptake of Al-powered
desert tools. Especially in relation to autonomous
rovers and field robots.

The Dutch company Andela Techniek &
Innovation is developing a machine for robotic
weed removal, and the One prototype — the 12—
row ARW-912 — is running on an organic carrot
and onion farm in the Netherlands. The weeding
robot was specially developed for removing
weeds from the row. The Andela Robot Weeder
(ARW-9212) has 12 weeding units for rows at a
maximum distance of 75 centimeters.

The width of the all-aluminium vehicle is ? meters
long with a caterpillar undercarrioge on a 3-
meter track width and a single wheel at the
front. RTK GPS ensures that the weeding robot
stays on course.

The electric power for the propulsion of the
machine, for the computing unit and for the
confrol and weeding system comes entirely from
solar panels mounted on the roof. There are a
total of 43 electric motors on the ARW-912.

Figure 12 — The autonomous weeding robot is 9 meters wide and has 12 weeding

units. On the roof are solar panels for electric motors.
The CEOL field robot is an inter-row crawler
developed in Toulouse by the company
Agreenculture. It can work several hectares per
day completely autonomously thanks to its GPS
RTK and the rear tool holder allows it to tow
different implements.

Figure 13 — The CEQL field robot
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Figure 14 — Wel ASER autonomous weed controlling system with lasers
The WeLASER solution is focused on non-—
chemical weed confrol. The idea behind it is to
damage the growth center of the weed with
high energy blasts from a high-powered laser
beam source.
Scientists from Laser Zentrum Hannover (LZH) are
developing an image processing system that
uses artificial inteligence fo distinguish crops
from weeds. They also teach the system fto
recognize the position of the weed meristem
(plant growth center). Target coordinates are
used at LZH to control a robust multi-row
scanning system so that the laser beam is
directed to destroy the weed.
For field use, the systems will be installed on an
autonomous vehicle. These will then be
coordinated through an intelligent controller that
uses the Internet of Things (IOT) and cloud
computing techniques to manage and
implement agricultural data.
LZH also develops concepts for ensuring laser
safety for all involved, such as farmers and
machine operators. The partners want to test the
prototype on sugar beet, corn and wintfer grain
crops. The prototype should be available by
2023 and then further developed for
commercialization.
Dahlia Robotics' vision is to eliminate the need for
herbicides in agriculture and make organic food
production the standard.
A robot that drives autonomously in the field,
recognizes weeds in crops and mechanically
removes weeds. Guided by artificial intelligence,
the robot controls an internal weeding system
while avoiding accidental damage to crop
plants. A mechanical end effector removes the
weed plants.

Figure 15 — Dahlia Robotics weeding system
The robots named Tom, Dick and Harry, were
developed by the Small Robot Company to rid
the field of ingrown weeds with minimal use of
chemicals and heavy machinery.

Figure 16 — Modern agricultural systems named Tom, Dick and Harry, developed by
the Small Robot Company
The technology can scan 20 hectares a day,
collecting data that is then used by Dick, a
“crop care” robot, to destroy weeds. Then it's
Harry robot turn to plant seeds in the weed-free
soil.
The company has been working on its
autonomous weed killers since 2017, and in April
this year launched Tom, its first commercial
robot, which is now operational on three UK
farms. The other robots are still in the prototype
stage, being tested.
Scott—-Robinson says the company hopes to
launch ifs full robot system by 2023, which will be
offered as a service at a rate of around £400 per
hectare. The monitoring robot is first placed on a
farm, and the weeding and seeding robots are
only delivered when the data shows they are
needed. To develop the zapping technology,
Small Robot Company has partnered with
another UK start-up, RootWave (Bakker et al.
2017).
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Figure 17 — Naio OZ robot design

The Naio OZ robot can perform a wide variety of
operations by itself, such as weeding, or seeding.
Additional advantages of the OZ robot include
its constant availability and lack of fatigue, its
ability to work for 8 hours on a single charge
(covering 1 hectare), its precision through the
use of RTK GPS, its capability fo fow loads of up
fo 150 kilograms, its soil-friendly design with a
weight of only 180 kilograms when equipped
with all tools, its agility thanks to 4-wheel drive, its
versatility with a wide range of compatible tools,
and its eco-friendliness achieved by using an
electric motor and batteries.

Advanced agricultural management equipment

is not Ilimited to conventional agricultural
applications; it can also encompass
decenftralized systems. One example is an

automated composting system proposed in
recent research (Nenciu et al, 2022).
Decentralized thermophilic composting has
demonstrated its effectiveness in managing
organic waste, especially fruits and vegetables.
This approach reduces processing time,
decreases the waste's mass, volume, and
moisture content, all while providing superior
control over the composting process. This
innovative  composting technology  using
emerging tools ensures efficient management of
crifical  processing  parameters,  including
temperature, material moisture content, mixing
intensity, and airflow rate. As a result, it leads to
better waste treatment, eliminates unpleasant

odors, and minimizes the presence of
pathogenic agents.

CONCLUSIONS

Robotization encompasses a range  of

equipment and processes designed to enhance
the efficiency of all production lines. In essence,
tasks once performed by humans in the past can
now be executed by robots with an extremely
low error rate. Elements such as artificial
intelligence, software, sensors, and electric
motors contribute to the extensive field of
robotics. Some of the key advantages of
robotization include increased production
throughput, guaranteed quality, the ability to
sustain operations without interruptions,
independence from weather conditions, quick
decision-making in response to encountering
specific obstacles, and the potential for utilizing
renewable energy sources.
Among the drawbacks of robofization, we can
mention high development costs associated with
altering work processes or technologies, the
necessity for human intervention in the case of
system errors or updates, and the potential for
malfunctions in terms of the proper functioning of
the programs governing robot operations.
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RESEARCH AND DEVELOPMENT OF A LOW-COST PROTOTYPE MEDICAL DELIVERY
DEVICE: A CASE STUDY ON THE INSULIN PEN
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Abstract: This study explores the evolution, design considerations, and challenges associated with insulin delivery devices, with a particular focus on the development of a prototype
insulin pen to address existing limitations. Material selection, including considerations such as durability, friction properties, and compatibility with insulin formulations, is crucial in
insulin pen design. Common materials such as medical—grade plastics, metals, and glass are discussed, along with design considerations aimed at enhancing user—friendliness and
safety. Key components of insulin pens, including the button, plunger, needle, and cap, are examined in detail, highlighting their roles in accurate insulin dosage and patient safety.
Despite technological advancements, challenges such as user interface complexity, needle—related injuries, and cost constraints persist. Future directions in insulin delivery device
development, including the integration of emerging technologies and innovations, are also discussed. By addressing these challenges and leveraging advancements in material
science and design optimization, we can further enhance the efficiency and usability of insulin delivery devices, ultimately improving diabetes management outcomes and patient

quality of life.

Keywords: insulin delivery, prototype, medical device, ergonomics, dose accuracy, usability testing

INTRODUCTION

In the realm of medical devices, the evolution of
insulin delivery systems stands as a testament to
relentless innovation in addressing the complex
needs of individuals managing diabetes (Gillian
and McCarthy, 2017; Garg and McVean, 2024).
Since the groundbreaking discovery of insulin in
1920, the landscape of insulin administration has
undergone remarkable advancements, aiming
to optimize blood sugar regulation and mitigate
the risk of associated health complications
(Kesavadev et al., 2020). From humble
beginnings marked by basic vial and syringe
setups to the contemporary era characterized
by disposable pens and sophisticated closed-
loop systems, the frajectory of insulin delivery
devices reflects a convergence of patient-
cenfric design, tfechnological prowess, and
safety imperatives (Rima and Shah, 2016; Krishna,
2020; Harper et al, 2021). Notably, the
integration of ergonomic principles has played a
pivotal role in refining these devices, fostering
user—friendliness and accessibility, particularly for
individuals  with  impairments  (Gilion  and
McCarthy, 2017; Kar et al., 2022).

