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The objective of this Special Section on Computational
Intelligence and Optimization Techniques in Communications
and Control is to present recent advances and applications of
Ordered Fuzzy Numbers (OFNs), computational intelligence
(CI) and other optimization methods for communication secu-
rity, assessing the effectiveness of routing techniques in wireless
networks, automatic sound recognition, the analysis of brain
signals, routing and switching in optical networks, and process
control.

The inspiration for this Special Section was the International
Conference on Professor Witold Kosinski’s Heritage and the
Workshop on Ordered Fuzzy Numbers held in Bydgoszcz in
2016. The papers comprised in the present issue of the Bul-
letin of the Polish Academy of Sciences: Technical Sciences
are grouped into two main categories: “Computational Intel-
ligence”, exploring fuzzy numbers, and “Optimization Tech-
niques in Communications and Control”.

Many phenomena in physics, economics, biochemistry, and
meteorology exhibit unpredictable features because of their
inherent stochasticity and high variability [1]. They require
a mathematical description which takes into account their
complex nature. This has led the scientists to formulate and
develop appropriate mathematical tools to handle them. The
main approaches range from the theory of stochastic processes
and random dynamical systems to information theory and,
recently, fuzzy numbers [2]. They are associated with optimi-
zation issues and the application of artificial intelligence (Al),
computer intelligence and machine learning (ML) based algo-
rithms.

Fuzzy numbers play an important role in optimization and
data mining as decision criteria. They have been successfully
implemented in multi-modal function optimization, the pre-
diction of exchange rates, the aggregation of norms, and facial
pattern recognition [3]. Their mathematical structure even
enables biological systems to be described, including gene
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expression analysis. Many scientists have attempted to extend
the concept of fuzzy numbers. In this field, Professor Kosins-
ki’s proposal of Ordered Fuzzy Numbers [4] has been attracting
increasing attention in recent years. It is, in a way, an alter-
native to Zadeh’s fuzzy numbers approach [5] for managing
vagueness in quantitative data. The OFNs are based on the
idea of splitting membership functions. The order of such parts
is independent of the values from these functions’ domain. In
this way, a new feature, the so-called direction, which allows
the data trend and tendency to be described, is included. It is
noted that research and publications using the OFN method
are appearing increasingly frequently in soft computing, nat-
ural language processing, and biomedical signal classification.
The development of CI allows a new direction for real-world
problem modeling to be determined and a more precise explo-
ration of the uncertainty of the parameters in the evaluation
process to be performed. This contributes to the design of the
next generation of computers, which will be able to self-solve
complex problems and learn from their own experiences. Also,
intensive research on the application of CI in biomedical engi-
neering is ongoing. This will support the intelligent monitoring
of patients and help deliver targeted and personalized medicine,
while ensuring smooth communication and high productivity
in medical units.

This Special Section includes papers on topics briefly
described below.

1. Application of computational intelligence
inspired by fuzzy numbers

Paper [6] is devoted to theoretical aspects of the defuzzifica-
tion method, which can be implemented in fuzzy controllers.
Fuzzy logic is a form of intelligence software which allows
for translation from logic statements into nonlinear mapping.
The authors compare the proposed center of circles intersection
method with a similar geometric solution. It is shown that the
proposed methodology works correctly and provides unique
results for traditional and Ordered Fuzzy Numbers.
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Gait analysis for post-stroke rehabilitation purposes using
fuzzy numbers, fractal dimension, and neural networks is pre-
sented in [7]. Fuzzy numbers modeling is supported by the
statistical analysis of biomedical signal processing to benefit
from enhanced computation technology possibilities.

Product lifecycle modeling is considered using the CI
approach in papers [8-9]. The first one compares the effec-
tiveness of selected ML methods (RBF networks, Kohonen
networks, and random forest) as modeling tools supporting
the selection of materials in eco-design. In turn, paper [9] is
devoted to the end-of-life oriented product design. To support
the designers during the process of design, agent technology
operating in the PLM environment is used. These technologies
allow, among others, for boosting the recycling properties of
products.

2. Optimization techniques in communications
and control

The downlink of an orthogonal frequency division multiplex-
ing based cell that accommodates calls from different ser-
vice-classes with different resource requirements is considered
in [10]. The important performance metrics are modeled using
a multi-rate loss model. The optimization techniques proposed
lead to reducing the calculation complexity based on a product
form solution of the steady-state models’ probabilities.

Optimization of information transmission and its process-
ing in the brain is studied in paper [11]. To analyze the trans-
mission efficiency, Shannon’s information theory was applied.
The probabilistic Levy-Baxter neuron model, which comprises
essential information transfer mechanisms, is used. The results
obtained support the hypothesis that basic components of neu-
rons and brain architecture evolve to address optimization of
the transmission efficiency.

Computer methods for calculating tuple solutions of poly-
nomial matrix equations and their conditions are described in
[12]. The special scheme of development of solution in the
matrix continued fraction allows to optimized iterative process
in solving matrix equations, including Riccati equation.

An optimal solution against denial of service (DoS) attacks
is analyzed in work [13]. The authors present a concept of user
authentication in IP communication, which consists of provid-
ing the receiver with the possibility to determine the sender’s
identity at the Internet layer level.

A replacement methodology in the context of heart rate vari-
ability (HRV) computation was proposed in paper [14]. To sim-
ulate removed data, authors implement a random suppression
data procedure. This methodology allows for modeling stress
based on HVR signals.

Paper [15] is devoted to the optimization of information
transmission in a network servicing elastic traffic. The authors
propose the balanced bandwidth-based concept to model the
traffic. Bandwith discretization is applied to obtain the depen-
dencies from the assumptions adopted in the generalized
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Kaufman-Roberts equation. The analytical results are success-
fully verified numerically.

A new methodology for the implementation of cloud man-
ufacturing (CM) architecture is presented in paper [16]. CM is
a current paradigm in which dynamically scalable and virtual-
ized resources are provided to users as services over the Inter-
net. The CM architecture is employed to map users and provid-
ers of manufacturing resources. The aim is to reduce costs and
development time during a product lifecycle. The basic idea
proposed in the paper is to apply semantic web technologies
such as ontologies to tackle this issue. It turns out that the CM
ontology contributes more effectively to intelligent and auto-
mated service discovery.
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