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SOFTWARE QUALITY MODEL FOR TUNING THE CLASS OF
POLYHARMONIC ACOUSTIC SIGNAL GENERATION SYSTEMS

Abstract. The paper addresses the problem of software quality evaluation
for automated professional tuning of acoustic string musical instruments. It is
shown that modern approaches to software quality assurance are mainly based on
the ISO/IEC 25000 SQuaRE series of standards. However, the basic ISO/IEC
25010 quality model does not fully consider the specific features of software
intended for the analysis of polyharmonic acoustic signals and professional
musical instrument tuning. An analysis of recent studies in the field of software
quality modeling, assessment and evaluation has been conducted, demonstrating
a transition from universal quality models to domain-oriented structures that
incorporate specialized characteristics, metrics, and evaluation procedures. The
purpose of the study is to extend the ISO/IEC 25010 product quality model in
order to enable quality evaluation of software for tuning acoustic string musical
instruments. Within the research, the performance efficiency characteristic of the
ISO/IEC 25010 quality model has been extended by introducing domain-specific
attributes adapted to the requirements of automated tuning of acoustic string
musical instruments. The proposed extension supplements the standard attribute
structure with the additional accuracy and precision attributes, while preserving
compatibility with the original quality model. The obtained results provide a
foundation for the further formalized development of procedures for software

quality measurement and evaluation in the field of automated professional tuning
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of acoustic string musical instruments, as well as for the creation of
corresponding metric systems and software quality evaluation tools.
Keywords: software quality, ISO/IEC 25010, SQuaRE, tuning of musical

instruments, acoustic signals.

Problem statement. Software quality assurance (SQA) is a critical
component of modern software engineering, encompassing a set of processes,
methods, and tools aimed at ensuring software products meet established quality
standards, stakeholder requirements, and industry regulations throughout the
development lifecycle. The importance of SQA stems from the fact that modern
software underpins critical sectors such as finance, medicine, transportation,
industry, and cybersecurity, and errors in such systems can lead to significant
financial losses, data leaks, infrastructure disruptions, and threats to human
safety. Furthermore, effective software reduces defect-fixing costs, reduces
technical debt, improves the reliability, security, and competitiveness of software,
and ensures the stability and predictability of development processes [1-3].

Systems for generating polyharmonic acoustic signals include the class of
acoustic string musical instruments (ASMIs), which is thoroughly examined in
the current study. One way to optimize this class of systems is to adjust the string
tension to achieve an optimal, mathematically defined pitch ratio of the sound
system (musical scale), which is therefore implemented as a tuning process. At
the same time, a thorough analysis of the domain and directly related scientific
research, a study of the historical development of tuning tools, an examination of
the functionality of existing mobile software, and a summary of expert
assessments of such tools [4-7] have revealed a contradiction between the need
to improve the quality of software for tuning ASMIs in accordance with the high

demands of specialist users.
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In this situation, it is advisable to turn to the ISO/IEC 25000 SQuaRE
series of standards [8], which is a generally recognized framework for defining,
measuring, and evaluating software quality. At the same time, despite its
conceptual completeness, the basic quality model proves insufficiently adequate
for software designed for tuning ASMIs, as it does not fully define and formalize
a number of quality attributes important for this domain, particularly those
related to acoustic factors.

Analysis of recent research and publications. Modern research clearly
demonstrates the transition from a general understanding of quality to an
instrumental, metric-driven approach. In [9], a software tool for determining
software quality using metric analysis methods was proposed, which emphasized
the problem of the lack of unified standards for metrics and the complexity of
interpreting their values. This direction was deepened through the formalization
of the assessment procedure based on ISO/IEC 25010 and ISO/IEC 25023 [10],
through the direct combination of quality model, indicators and metrics as the
basis for measurement [11] and through the construction of a comprehensive
assessment system, where quality is presented as a structured system of
characteristics and attributes taking into account the cost of transition between
quality states [12]. Another notable line of development is the multi-criteria
ranking of ISO model characteristics for specific classes of software systems. In
[13], the lack of established evaluation procedures and excessive subjectivity
were directly indicated for the complexes of fire control automation tools of
artillery units, after which new metrics, elements of their evaluation and the
application of the method of hierarchy analysis were proposed to determine
priorities at all levels of the hierarchy. In [14], the same approach was developed
in the model of giving advantages to the characteristics of the software through
the utility function, interpolation of tabular functions and a three-parameter

hierarchical structure of criteria. At the same time, in the system of
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comprehensive software quality assessment, it was emphasized that
characteristics such as maintainability, portability, security, compatibility,
reliability, ease of use and functional suitability should be included in multi-
criteria optimization [12].

