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CHAPTER 1: OVERVIEW 

1.1. Introduction 

The development and improvement of modern aircraft onboard radio-electronic equipment 

(avionics) is associated with the implementation of information and telecommunication 

technologies. As a result, the requirements for data transmission networks on aircraft are 

constantly growing [1]. On the one hand, every year, the improvement of subscriber devices 

(traffic generators) of the aircraft on-board network [2], [3] requires the increased performance 

of aircraft onboard information and telecommunication networks: greater throughput, 

scalability, ensuring the required level of delays [4–6]. On the other hand, the execution of 

these requirements must be ensured with unconditional compliance with the mass-dimensional 

characteristics of avionics and the tendency to decrease them. 

As a rule, any technical decision taken in relation to aviation equipment (AE) proceeds from 

a compromise between the weight, size, and characteristics that the AE product must provide 

while considering the fact that the AE has strict requirements for resistance to external factors, 

reliability, and electromagnetic compatibility [7], [8]. According to the complexity of the 

testing cycle of single products and the increasing complexity of the task, problematic 

situations often arise during the development or modernization of systems, complexes, and sets 

of AE. In particular, the solution to the problem of ensuring the proper characteristics of on-

board information and telecommunications networks is complex [9], [10] but does not exclude 

the requirements imposed on the components of the whole system. 

In aviation, the object of electromagnetic compatibility (EMC) research is an aircraft and its 

onboard equipment capable of generating electromagnetic interference [11] or being 

susceptible to it. A special research object is the external electromagnetic fields on the flight 

paths. The aircraft's onboard devices are divided into radio-electronic, electronic, and 

electromechanical; they are divided into potential sources and receptors of unintentional 

interference [12]. The EMC of the aircraft's onboard equipment is determined by the 

characteristics of three main objects: sources of unintended interference, interference detectors, 

and the environment in which interference is propagated from the source to the receptor. 

Unintentional disturbances are considered sources of interference formed during the 

operation of aircraft onboard equipment and radiations of radio transmitting devices located 

outside the aircraft (land-based and sea-based and other aircraft). Onboard radio transmitters 

are the most powerful sources of unintentional interference on the aircraft [13]. They emit 

continuous and pulsed signals in the frequency range from 2 MHz to 10 GHz. Their capacities 

are 20... 400 watts – for continuous signals and up to several kW – for pulsed. The spectrum 

consists of the main and extra-local radiation, radiation at harmonics of the operating 

frequency, noise and transit radiation [14], [15]. Potential sources of interference in the aircraft 

are pulse power converters, engine ignition systems, pulse de-icing systems, and digital 

electronic systems [16]. The main parameters of the interference sources are the following: the 

interference power in the radio frequency (RF) range (f) and the width of the spectrum of 

generated interference ΔFgen(f).  
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According to the degree of impact of failure on flight safety, aircraft systems are divided 

into four levels: A, B, C and D [17]. Level A includes systems that perform so-called "critical" 

functions. Their violation leads to catastrophic consequences [18]. Examples are 

telecommunications systems on board, electrical control, engine control, etc. 

Level B includes electrical and electronic systems that perform a function, the violation of 

which leads to an emergency situation. 

Level C includes electrical and electronic systems that perform functions, the violation of 

which significantly complicates flight conditions. 

Level D includes electrical and electronic systems that perform functions, the violation of 

which does not significantly complicate the conditions of the flight. 

Communication systems and aircraft navigation support systems are examples of level B 

and C systems, which are display systems that provide direction, location, and route data. 

Failure of a level B or C system is not catastrophic, but it can contribute to other failures. 

Electromagnetic compatibility EMC depends on two factors: 

o internal electromagnetic environment (EMO) in the locations of equipment enclosures, 

antennas and antenna-feeder lines, information exchange lines of functional systems 

(FS), etc.; 

o the noise immunity of the radio receivers (RR) and the susceptibility of the avionics to 

interference. 

To date, the greatest danger is expected from the impact of pulsed radiation fields at 

frequencies from 400 MHz to 10 GHz [19], [20], which mainly affect electronic circuits. 

1.2. Rationale 

Analysis of trends in the development of onboard information and telecommunication 

networks [21–23] and sensors [24], [25] in the conditions of high-intensity electromagnetic 

fields has allowed us to establish that significant improvements in the resistance of information 

networks to high-intensity electromagnetic fields are urgently needed today. 

As a result of the analysis of the means of increasing durability, network organization and 

noise-resistant coding methods were identified, and sensors onboard aircraft were considered. 

System methodological problems and contradictions in the construction of networks, 

organization of coding, and use of pressure sensors were identified. 

The analysis of existing scientific works in this field of research has shown that to build a 

secure network with guaranteed delivery of messages under increased electromagnetic impact 

[26], [27], modernization of the scientific and methodological apparatus is required. For these 

purposes, the prospects of applying the mainline fault-tolerant coding methods and the 

application of optical sensors to a new area of research are substantiated. This will allow 

methodological problems to be solved caused by the influence of electromagnetic fields on the 

onboard information and telecommunication network [28], [29]. 

The disadvantages of existing networks include the use of fiber channel cables with high 

weight and relatively low throughput, low resistance of transceivers to the effects of fields, as 

well as high susceptibility of electronic sensors of static and full pressure to the impact of EMV 

[30], [31]. 
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1.3. The aim and tasks of the Doctoral Thesis 

Summarizing the above-mentioned facts about the directions of development of on-board 

information and telecommunication networks and sensors in the conditions of high-intensity 

electromagnetic fields, the following aim of the Doctoral Thesis is proposed: 

Experimentally develop approaches to the construction of information systems based on 

optical sensors and broadband access facilities that ensure the transmission of traffic from 

subscribers of the onboard network, meeting the requirements for ensuring the level of delays 

and requirements for electromagnetic compatibility of onboard equipment providing the 

possibility of including new devices in the existing network and upgrading existing ones. 

To achieve the aim set, the following theses were put forward: 

1. A specialized code implementation with irregular repetition and forward error 

accumulation more than triples the signal transmission efficiency of the aircraft's high-

speed digital video interface using 16-QAM (quadrature amplitude modulation) and 

improves system stability when exposed to high-intensity radiated fields.  

2. The use of deformable CuBe2Ni(Co) bronze membranes with a sinusoidal profile and 

a rigid center, along with light-emitting diodes and charge-coupled device arrays, for 

measuring membrane deflection allows for increasing the precision of absolute and 

static pressure sensor measurements by at least 50%, reducing energy consumption by 

at least 70%, decreasing the processing time required for information processing, and 

reducing the weight of the final sensor by at least 25 %, compared to frequency absolute 

and static pressure sensors.  

3. By introducing asymmetry in the distribution of losses and gains through altering the 

thickness of the layers, one can transition to the point of generating coherent ideal 

absorption, characterized by a significant increase in generation intensity and a sharp 

rise in the quality factor exceeding 108.   

1.4. The key tasks of the Doctoral Thesis 

To achieve the set goal of the dissertation and to prove the proposed theses, it is necessary 

to perform the following key tasks: 

1. Develop and implement a fiber optic access network and aircraft onboard network that 

optimizes channel resource allocation at specific wavelengths, leading to improved 

quality-of-service (QoS) indicators for traffic within the network that doubles network 

capacity compared to traditional wave multiplex technologies. 

2. Develop a new pressure sensor, showcasing significant enhancements and 

performance indicators  and improved efficiency gains that reduce data transmission, 

lower supply voltage requirements, and contribute to enhanced energy efficiency and 

system performance. 

3. Explore the potential of non-Hermitian photonics based on insights gained from 

research, emphasizing the asymmetric characteristics that can be harnessed to achieve 
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desired optical functionalities, therefore, pave the way for further studies in advancing 

photonics technology and addressing challenges across various domains. 

4. Enhance transmission efficiency within the ARINC-818 communication protocol by 

integrating LDPC-IRA coding, surpassing traditional methods by more than threefold 

and therefore addressing challenges related to high-intensity radiated fields (HIRF) 

interference, thereby enhancing system stability and reliability through improved 

coding efficiency. 

1.5. Research methods 

To perform the tasks outlined in the Doctoral Thesis and to analyze the problems, 

mathematical calculations, numerical simulations, and experimental measurements have been 

used. Numerical simulations were implemented in RSoft OptSim and VPI Design Suite 

simulation software, which are based on the nonlinear Schrödinger equation using the split-

step method, the Fourier transform, and the Monte Carlo method for estimating the bit-error-

rate (BER). Mathematical processing was also performed in Matlab, COMSOL, Ansys 

Lumerical, GPSS World, etc., mathematical modelling software.  

The scientific experiments described in the Doctoral Thesis were carried out at The Institute 

of Photonics, Electronics and Telecommunications (IPET) of Riga Technical University (RTU) 

and at the Dynamics of Nanostructures' Laboratory at Tel Aviv University (TAU) in Israel.  

1.6. Scientific novelty and main results 

Novel achievements of the Doctoral Thesis are as follows: 

1. The novelty of the dissertation is the developed methods of building highly reliable 

networks based on fiber optic access means and using optical sensors. 

2. A new approach has been developed and tested to ensure traffic transmission from 

subscribers of the onboard network. 

3. The concept of the coherent perfect absorption lasing associated with the quasibound 

state in the continuum or asymmetric non-Hermitian epsilon-near-zero-containing 

layered structures was proposed. 

4. All new design of full and static pressure sensors with high accuracy in determining the 

deformation, high speed, and optical interface was developed. 

 

Practical value of the Doctoral Thesis: 

1. Highly reliable networks: The developed methods for building high-reliability networks 

based on fiber optic access means and using optical sensors provide a robust and 

efficient infrastructure for communication systems. This can improve network 

performance, increase reliability, and enhance data security. 

2. At the Institute of Photonics, Electronics and Telecommunications (IPET) of RTU 

Faculty of Computer Science, Information Technology and Energy, an optical 

telecommunication onboard system with ARINC-818 interface capable of transmission 
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in HIRF environment and capable of changing FEC on the channel (proposed for 

further experimental research) has been experimentally developed and evaluated in 

mathematical simulation.  