Among these innovations, insulin pens have
emerged as a cornerstone in the management
of both type 1 and type 2 diabetes mellitus
(TIDM and T2DM), revolutionizing insulin therapy
with their simplicity and convenience (Hyllested-
Winge, 2016; Lilly et al., 2019; Masierek et al.,
2022). Yet, amidst the remarkable progress,
persistent challenges loom, spanning from user

interface complexities to needle-related injuries,
portability constraints, and cost considerations
(Rini et al., 2019; Krishna, 2020). It is within this
context that this study embarks on the design
journey of a prototype insulin pen, with @
focused mission to confront these challenges
head-on and elevate device efficiency to new
heights. Through a comprehensive examination
of user needs, technological capabilities, and
safety imperatives, this case study endeavors to
contribute to the ongoing evolution of medical
delivery devices, with insulin pens serving as a

compelling focal point for innovation and
advancement
MATERIALS AND METHODS

Material selection for insulin pen design is crifical,
with considerations such as durability, friction
properties, and compatibility with  insulin.
Common materials include plastics like Delrin
and Zytel nylon resin, known for their strength
and low friction, as well as metals like stainless
steel for components requiring durability and
corrosion resistance (Schneider and Lange, 2018;
Watterson et al., 2022). Glass is often used for
insulin cartridges due to ifs inert properties,
ensuring compatibility with insulin formulations
(Economidou et al., 2021). Bio—compatible
coatings may be applied to ensure safety during
contact with insulin and the patient’s skin.
Various components, such as the button, ratchet
rotor, and plunger, play crucial roles in insulin
pen functionality and are designed with user—
friendliness and durability in mind.
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Figure 1: Insulin pen button
The specific material used for the button on an
insulin pen can vary depending on the design
(Harper et al., 2021). Commonly, the pen button
(figure 1), are constructed from medical-grade
plastics that are safe for use in healthcare
settings. These materials combination is chosen
for their ability to withstand the mechanical
requirements of the device, resist wear and tear,
and maintain the sterility required for medical

devices
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Figure 2: Ratchet Rotor
Hence, ratchet rotor (figure 2) is an important
component of the insulin pen. The function of the
ratchet rotor is that it serves as the control for the
dose of the insulin. It may also serve has the lock
for the button, the lock prevents accidentally
dosing.

Figure 3: Control cylinder of an insulin pen
However, control cylinder (figure 3) of an insulin
pen functions as the dose control mechanism.
The dosing mechanism is a critical part
responsible for accurately setting and delivering

the prescribed dose of insulin. Control cylinder is
part of this mechanism, the role of the control
cylinder is regulating and confroling the
movement of internal components to ensure
precise insulin dosage.
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Figure 4: Plunger of the insulin pen.
Furthermore, insulin pen’s plunger (Figure 4) is
also an important component for precise insulin
delivery. The plunger is within the pen barrel or
cartridge. The plunger functions as a piston.
During the injection process, the desired insulin
dose is set and the injection button is pressed,

the plunger moves within the cartridge,
displacing insulin  to  ensure  accurate
administration. The plunger is designed to

maintain the insulin pen’s integrity, preventing
leaks, and ensuring a smooth injection
experience. The insulin pen’s plunger works with
the dosing mechanism. The reliable performance
of the plunger is essential for individuals with
diabetes in achieving accurate and effective
self-administration of insulin (Paun et al., 2019)
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Figure 5: Cover of the insulin pen
Similarly, the covering of an insulin pen (figure 5)
refers to the external casing or housing that
encases the internal components of the pen. This
covering is a crucial aspect of the pen’s design,
providing protection, durability, and often
ergonomic features for ease of use. The covering
is typically made from medical-grade plastics or
other materials that meet safety and hygiene
standards. These materials ensure the pen’s
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integrity, durability, and compatibility with
medical use. The covering serves as a protective
layer, safeguarding the insulin cartridge, dosing
mechanism, and other internal components from
external elements, contamination, and damage.
It helps maintain the sterility of the insulin delivery
system. The shape, size, and texture are often
optimized for easy handling, allowing individuals
with  diabetes to comfortably grip and
manipulate the pen during dose selection and
administration. The covering of an insulin pen
plays a crucial role in ensuring the functionality,
safety, and user-friendliness of the device. It
reflects the careful consideration given to both
the practical and aesthetic aspects of insulin
pen design to meet the needs of individuals
managing diabetes.
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Figure 6: Jack screw of the insulin pen
In insulin pens, the dosing mechanism is crucial
for accurately selecting and delivering the
prescribed dose of insulin. It often involves
components such as a dose dial, gears, and
possibly a ratchet system. The jack screw (figure
6) is part of this mechanism, and it plays an
important role in facilitating the conftrolled
movement of internal components to ensure
precision in sefting and administering insulin
doses. The major function of the pawl in an
insulin (figure 7) is to lock and hold the container
and the cartridge of the insulin pen for smooth
delivery of the insulin into the body.
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Figure 7: Pawl of the insulin pen.
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Figure 8: Container of the insulin pen

The container and the cartridge of an insulin pen
(figure 8) refers to the external casing or housing
that encases the internal components of the
pen. This cartridge is a crucial aspect of the
pen's design, providing protection, durability,
and often ergonomic features for ease of use.
The container is typically made from medical-
grade plastics or other materials that meet safety
and hygiene standards. These materials ensure
the pen’s integrity, durability, and compatibility
with medical use. The container serves as a
protective layer, safeguarding the insulin
cartridge, dosing mechanism, and other internal
components from external elements,
contamination, and damage. It helps maintain
the sterility of the insulin delivery system. The
shape, size, and texture are often optimized for
easy handling, allowing individuals with diabetes
to comfortably grip and manipulate the pen
during dose selection and administration.
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Figure 9: Needle of the insulin pen.
Moreso, the needle of an insulin pen (figure 9) is
also a crucial component responsible for
delivering insulin  subcutaneously. Insulin  pen
needles are typically made of high—quality,
medical-grade stainless steel. This material
ensures  strength,  sharpness, and  bio-
compatibility, meeting the necessary safety
standards for medical devices. Insulin  pen
needles come in various sizes, including different
lengths and gauges (thickness). The choice of
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needle size depends on factors such as
individual patient needs, insulin type, and
injection technique (Rini et al., 2019;