A separate direction of modern work is the evaluation of quality-in-use,
which is based on user experience and the results of the system in a real context,
and not only on technical specifications. In [15], a process model for software
quality assessment was tested and the relationship between performance
measurement and the detection of performance issues was shown, as they reflect
the perceived quality of the system by the user. In [16], it was also proposed to
extend ISO/IEC 25010 by adding information quality, learnability, actual
usability and user experience, and to build an integrated flexible framework for
modeling quality requirements and evaluating web applications. In [17], SQuaRE
was applied to assess quality during the use of the online system ‘“e-Ebola
Awareness System”, which made it possible to identify problems that reduce the
perceived quality of the portal. Finally, in [18], the FAQuiS framework for
context-sensitive software systems was proposed, which combines model
descriptions, log data, probabilistic models, heuristic metrics, clustering and
feature selection. An equally important application of SQuaRE is seen in works
on data quality. In [19], it was shown that data quality certification based on
ISO/IEC 25012, 25024 and 25040 in three European organizations increases trust
in data and helps to understand business processes more deeply. The authors of
[29] proposed a prototype tool based on ISO/IEC 25012 and ISO/IEC 25024,
which analyzes typical error patterns in data and allows to judge their current
state. In [21], a framework for assessing data cybersecurity was developed,
where the characteristics of conformity, confidentiality, traceability, availability
and recoverability were borrowed from ISO/IEC 25012, the corresponding

properties and basic metrics from ISO/IEC 25024, and the assessment process
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itself was adapted from ISO/IEC 25040. This demonstrates the trend towards
adapting SQuaRE to assess new aspects related to data quality.

In applied domains, SQuaRE is increasingly becoming a basis that is
further adapted to the specifics of a particular field. In [22], the ISO/IEC 25010
model was used to evaluate a system for monitoring and predicting the scientific
productivity of teachers. In [23], it was used to evaluate Building Information
Modelling (BIM) tools for landscape design in climate adaptation. A systematic
review of quality models for Al systems, software, and components [24] showed
that most quality models for Al are actually extensions of the traditional ISO/IEC
25010, and for Al software components, the study did not find established
quality models. This once again confirms that the basic ISO model is sufficient
for a general “framework”, but for specialized systems it requires domain
adaptation by introducing additional characteristics and attributes that reflect the
specific requirements of the relevant domain.

Summarizing the studies considered, it can be concluded that modern
approaches to modeling and assessing software quality are developing in the
direction of transition from static universal solutions to flexible subject-oriented
structures. This makes it possible to adapt models and methods of SQA to the
features of specific classes of software systems and their operating conditions, in
particular, software for configuring the class of polyharmonic acoustic signal
generation systems.

Purpose of the article

To expand the software quality model SQuaRE to provide the possibility of
evaluating the effectiveness of automated professional tuning tools for ASMIs.
To achieve this goal, it is necessary to consider the basic quality model of the
product, its purpose and components, and to form new elements of the model
adapted to the specifics of the domain.

Presentation of the main material of the study
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Polyharmonic acoustic signal generation systems are objects or complexes
that are capable of simultaneously creating and emitting sound waves consisting
of many frequency components — harmonics (partials). They combine an energy
source, a vibration excitation mechanism and a resonator, which allows forming
a complex, rich spectral composition of sound. Such systems are widely used in a
wide variety of areas, whether it is advanced industrial production or the creation
and performance of musical works.

Among the technical examples, one can single out specialized industrial
acoustic vibration generators, hydroacoustic stations, ultrasonic material control
systems, as well as digital sound synthesizers and multi-channel audio systems.
At the same time, there are also non-technical systems, a vivid example of which
are ASMIs, or chordophones, where the source of the polyharmonic signal is the
vibration of strings amplified by a resonator body. The study of this class of
systems requires special attention and detailed analysis. This is primarily due to
the high complexity and specific features of the process of their tuning, where
even minimal changes in parameters significantly affect the final spectrum of the
emitted sound.