3. Transmission of traffic from subscribers: The new approach developed and tested to 

ensure the transmission of traffic from subscribers of the onboard network offers a 

solution for efficient data transfer within networks, especially in scenarios involving 

multiple subscribers. This can optimize network resources and improve data transfer 

speeds. 

4. At the Institute of Photonics, Electronics and Telecommunications (IPET) of RTU 

Faculty of Computer Science, Information Technology and Energy FCSITE, a gigabit-

capable passive optical network (GPON)-based high-potential setup with multiple 

subscribers for guaranteed traffic delivery checks for highly reliable networks has been 

created (and is proposed for further experimental research). 

5. Coherent perfect absorption lasing concept: The proposed concept of coherent perfect 

absorption lasing associated with the quasibound state in the continuum or asymmetric 

non-Hermitian ENZ-containing layered structures introduces a novel approach to lasing 

technology. This concept can potentially enhance the efficiency and performance of 

lasing devices, leading to advancements in laser technology. 

6. Full and static pressure sensor design: The new design of a full and static pressure 

sensor with high accuracy in determining deformation, high speed, and optical interface 

offers a significant advancement in sensor technology. This sensor can be utilized in 

various applications, such as industrial monitoring, medical devices, and structural 

health monitoring, providing precise and reliable measurements. 

7. At the Institute of Photonics, Electronics and Telecommunications (IPET) of RTU 

Faculty of Computer Science, Information Technology and Energy, a practical setup 

for verification of the functioning and assessment of the metrological characteristics of 

the developed design of the static and total pressure sensor according to the criterion of 

increasing the accuracy and speed has been experimentally developed and evaluated. 

8. Overall, the practical value of this Doctoral Thesis lies in its innovative contributions 

to optical communication systems, sensor technology, and lasing concepts, which can 

potentially drive advancements in various industries and applications. 

The results obtained in the Thesis were used in the following projects: 

• LZP project “Novel complex approach to the optical manipulation of nanoparticles 

(PHOTON)” No. lzp-2022/1-0579 

• LZP project “Dynamics of non-scattering states in nanophotonic (DNSSN)” No. lzp-

2021/1-0048 

• LZP project “Novel non-Hermitian singularities in all-dielectric nanostructures 

(NEO-NATE)” No. lzp-2022/1-0553 

https://www.rtu.lv/en/university/rtu-projects/open?project_number=4714
https://www.rtu.lv/en/university/rtu-projects/open?project_number=4579
https://www.rtu.lv/en/university/rtu-projects/open?project_number=4579
https://www.rtu.lv/en/university/rtu-projects/open?project_number=4713
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1.7. Structure of the Thesis 

The Thesis is prepared as a thematically unified set of publications on the development of 

optical communication systems with highly reliable optical sensors and optical networks. 

Chapter 1: Overview. This chapter describes the scope of the research, formulates the main 

research hypotheses, and discusses the importance of the novelty of research related to onboard 

access systems. It also presents a brief description of the Thesis structure and displays the list 

of publications and presentations at international conferences. 

Chapter 2: Methodology. This chapter describes the fundamental factors necessary for 

successful quality of service improvement and basic approaches for the development contents 

of high-reliability networks. Three main stages are outlined. 

2.1. Data Collection. The procedure is discussed in detail, which could be divided into three 

sub-stages.  

2.2. Data Analysis. This subchapter considers different ways to get high-reliability optical 

networks according to collected data. 

2.3. Methodology development. This subchapter presents the algorithms for forward error 

correction, methods of coherent perfect absorption and approaches for optical sensors for 

inclusion in information systems, including fundamental solid principles for robust light 

enhancement systems  

Chapter 3: Main results. This chapter represents publications that reflect the main results 

obtained during the research and application of fiber optics communications and sensors 

onboard. The results are published in five cited sources in journals indexed in Scopus. 

Chapter 4: Final remarks. This chapter represents the main conclusions and discussion of 

the challenges and their solutions concerning the practical application of optical 

communication systems with highly reliable optical sensors and broadband access. 

 

1.8. Publications and approbation of the Thesis 

The results of the Doctoral Thesis are presented in eight scientific articles and publications 

in conference proceedings indexed in SCOPUS, Web of Science (WoS), and Institute of 

Electrical and Electronics Engineers (IEEE) databases. The author has eight publications 

altogether. The main results of the Thesis were summarised in three scientific journals. The 

results of the research were presented at three conferences. 

The results of the Doctoral Thesis have been presented at theer international scientific 

conferences. 

1. A. Krotov, M. Krotov, S. Matsenko, T. Salgals, V. Bobrovs, "Aircraft Optical Video 

Transmission Communication based on the Forward Error Correction Codes," 2023 

Photonics & Electromagnetics Research Symposium (PIERS), Prague, Czech Republic, 

(2023), DOI: 10.1109/PIERS59004.2023.10221478  

2. A. Krotov, S. Tarasov, A. Lunev, R. Borisov, D. Kushevarova, "Data Acquisition and 

Processing Algorithm for Total and Static Pressure Measurement System," Engineering 

Proceedings, (2022), 27(1):23, DOI: 10.3390/ecsa-9-13332 

https://doi.org/10.1109/PIERS59004.2023.10221478
https://www.mdpi.com/2673-4591/27/1/23
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3. S. Matsenko, S. Spolitis, O. Borysenko, M. Pudzs, A. Krotov, V. Bobrovs, "LDPC 

Code with Fractal Decoder Device for 100 Gbps PAM-M Optical Interconnect," 2021 

Photonics & Electromagnetics Research Symposium (PIERS), Hangzhou, China, 

(2021), DOI: 10.1109/PIERS53385.2021.9695128 

The results of the author's Doctoral Thesis are presented in eight scientific articles and 

conference proceedings indexed in SCOPUS, WoS, and IEEE databases: 

1. A. Krotov, M. Krotov, S. Matsenko, T. Salgals, V. Bobrovs, "Aircraft Optical Video 

Transmission Communication based on the Forward Error Correction Codes," 2023 

Photonics & Electromagnetics Research Symposium (PIERS), Prague, Czech Republic, 

(2023), DOI: 10.1109/PIERS59004.2023.10221478  

2. D. Novitsky, A.C. Valero, A. Krotov, T. Salgals, A.S. Shalin, A. Novitsky "CPA-Lasing 

Associated with the Quasibound States in the Continuum in Asymmetric Non-Hermitian 

Structures, " ACS Photonics. 9., (2022), DOI: 10.1021/acsphotonics.2c00790 

3. A. Krotov, S. Tarasov, A. Lunev, R. Borisov, D. Kushevarova, "Data Acquisition and 

Processing Algorithm for Total and Static Pressure Measurement System," Engineering 

Proceedings, (2022), 27(1):23, DOI: 10.3390/ecsa-9-13332 

4. R. Borisov, I. Antonec, A. Krotov, S. Tarasov, V. Bobrovs, "Methodology for the Static 

and Total Pressure Sensor Development Based on Elastic Sensing Elements and Linear 

CCD Matrices," International Review of Mechanical Engineering (IREME), (2022), Vol. 

16, No. 1, DOI: 10.15866/ireme.v16i1.21118 

5. S. Matsenko, O. Borysenko, S. Spolitis, A. Udalcovs, L. Gegere, A. Krotov, O. Ozolins, 

V. Bobrovs, "FPGA-Implemented Fractal Decoder with Forward Error Correction in 
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6. S. Matsenko, S. Spolitis, O. Borysenko, M. Pudzs, A. Krotov, V. Bobrovs, "LDPC Code 

with Fractal Decoder Device for 100 Gbps PAM-M Optical Interconnect," 2021 Photonics 

& Electromagnetics Research Symposium (PIERS), Hangzhou, China, (2021), DOI: 

10.1109/PIERS53385.2021.9695128 

7. A. Krotov, S. Artamonov, K. Kuprenyuk, V. Nikitina, N. Romanov, E. Sosnov, 

"Possibilities for Increasing the Signal-To-Noise Ratio in Technical Vision Systems of 
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https://doi.org/10.1109/PIERS53385.2021.9695128
https://doi.org/10.1109/PIERS59004.2023.10221478
https://doi.org/10.1021/acsphotonics.2c00790
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http://dx.doi.org/10.15866/ireme.v12i4.14583
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CHAPTER 2: METHODOLOGY 

2.1. Development of a mathematical model in the simulation environment 

of an information and telecommunication network 

The main approaches to assessing the quality of service of Internet Protocol (IP) networks 

are specified in recommendation Y.1541 [32], according to which the leading indicators of the 

quality of service of multimedia traffic are the average network delay of the packet (frame) 

transmission of IP packet transfer delay (IPTD) and its variation (jitter) IP delay variation 

(IPDV). 

.. ..
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Fig. 2.1. Structure of the analytical model. 

There is a GPON-based access network segment that is affected by three classes of 

subscriber traffic [33]: 

o In the downstream branch: traffic (highest service priority), with an average intensity 

λ1НI …λNНI to all NN subscribers of the considered section of the access network, traffic 

(average service priority), with an average intensity ΛMI, traffic of data transfer services 

to NN subscribers (lowest priority), with average intensity λ1LI…λDNI. 
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o In the ascending branch: traffic of the highest priority, with an average intensity λEH, 

traffic of requests from one subscriber (medium priority) with an average intensity of 

λ1EM, traffic of data transfer services from one subscriber (lowest priority) with an 

average intensity of λ1EM. There are Nc segments operating in the broadband segment, 

each of which has N subscribers. It is required to determine the average IPTD packet 

(frame) delay for all types of traffic and the IPDV delay deviation [34] for traffic in the 

downstream and upstream branches. VoIP and IPTV. 

It is assumed that: 

o The network is homogeneous and is in a steady state; 

o The intervals between the arrival of requests in the input flow of the descending branch 

are subject to the classical (two-parameter) Pareto distribution [35], [36], and the 

Poisson flow [37] acts on the ascending branch. 

o Service in both branches is multi-phase, in the first phase of the descending branch the 

duration of service intervals is subject to the classical Pareto distribution, and in the 

ascending branch the service is of a general type with three priority classes, as in the 

last phase of the descending branch; 

o In the upstream branch of GPON, each ONT transmits one Ethernet frame per access 

cycle; 

o The GPON segment is in operating mode; 

o The network is reliable. 