Economidou et al., 2021). The tip of the needle
can have different designs, such as beveled or
straight. Beveled tips are common and allow for
a smoother entry into the skin, reducing
discomfort during injections. While many insulin
pen needles are designed to be universally
compatible with various insulin pens, users should
verify compatibility with their specific pen model
to ensure proper functioning. Some insulin pen
needles incorporate technologies aimed at
reducing pain during injections, such as ultra-thin
needles or features to minimize skin trauma.
Proper needle selection and technique are
essential for successful and comfortable insulin
administration. Users should follow the guidance
provided by healthcare professionals and the
manufacturer’'s instructions for their specific
insulin pen and needle (Sparre et al., 2022).
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Figure 10: Cap of the insulin pen
The cap of an insulin pen (figure 10) is a
protective covering for the needle, ensuring its
sterility and preventing accidental needle pricks
before use. The primary function of the cap is to
safeguard the needle from contamination and
maintain ifs sterility (Pillalamarri et al., 2018). It
serves as a barrier that shields the needle from
external elements, ensuring a clean and safe
injection. Insulin pen needle caps are typically
made of medical-grade plastic. This material is
selected for its durability, lightweight nature, and
compatibility with healthcare standards. Like the
needle, the cap is designed for single-use only.
After the cap is removed for an injection, it
should not be reapplied, and it is discarded
along with the used needle in an appropriate
container. In addition to protecting the needle,
some insulin pen needle caps may have
additional safety features, such as tamper—
evident seals or locking mechanisms, to
enhance user safety. The cap of the insulin pen
plays a crucial role in maintaining the integrity of

the needle and ensuring a hygienic injection
process. Users should always follow proper
procedures for removing and disposing of the
cap as part of their insulin administration routine
(Pillalamarri et al., 2018; Sparre et al., 2022).
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Figure 11: Components diagram of insulin pen
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Figure 12: Coupled diagram of insulin pen

RESULT AND DISCUSSION

Figure 12 shows clearly delineates each
component of the insulin pen, including the pen
body, cartridge, needle, needle cap, dose dial,
and dose display window. This clarity ensures
that users can easily identify and understand the
function of each part of the device. The diagram
(figure 12) illustrates the sequential process of
assembling the insulin pen, starting with the
insertion of the cartridge into the pen body,
followed by the attachment of the needle. The
dose dial is then used to set the desired insulin
dose, and the dose button is pressed fo release
the insulin. This step—-by-step depiction helps
users understand the proper assembly procedure
and ensures accurate dosing.

Figure 12 further Illustrates the mechanical
interactions between the components of the
insulin pen, such as how turning the dose dial
adjusts the insulin dose and how pressing the
dose Dbutton releases the insulin.  These
mechanical features are essential for facilitating
the precise delivery of insulin and ensuring user
confidence in the device’s functionality. Safety
features, such as the needle cap, are clearly
depicted in the assembly diagram. The needle
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cap serves to protect the needle when not in
use, reducing the risk of accidental needlesticks
and enhancing user safety. Additionally, the
diagram may include features for preventing the
reuse of needles, further reducing the risk of
contamination.

The design of the insulin pen components reflects
high—quality materials and construction, ensuring
durability and reliability (figure 11). Components
such as the pen body and cartridge are
constructed from sturdy materials that can
withstand repeated use, while the needle is
designed for smooth insertfion and minimal
discomfort.  These  quality  considerations
conftribute to the overall reliability and longevity
of the insulin pen. Similarly, the ergonomic design
of the insulin pen is evident in the assembly
diagram, with features such as a comfortable
grip and intuitive controls. The pen body is
designed to fit comfortably in the user’'s hand,
facilitating easy manipulation of the dose dial
and dose button. These ergonomic
considerations enhance the overall user
experience, making the insulin pen accessible
and user-friendly for individuals managing
diabetes.

Testing insulin pen effectiveness involves
assessing dose accuracy, usability, safety
features, durability, and regulatory compliance
(Sharp and Ives, 2021). Tests include laboratory
studies, clinical trials, human factors testing, and
post-market surveillonce to ensure safe and
accurate insulin delivery (Krishna, 2020; Payne et
al.,, 2021). Dose accuracy testing involves
evaluating the pen’s ability to deliver precise
doses across different volumes, considering
factors like temperature variations and injection
speed.

The equation for dose accuracy is often
expressed as a percentage of the intended

dose.
DELIVERED DOSE
Dose Accuracy = o X 100 (1)

In the above equation the following value to
calculate dose accuracy. Dose Accuracy (%):
The percentage of the intended dose that is
actually delivered. Delivered Dose: The actual
amount of insulin delivered by the pen,
measured in units or another appropriate unit of
measurement. The prescribed or set dose that

the user infended to administer, also measured in
units or the relevant unit of measurement. This
equation gives a percentage that represents
how close the delivered dose is to the intended
dose. Ideally, the dose accuracy should be as
close to 100% as possible, indicating that the
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delivered dose matches the intended dose
precisely. Statistical analyses help interpret results
and ensure compliance with  regulatory
standards. Incorporating healthcare
professionals and end-users in the testing
process is essential for gathering comprehensive
feedback and addressing real-world challenges
(Rima and Shah, 2016; Kesavadev et al., 2020).
Despite technological progress, challenges
persist in insulin delivery devices. These include
issues such as user intferface complexity, needle-
related injuries, portability concerns, and cost
constraints.  Addressing these challenges is
crucial to further enhance the efficiency and
usability of insulin delivery devices, ultimately
improving diabetes management outcomes
(Watterson et al., 2022).

Material selection is a critical aspect of insulin
pen design, with considerations such as
durability, friction properties, and compatibility
with insulin formulations. Common materials used
include medical-grade plastics, metals like
stainless steel, and glass for insulin cartridges
(Gillian and McCarthy, 2017.; Watterson et al.,
2022). Bio-compatible coatings are applied to
ensure safety during contact with insulin and the
patient’s skin. Design considerations focus on
user-friendliness, durability, and compatibility
with medical standards (Kyfonidis and Lennon,
2019). Insulin pens consist of various components,
each playing a crucial role in insulin
administration. These include the button, ratchet
rotor, control cylinder, plunger, covering, jack
screw, pawl, cartridge, needle, and cap. Each
component is designed with precision and safety
in mind, ensuring accurate insulin  dosage,
sterility, and protection against contamination
and needle-related injuries.

Looking ahead, future directions in insulin
delivery device development may involve the
infegration of emerging technologies and
innovations. This could include advancements in
smart insulin pens with digital connectivity for
enhanced monitoring and dosage tracking.
Additionally, further research into materials and
design optimization could lead to even more
user-friendly and efficient insulin  delivery
devices, ultimately improving diabetes
management outcomes and patient quality of
life.

CONCLUSIONS

The study highlights the continuous evolution and
design considerations of insulin delivery devices,
with a focus on developing a prototype insulin
pen to address existihg challenges. By
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understanding the historical progression, current
challenges, and future directions in insulin
delivery device development, we can work
towards improving diabetes management
outcomes and enhancing the quality of life for
individuals with diabetes.