According to the SQuaRE series of standards, the software product quality
model (SPQM) is a reference structure that defines a set of characteristics and
subcharacteristics intended for specifying quality requirements, their measurement
and evaluation throughout the software life cycle. The model is domain-
independent and can be applied to a wide range of software and information and
communication products. Therefore, it provides a general system of quality
characteristics that can serve as the basis for developing specialized quality
models adapted to the features of a particular class of software systems.

The proposed SPQM for automated tuning of ASMIs is based on this
reference model while taking into account the specifics of polyharmonic acoustic

signal analysis and the musical instrument tuning process. This approach
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preserves compatibility with the ISO/IEC 25010:2023 product quality model
while adapting the performance efficiency characteristic to the requirements of
the application domain.

Formally, the quality model can be represented as a set of characteristics

SPQM= (ChFuncSuit, ChPe}ffEﬁ‘, ChComp; ChlntCap; ChRel; ChSec; ChMain, ChFlex, ChSqf),

where each quality characteristic is defined by a tuple

Ch; = (Name;, Def;, Attr;),
where Name; 1s the name of the characteristic;
Def; 1s its definition according to ISO/IEC 25010:2023;
Attr; 1s a set of attributes (sub-characteristics) that detail the corresponding

characteristic.

In the proposed model, the quality characteristics defined by the ISO/IEC
25010:2023 standard are used as the basic structure of the model without changing
their composition. However, the performance efficiency characteristic (Chpeyzy) 1s
extended by introducing an additional set of attributes, taking into account the
features of the software for automated tuning of ASMIs. The need for such an
expansion is due to the fact that standard attributes characterize the efficiency of
the software product mainly in terms of execution time, use of computing
resources, and system capacity under given operating conditions. Thus, this
characteristic is focused primarily on assessing the efficiency of hardware
resource use and software execution performance, while in tuning tasks the
ability of the software to provide a high-quality result of the analysis of
polyharmonic acoustic signals and the tuning process itself is no less important.

For the user of such software, efficiency is determined not only by the speed

of operation or the use of computing resources, but primarily by how correctly and
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stably a software tool determines the parameters of the polyharmonic acoustic
signal and how quickly it provides a result that is accurate enough to perform the
tuning. In other words, during the external evaluation of a software as a “black
box”, the determining value is not the internal implementation of algorithms, but
the ability of a software tool to provide a high-quality tuning result under various
operating conditions. The higher the software efficiency, the closer the result of
automated tuning is to the target state of an instrument, and therefore, the less
effort and time it takes for a tuner to finalize it.

In view of this, it is advisable to supplement the standard attributes of the
performance efficiency characteristic with domain-specific attributes of accuracy
and precision, which directly characterize the correctness and repeatability of the
results of the analysis of polyharmonic acoustic signals and the tuning process. At
the same time, the time behavior attribute, defined by the ISO/IEC 25010:2023
standard, is retained unchanged and is used to evaluate the time characteristics of
the software, in particular the speed of determining the signal parameters and the
speed of performing the tuning process. Thus, the performance efficiency
characteristic is expanded without violating its basic structure, which ensures
compatibility of the developed model with the ISO/IEC 25010:2023 standard and
at the same time takes into account the specifics of tuning software.

After justifying the need to expand the performance efficiency characteristic,
the quality model of software for automated tuning of ASMIs can be formally

presented as

SPOM" = (Chfuncsuity Chperfig, Chcomp, Chinicap, Chret, Chsee, Chtain, Chrtex, Chsar),
Chpesey= (Nameperest, Defperterr, Attrperter),

where Chpezy is an extended performance efficiency characteristic, and the other

characteristics correspond to the quality model defined by the ISO/IEC 25010:2023

standard;
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Nameperiess = “performance efficiency” — a characteristic name (the same);

Defperier = “capability of a product to perform its functions within specified
time and throughput parameters and be efficient in the use of resources, and
achieve the required level of accuracy and precision of the produced results
under specified conditions” — a characteristic definition (modified);

Attrperess = (Attrrimesen, Attrresutil, Attrcap) — performance efficiency attributes
in the basic software quality model;

ALt perest = Attrperierr — (Attrace, Attrerec) — the extending performance efficiency
attributes with accuracy (Attracc) and precision (Attrerec) respectively;

— Is an operator that denotes the concatenation of two tuples.