The structure of the analytical model of the broadband access network under consideration 

in terms of queuing theory is shown in Fig. 2.1. 

In the downstream branch (Fig. 2.1), flows of requests (Ethernet frames) are serviced in 

three phases: 1 - service in broadband remote access server (BRAS), 2 - service of the total 

traffic of the access node when it is transmitted over the broadband remote access server optical 

line terminal (BRAS-OLT) line, 3 - service in the GPON segment. 

In the upstream branch (see Fig. 2.1), there are two phases of service: 1 - service of three 

classes of traffic coming from the subscriber in the GPON segment, 2 - service of the combined 

(total) access node traffic (from Nc GPON segments) when transmitted over the optical line 

terminal (OLT) line -BRAS. The phase numbers are shown in Fig. 2.1 in numbers in circles. 

In the first phase (see Fig. 2.1), the average delay is calculated from the well-known 

Kraemer and Langenbach-Belz [38], [39] approximation for a G/G/1 type QoS. 

For the classical Pareto distribution of intervals between requests in the input flow and 

service intervals in the first phase of the descending branch, the following expressions were 

used: 

𝑀 =
𝛼𝑘

𝛼-1
 (1);  𝐷 =

𝛼𝑘2

(𝛼−1)(𝛼−2)
 (2); 𝜐2 =

1

𝛼(𝛼−2)
 (1), 

where M is the average value, D is the dispersion, is the quadratic coefficient of variation, 

k is the lower limit of the distribution, and is a parameter of the distribution shape. 

The IPDV delay deviation is calculated [37] as follows: 

𝐼𝑃𝐷𝑉 = 𝐼𝑃𝑇𝐷𝑢𝑝𝑝𝑒𝑟 − 𝐼𝑃𝑇𝐷𝑚𝑖𝑛 , where 𝐼𝑃𝑇𝐷𝑢𝑝𝑝𝑒𝑟 calculated as the rank 0.999 

quantile of the IPTD distribution function or approximately as the difference: 

𝐼𝑃𝐷𝑉 = 𝐼𝑃𝑇𝐷𝑚𝑎𝑥 − 𝐼𝑃𝑇𝐷𝑚𝑖𝑛 (2). 



17 

Considering expression (2) and the “three-sigma rule”, for most types of delay time 

distributions, we can approximately estimate the delay deviation in a network section as  

IPDV≈ 6𝜎𝑊, where 𝜎𝑊- standard deviation of the delay interval in this section, and 𝜎𝑊 =

√∑ 𝜎𝑖
2𝑛

𝑖=1  (3), where n is the number of service phases, and 𝜎𝑖- standard deviation in 𝑖 - phase. 

For phases 2 and 3 of the downstream branch and both phases of the upstream branch, we 

will calculate IPTD as the delay in the M/G/1 QoS with three classes of relative service 

priorities [40]. 

The total average intensity of the IPTV traffic flow affecting the last two phases of the 

downstream branch can be determined as follows: 

𝛬𝑇𝑉 = 𝑘𝑚𝑘𝜆𝑖𝑇𝑉 + 𝑁0𝜆𝑉𝑜𝐷 (4), 

where 𝛬𝑇𝑉 - total traffic intensity IPTV,𝑘𝑚𝑘  - number of channels in a multicast group 

IPTV,  𝜆𝑖𝑇𝑉- average flow intensity of one IPTV broadcasting channel,  𝜆𝑉𝑜𝐷- the intensity of 

the “video on demand” stream per subscriber, N0- the total number of subscribers in the 

network (or in the GPON segment) who have subscribed to the Video on demand (VoD) 

service.  

The average service time for the phases of the downstream branch is determined from the 

sum: 

𝑏̄𝑖𝑗н = 𝑡̄𝑎𝑠𝑐ijн + 𝑡̄desijн𝑏̄𝑖𝑗н = 𝑡̄𝑎𝑠𝑐ijн + 𝑡̄desijн (5), 

where: 𝑏̄𝑖𝑗н- average service time in 𝑖 phase of the downward branch of requests 𝑗 type 

(frames j – type of traffic), 𝑡̄𝑑𝑒𝑠ijн- average processing time in i phase of the descending branch 

of requests j type,  𝑡̄𝑎𝑠𝑐ijн- average transmission time in i phase of the ascending branch of 

requests j type. 

For the first phase of the ascending branch: 

𝑏̄1𝑗в = 𝑡̄𝑎 + 𝑡̄𝑎𝑠𝑐1jв + 𝑡̄𝑑𝑒𝑠1jв (6), 

where: 𝑏̄1𝑗в- average service time in the first phase of the ascending branch of j requests 

type,𝑡̄𝑎- average access interval, 𝑡̄𝑎𝑠𝑐1jв- average processing time in the first phase of the 

ascending branch of j-type requests. 

𝑡̄д = ∑ 𝛥𝑙𝑖
𝑁−1
𝑖=1 𝑡Р + ∑ 𝑡̄𝑎𝑠𝑐1jвi

𝑁−1
𝑖=1  (7), 

where𝛥𝑙𝑖- increment of line length of the i subscriber, 𝑡р- propagation delay per unit length 

of line used,𝑡̄𝑎𝑠𝑐- average time for transferring i-type requests.  

The 𝛥𝑙𝑖 parameter is defined as the difference between the maximum length of the OLT-

optical network terminal (ONT) line in the GPON segment and the length of the line of the th-

subscriber. To simplify the analysis, the value of this parameter averaged for the GPON 

segment was used. 

Simulation models of the downstream and upstream branches of the GPON segment was 

developed in the GPSS World simulation environment. 

To achieve this goal, a network structure can be used, which includes: 

1. central device for switching and routing packets (CDSRP); 

2. transmitting and receiving duplex optical replaceable modules configured for the used 

wavelengths λ 1... λ n (installed in special sockets of the CDSRP); 
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3. the network end of the central OLT node, equipped with a wavelength division 

multiplexed (WDM) multiplexer and separation devices (passive fiber optic devices); 

4. single-fiber optical backbone up to 30 km; 

5. passive node, which is a WDM multiplexer (MUX); 

6. subscriber optical lines λ 1… λ N up to 3 km long; 

7. splitters 1x2 P1…PN; 

8. small Form-factor Pluggable (SFP) modules tuned to the corresponding wavelengths 

λ1... λN; 

9. switching and packet routing devices (terminals DSRP1... DSRPN). 

Any Ethernet switch or router that can install SFP modules in each port can be used as a 

CDSRP. Any of the modules available on the market can be used as SFP modules. For example, 

from inexpensive Coarse Wavelength Division Multiplexing (CWDM) lines [41] up to 16 

wavelengths. 

Modules should be selected with a significant excess of the maximum overlapped line length 

declared by the manufacturer in relation to the used length of the main line to ensure that the 

attenuation of elements of the passive path of the network is covered [42]. Thus, with an 

estimated length of the main line of 30 km (with subsequent testing on a laboratory test line of 

40 km with a positive result), SPF modules were selected, designed for a point-to-point line 

length of up to 80 km, type TBSF15d-80-12g-LC-3c, to the corresponding CWDM grid 

wavelengths used. 

Available coarse wavelength division multiplexing multiplexers (CWDM-MUX) were used 

as the network end of the central OLT node (CWDM-MUX 1x4 1550-1610 3.0 LC/APC 1.5 

m were used for the four-port laboratory prototype). Devices for dividing propagation 

directions are connected to each of the divided ports of the multiplexer. These devices are made 

based on 1 × 2 planar splitters, which provide significant attenuation of the opposite direction 

of propagation (up to 30 - 40 dB) [43]. 

The single-fiber optical line used in the laboratory prototype tested was a 40 km line (4 reels 

of Fujikura fiber, 10 km each, connected in series). It is important to note here that all line 

connections in the network, especially the trunk line, except for the SFP module ports, must be 

made using a Subscriber Connector (SC) with Angled Physical Contact (APC) t.i. (green 

mark), which ensures minimal reflections. This is especially critical for the proposed 

technology. 

The passive node uses a multiplexer like that used in OLT (without separating devices). The 

ONT used SFP modules like those used in the OLT. Splitters like those in OLT were used to 

separate transmission directions in ONT. Ethernet switches with one port equipped with 

sockets for installing SFP modules were used as the terminal DSRP. It was assumed that the 

proposed technology would be used in fiber-to-the-building (FTTB) class solutions, and 

subscriber wiring inside the building should be carried out using a standard category 5 network 

cable based on twisted pairs [Koonen, T. (2006). Fiber to the home/fiber to the premises: what, 

where, and when?. Proceedings of the IEEE, 94(5), 911-934.]. During laboratory tests, sets of 

subscriber equipment were connected to the end ports of network segments: video broadcasters, 

Session Initiation Protocol (SIP) telephones, personal computers (PC), and others. 

Since the difference of the proposed network is the application in its segments of the 

principle of separating transmission directions according to the directions of propagation of the 
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light flux [44], [45], in such a network, the manifestation of mutual influence (interference) of 

transmission directions is inevitable, which is an additional source of specific interference and 

restrictions. 

The main advantages of the proposed wavelength division multiplexed passive optical 

network (WDM-PON) are as follows. 

1. Each end node of the proposed network monopolizes the entire channel resource of 

the bandwidth of the channel allocated at its wavelength, which significantly improves 

the quality-of-service QoS indicators for traffic in the proposed network. 

2. In the proposed network, a doubling of the capacity (the number of connected nodes) 

is achieved compared to the use of traditional wave multiplex technologies due to the 

division of transmission directions not by wavelengths (as in traditional systems) but 

by the directions of propagation of the light flux. In the case of the proposed network, 

connecting each node will require only one wavelength, and not two, as in traditional 

WDM systems. 

3. The proposed passive optical network (PON) provides complete logical transparency 

in dedicated channels and does not require any additional headers to be attached to the 

information packets (frames), such as in GPON. In addition, there is no dependence 

on throughput at the node level on the number of nodes included in the network 

segment or on the variation in the lengths of subscriber lines. 

4. The proposed passive network uses wave division, and commercially produced 

domestic elements of fiber optic communication (FOC) can be used - optical 

transceivers SFPs, optical multiplexers / demultiplexers (DEMUX), optical circulators 

and splitters, as well as domestic information packet switches, including those with 

special certificates of conformity that have passed special checks and special studies. 