The assembly diagram of the insulin pen reflects
a well-engineered design that prioritizes user
safety, ease of use, and manufacture—ability. By
integrating ergonomic principles, mechanical
precision, and clear user instructions, the insulin
pen offers a reliable and user—friendly solution for
individuals managing diabetes, contributing to
improved health outcomes and quality of life.
The designing and prototyping insulin delivery
devices are crucial for improving healthcare

efficiency and patient outcomes.
Interdisciplinary  collaboration, incorporating
feedback loops, and leveraging emerging

technologies are recommended for optimizing
device design and functionality. Regular usability
testing and validation with  healthcare
practitioners ensure that devices meet user
needs and integrate seamlessly into healthcare
workflows. By prioritizing these strategies, we can
contfinue advancing medical device innovation
and enhancing the quality of diabetes care.
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Abstract: The paper describes “Unfold Sheets Parts” application designed to unfold the sheet metal parts (the unfolding of the following types of surfaces: cylinder
intersected by two planes — 2 variants, intersection of two/ three cylinders of equal diameter and cylindrical elbow) designed with two programming languages: Streamlit
and B4A. The Streamlit version of application use Python & Matplotlib to generate the unfolded geometry and to plot the numerical & graphical results; the application is
publicly available on the Internet, does not contain any viruses and not store data to any external server. The B4A version of application is available to download for
smartphones as "UnfoldSheetsParts.apk” in the “Programming” section of reference; this application does not share data over the internet, the code runs entirely on the user's
smartphone, does not contain any viruses and not store data to any external server. Specific elements of the two languages are presented in comparison, as well as the

conceptual differences resulting from their use in the creation of the application.
Keywords: sheet metal parts, B4A version of application, Streamlit version

INTRODUCTION

B4A includes all the features needed to develop

an Android app and is 100% free. The app code

is written in the Integrated Development

Environment (IDE) self-editor and can be tested

on PC wusing an emulator or directly on

smartphone using B4A-Bridge software or USB
connection. B4A-Bridge is a free software which
run on mobile device (smartphone or tablet)
and was created using B4A. B4A-Bridge includes
an internal FTP server, and the connection is
made over the local network. Running the app
using B4A-Bridge or USB will activate a dialog on
the device to confirm the app’s installation on
the device, because Android doesn’'t allow the
installation from unknown sources. The B4A-

Bridge installation and connection process are

detailed in reference [5].

THE REQUIRED SOFTWARE PACKAGES

To develop a B4A app the following software

packages are required to install on PC following

steps specified in reference [6]:

— Oracle Java §;

— Android SDK Command line tools + Required
Resources;

— B4A;

— B4A-Bridge — allows the IDE to connect to the
device over the wireless network as an
alternative to USB debug mode, which is also
supported.

B4A is atool development for Android
applications developed by Anywhere Software
and the language is similar to Visual Basic with
addifional support for objects and driven by
events. In B4A, a page displayed to a user is
named Activity and a control placed on Activity
is named View. The details of Views are saved in

a file named Layout with the "bal” extension. The

code which confrols the Layout is called an

Activity Module. After installation the following

tools are available in the B4A environment:

— an Integrated Development Environment (IDE)
— it is a code editor provided with menus and
toolbars, module tabs, code area, windows
areq, logs and windows tabs;

— Visual Designer — organize Views into Layout
and see how they look on either an emulator
or a real device; the following type of controls
can be placed on Activity: Button, Check Box,
Edit Text, Horizontal Scroll View, Image View,
Label, List View, Panel, Progress Bar, Radio
Button, Scroll View, Seek Bar, Spinner, Tab
Host, Toggle Button, WebView, Custom View
(Animated Counter, Another Progress Bar, B4X
Bread Crumb, B4X ComboBox, B4X Float Text
Field, B4XImageView, B4XSeekBar, B4X Switch,
B4XPlusMinus, Round Slider, B4X Loading
Indicator, Swift Button, B4X Radio Button,
Custom List View, Made With Love, Scrooling
Label); the Layout created in Visual Designer
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can be saved by typing Ctrl+S and is
recommended to save with the same name
like the Activity module; the Visual Designer
environment is detailed in reference [7];

— Libraries Manager — contain SQL databases,
GPS, serial ports, camera, Web services, JSON,
animations, network, Text to Speech, Voice
Recognition, WebView, Charts, Graphics and
others;

— B4X suite — a library for B4A (Android), B4i (IOS),
B4R (Arduino) and B4J (desktop, server and
Raspberry Pi) allowing to develop cross—
platform applications; using cross—platform
libraries, B4A, B4J and B4i projects can share
90% of the code;

— the Android Virtual Device Manager (AVD) is
a utility provided by Google as part of the
Android SDK which allows to create emulated
Android devices; through this tool many
devices can be created, with different
hardware specifications and different screen
resolutions;

— Debugger - debugging is the process of
removing errors in the code using breakpoints
and logging events, which produces
messages in the Logs tab placed at the right
of the IDE;

— Compiling - to test and distribute the app, the
B4A code must be compiled by converting
into Java files and create a Manifest file and
an APK file which are stored in the Objects
folder of the project.

To develop a B4A project a folder in which wiill
be saved the B4A code and other files must be
created. Every project consists of one or more
files with code called modules. Every project has
an Activity Module called *Main” which is stored
within a file with the extension “b4a” and cannot
be changed. It may also contain other modules
which are stored in folder:

— Activity modules - an app need several
different screens; each one of these will
require its own activity module; Activity
modules are paused when they are not
visible; if only Activity are used in the project is
not possible to run any code while the
application is not visible;

— Class modules — a class represents an object
and encapsulates the data and functionality
of that object; a class contains properties,
which gives the state of a particular instance,
and methods, which allow the properties of
an instance to be manipulated or queried;

— Code modules — code modules contain only
code; no Activity is allowed in Code modules;

the purpose and advantage of code modules
is that they allow the same code to be shared
in different programs;

— Service modules — used to run the app when
this is not visible; a service is unaffected by the
currently visible activity; this allows to run tasks
in the background; services usually use status
bar notifications to interact with the user and
do not have any other visible elements.

A complete documentation about

Basic4Android is specified in reference [8]. Also,

the B4A full documentation can be found at

reference [9], where can be downloaded all
booklets and tutorials source code.

THE APPLICATION STRUCTURE

A general view of the B4A Integrated

Development Environment, Library Manager and

Compiling window are presented in Figure 1.

Figure 2 shows a general view of Visual Designer.

Figure 1. The B4A IDE & Library Manager

Figure 2. The Visual Designer
The folder content of the “Unfold Sheets Parts”
application is presented in Figure 3, where:
—B4A - is the folder of Android app, which is
described in the present paper; the content of
B4A folder is shown in Figure 4; the folder Files
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contain the 18 images and also the Layout
(about.bal, layl.bal, lay2.bal, lay3.bal,
lay4.bal, layweb.bal, mainpage.bal) used by
the application; the content of B4A app
Objects folder is shown in Figure 5;

mBan

e EB4i

i B
B shared Files

inPage.bas

B WebPage.bas

Figure 3. The structure of the “Unfold Sheets Parts” application

il Auto Backups

Bl Files

B Objects

B starter.bas

. Unfold Sheets Parts.bda

Sheets Parts.bda.meta

old Sheets Parts.meta
Figure 4. The content folder of B4A app
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Bl bin

B dexed
m gen
e

Vianifest.cml

| d&_arguments.txt
B result.apk

Figure 5. The content of B4A app Objects folder

—B4i - is the folder of IOS app, which is not
covered in this paper.

—B4] - is the folder of desktop, server and
Raspberry Pi app, which is not covered in this
paper.

— Shared files — is the folder where are placed
common files between B4A, B4i and B4j.

— B4XMainPage.bas - is the main module which
create the interface presented in Figure 6; the
vertical three dots placed at top-right open a
menu used to launch modules Pagl.bas +
Pag4.bas or About.bas; the B icon is used to
exit the application; at right side of this icon
the smartphone resolution is displayed; the
icon &= launch the About.bas module; also,
by left mouse click on any image, one of the
modules Pagl.bas + Pag4.bas can be
launched:;

— GCraficbas - is the proprietary module
responsible for plotting the geometry or an
unfolded drawing;

—Pagl.bas — is the module 1 responsible for
calculation and plotting the result for the
“One cylinder intersected with 2 planes”
option with the interface presented in Figure
7.