Thus, the proposed extension does not change the structure of the basic
quality model ISO/IEC 25010:2023, but only supplements the performance
efficiency characteristic with attributes that reflect the specifics of the software
for automated tuning of ASMIs. Due to this, the model maintains compatibility
with the international standard, while providing the possibility of a more

complete evaluation of the software efficiency from the end user's perspective.

Conclusions

In this paper, a software product quality model for automated professional
tuning of acoustic string musical instruments is improved by extending the basic
ISO/IEC 25010 model through the refinement of the efficiency characteristic and
the introduction of additional quality attributes that reflect the specifics of
polyharmonic acoustic signal analysis and the tuning process. The proposed
model provides a foundation for the formalization of efficiency requirements for
tuning software. Combined with the developed mathematical models of the

ASMI and its tuning, it enables the definition of formalized procedures for
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measuring, evaluating, and comparing the quality of tuning software based on a

system of metrics and evaluation criteria.

References

1. Sedlet J. Quality Assurance and Control Considerations in Environmental
Measurements and Monitoring. IEEE Transactions on Nuclear Science. 1982.
Vol. 29, No. 3. P. 1233-1236. DOI: 10.1109/TNS.1982.4336344.

2. Pierce P. Software verification and validation. IEEE Technical Applica-
tions Conference. Northcon/96. Conference Record, Seattle, WA, USA. 1996. P. 265-
268. DOI: 10.1109/NORTHC.1996.564924.

3. Laporte C. Y., April A. Software Quality Requirements. Software Quality
Assurance (1st ed.). 2017. DOI: 10.1002/9781119312451.ch32.

4. Sychkov, V. S. Domain analysis of software for automated professional
tuning of acoustic string musical instruments. Traditional and Innovative Ap-
proaches to Scientific Research : Proceedings of the 10th International Scientific
Conference, Lutsk, December 26, 2025. International Center for Scientific Re-
search (ICSR). Vinnytsia: UKRLOGOS Group LLC, 2025. P. 302-312. DOI:
10.62731/mcnd-26.12.2025.005.

5. Sychkov, V. S. Review of the historical development and functional ca-
pabilities of software for automated tuning of acoustic string musical instruments.
Modern Science: Research, Economy and Innovation : Proceedings of the 4th In-
ternational Scientific and Practical Conference, Zagreb, Croatia, January 21-23,
2026. International Scientific Unity (ISU). Zagreb, 2026. P. 112-118. DOI:
10.70286/1SU-21.01.2026.008.

6. Sychkov, V. S. Software for automated professional tuning of acoustic
string musical instruments: an expert view. Scientific Notes of V. I. Vernadsky
Taurida National University. Series: Technical Sciences. 2025. Vol. 36 (75), No.
4. P. 273-278. DOI: 10.32782/2663-5941/2025.4.2/36.

143



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 7.

7. Komleva N. O., Sychkov V. S. Information Model of Acoustic String
Musical Instrument and Method of Automated Professional Tuning of Instru-
ments. Applied Aspects of Information Technology. 2024. Vol. 7, No. 2. P. 113
124. DOI: 10.15276/aait.07.2024.8.

8. The ISO/IEC 25000 series of standards. URL: https://is025000.com/
index.php/en/iso-25000-standards (date of access: 27.06.2026).

9. Hrytsiuk Yu. I., Andrushchakevych O. T. Means for determining soft-
ware quality by metric analysis methods. Scientific Bulletin of UNFU. 2018. Vol.
28, No. 6. P. 159-171. DOI: 10.15421/40280631.

10. Hrytsiuk Yu. 1., Mukha T. O. Methods of determination of quality of
software. Scientific Bulletin of UNFU. 2020. Vol. 30, No. 1. P. 158-167. DOI:
10.36930/40300127.

11. Zaporozhets O. V., Shtefan N. V. Measurement of software quality
based on international standards. Radiotekhnika. 2021. Vol. 3, No. 206. P. 152—
157. DOI: 10.30837/rt.2021.3.206.1410.30837/rt.2021.3.206.14.