This eliminates the possibility (or reduces the likelihood of these events to a 

minimum) of the presence of undeclared functionality in the equipment of the 

proposed network, which ensures increased information security in the proposed 

network, performed based on imported, very large-scale integrated circuits. 

Simulation modeling made it possible to obtain complete ideas about the process and 

estimates not only at the average values level but also standard deviations and histograms of 

distributions. Priority service mechanisms allow us to provide the best conditions for 

transmitting delay-sensitive traffic, even with identical service intervals for all types of traffic. 

Increased energy saving, as well as the absence of the need to use switches, was achieved 

through the implementation of a synchronous, conflict-free method of access for network 

subscribers to a standard distribution medium (mono-channel), the use of acknowledgement of 

information frames during their transmission, the use of a fiber-optic physical distribution 

medium with one optical fiber, with separation of transmission directions optical signals by the 

method of separating the directions of propagation of the light flux. 

As a prototype, a block of random multiple access to a monochannel using the carrier-sense 

multiple access with collision detection (CSMA/CD) method [46], described in was chosen. 

The random-access method with conflict resolution using the CSMA/CD method; it is a 

multiple access block with asynchronous random access to a monochannel that allows conflicts 

(collisions) of information frames transmitted over the network. The advantage of such systems 

is the ease of implementation of access blocks. 
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An obvious disadvantage of the prototype is the possibility of loss of information packet 

when transmitted through the network. Losses occur when frames received with errors are 

discarded in the receiving part of the access blocks [47], [48]. This disadvantage persists in 

modern networks that work with similar access units using Ethernet technology. This 

circumstance significantly limits the use of networks with access units, such as the prototype, 

in real-time data transmission systems that require guaranteed transmission of messages within 

a given limited time interval [49]. In systems using such an access method as in the prototype, 

data confirmation and auto-request of frames received with errors (discarded at the access 

level) are carried out by software protocols of the upper levels of the network hierarchy, which 

requires a period of time depending on the performance of computing devices, and the 

CSMA/CD access protocol used in the prototype does not provide a guaranteed frame 

transmission time in the event of errors and conflicts (in heavy load and interference modes). 

All these shortcomings limit the use of such widespread systems in conditions where strict 

requirements are imposed on the reliability (absence of losses and errors) of message 

transmission and the delay in transmitting frames through the network. Such requirements are 

imposed, for example, when transmitting control commands and other information in 

distributed real-time control systems [50]. 

Network operation in conditions of high-intensity fields involves the creation of such an 

optical local network access unit with guaranteed message delivery, which will ensure 

guaranteed delivery and low latency of information frames transmitted in the local network at 

the access level over the entire load range, will allow the implementation of a conflict-free 

access method, and will provide protection from errors that occur when transmitting frames 

through a common channel [51], [52], as well as low susceptibility to the effects of 

electromagnetic interference, interference and complete electrical isolation of the terminals 

included in the network, which creates additional noise immunity due to the lack of possibility 

of stray currents flowing [53, 54], in addition, a network built based on the proposed access 

devices, assumes passive nodes and an economical single-fiber infrastructure, that is, it should 

ensure energy saving and resource conservation. 

To achieve this goal, it is proposed to supplement the prototype with an optical transmitter, 

an optical receiver, a separating device, a transmitter and receiver of commands, a reference 

generator, an address setter, an analyzer, a switch S1 “central/peripheral” (“C/P”), an interface 

unit, and also use methods of traffic analysis discussed by including in the on-board computer 

an application for analyzing traffic from network devices. 

It is proposed that an optical local network access block with guaranteed message delivery 

be configured as follows: a separating device, an optical transmitter, an optical receiver, a 

command transmitter and receiver, a reference oscillator, an address setter, an analyzer, an 

interface block, and the separating device has an optical interface towards a passive local 

splitter network and is connected by optical lines to an optical transmitter (Tx) and an optical 

receiver (Rx), and the optical transmitter and optical receiver are also connected to a linear 

encoder/decoder, which is also connected to the output of the “or” circuit, to the reception 

Random-access memory (RAM), to an error detector, a frame selector, and a synchronization 

unit and control, a command receiver, a reference generator, and the reference generator is also 

connected to a frame selector, an interface block, a command transmitter Tx and receiver Rx, 

a synchronization and control block, which is connected to the analyzer and switch S1, also 
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connected to the analyzer, with a readiness trigger , also connected to the transmission RAM, 

command receiver and transmitter, with an error detector, with the transmission RAM, while 

the address setter is connected to the command receiver and transmitter, frame selector, 

interface unit, the first input of the “OR” circuit is connected to the transmission RAM, and the 

second its input is connected to the command transmitter, the error detector is connected to the 

command transmitter, the second input of the “AND” circuit, the first input is connected to the 

frame selector, and the output is connected to the interface block to which the transmit and 

receive RAM is connected. 

2.2. Development of approaches for optical pressure sensors for the 

information and telecommunication networks in aircraft 

The proposed sensor (Fig. 2.2). for static and total pressure contains a housing (1) with 

two holes, respectively, for measuring static Pst and total Ptot pressure, and the holes are 

located above and below the gap formed by membranes (2) and (3). 

 

Fig. 2.2. Pressure sensor: 

1 – housing with two holes; 2 and 3 – membranes; 4 – stand, 5 and 6 – photodetectors; 7 and 8 - curtains with 

slits (slots); 9 and 10 - radiation sources; 11 and 12 analog-to-digital converter (ADC); 13 - microcontroller. 

 

Membranes 2 and 3 of the aneroid-sensitive elements are spaced apart in height, 

forming a gap from which air is pumped out, and are sealed around the perimeter of the 

body. Inside the airless gap, symmetrically relative to membranes 2 and 3, there is a stand 

4, rigidly fixed to the side wall of housing 1. Above and below relative to stand 4, optical 

radiation sources 9 and 10 (for example, LEDs or optical fiber) are rigidly fixed to the 

side wall of the housing 1. Opposite the radiation sources 9 and 10 there are 

photodetection lines 5 and 6, rigidly fixed to the stand 4. Curtains 7 and 8 containing n 

slits are rigidly attached to the rigid centers of the membranes 2 and 3, which perceive 

static and total pressure, respectively. Photosensitive areas of the rulers are located along 
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the direction of movement of the curtains when the measured pressure changes. In this 

case, shutter 7 is in front of the photosensitive area of line 5, and shutter 8 is in front of 

the photosensitive area of line 6. The output of line 5 is connected to the input of ADC 

11, and the output of line 6 is connected to the input of ADC 12. The outputs of ADC 11 

and ADC 12 are connected to the first and the second inputs of microcontroller 13, the 

first and second control outputs of which are connected to two control inputs of both 

photodetector (PD) lines, and the second control input is also connected to the control 

inputs of both ADCs. The output of the microcontroller is connected to the input of the 

aerometric pressure recording device 14. 

The operation of the device when measuring static pressure is as follows. In the initial state, 

membrane 2 of the aneroid-sensitive element occupies a certain position. Optical radiation W1 

from source 9 falls on curtain 7 and, passing through n slits, forms n light spots the size of 

several elements (pixels) of the line on the photosensitive surface of the photodetection line 5. 

As a result of the operation of the photodetection array, a periodic electrical signal is formed 

at its output (with a period equal to the time required for sequential interrogation of all pixels 

of the array), in which the distribution of optical power incident on its surface is reflected in 

the change in the amplitude of the signal U1 (Fig. 2.3). 

The operation of photodetector line 5 is ensured by supplying control signals U3 and U4 

from the microcontroller. The control signal U3 determines the beginning (the first pixel) when 

sequentially polling all pixels of the line. The second signal U4 sets the polling period for each 

individual pixel of the line. The amplitude of the electrical signal U1 at the output of line 5 at 

each moment of time is proportional to the optical power incident on the pixel currently being 

interrogated. As a result, a periodic electrical signal U1 is generated at the output of the line of 

photoelectronic receivers (5), in which the spatial distribution of optical power within the 

photosensitive surface of line 5 is matched with the time distribution of the amplitude of the 

electrical signal within the period of the signal U3. Thus, n local maxima will be observed in 

the output signal of the photodetector array, corresponding to signals from the pixels that 

receive radiation passing through n slits in curtain 7.  

 
Fig. 2.3. Signal distribution on elements of a line of photoelectronic receivers. 

Further processing of the output signal of the photodetector array occurs in digital form. For 

this, an ADC 11 is used, which converts the signal amplitude from each pixel of the line into a 

digital code corresponding to the amplitude. To synchronize the sampling moments [54] of the 

ADC with the operation of the photodetector line, signal U4 is supplied to the control input of 

the ADC. An array of signal amplitude values from the pixels of the line from the output of the 
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ADC 11 in the form of a signal U5 is supplied to the input of the microcontroller 13. The 

microcontroller software processes the array of data received during one period of the signal 

U3. The processing task is to calculate the coordinates of n light spots on the surface of the 

photodetector array. Coordinate values are expressed in pixel numbers. 

To calculate the coordinates of the light spot, you can use the so-called centroid method [55 

- 57], which provides the calculation of the coordinates of the “center of gravity” of the image 

of the light spot. The algorithm for this calculation can be implemented as follows: first, the 

numbers of n pixels Nmax_n are determined, the signal amplitude from which corresponds to 

local maxima within each of the n light spots on the photosensitive surface of the ruler, then an 

area of M/2 pixels up to and M/2 pixels is selected after the maximum. And for this area, the 

coordinates of the maximum signal are calculated, expressed in pixel number using the 

formula: 

𝑀𝐴𝑋𝑛 =
∑ 𝐴𝑖𝑖
𝑁𝑚𝑎𝑥_𝑛+𝑀/2

𝑖=𝑁𝑚𝑎𝑥_𝑛−𝑀/2

∑ 𝐴𝑖
𝑁𝑚𝑎𝑥_𝑛+𝑀/2

𝑖=𝑁𝑚𝑎𝑥_𝑛−𝑀/2

,      (8) 

where is MAXn – coordinate of the maximum of the n-th light spot on the line of 

photoelectronic detectors, Ai is the amplitude of the signal from the i-th pixel in the vicinity of 

the n-th spot, Nmax_n is the number of the pixel whose amplitude is maximum within the n-th 

spot. The number of pixels M/2 is selected in such a way as to cover all pixels around the local 

maximum, the signal amplitude from which noticeably exceeds the initial (dark) level. 