—Pag2.bas - is the module 2 responsible for
calculation and plotting the result for the “Two
cylinders intersection” option with the
interface presented in Figure 8.

— Pag3.bas - is the module 3 responsible for
calculation and plotting the result for the
“Three cylinder intersection” option with the
interface presented in Figure 9.

— Pag4.bas — is the module 4 responsible for
calculation and plotting the result for the
“Cylindrical elbow” opftion with the interface
presented in Figure 10.

— About.bas - is the module responsible for
general information about the app.

— WebPage.bas - is the module responsible for
author info.

Unfold sheet metal parts

c

@ Version 1

(O Version 2

lick graph area

Figure 7. The main window of the module 1

103 | University Politehnica Timisoara — Faculty of Engineering Hunedoara




ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering | e—ISSN: 2067 — 3809
Tome XVII [2024] | Fascicule 4 [October — December]

<  Two cylinders intersection

(i)

‘K\?
MMl

1= L4 3

Figure 8. The main window of the module 2

< Three cylinders intersection

Figure 10. The main window of the module 4
Figure 11 show the fields required for module 1
“One cylinder intersected with 2 planes” while

Figure 12 show the message with numerical
results generated after click on Calculate
button. Figure 13 show the fields required for
module 2 "“Two cylinders infersection” while
Figure 14 show the message with numerical

results generated after click on Calculate
button.

Diameter [ 60 Diameter [mm] 80

Heloht ] 10 Height [mm)] 100

Gama angle [deg] 60

Apha angledeg] 18 L1 length [mm] 50

Beta angle [deg) 25 Length L 150

EENEE NN

Figure 11. The fields required for
module 1

Figure 13. The fields required for
module 2

Cylinder diameter = 60 [mm]
Cylinder height = 110 [mm]
Alfa angle = 15 [gr]

Beta angle = 25 [qr]

Gama angle= 60 [deg]
Diameter = 80 [mm]
Height = 100 [mm]
L1 =50 [mm]

Length L = 150 [mm]

H1 height = 101.96 [mm]

H2 height = 96.01 [mm]

Hmax maxim height = 110 [mm)]
Length = 188.5 [mm]

Surface area = 19412.85 [mm2]

Alfa angle= 30 [deg]

Beta angle= 60 [deg]

Helght H1 = 76.91 [mm]

Helght H2 = 30.72 [mm]

Unfolded length Ld = 251.33 [mm]
Surface area 1 = 30309.03 [mm2]
Surface area 2 = 17742.66 [mm2]

Figure 14. The Info results message

Figure 12. The Info results message

for module 1 for module 2
|
Diameter [mm] 80
Diameter [mm] 80
Raza R [mm] 150

Height H1 [mm] 100

Gama angle [deg] 60 -

Height H2 [mm)] 100

ETNETE

Alfa angle [deg] 6 -

No. of elbow elements 6

B =T

Figure 17. The fields required for
module 4

Diameter =80 [mm]

Radius =150 [mm]

Gama angle= 60 [deg]

Alfa angle = 6 [deg]

No. of elbow elements =6 [-]

Figure 15. The fields required for
module 3

Diameter =80 [mm]
Height H1 = 100 [mm]
Height H2 = 100 [mm]

Height H11 = 83.43 [mm]

Height H12 = 60 [mm]

Height H21 = 83.43 [mm]

Helight H22 = 83.43 [mm)]
Unfolded length Ld = 251.33 [mm]
Surface area 1 = 20607.26 [mm2]
Surface area 2 = 22481.78 [mm2]

K length = 86.6 [mm]

tlength= 15.77 [mm]

Height H1 = 11.56 [mm]

Height H2 = 19.97 [mm]

Unfolded length Ld = 251.33 [mm]
Surface area 1 = 3962.34 [mm2]
Surface area 2 = 8981.3 [mm2]

Figure 18. The Info results message
for module 4

Figure 16. The Info results message
for module 3
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ID/Angle X [mm) ¥ [mm]

1/0 0.0 101.96
2/11.25 5.89 10212
37225 11.78 102.57
443375 17.67 10332

5745 2356 10432
6/56.25 29.45 10553
74675 3534 106.92
8/78.75 41.23 108.43

Figure 19. The Results table for module 1

Figure 15 show the fields required for module 3

“Three cylinders intersection” while Figure 16

show the message with numerical results

generated after click on Calculate button.

Figure 17 shows the fields required for module 4

“Cylindrical elbow” while Figure 18 show the

message with numerical results generated after

click on Calculate button. For module 1 the
unfolded drawing is presented in Figure 7 and
the numerical results are presented in tabular
format in Figure 19, generated after click on

Show Results button from the same Figure 7.

THE GRAFIC MODULE

The proprietary module Grafic.bas was used in

all cases when must be drawn the geometry or

an unfolded drawing and contain the following
routines:

— Public Sub Initialize (iTarget As Panel, iCanvas
As Canvas, iXGmin As Float, iYGmin As
Float,iXGmax As Float, iYGmax As Float) — with
the following parameters: Panel, Canvas,
drawing limits which must be call before any
drawing process;

— Sub RealToPix (Xreal As Float, Yreal As Float) As
Point — to convert real coordinates into
drawing coordinate;

— Sub PixToReal (Xpix As Float, Ypix As Float) As
Point — to convert drawing coordinates into
real coordinate;

— Public Sub DrawCurve (iListXY As List, iCuloare
As Long, iGrosime As Int, iMarcare As Boolean,
iEraseScreen As Boolean, iNX As Int, INY As Inft)
- with the following parameters: coordinates
array, the curve color and width, option to
mark the curve or erase the drawing area and
number of horizontal & vertical lines of
rectangular grid.

—Public Sub DrawGrila () - to draw the
horizontal & vertical rectangular grid.

The next line will initialize the chart:

chrt.Initialize (pnlDrawing, cvsDrawing, XGmin,

YGmin, XGmax, YGmax)
where chrt must initially be declared in Sub
Class_Globals with the following declaration:
Public chrt As GRAFIC

Then, a curve can be drawn on canvas with the
following call:

chrt.DrawCurve (ListXY, Colors.Blue, 3dip, False,

True,0, 0)

where the ListXY array must be converted into
pixel coordinates by calling RealToPix routine.
For module 1T an example of unfolded drawing is
presented in Figure 7. For module 4, Figure 20, 21,
22 shows example of elbow geometry drawn
with Grafic module.

