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VII       CONCLUSIONS AND RESEARCH RESULTS: 
 
The research is based on a problem that occurs in networks, because the transmission between the device 
and the base station is limited by various types of interference such as interference from other users.  
Extension of the previous research on the error probability that a randomly selected active device will be 
decoded by the nearest base station in the scenario where we have a low power broadband network is 
presented. Recent works are elaborated by deriving a final expression for the error probability in the 
asymptotic regime and extending it to the regime where FBLs are used. The system model under 
consideration is based on the Slotted Aloha (SA) protocol, where a set of randomly selected devices 
arranged according to the Poisson Point Process (PPP) is active in each slot. In the thesis is proposed a 
way to calculate the probability that an active device is decoded at the nearest base station. The focus of 
the research is the scenario where the PDF-Probability Density Function of the interference power can be 
derived in a closed form. 

 
The first part of this dissertation investigates the design of LP WAN that assumes balancing and trade-
offs between: 1) interference, modeled using stochastic geometry, 2) short packet transmission reliability, 
quantified by finite block length information theory, and 3) random access mechanism. In this thesis, it is 
derived an exact closed-form expression for the probability that a device data packet is not decoded at the 
nearest or macro station, in the case of the Nakagami-m channel. Extension of the analysis is conducted in 
order to provide an approximation of the error probability in the finite block regime. With the help of 
numerical results, evaluation of the accuracy of the obtained expressions and their applicability to system 
design and examination of the performance within a number of relevant system parameters is conducted. 
 
The second part of the thesis includes the first hybrid optical wireless/radio frequency (OWC/RF) system 



consisting of an indoor optical wireless OWC system and an outdoor low-power broadband IoT system. 
More specifically, it is analyzed a two-layer system based on OWC/RF SA focusing on one large indoor 
OWC-based IoT system with a number of indoor OWC access points (APs) acting as relays to perform RF 
transmission to an outdoor LP WAN base station (BS). The system is later extended to the case of a 
solution inspired by the SA ALOHA protocol for indoor optical systems of the Internet of Things based on 
optical wireless communication containing IoT devices exchanging data with an access point. Here, it is 
derived the error probability of decoding a short data length packet originating from a randomly selected 
OWC IoT device in the presence of interfering users. 
 
The committee considers that conclusions are logically derived from the obtained results and clearly 
reflect the significance and scientific contribution of the conducted research. 
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Explicitly state a positive or negative assessment of the way research results are presented and 
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The research results in this dissertation are well described and presented. The design and analysis of a 
massive IoT network in short messaging mode is clearly explained, and the results are presented through 
figures, tables and diagrams that are easy to understand and aid in interpretation. The analysis of the 
results is consistent, logical and well moderated in drawing conclusions. Also, the results are compared 
with earlier research, and suggestions for future research and practical application are given. In short, the 
way of presentation and interpretation of research results in this dissertation is well structured, clear and 
supported by appropriate visual means.  
 
The work was checked in the software for plagiarism detection iThenticate, in the Library of the Faculty of 
Technical Sciences, about which the committee was informed via e-mail. The similarity check is 52% 
since PhD thesis consists of three scientific papers where candidate is the first author. 

 
IX        FINAL ASSESSMENT OF DOCTORAL DISSERTATION:

Explicitly state if the dissertation is or is not written in accordance with submitted dissertation proposal, 
as well as does it contain all the important elements. Provide clear, precise and concise answers to 
questions 3 and 4 

1. Was the dissertation written in accordance with the previously submitted dissertation proposal? 
 
Yes, the dissertation is written entirely in accordance with previously submitted dissertation 
proposal. 
2. Does the dissertation contain all the important elements?
 
Yes, the dissertation contains all the essential elements, including the title, content, results, and their 
interpretation, which is required from this type of work.
3. Why does this dissertation provide original contributions to science?
 
The original scientific contributions of the part of the doctoral dissertation related to the design and analysis 
of massive IoT networks in FBL regime are as follows: 
1) A new approximate but accurate probability of failure for massive IoT networks in FBL mode is given. 
2) Derivation of  a series approximation of the error probability expression in the FBL regime that improves 
upon the existing literature which is often strictly based on an analysis using Rayleigh fading is provided. 
3) Asymptotic probability of error based on threshold detection improves accuracy and facilitates the use of 
complex mathematical formulas used in previous research. 
4) Scheme and architecture analysis for future IoT systems based on short-range OWC technology are 
proposed and access scheme design proposal for OWC-based IoT indoor network is given. 
5) Error and coding rate characterizations are based on FBL performance analysis for IoT systems using 
communications in the visible part of the spectrum. 
6) Analysis of the entire system, bandwidth and reliability with respect to the probability of failure in 
optical wireless communications are given. 
7) Numerical results are shown in order to provide guidelines for optimal system design, investigating the 



effects of major OWC parameters on system performance. These contributions are particularly important, 
because the implementation of an IoT network in the real world requires not only that its physical 
parameters are properly set, but also that the access protocol is properly configured to achieve optimal 
performance. 
8) Performance analysis of hybrid OWC/RF systems and calculation of error probability in FBL mode was 
performed. More specifically, based on the results of the proposed FBL information theory and the SINR 
statistics, it is calculated the overall error probability of a hybrid IoT system based on optical wireless 
communications at the first level and radio frequency communications at the second level. 

4. What are the shortcomings of the dissertation and what is their impact on the research results? 
In the dissertation, no shortcomings were observed that would affect the results of the research. 
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