The measurement algorithm represents two infinite parallel loops: 

1. Cycle 

1.1.Launching a regular ADC channel by a trigger from a timer with values stored in 

a data array using direct memory access (DMA). 

1.2.After each conversion, the ADC interrupt handler changes the clock (CLK) level 

to the opposite one. This approach of generating CLK pulses for a line consisting 

of 2087 pixels allows us to obtain a data array of 4174 values. 

1.3.After half of the data array is filled, the DMA interrupt handler sets the readiness 

flag for the results of polling the first half of the pixels of the line. 

1.4.After filling the entire data array, the DMA interrupt handler sets the readiness flag 

for polling results of the second half of the pixels of the line. In addition, an reset 

signal is generated, and a new line polling cycle begins. 

2. Cycle 

2.1.Tracking the polling status of the first half of the pixels of the line. If the data array 

readiness flag is set, the data is copied to another memory area and mathematical 

processing is performed. 

2.2.If averaging is not performed, the resulting result is output via the universal 

asynchronous receiver / transmitter (UART) interface. 

2.3.Monitoring the polling status of all pixels in the line. If the readiness flag of the 

entire array is set, then the data is copied to another memory area and 

mathematically processed. 

2.4.If averaging is not performed, the resulting result is output via the UART interface. 
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2.5.If averaging of results is used, then either the average value of the results obtained 

after mathematical processing of the first and second half of the data array is 

calculated or the averaging of the results of several cycles of polling the ruler. 

2.6.Output of the obtained result via the UART interface. 

It is important to note that with this approach to signal processing, it is necessary to 

structurally ensure the movement of optical spots only on its half of the photodetector array 

[58–60]. 

The mathematical processing is as follows: 

𝛥𝜔0 = 𝑘𝑥(𝑀𝐴𝑋𝑛(𝑡) − 𝑀𝐴𝑋𝑛(0)),    (9) 

where kx is a coefficient, the value of which depends on the geometric dimensions of the 

pixels and their relative position in the line. 

Thus, for a charge-coupled device (CCD) line ILX554B with a pixel size of 14x56 μm, the 

coefficient kx = 0.007.𝑥𝑖 =
𝛥𝜔0(𝑡)

𝑛
.       (10) 

During the experiment, the sample was taken as the value of the deflection of the rigid center 

of the membrane ω0, obtained because of digitization and mathematical processing of the 

signal of the photodetector line after interrogating half of the line, as the measured value x, 

transmitted via the universal synchronous/asynchronous receiver/transmitter (USART) 

interface to the PC. 

To confirm the statistical stability of the measurement results, whether they belong to the 

normal distribution law was checked. Since the value of m > 50, K. Pearson's χ2 criterion was 

used for verification [61], [62]. As a result of analyzing the results obtained, the null hypothesis 

of normal distribution is accepted for all four experiments. Figire 2.4 shows a histogram of the 

probability density and a histogram with an overlay of the theoretical normal distribution 

function. 

 
Fig. 2.4. Histogram and functions of empirical and theoretical distributions. 

2.3. Development of a methodology for optimal noise-resistant coding for 

onboard computer networks in aircraft 

Like any linear block code [63], a low-density parity check (LDPC) code can be described 

using a k × n generator matrix G, where k is the length of the information sequence and n is 

the length of the code block. Then the code vector C will be obtained by multiplying the 

information sequence m by the generating matrix G: 
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C = m G.     (11) 

For a systematic LDPC code, the generator matrix can be represented as G = [I, P], where 

I — unit size matrix k × k [64], [65]. Then the code will be described by the check matrix H = 

[PT, I], and: 

       C HT = 0.     (12) 

For any linear (N, K) code there is a bipartite graph incident to the matrix H. The Tanner 

graph consists of N code vertices and M=N–K control vertices. The code and verification 

vertices are connected by edges according to the parity matrix H. 

The elements of such a matrix are the coefficients of the test equations, from which the test 

symbols are calculated. For efficient LDPC codes, the check matrix H must be sparse [66], 

[67], and the density of units in it, as a rule, is several tens or hundreds of thousands of elements. 

For any linear (N, K) code, there is a bipartite graph incident to the matrix H. This graph is 

known as the Tanner graph, named after its discoverer. The Tanner graph consists of N code 

vertices and M = N‒K control vertices. The code and verification vertices are connected by 

edges in accordance with the parity matrix H. 

Generalized positional numeral systems (GPNS) can have very useful properties, such as 

noise immunity and ease of creating permutations [68–70]. When generating and numbering 

combinatorial objects, special development methods are used for each individual task, which 

can be characterized as a fundamental drawback of this approach [70], [71]. Binomial number 

systems and the homogeneous binomial numbers generated by them are a new result in the 

field of generalized positional number systems [72], [73]. The first seminal manuscript that 

gave rise to binomial systems was a paper published more than 30 years ago. 

The binomial number system is finite and efficient [74]. A numbering algorithm converts 

the codeword Ai to its quantitative equivalent QAi after a finite number of steps. The binomial 

system is well-defined because two different coding combinations cannot be equivalent to the 

same numerical value. 

Table 1 contains binomial combinations and their quantitative equivalents for a k-binomial 

system with n registers, where n = 6 and k = 4. They are generated using the following 

algorithm:  

Step 1. An initial combination A0 is composed, consisting of (n k) zeros, which is called a 

keyword. 

Step 2. The number 1 is placed in the right end register, and a zero is added to the right of 

it. 

Step 3. As long as the number of units in the codeword is less than k - 1, step 2 is repeated. 

If the number of units is equal to k - 1, then go to step 4. 

Step 4. If the right end position contains a zero, it is replaced with a 1. Go to step 5. 

Step 5. Check the number of ones in the code combination: if it is equal to k, but the ones 

do not occupy the first k registers, counting from left to right, go to step 6. Otherwise, i.e., if 

the ones occupy the first k registers, counting from left to right, then STOP: all combinations 

are generated. 

Step 6. Updates keyword A0 by taking 1 as a prefix before the start of the keyword (i.e. its 

left end). If the total number of units in the keyword is less than k, go to step 2. 
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Another method is based on the fact that the range of binomial numbers of length n and with 

parameter k (k < n) coincides with the range of constant weight encoding combinations with k 

ones among n registers [75]. Thus, the formal description of the algorithm is as follows: 

Step 1. Select an arbitrary combination of non-uniform binomial coding. 

Step 2. If the code combination ends with the number 1, then zeros are inserted into all 

registers up to the right end (register n), which is considered auxiliary. The resulting 

combination ending in 0 will be a combination with constant weight. 

Step 3. If the code combination ends with the number 0, then set ones (units) in all registers 

to the right end (register n or auxiliary register). Thus, a created combination ending in 1 will 

be a constant weight combination. 

Step 4. Check that the combination thus obtained actually has a constant weight by counting 

the total number of units(s). If this number is equal to k, then the combination is indeed 

desirable. Select another non-uniform binomial coding combination and go to step 2. If all non-

uniform binomial coding combinations are already selected, then STOP: all constant weight 

combinations of that range are generated. 

2.4. Asymmetric non-Hermitian ENZ-containing layered structures for 

advanced optical devices and systems 

Asymmetric non-Hermitian epsilon-near-zero-containing layered structures are a type of 

composite materials that exhibit unique optical properties due to their specific design and 

composition. These structures are characterized by having layers with different permittivity 

values, where at least one layer contains an ENZ material [76,] [77]. 

One of the key advantages of asymmetric non-Hermitian ENZ-containing layered structures 

is their ability to control light propagation in unconventional ways. For example, these 

structures can exhibit unidirectional light propagation, where light waves only travel in one 

direction while being completely blocked in the opposite direction. This property is particularly 

[78–80] useful for designing optical isolators and circulators, which are essential components 

in optical communication systems to prevent signal interference and ensure signal integrity 

[81–83]. 

Moreover, the non-reciprocal nature of these structures enables the realization of 

topologically protected photonic states, where light waves are immune to backscattering or 

disorder-induced losses [84], [85]. This feature is crucial for developing robust photonic 

devices that are resilient to external perturbations and imperfections. 

Asymmetric non-Hermitian ENZ-containing layered structures also offer opportunities for 

enhancing light-matter interactions and enabling efficient light confinement and manipulation 

at the nanoscale. These structures can be tailored to support surface plasmon polaritons[86], 

surface waves, or other exotic modes that can be utilized for sensing applications, 

subwavelength imaging, and energy harvesting [87–89]. 

Furthermore, the tunable optical properties of these structures make them promising 

candidates for developing reconfigurable and adaptive optical devices. By adjusting the 

parameters of the layers or introducing external stimuli, such as electric or magnetic fields, the 
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optical response of the structure can be dynamically controlled, opening up possibilities for on-

demand modulation of light transmission, reflection, and absorption [90], [91]. 

Overall, asymmetric non-Hermitian ENZ-containing layered structures represent a rich 

platform for exploring novel optical phenomena and designing next-generation photonic 

devices with enhanced functionalities and performance characteristics. Continued research in 

this field is expected to lead to exciting advancements in photonics, metamaterials, and 

optoelectronics. Therefore, it will provide a new level of telecommunication solutions! 

ENZ materials have a permittivity value close to zero at a certain frequency range, leading 

to interesting optical phenomena such as enhanced light-matter interactions, extreme wave 

manipulation, and tunable optical properties. By incorporating ENZ materials into layered 

structures, novel optical devices with unconventional functionalities could be engineered! 

The asymmetry in the structure refers to the non-reciprocal nature of the material, meaning 

that its response to light propagation is different depending on the direction of the incident 

light. This asymmetry can be achieved through various means, such as introducing gain or loss 

in the structure, breaking time-reversal symmetry, or utilizing nonlinear effects [92], [93]. 