12. Hrytsiuk Yu. I. Comprehensive software quality assessment system.
Scientific Bulletin of UNFU. 2022. Vol. 32, No. 2. P. 81-95. DOI:
10.36930/40320213.

13. Budaretskyi, Yu. I., Shchavinskyi, Yu. V., Kuznetsov, V. V., & Niko-
laiev, S. T. Application of the method of analysis of hierarchies to assess the soft-
ware of complexes of automation means. Military Technical Collection. 2021. No.
25. P. 3-12. DOI: 10.33577/2312-4458.25.2021.3-12.

14. Hrytsiuk Yu. I. Features of giving preference to the characteristics of the
software product quality model. Scientific Bulletin of UNFU. 2022. Vol. 32, No. 3.
P. 79-102. DOI: 10.36930/40320313.

15. Souza-Pereira L., Pombo N., Ouhbi S. Software quality: Application of

a process model for quality-in-use assessment. Journal of King Saud University -

144



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 7.

Computer and Information Sciences. 2022. Vol. 34, Issue 7. P. 4626-4634. DOI:
10.1016/j.jksuci.2022.03.031.

16. Lew P., Olsina L., Zhang L. 2010. Quality, Quality in Use, Actual Usa-
bility and User Experience as Key Drivers for Web Application Evaluation. In
Web Engineering, Benatallah B., Casati F., Kappel G. and Rossi G. (eds.).
Springer Berlin Heidelberg, Berlin, Heidelberg. P. 218-232. DOI: 10.1007/978-3-
642-13911-6_15.

17. Hussain A., Mkpojiogu E. O. C. An application of the ISO/IEC 25010
standard in the quality-in-use assessment of an online health awareness system.
Jurnal Teknologi. 2015. Vol. 77, Issue 5. DOI: 10.11113/jt.v77.6107.

18. Salomoén S., Duque R., Montafa J. L. et al. Towards automatic evalua-
tion of the Quality-in-Use in context-aware software systems. J Ambient Intell
Human Comput. 2023. Vol. 14. P. 10321-10346. https://doi.org/10.1007/s12652-
021-03693-w.

19. Gualo F., Rodriguez M., Verdugo J., Caballero I., Piattini M. Data
quality certification using ISO/IEC 25012: Industrial experiences. Journal of Sys-
tems and Software. 2021. Vol. 176. P. 110938. DOI:10.1016/j.jss.2021.110938.

20. Calabrese J., Esponda S., Pesado P. M. Framework for Data Quality
Evaluation Based on ISO/IEC 25012 and ISO/IEC 25024. Short Papers of the 8th
Conference Cloud Computing Conference, Big Data & Emerging Topics (JCC-
BD&ET 2020). 2020. P. 53-56. URL.: https://sedici.unlp.edu.ar/handle/10915/
104778 (date of access: 01.07.2026).

21. Verdugo J., Rodriguez M. Assessing data cybersecurity using ISO/IEC
25012. Software Qual J. 2020. Vol. 28. P. 965-985. DOI: 10.1007/s11219-019-
09494-x.

22. Canlas R. B., Piad K. C., Lagman A. C. An ISO/IEC 25010 Based
Software Quality Assessment of a Faculty Research Productivity Monitoring and

Prediction System. Proceedings of the 2021 9th International Conference on In-

145



STREDOEVROPSKY VESTNiK PRO VEDU VYZKUM. 2026. Vol. 1. Ne 7.

formation Technology: 10T and Smart City (ICIT '21). Association for Computing
Machinery, New York, NY, USA. 2021. P. 238-242. DOI. 10.1145/
3512576.35126109.

23. Keibach E., Shayesteh H. BIM for Landscape Design Improving Cli-
mate Adaptation Planning: The Evaluation of Software Tools Based on the 1SO
25010 Standard. Applied Sciences. 2022. Vol. 12, No. 2:739. DOI: 10.3390/
app12020739.

24. Ali M. A, Yap N. K., Ghani A. A. A., Zulzalil H., Admodisastro N. I.,
Najafabadi A. A. A Systematic Mapping of Quality Models for Al Systems, Soft-
ware and Components. Applied Sciences. 2022. Vol. 12, No. 17:8700. DOI:
10.3390/app12178700.

146