Figure 21. The elbow geometry for
v=600=25n0=13

Figure 20. The elbow geometry for
=60 0=5no.=7

Figure 22. The elbow geometry for y=80 a=4 no.=11
STEPS TO CREATE A B4A APPLICATION
The process of creating a new B4A application
must follow the next steps:

—load the B4A IDE environment with click on D
icon;

— from B4A main menu select File > New -
BXPages; in the New Project window specify
the Project Folder and Project Name, Figure
23;

—the structure folder from Figure 23 is created;
the three folders B4A, B4i and B4J include the
codes required to create applications for
Android, [0S, computers (Windows, Linux
platforms) respectively; in the B4A folder there
is the “Files” folder containing the files created
with the Visual Designer and files used during
the execution of the code, like images or
videos; also the mainpage.bal file was
created automatically, while the Shared Files
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folder includes files that the three different
type applications can share;

— also, the B4XMainPage is created with minimal
code included, Figure 24, saved in
B4XMainPage.bas file; the B4XMainPage is
always the user's first contact form with the
application;

—1to insert new pages select from the menu
Project > Add New Module - Class Module
- B4XPage and give it the desired name; a
number of pages can be created function
the application requirements;

— from B4A main menu select Tools = Run AVD
Manager; in this environment it is possible to
create many emulated devices configuration
with different hardware specifications and
screen resolutions [10]; to connect to a
emulated device select WYSIWYG - Connect
option menu from Visual Designer;

—to open the Visual Designer select from the
menu Designer - Open Designer; the
mainpage.bal file is open with a minimal
interface containing only Buttonl control
placed in the Activity, Figure 25; other controls
can be placed on this view or others views
used Add View option menu from Visual
Designer interface;

—click on E icon from B4A main menu or press
F5 keyboard taste to start the compiling
process;

— after a successful code compilation, B4A will
look for any selected emulated device or a
real devices which have been connected to
the computer and will provide a list of those
devices; the real or emulated device can be
selected from that list fo run the compiled
code.

e Edit Designer Project Tools

B B4XMainPage.bas

Figure 23. Create a new project

11 B4XMainPage X

@& Initialize

b Initialize

ge Created (Rootl a&s

Figure 24. The B4XMainPage

The left side of Visual Designer from Figure 25
show a preview of the controls placed in the
Activity window, while the right side contain the
list of control placed in the view; click on any
contfrol will activate the properties of the
selected conftrol like: Name, Type, Event Name,
Parent and others; these properties depend of
the selected type control and can be modified
by the programmer; also, the Script — General
window can be used to define the controls
position with code lines. The “Files” folder can be
used to add images or icons used in the view.
The “Variants” folder can be used to define
different screen sizes and orientations of the
emulator; so it is possible to create multiple
layout variants, one to match every different
device, and to adapt to changes in device
orientation.[11]

715 &

Activity

Figure 25. The mainpage interface in Visual Designer
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CONCLUSIONS

The application was created in Basic4Android
software and can be run on smartphones type
only.

The limits of this paper length do not allow
detailing all modules, but the application’s
complete code is available for download as zip

file “"UnfoldSheetsParts—Project.zip” from
reference [4] at “Programming” section.
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OVERVIEW OF THE USE OF BINAURAL MEASUREMENTS TO EVALUATE SOUND QUALITY

1 2. Technical University of Kosice, Faculty of Mechanical Engineering, Institute of Industrial Engineering, Management, Environmental Engineering and Applied Mathematics,

Department of Business Management and Environmental Engineering, Kosice, SLOVAKIA

Abstract: This paper provides an overview of the use of binaural measurements and psychoacoustic evaluation of sound quality in various industries. Currently, product
manufacturers focus on reducing the noise emitted by their products. Some product groups must comply with specified standards regarding sound power levels. However, not always
the amount of sound produced is the only criterion that is taken into account. Sound quality and how customers perceive it is also important. Therefore, they focus on improving it.
Psychoacoustics as a scientific discipline offers new perspectives and methods of optimizing the acoustic performance of products focused on sound quality.

Keywords: sound quality, psychoacoustics, binaural measurements, sound quality

INTRODUCTION
The basic concept of sound quality is to
determine how people perceive if, which was
proposed by Blauert in 1994 [1]. Sound quality, a
characteristic of sound that influences listeners'
perception, plays an important role in
determining listener and customer satisfaction.
With advances in noise control technologies,
sound quality research, which examines how
people recognize, evaluate and perceive
sound, has become an important subject of
interest,  especially in the  automotive,
fransportation, and  electrical  appliance
industries around the world. [2][3]

The concept of sound quality, which can be
applied to describe both positive (music,
speech) and negative effects (noise), finds a
generalization in the concept of sound quality of
the product [4]. In its most general sense, the
term also covers traditional aspects of sound
quality, since concert halls, musical instruments,
musical performances, sound equipment, noisy
production machinery, equipment or
automobile which are the cause of noise are
also "products' in the broad sense of the word.
Blauert and Jekosh [5] define product sound
quality as "the adequacy of sound in the context
of a specific technical objective and/or task". For
all products that produce perceptible sound, the
sound quality of the product is assessed with
each use.

The goal of product sound quality is not only to
make the sound pleasant, just as with noise
control, the only goal is not to minimize the
sound level. A more important factor than the
pleasantness of sound is often the informational
value of the sound. Passing on information about
the state of operation of a product is often a

factor that determines why sound perception is
desirable. In particular, if the subject has been
exposed to the sound of the product many
times, the sound system serves as a very sensitive
indicator of the functional state of the device
that emits the sound. [6][7][8]

The artificial psychoacoustic head (Figure 1) is a
self-contained measurement device that allows
accurate binaural recordings to be performed
immediately after switching on. Recordings can
be stored directly on the memory card, which
allows independent operation without the need
for a computer. Thanks to the authentic
recording and playback of any sound events
and their digital archiving, the system enables a
comparative and accurate assessment  of

various possible  sound events. Because
psychoacoustic head technology is compatible
with  fraditional  measurement  technology,

subjective and objective sound field analyzes
can be combined in one survey. Thanks to the
patented head geometry, it is possible to
mathematically describe the reproduction of the
geometry of the human head and shoulders, as
well as the exact reproduction of all acoustically
relevant parts of the human outer ear.[?][10]

Figure 1. Artificial Head Measurement System
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The application possibilities of the artificial
psychoacoustic head include:
— optimization of sound design of products,
— analysis and opfimization of sound quality
of technical products (cars, household
appliances, power tools and others),
— product development and quality
control through binaural measurements.
The field of environmental acoustics has
undergone significant changes in the last two
decades. The broad multidisciplinary discussions
undertaken in the scientific community to better
understand the large variations in  noise
annoyance responses fostered the development
of a new, participatory, and positive-oriented
approach known as the soundscape approach.
In contrast with the traditional approach, which
aims at protecting and mitigating noise pollution
based on outdoor noise simulation models and
limit values derived from noise annoyance dose—
response curves at a large territorial scale, the
soundscape approach focuses on describing or
designing the quality of acoustic environments,
mainly at a local scale and through the
involvement of individuals.
AUTOMOBILE INDUSTRY
Psychoacoustic investigation of sound quality in
the automotive industry refers to virtually all
sounds present in the acoustic environment of a
vehicle, such as the sound of doors closing,
starter sound, engine noise, tire noise, wind noise,
electric window opening sound, air conditioning
system noise and car radio sound. [11]
In Kousuke Noumura and Junji Yoshida [12] they
talk about sound quality as an important factor
that influences sales and customer interest. In the
arficle Modeling perception and quantifying
sound quality in the cabin, they write that in
order to increase the overall marketability of a
car, it is necessary to improve sound quality. In
this arficle, they talk about sensory evaluation
tests that are carried out on locals in the USA,
Germany and Japan, and the perception of car
interior sounds is analyzed.
The results of the statistical analysis indicate that
perception is divided into two main categories:
luxury and sports, and that even people with
different preferences perceive luxury and sports
equally.
The Japanese with the highest percentage
preferring sound for sports acceleration, followed
by Americans and Germans. In this research, an
algorithm is proposed fo calculate
psychoacoustic metrics such as volume and

force of fluctuation, which they say are basic
metrics for evaluating sound quality.