These asymmetric non-Hermitian ENZ-containing layered structures have attracted 

significant interest in the field of photonics and metamaterials due to their potential applications 

in areas such as waveguiding, sensing, cloaking, and nonlinear optics. Explore and 

optimization of those structures to harness their unique optical properties for advanced 

optical devices and systems.   
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CHAPTER 3: MAIN RESULTS 

3.1. High-reliability network 

The network can be in three modes: 

o in phasing mode (clock synchronization); 

o in the mode of polling databases in the “P” mode by a unit in the “C” mode and 

assigning access intervals; 

o in data transfer mode. 

PS

B1(C)

Bi(P)

BN(P)

EM1

EMi

EMN

 
Fig. 3.1. Considered organization of the local network. PS – passive splitter; B, Bi, BN – access devices; EM - 

electronic module. 

Figure 3.1 shows the variant of local network organization based on the proposed protocol 

3. In this figure, the access device B1 is in the “C” mode, and the access devices Bi ÷ BN are 

in the “P” mode. All Bs are connected by optical lines to the passive optical splitter (PS) and 

are connected through interfaces, each with its electronic module (EM). Thus, the optical signal 

is branched between all Bs, and a passive bus optical mono channel is created (where all access 

units “hear” everyone). The network can be in three modes: 

1. in phasing mode (clock synchronization); 

2. in the polling mode, the T base stations in the “P” mode are polled by the B in the “C” 

mode and assign access intervals; 

3. in data transfer mode. 

t... ... ...

TCi = const

tproc tproc tобр

T0 T0 T0 T0 T0 T0 T0 T0 T0

1 2 3 к N N+1 N+K1 1 2

а в с в са

TCi+1

 
Fig. 3.2. The protocol time chart: a – the phasing interval; b – polling cycle; c – window assignment cycle; tproc 

– query processing interval by the analyzer; T0  - the transmission window interval; TCi – i-th transmission 

cycle; TCi+1 – next i+1 transmission cycle (beginning). 
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The integration of fiber optic access networks and optical sensors offers a powerful solution 

for building highly reliable and efficient communication systems. By leveraging the advantages 

of fiber optic technology, such as high bandwidth, low latency, and immunity to 

electromagnetic interference, these networks provide a robust infrastructure for transmitting 

data over long distances with minimal signal degradation. 

By combining fiber-optic access means with optical sensors, operators can create a smart 

network that delivers high-speed connectivity and ensures continuous operation, resilience to 

disruptions, and improved overall system performance. This integrated approach paves the 

way for the development of advanced applications in diverse fields, including 

telecommunications, smart cities, industrial automation, and environmental monitoring. 

The development and testing of this new approach for ensuring the transmission of traffic 

from subscribers of the on-board network represents a significant advancement in the field of 

communication technology. By implementing innovative solutions and leveraging cutting-

edge techniques, this approach has demonstrated its ability to enhance onboard networks' 

reliability, efficiency, and performance. 

The successful integration of this new approach not only addresses the challenges associated 

with transmitting traffic from subscribers but also opens up new possibilities for optimizing 

network operations, improving user experience, and enabling the seamless delivery of services 

[94], [95]. Through rigorous testing and validation, the effectiveness and robustness of this 

approach have been confirmed, paving the way for its adoption in real-world scenarios. 

3.2. High-reliability network components 
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Fig. 3.3.  Local network access block with guaranteed message delivery. 
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Figure 3.3 shows a possible implementation of a local network access block with guaranteed 

message delivery, where: 1 - separating device; 2 - address setter; 3 - optical receiver; 4 - optical 

transmitter; 5 - reference generator; 6 - linear encoder/decoder; 7 - command receiver; 8 - 

synchronization and control unit; 9 - error detector; 10 – “OR” circuit; 11 - command 

transmitter; 12 - frame selector; 13 – “ready” trigger; 14 - “AND” circuit; 15 - receive RAM; 

16 - transmission RAM; 17 - interface block; 18 – analyzer; 19 - switch S1 “C/P”. 

The development and implementation of a local network access block with guaranteed 

message delivery for aircraft represents a critical advancement in aviation communication 

technology. By introducing a robust and reliable solution to manage network access and 

ensure the transmission of messages, this approach enhances the safety, efficiency, and 

performance of communication systems on board aircraft. 

Through rigorous testing and validation, the effectiveness and reliability of this solution 

have been demonstrated, providing assurance that critical messages can be delivered promptly 

and securely within the aircraft's local network. This capability is essential for maintaining 

seamless communication among crew members, passengers, and ground control, thereby 

enhancing situational awareness and operational efficiency during flights [96]. 

The successful deployment of this local network access block with guaranteed message 

delivery not only addresses the challenges associated with managing network traffic on aircraft 

but also sets a new standard for connectivity and communication in the aviation industry! 

By leveraging innovative technologies and best practices, organizations can optimize network 

operations, improve data transmission, and ensure the timely delivery of critical information in 

a highly dynamic and demanding environment. 

The continued development and utilization of this solution hold immense potential for 

transforming communication systems on aircraft, enabling enhanced connectivity, real-time 

data exchange, and improved collaboration among stakeholders. By embracing this innovative 

approach, aviation industry stakeholders can unlock new opportunities for enhancing safety, 

efficiency, and passenger experience, ushering in a new era of connectivity and innovation in 

air travel. 

In summary, the development and use of a local network access block with guaranteed 

message delivery for aircraft represent a significant milestone in advancing aviation 

communication technology, paving the way for enhanced communication capabilities and 

improved operational performance in the skies. 
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3.3. Optical sensors for aircraft applications 

  

Fig. 3.4. 3D model of the developed pressure sensor. 

The proposed design of the aerometric pressure sensor is highly accurate in determining the 

deformation (the value of which is reduced to a minimum) of the elastic sensing element and 

high speed. The high performance of the measuring system will in the future, make it possible 

to use algorithms that take into account and compensate for various types of destabilizing 

factors (interference, vibrations, shock effects, etc.) that arise during the operation of aircraft. 

The low power consumption, dimensions, and weight of the proposed design make it 

possible to use the sensor as part of integrated systems of aircraft backup devices. 

Considering the general trend in the development of unmanned aerial vehicles (UAVs) with 

an electric power plant, the use of pressure sensors based on lines of photoelectronic elements 

to determine altitude and speed parameters will increase energy survivability and reduce the 

overall dimensions and weight of the UAV. 

The successful development of a pressure sensor based on a deformable CuBe2Ni(Co) 

bronze membrane of a sinusoidal profile with a rigid center, an LED with a wavelength of 625 

nm, a charged coupled device (CCD) matrix with a Photo response non-uniformity of 5 %, and 

a pixel size of 14 μm represents a significant advancement in sensor technology. This 

innovative sensor design offers a range of benefits that can significantly enhance pressure 

measurement systems' accuracy, efficiency, and performance. 

This pressure sensor can effectively measure membrane shift with precision and reliability 

by utilizing a deformable membrane with a unique sinusoidal profile and a rigid center. 

Integrating an LED with a specific wavelength and a CCD matrix with high photo response 

uniformity and small pixel size further enhances the sensor's ability to capture and analyze data 

accurately. 

One of the key advantages of this pressure sensor is its ability to increase measurement 

accuracy for both absolute and static pressure sensors by at least 50 %. This improvement in 

accuracy is crucial for applications where precise pressure measurements are essential for 

safety, performance, and regulatory compliance. 
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Moreover, the development of this sensor also leads to a significant reduction in energy 

consumption by no less than 70 %. This reduction in energy usage contributes to cost savings 

and promotes sustainability by minimizing the environmental impact of sensor operations. 

In addition, the innovative design of this pressure sensor enables a reduction in the time 

required to maintain order and the weight of the final sensor by no less than 25 % compared to 

traditional frequency absolute and static pressure sensors. Streamlining of sensor maintenance 

and weight reduction can positively impact overall system efficiency and performance. 

Overall, the successful development of this pressure sensor represents a significant 

breakthrough in sensor technology, offering improved accuracy, energy efficiency, and 

weight reduction compared to existing pressure sensor solutions. By leveraging this 

innovative sensor design's unique features and capabilities, industries and applications 

requiring precise pressure measurements can benefit from enhanced performance, reliability, 

and cost-effectiveness. 

 

Table 3.1  

The Main Characteristics of the Developed Pressure Sensor 

Parameter 
Prototype (used in 

Honeywell AirDC) 

Prospective 

pressure sensor 

Efficiency increase, 

% 

Data transmission 

interval, s 
0.31 0.25 19 

Reduced supply 

voltage, V 
15 3.3 78 

Reduced energy 

consumption, mW 
1000 280.708 72 

Measurement error, 

Pa 
32 13.14 59 

Reception time, s 30 1 96 

Weight loss, g 400 213 46.75 

 

3.4. Theory of asymmetric non-Hermitian ENZ-containing layered 

structures 

An example of non-Hermitian asymmetry at various angles is shown in Fig. 3.5. Let us take 

two angles: the first angle θ = 22.7° below 0, “bound states in the continuum” (BIC), and the 

second angle θ = 25.0° above it. The position of the resonant frequency shifts to the values of 

ω = 0.999 ω and ω= 1.001 ω, respectively. The pole condition ReM11 θ is achieved at β0 = 

1.03263 (Fig. 3.5 (a)) and β0 = 1.03 (Fig. 3.5 (c)), and the zero condition (ReM12 << 1) at these 

b 0.  

The phenomenon of coherent perfect absorption (CPA) is a fascinating area of study in 

optics and photonics, where the complete absorption of incident light waves is achieved 

through interference effects. In the context of the case under consideration, it is noted that the 

conditions for CPA generation are not fully met, indicating an incomplete state of CPA. Despite 
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this partial fulfilment, an intriguing observation emerges – a notable enhancement of reflection 

occurs near the critical parameter β0. 

This enhancement in reflection, as depicted in Fig. 3.5 (b) and (d), showcases the significant 

impact of the incomplete condition of CPA generation on the behavior of light waves 

interacting with the system. The strong reflection observed near β0 highlights the intricate 

interplay between the incident light waves, the material properties, and the specific conditions 

present in the system. 

The results presented in these figures underscore the complex and nuanced nature of optical 

phenomena, where even partial adherence to certain conditions can lead to pronounced effects 

and outcomes. This enhancement of reflection near β0 serves as a compelling illustration of the 

intricate dynamics at play in the interaction between light and matter, prompting further 

exploration and analysis to unravel the underlying mechanisms driving this phenomenon. 

The study's gain analysis further solidifies the effect's precise nature at various frequencies 

and underscores its robustness against parameter variations. The findings demonstrate that the 

effect remains consistent and reliable across different frequency ranges, reaffirming its inherent 

characteristics. Moreover, the resistance of the effect to parameter changes highlights its 

stability and resilience, indicating that it can maintain its properties even under varying 

conditions. Overall, the examination of gain provides additional evidence of the effect's exact 

nature and ability to withstand alterations, further enhancing our understanding of this 

phenomenon.  

 

 

Fig. 3.5. (a), (c) – Dependence of transfer matrix elements on the asymmetry parameter b at angles of incidence 

θ = 22:7° (at frequency ω = 0.999 ω) and θ = 25.0° (at frequency ω = 1.001 ω); (b), (d) – the corresponding 

reflection spectra for various parameters of non-Hermitian asymmetry b, marked with numbers next to the 

curves. The amount of loss γ+= 0.001. 

Nevertheless, the case of plasma frequency [96] can be distinguished for two reasons. The 

case of plasma frequency [89] stands out for two distinct reasons. Firstly, a notable asymmetry 

is observed in the profiles of the Fano spectra depicted in Figure 3.5, setting them apart from 

the symmetrical profiles seen in Figure 3.5. This asymmetry indicates a deviation from the 

expected uniformity or balance in the spectral data, suggesting underlying complexities or 
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unique characteristics in the system under study. The pronounced asymmetry in the plasma 

frequency case signals a departure from conventional patterns, prompting further investigation 

into the factors driving this distinctive behavior. This deviation in spectral profiles hints at 

potentially novel insights or phenomena at play, warranting a closer examination to unravel the 

underlying mechanisms and implications of this intriguing observation. Secondly, another 

striking feature of this case is the observation that β0 > 1 is both below and above θBIC. This 

finding contradicts the conventional expectation of β0< 1 at the angle of incidence θ = θBIC. 

The fact that β0 exceeds 1 in these instances, contrary to the anticipated behavior at θBIC, 

highlights a counterintuitive aspect of the plasma frequency case. This unexpected discrepancy 

raises questions about the underlying mechanisms driving this unusual behavior and 

underscores the need for further investigation to elucidate the implications and significance of 

this contradiction. Such counterintuitive results challenge existing assumptions and call for a 

deeper understanding of the complex dynamics at play in this particular scenario. These facts 

confirm the specificity and unusualness of the response close to BIC at the plasma frequency.  

3.5. Aircraft optical video transmission communication based on the 

forward error correction codes 

 

Fig. 3.6. Bit error ratio (BER) versus Signal-noise ratio (SNR) for LDPC and LDPC-IRA. 

LDPC-IRA's superior performance is attributed to its ability to effectively mitigate errors in 

the transmission process, especially in the presence of noise and interference. By combining 

LDPC codes with iterative decoding techniques, LDPC-IRA can achieve remarkable error 

correction capabilities while maintaining low latency and high throughput. 

The simulation results clearly demonstrate that LDPC-IRA outperforms traditional LDPC 

coding in terms of BER at various SNR levels. This significant improvement in error correction 

efficiency translates to enhanced reliability and robustness in data transmission, making LDPC-

IRA a valuable solution for mission-critical applications such as ARINC-818 communication 

systems. 

Overall, the adoption of LDPC-IRA coding in ARINC-818 systems promises to 

revolutionize the way data is transmitted and received, offering a more resilient and efficient 

communication framework that can withstand challenging operating conditions and ensure 
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seamless connectivity in aerospace and defense environments. 

According to the simulation results, we obtained a significant advantage of LDPC-IRA over 

LDPC. Modeling on 16-QPAM modulation shows that LDPC-IRA provides a BER of 2×10-6 

at SNR 7.2 dB. The addition of LDPC-IRA coding to ARINC-818 improves transmission 

efficiency more than three times. Within problem-solving, this makes it possible to increase 

the system's stability under the influence of HIRF.  

This improvement in efficiency plays a crucial role in problem-solving scenarios, 

particularly in enhancing the system's stability against High-Intensity Radiated Fields HIRF. 

By leveraging the benefits of LDPC-IRA, the system can better withstand external interference 

and ensure reliable communication. This breakthrough underscores the importance of 

advanced coding techniques in optimizing system performance and resilience in challenging 

environments. 

Figure 3.7 shows BER versus normalized Generalized mutual information (GMI) for LDPC 

and LDPC-IRA FEC codes. 

 
Fig. 3.7. Bit error ratio (BER) vs normalized Generalized mutual information (GMI) for LDPC and 

LDPC-IRA. 

The integration of LDPC-IRA coding into the system under consideration represents a 

significant advancement in data transmission efficiency, particularly evident in scenarios such 

as video transmission. By leveraging the advanced error correction capabilities of LDPC-IRA, 

the dispersion of information is substantially reduced, resulting in a more reliable and seamless 

communication process. 

In practical terms, implementing LDPC-IRA in the system can reduce information 

dispersion by more than 1.3 times compared to traditional coding methods. This means that 

even when working with challenging initial data conditions, such as high noise or interference 

levels, LDPC-IRA can effectively mitigate errors and ensure the accurate and timely delivery 

of information. 

The enhanced error correction performance of LDPC-IRA not only improves the quality 

and reliability of video transmission but also contributes to overall system efficiency by 

minimizing retransmissions and latency issues. As a result, users can experience smoother and 

more consistent data delivery, making LDPC-IRA a valuable asset for applications where data 

integrity and timeliness are critical, such as in aerospace, defense, and multimedia 
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communications. 

Additionally, the integration of LDPC-IRA coding can also lead to improved spectral 

efficiency, allowing for higher data rates within the same bandwidth. This is particularly 

beneficial in scenarios where spectrum resources are limited or expensive, as LDPC-IRA can 

help maximize the utilization of available bandwidth while maintaining robust error correction 

capabilities. 

Furthermore, LDPC-IRA coding is known for its flexibility and adaptability to different 

communication environments. Its iterative decoding process allows for efficient error 

correction even in challenging conditions, such as fading channels or varying signal-to-noise 

ratios. This adaptability makes LDPC-IRA well-suited for dynamic and unpredictable 

communication scenarios where traditional coding schemes may struggle to maintain 

performance. 

Overall, the integration of LDPC-IRA coding into the system not only enhances data 

transmission efficiency and reliability but also opens up new possibilities for high-performance 

communication systems in a wide range of applications. Its combination of advanced error 

correction capabilities, spectral efficiency, and adaptability make LDPC-IRA a powerful tool 

for improving data transmission quality and system performance in demanding communication 

environments. 

LDPC-IRA in the system under consideration will reduce the dispersion of information 

when working with certain initial data, for example, during video transmission, by more than 

1.3 times.  
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CHAPTER 4: FINAL REMARKS 

Analysis of trends in the development of onboard information and telecommunication 

networks and sensors in conditions of high-intensity electromagnetic fields made it possible to 

establish that today, there is an urgent need for significant improvements in the resistance of 

information networks to high-intensity electromagnetic fields. 

As a result of the analysis, of means of increasing resistance, methods for organizing 

networks and noise-resistant coding were identified, and sensors onboard aircraft were 

considered. Systemic methodological problems and contradictions were identified in building 

networks, organizing coding, and using pressure sensors. 

The analysis of existing scientific works in this area of research showed that in order to build 

a secure network with guaranteed message delivery under conditions of increased 

electromagnetic load, modernization of the scientific and methodological apparatus used is 

required. For these purposes, the prospects for the application of mainline noise-resistant 

coding methods and the application of optical sensors to a new area of research are 

substantiated. This will allow us to solve methodological problems caused by the impact of 

electromagnetic fields on the onboard information and telecommunications network. 

The disadvantages of existing networks include the use of fiber channel cables, which have 

high weight and relatively low throughput, low resistance of transceivers to the effects of fields, 

as well as high susceptibility of electronic static and total pressure sensors to the effects of 

EMV. 

The hypothesis of the research is formulated, according to which the use of fiber optics as 

the main line for data transmission with hybrid noise-resistant coding, as well as the use of 

optical sensors for measuring static and total pressure, will significantly increase the resistance 

of the system to electromagnetic radiation, reduce the weight of transmitting and receiving 

devices and ensure flight safety. 

The Thesis incorporates three interlinked models that are designed to facilitate the research 

process and assess the validity of the hypothesis. These interconnected models serve as a 

comprehensive foundation for conducting a thorough and systematic study in accordance with 

the specified scientific objective. 

Based on mathematical modelling, the simulation model of the information and 

telecommunications network allows the onboard network processes to estimate the network's 

delays and jitter under the influence of electromagnetic interference. The developed 

methodology ensures reliable reproduction of the behavior of a service network using the 

example of an optical access network based on passive optical networks. 

The methodology for developing optical pressure sensors for the information and 

telecommunications network of aircraft makes it possible to design a more resistant 

electromagnetic interference sensor of static and total pressure. A distinctive feature of this 

technique is the use of optical methods for collecting information. 

The method of optimal noise-resistant coding for aircraft onboard computer networks based 

on noise-resistant direct correction LDPC codes increases line resistance to interference. 