The results of various studies have shown that
both interaction effects, vibrations have both
positive and negative effects on the perception
of sound. It has been partially observed that
vibration can reduce noise interference. [13]This
effect is very interesting for sound and vibration
design in the automotive industry. [14][15]
However, some studies have confimed that
there is no evidence of an interaction between
sound and vibration. For example, Amman [16],
assumes that there is no significant interaction
between sound and vibration and states that
"setting sound and vibration targets for
automotive programmes that are independent
of each other seems to be a justified approach.
Sound quality studies in the automotive industry
also focus on sounds such as the sound of car
doors closing. The sound from closing the vehicle
doors has two main functions. First of all, it signals
that the door has been closed correctly, which

means that it must be loud enough for
passengers to hear.
In addition, it can contribute to the overall

impression of the car which is very important,
since closing the door is one of the operations
that the customer can perform when viewing the
car in the dealer's lobby. It was the sound of
doors closing that Etienne Parizet, Erald Guyader
and Valery Nosulenko focused on in the article
Analysis of the sound quality of closing car doors.
They analyzed the perception of the sound from
closing the car door, emphasizing the image of
the quality of the car that the listener can have
in mind with this sound. They carried out different
experiments such as classification experiment,
pair comparisons with the evaluation of similarity
and preferences and, finally, the analysis of free
verbalization.

The results showed that although volume
appeared to be the most important sound
parameter in previously published studies, this
one did not. The reason, according to the
authors, was likely that previous studies had only
focused on nuisance caused by sounds. [17]
Studies of car sound quality also look at other
parts of the vehicle, such as horn sound.
Guillaume Lemaitre et al. [18]In their research,
Horn Sound Quality: A Psychoacoustic Study of
Timbre, they focused on the sound of horns. The
aim of their article was to study the perceived
quality of horn sounds in order to help design
new sounds in a psychoacoustic frame.
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Figure 2. Measurement of the sound of closing car doors
Car horns are used for their main and legal
function, which is to warn road users of potential
danger. The sound of the horn must be clearly
interpretable as a warning. But at the same time,
horn manufacturers want to tune their sounds to
match car categories and brand identities. Thus,
horn sound design involves a trade-off between
the need to customize the sound and the need
to provide effective warning signals.
To meet these limitations, horn manufacturers
want to create new sounds using a new device,
made from an electronic synthesizer and
speaker. In this context, the aim of this study was
to identify the characteristics of horn sounds that
convey information about danger to the listener.
This will allow horn manufacturers to design new
sounds that are still perceived as warning signs
for cars. The am was to provide horn
manufacturers with acoustic specifications.
PUBLIC TRANSPORT
The automotive industry is not the only one in
which  psychoacoustic  measurements  are
applied. The psychoacoustic assessment of
sound quality, for example in the interior of frains,
was devoted to Guilloume Lemaitre et al. [19]

The research focused on the effect of
background noise on a frain on passenger
activities. Their article "“How does train

background noise affect passengers' actionse —
The establisnment of noise thresholds” providing
comfort to passengers refers to a study of
passengers' perception of interior frain noise in
order to determine acoustic thresholds for
different passenger activities. One of the main
advantages of rail transport is that it allows
passengers to engage in various activities while
driving, such as reading, working, watching
movies, etc. Therefore, in this research, they
decided to determine the acoustic thresholds by
conducting an experiment in which participants
sat in a mockup of a high-speed train and
performed tasks common to first and second

class passengers (watching a TV series and
reading ftext).

During the execution of the tasks, participants in
the experiment were played  different
background sounds and evaluated to what
extent these sounds affected their activities
(acceptability rating). The results showed that,
overall, reading text requires a quieter
environment  than  watching a  movie.
Interestingly, the results also showed that only the
volume of sounds affected participants'
judgment when their attention was distracted
from assigned tasks by sounds.

Our previous work with similar sounds showed
that perception was also influenced by other,
different sound characteristics when their
attention was focused on sounds. Therefore,
using a greener setup than in this experiment
seems more appropriate for determining which
aspects of frain noise are important to consider.

Figure 3. Person performing assigned tasks in a train block

Enlai Zhang et al. [20] also devoted themselves
to acoustic comfort in  public transport.
Specifically, in their article Comprehensive
evaluation model of acoustic comfort of the
interior of an electric bus and its application,
they dealt with acoustic comfort in a sample of
eight electric buses. In this paper, 64 noise
samples were obtained from eight electric buses,
and their corresponding degrees of acoustic
comfort are obtained by subjective evaluation
tests using a score comparison method.
Measurements were taken with the air
conditioning on and off as two working
conditions. They also ran in two places in the bus,
in the driver's seat and in the rear seat (Figure 3)
and at speeds of 30 km/h and 50 km/h. During
the test, the vehicles drove separately on a
professional frack, and with stable operation of
the vehicle, a handheld-mounted handheld
binaural acquisition system Squadriga Il and BHS
Il was used to collect internal noise signals.

A jury of engineers, drivers and acoustics experts
with extensive experience in bus noise was
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organised for the subjective evaluation fests.
Acoustic comfort was identified as a subjective
evaluation index, a method of evaluating scores,
and acoustic comfort was divided into ten
standard levels from 1 to 10.

NEE

T
b

l

\
Rear seat position

Driving position
Figure 4. Measuring points on the bus

AIR CONDITIONERS
The rating of sound quality and acoustic comfort
of users applies not only to the automotive
industry, but also to various types of electrical
appliances. For example, air conditioners are
considered the main source of noise in the built
environment. Both the sound level and sound
quality of the air conditioner can really affect the
acoustic comfort of the user.
The aim of the study, fitled Multidimensional
psychological assessment of air condifioning
sounds and prediction using correlation
parameters, authored by Yoshiharu Soeta and Ei
Onogawa [21] was to find out factors that
significantly influence the subjective response to
the sound of «aqir conditioners. Subjective
loudness, sharpness, and harassment were
evaluated using the pair comparison method.
A binaural microphone (BHS |, HEAD Acoustics)
was used for measurement. The sounds were
generated by three output units and one air
conditioning input unit in a reflection-free room.
The stimuli were presented to the participants
binaurally using headphones (HD80O,
Sennheiser). Subjective volume, sharpness and
annoyance caused by air conditioning sounds
were evaluated.
Multiple linear regression analysis showed that
the LAeq energy index was a significant factor
influencing the perception of volume, sharpness
and annoyance of air conditioning sounds.
Jin Yong Jeon [22] in the article Subjective and
objective evaluation of air conditioning noise, it
is devoted to the evaluation of sound comfort of
air conditioning units.
The noise from the air conditioning system
installed in the ceiling of the classrooms was
evaluated by examining the subjective
responses to air conditioning noise.
The results of multiple regression analysis of
psychoacoustic parameters and subjective
preferences showed sharpness as a major factor

in describing the sound quality of air conditioning
noise. A semantic differential test was also
conducted to evaluate the sound quality
characteristics of the air conditioner.
CONCLUSIONS
The authors of this article describe the possibilities
and areas of use of binaural measurements in
psychoacoustic evaluation of sound quality.
Whereas the use of binaural recording and
psychoacoustic analysis is well known in the field
of product sound quality especially with respect
to the automotive field, the application of these
tools within the soundscape analysis is new. The
article describes the use of these ratings in the
automotive, public transport and other industries.
The binaural recording using an artificial head is
the only and simply method to capture sound
events comparable to the human ears. Using
calibrated equalized headphones it is possible to
reproduce earsignals at the listener ear to create
the same hearing event like in the original sound
situation.
For more than 40 years applications of binaural
recordings are being intensively used in the
automotive industry to optimize vehicle interior
sound. That means the advantage of this
technology for the analysis of complex sound
sifuations in combination with assessment and
evaluation is proven since a long time.
Binaural perception has been acknowledged as
a crucial aspect in  evaluating acoustic
environments as humans perceive acoustic
environments through binaural hearing, which
allows the perception of spatial characteristics in
addition fo spectral and temporal
characteristics.
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MANUSCRIPT PREPARATION — GENERAL GUIDELINES

Manuscripts submitted for consideration to ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering must conform to the following requirements that
will facilitate preparation of the article for publication. These instructions are written in a form that satisfies all of the formatting requirements for the author
manuscript. Please use them as a template in preparing your manuscript. Authors must take special care to follow these instructions concerning margins.