The mechanism developed in the dissertation allows for further development and 

application to a new field of research in the construction of fiber optic broadband networks for 

use on aircraft. 
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4.1. Main conclusions 

1. The organization of a fiber optic access network is proposed. Each end node of the 

proposed network monopolizes the entire channel resource of the bandwidth of the channel 

allocated at its wavelength, which significantly improves the quality-of-service (QoS) 

indicators for traffic in the proposed network. The proposed network achieves doubling the 

capacity (the number of connected nodes) compared to the use of traditional wave multiplex 

technologies. The proposed passive network provides complete logical transparency in 

dedicated channels and does not require any additional headers to be attached to packets 

(frames) of information, such as in GPON. In addition, there is no dependence on throughput 

at the node level on the number of nodes included in the network segment or on the variation 

in the lengths of subscriber lines. An optical network access unit is proposed. The use of the 

proposed access block makes it possible to organize the guaranteed transmission of information 

frames at the access network level due to the implementation of a synchronous conflict-free 

access method with frame acknowledgement at the access level. The use of an access protocol 

with load polling and assignment of access intervals in the proposed access blocks will ensure, 

in addition to guaranteed delivery of messages, also a low delay in their transmission, which 

will increase proportionally as the network load increases, but even at maximum load, the delay 

at the access level will not exceed the interval time equal to the full cycle of polling and 

transmission. The use of an access protocol with guaranteed message delivery will allow the 

proposed access block to be used in real-time networks, which is especially important when 

building control systems and distributed real-time computing systems. The use of a physical 

propagation medium based on optical fiber in the network makes it possible to ensure high 

noise immunity under conditions of exposure to powerful electromagnetic fields, and also 

significantly complicates the interception of information through spurious electromagnetic 

radiation and interference, which will ensure high noise immunity and protection of 

information in a local network built on the basis of the proposed access units, and the complete 

electrical isolation of the terminals created will create additional noise immunity due to the 

absence of “stray” currents. 

These advantages are especially important when building object systems saturated 

with radio-electronic equipment (REE), such as radio stations, radar stations (RLS) and 

others, where, in addition, protection of transmitted information is required, as well as 

the absence of susceptibility of network equipment to lightning discharges.  

2. The simulation results highlight a notable advantage of LDPC-IRA (low-density Parity-

check with irregular repeat-accumulate) coding over traditional LDPC coding schemes. 

Through modeling using 16-QPAM modulation, it was observed that LDPC-IRA offers a 

superior bit error rate (BER) performance, achieving a BER of 2×10-6 at a signal-to-noise ratio 

(SNR) of 7.2 dB. This signifies a substantial improvement in error correction capabilities 

compared to standard LDPC coding techniques. 

Furthermore, the integration of LDPC-IRA coding into the ARINC-818 communication 

protocol demonstrates a significant enhancement in transmission efficiency, surpassing 

traditional methods by more than threefold. This advancement in coding efficiency plays a 

crucial role in addressing challenges related to high-intensity radiated fields (HIRF) 

interference, thereby bolstering the overall stability and reliability of the system. 
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By leveraging the benefits of LDPC-IRA coding within the context of ARINC-818 

communication systems, the solution not only improves data transmission performance 

but also fortifies the system's resilience against external electromagnetic disturbances. 

This breakthrough underscores the potential of LDPC-IRA as a key enabler for enhancing 

communication systems' robustness and effectiveness in demanding operational environments. 

Additionally, the simulation results illustrate that LDPC-IRA coding offers a more 

efficient bandwidth utilisation than traditional LDPC codes. This increased spectral 

efficiency is crucial in aerospace and avionics applications where bandwidth is often limited 

and costly. By achieving a lower BER at a given SNR, LDPC-IRA coding enables more reliable 

data transmission with fewer errors, ultimately leading to improved system performance and 

reduced retransmission rates. 

Moreover, the robust error correction capabilities of LDPC-IRA coding make it well-

suited for high-speed data communication systems, such as those used in aircraft avionics 

and aerospace applications. The ability of LDPC-IRA to effectively correct errors in noisy 

and interference-prone environments enhances the overall reliability and integrity of data 

transmission, ensuring critical information is accurately conveyed without loss or corruption. 

Overall, the integration of LDPC-IRA coding into ARINC-818 communication 

systems represents a significant advancement in aerospace communication technology. 

By leveraging the superior error correction performance and spectral efficiency of LDPC-IRA, 

aerospace and avionics systems can achieve higher data transmission reliability, improved 

signal quality, and enhanced resilience to external interference, ultimately enhancing airborne 

communication systems' safety, efficiency, and performance. 

3. This research introduces a novel concept of coherent perfect absorber (CPA) generation 

linked to quasi-bound states in the continuum (BIC) discovered in asymmetric non-Hermitian 

layered structures containing exceptional points of non-conservation (ENC). The asymmetry 

present in these structures plays a crucial role in the evolution of quasi-BIC resonance into 

CPA lasing resonance. Delved into cases involving varying thicknesses of loss and gain layers 

(geometric asymmetry) as well as unequal levels of losses and gains (non-Hermitian 

asymmetry), a detailed analysis has been conducted of the effects of asymmetry through the 

examination of poles and zeros of the scattering matrix, uncovering intriguing characteristics. 

Of particular note is the identification of the point at which the pole and zero of CPA 

generation merge, leading to a significant increase in outgoing intensity and a sharp rise in the 

quality factor associated with the adjacent quasi-BIC. Two key results have emerged from the 

study. Firstly, an unusual inverse linear relationship between the quality factor and the 

asymmetry parameter has been observed. Secondly, in systems exhibiting non-Hermitian 

asymmetry, a counterintuitive amplification due to losses has been detected at the plasma 

frequency. 

It is believed that the findings presented in this work hold broad significance for the 

field of non-Hermitian photonics and have the potential for extension to 2D and 3D 

systems. The anticipated demand for the CPA generation effect linked to quasi-BIC in laser 

and nonlinear optical applications underscores the practical implications of this research. 

Further investigation into the interplay between asymmetry, quasi-BIC resonances, and CPA 

generation in non-Hermitian structures could lead to the development of advanced photonic 

devices with enhanced performance characteristics. By exploring different configurations 
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and tuning parameters, researchers may uncover novel ways to control light-matter 

interactions, manipulate wave propagation, and design efficient optical components. 

Additionally, the discovery of the counterintuitive amplification effect due to losses at the 

plasma frequency in systems with non-Hermitian asymmetry opens new avenues for exploring 

unconventional optical phenomena and harnessing them for practical applications. 

Understanding and exploiting such unique behaviors could lead to the development of 

innovative devices for sensing, communication, and signal processing. 

Overall, the insights gained from this research have the potential to inspire further studies 

in non-Hermitian photonics, offering new perspectives on how asymmetry can be leveraged to 

achieve desired optical functionalities. By pushing the boundaries of current knowledge 

and exploring the rich landscape of non-Hermitian systems, researchers may unlock new 

opportunities for advancing photonics technology and addressing challenges in various 

domains. 

4. The development of a new pressure sensor intended for use in Honeywell AirDC 

systems has resulted in significant improvements across various key parameters compared to 

the prototype sensor currently in use. The prospective pressure sensor demonstrates 

enhanced performance and efficiency gains in several critical aspects: 

4.1. Data transmission interval: The new sensor boasts a reduced data transmission interval 

of 0.25 seconds, representing a notable 19 % increase in efficiency over the existing prototype. 

4.2. Reduced supply voltage: A substantial improvement is seen in the supply voltage 

requirement, with the prospective sensor operating at just 3.3 V compared to the 15 V needed 

by the prototype. This reduction of 78 % in supply voltage contributes to enhanced energy 

efficiency and overall system performance. 

4.3. Reduced energy consumption: The prospective sensor achieves a significant decrease 

in energy consumption, consuming only 280.708 mW as opposed to the 1000 mW drawn by 

the prototype. This reduction of 72 % in energy consumption underscores the sensor's 

improved efficiency and sustainability. 

4.4. Measurement error: The new sensor demonstrates a lower measurement error of 

13.14 Pa, representing a 59 % improvement over the 32 Pa error associated with the prototype. 

This enhanced accuracy ensures more reliable and precise pressure readings. 

4.5. Reception time: A substantial enhancement is observed in the reception time of the 

prospective sensor, with a swift response time of just one second compared to the 30-second 

reception time of the prototype. This remarkable 96 % reduction in reception time enhances 

real-time data processing capabilities and system responsiveness. 

4.6. Weight loss: The prospective sensor also exhibits a reduction in weight, weighing only 

213 g as opposed to the 400 g weight of the prototype. This weight loss of 46.75 % contributes 

to improved portability and ease of installation. 

Overall, the development of the prospective pressure sensor represents a significant 

advancement in pressure sensing technology. It offers increased efficiency, accuracy, 

energy savings, and reduced size and weight. These improvements pave the way for 

enhanced performance and functionality in air pressure monitoring applications within 

Honeywell AirDC systems. 
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4.2. Further outlook 

The culmination of research and development efforts to enhance the scientific and 

methodological apparatus and the practical tools has led to a significant milestone in addressing 

the scientific problem at hand. Through these endeavours, it can be inferred that the 

dissertation's primary objective has been successfully accomplished. The results obtained from 

these endeavours serve as a testament to the efficacy of the strategies employed in tackling the 

research challenges and achieving the desired outcomes. 

There are several promising avenues for further exploration and advancement in the field. 

One such direction involves the continued refinement and innovation in the development of 

fiber pressure sensors. These sensors are crucial in various applications, including industrial 

monitoring, medical diagnostics, and environmental sensing. By enhancing fibre pressure 

sensors' sensitivity, accuracy, and reliability, researchers can unlock new possibilities for 

monitoring and control systems across diverse domains. 

Another area ripe for future investigation pertains to the methods for constructing fiber optic 

access networks. As the demand for high-speed and reliable communication networks 

continues to grow, there is a pressing need to optimize the design, deployment, and 

management of fiber optic infrastructure. By exploring novel techniques and strategies for 

building efficient and scalable fiber optic access networks, researchers can enhance 

connectivity, bandwidth, and network performance in urban and rural settings. 

Furthermore, the development of noise-resistant coding methods represents a critical 

frontier in ensuring the integrity and security of data transmission over fiber optic channels. 

With the proliferation of digital communication systems and the increasing susceptibility to 

external interference and noise sources, there is a growing imperative to devise robust and 

resilient coding schemes that can mitigate errors and enhance signal quality. By exploring 

innovative approaches to noise-resistant coding, researchers can bolster the reliability and 

efficiency of data transmission in fiber optic networks. 

In conclusion, while the successful resolution of the scientific problem and the achievement 

of the dissertation's goal marks a significant milestone, there are ample opportunities for further 

research and innovation in the field. By focusing on areas such as fiber pressure sensors, fiber 

optic access networks, and noise-resistant coding methods, researchers can continue pushing 

the boundaries of knowledge and technology in advancing the fiber optics and communication 

systems. 
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