INVITATION

We are looking forward to a fruitful collaboration and we
welcome you to publish in our ACTA TECHNICA
CORVINIENSIS - Bulletin of Engineering. You are invited
to contribute review or research papers as well as
opinion in the fields of science and technology including
engineering. We accept contributions (full papers) in the
fields of applied sciences and technology including all
branches of engineering and management.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
publishes invited review papers covering the full
spectrum of engineering and management. The reviews,
both experimental and theoretical, provide general
background information as well as a critical assessment
on topics in a state of flux. We are primarily interested in
those contributions which bring new insights, and papers
will be selected on the basis of the importance of the
new knowledge they provide.

Submission of a paper implies that the work described
has not been published previously (except in the form of
an abstract or as part of a published lecture or academic
thesis) that it is not under consideration for publication
elsewhere. It is not accepted to submit materials which
in any way violate copyrights of third persons or law
rights. An author is fully responsible ethically and legally
for breaking given conditions or misleading the Editor or
the Publisher.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
is an international and interdisciplinary journal which
reports on scientific and technical contributions. Every
year, in four online issues (fascicules 1-4), ACTA TECHNICA
CORVINIENSIS - Bulletin of Engineering [e-ISSN: 2067-
3809] publishes a series of reviews covering the most
exciting and developing areas of engineering. Each issue
contains papers reviewed by international researchers
who are experts in their fields. The result is a journal that
gives the scientists and engineers the opportunity to
keep informed of all the current developments in their
own, and related, areas of research, ensuring the new
ideas across an increasingly the interdisciplinary field.
Topical reviews in materials science and engineering, each
including:

surveys of work accomplished to date

current trends in research and applications

future prospects.

As an  open-access  journal ACTA  TECHNICA
CORVINIENSIS - Bulletin of Engineering will serve the
whole engineering research community, offering a
stimulating combination of the following:

Research Papers - concise, high impact original
research articles,
Scientific Papers - concise, high impact original

theoretical articles,

Perspectives - commissioned
highlighting the impact and wider
research appearing in the journal.
ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
encourages the submission of comments on papers
published particularly in our journal. The journal publishes
articles focused on topics of current interest within the
scope of the journal and coordinated by invited guest
editors. Interested authors are invited to contact one of
the Editors for further details.

BASIC MANUSCRIPT REQUIREMENTS

The basic instructions and manuscript requirements are
simple:

i Manuscript shall be formatted for an A4 size page.
The all margins of page (top, bottom, left, and right)
shall be 20 mm.

i The text shall have both the left and right margins

commentaries
implications of

Jjustified.
Single-spaced text, tables, and references, written
with 11 or 12-point Georgia or Times New Roman
typeface.

No Line numbering on any pages and no page
numbers.

Manuscript length must not exceed 15 pages (including
text and references).

Number of the figures and tables combined must not
exceed 20.

Manuscripts that exceed these guidelines will be
subject to reductions in length.

The original of the technical paper will be sent through e-
mail as attached document (*doc, Windows 95 or higher).
Manuscripts  should  be  submitted to  e-mail:
redactie@fih.upt.ro, with mention “for ACTA TECHNICA
CORVINIENSIS".

STRUCTURE

The manuscript should be organized in the following
order: Title of the paper, Authors' names and affiliation,
Abstract, Key Words, Introduction, Body of the paper (in
sequential headings), Discussion & Results, Conclusion or
Concluding Remarks, Acknowledgements (Where
applicable), References, and Appendices (where applicable).
THE TITLE

The title is centered on the page and is CAPITALIZED
AND SET IN BOLDFACE (font size 14 pt) It should
adequately describe the content of the paper. An
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abbreviated title of less than 60 characters (including
spaces) should also be suggested. Maximum length of
title: 20 words.

AUTHOR'S NAME AND AFFILIATION

The author's complete name(s) follows the title and is
also centered on the page (font size 1l pt). A blank line is
required between the title and the author's name(s). Last
names should be spelled out in full and succeeded by
author's initials. The author's affiliation (in font size 11 pt)
is provided below. Phone and fax numbers do not
appear.

ABSTRACT

State the paper's purpose, methods or procedures
presentation, new results, and conclusions are presented.
A nonmathematical abstract, not exceeding 200 words, is
required for all papers. It should be an abbreviated,
accurate presentation of the contents of the paper. It
should contain sufficient information to enable readers to
decide whether they should obtain and read the entire
paper. Do not cite references in the abstract.

KEY WORDS

The author should provide a list of three to five key
words that clearly describe the subject matter of the
paper.

TEXT LAYOUT

The manuscript must be typed single spacing. Use extra
line spacing between equations, illustrations, figures and
tables. The body of the text should be prepared using
Georgia or Times New Roman. The font size used for
preparation of the manuscript must be 11 or 12 points.
The first paragraph following a heading should not be
indented. The following paragraphs must be indented 10
mm. Note that there is no line spacing between
paragraphs unless a subheading is used. Symbols for
physical quantities in the text should be written in italics.
Conclude the text with a summary or conclusion section.
Spell out all initials, acronyms, or abbreviations (not units
of measure) at first use. Put the initials or abbreviation in
parentheses  after the spelled-out version. The
manuscript must be writing in the third person (‘the
author concludes... ).

FIGURES AND TABLES

Figures (diagrams and photographs) should be numbered
consecutively using Arabic numbers. They should be
placed in the text soon after the point where they are
referenced. Figures should be centered in a column and
should have a figure caption placed underneath. Captions
should be centered in the column, in the format ‘Figure 1"
and are in upper and lower case letters.

When referring to a figure in the body of the text, the
abbreviation ‘Figure” is used illustrations must be
submitted in digital format, with a good resolution. Table
captions appear centered above the table in upper and
lower case letters.

When referring to a table in the text, “Table” with the
proper number is used. Captions should be centered in
the column, in the format ‘Table 1" and are in upper and
lower case letters. Tables are numbered consecutively
and independently of any figures. Al figures and tables
must be incorporated into the text.

EQUATIONS & MATHEMATICAL EXPRESSIONS

Place equations on separate lines, centered, and

numbered in parentheses at the right margin. Equation

numbers should appear in parentheses and be numbered

consecutively. All equation numbers must appear on the

right-hand side of the equation and should be referred to

within the text.

CONCLUSIONS

A conclusion section must be included and should

indicate clearly the advantages, limitations and possible

applications of the paper. Discuss about future work.
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