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The research work of Zholamanov Batyrbek is devoted to one of the most relevant 

directions in modern Internet of Things (IoT) technologies - improving the accuracy of node 

localization in wireless sensor networks (WSN) based on LoRa technology, as well as enhancing 

the energy efficiency and reliability of data transmission in LoRaWAN networks under high-

density node conditions. The research integrates machine learning methods, numerical modeling, 

and reinforcement learning algorithms, making the study interdisciplinary and fully aligned with 

current scientific trends. 

The relevance of the study is determined by the widespread implementation of monitoring 

and control systems within the concepts of smart cities and smart buildings. The accuracy of indoor 

node localization and the stability of data transmission play a critical role in the development of 

scalable and energy-efficient IoT systems. Traditional RSSI-based localization methods are 

sensitive to environmental changes, require extensive measurement campaigns, and often do not 

provide sufficient accuracy. Moreover, the standard Adaptive Data Rate (ADR) mechanism in 

LoRaWAN exhibits reduced efficiency in high-density network environments. Therefore, the 

development of new approaches that combine ML-based models, radio-propagation simulations, 

and adaptive algorithms is both timely and highly significant. 

The structure of the dissertation, as described in the annotation, covers three main research 

tasks: (1) modeling signal propagation and using obtained parameters to improve the accuracy of 

radio-map construction; (2) applying transfer learning to build RSSI radio-maps in new indoor 

environments while reducing the required amount of experimental data; (3) developing and 

investigating a reinforcement learning–based algorithm for optimal selection of transmission 

parameters in LoRaWAN networks. Each of these directions addresses relevant scientific 

challenges in the field of wireless sensor systems and contributes to the development of intelligent 

localization methods and data-transmission optimization techniques. 

The author obtained the following significant scientific results. First, it was demonstrated 

that introducing the parameter "estimated distance", derived from signal-propagation modeling, 

increases the accuracy of radio-map construction by 3.75% compared to models based solely on 

RSSI. This result, confirmed by experimental data, highlights the importance of integrating 

numerical radio-environment characteristics into ML-based localization models. Second, a 

transfer learning method was implemented, enabling the construction of an RSSI radio-map in new 
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indoor environments while using only 20% of experimental data, with localization accuracy 

remaining above 91%. This outcome shows high practical value, as it substantially reduces the 

labor-intensity of deploying positioning systems. Third, a DDQN-PER algorithm was developed 

and investigated, resulting in a 17.2% increase in the LoRaWAN packet delivery ratio compared 

with the standard ADR. This result is particularly important for dense IoT networks, where the 

stability and energy efficiency of data transmission are critically significant. 

The methods applied in the research - including numerical modeling, neural-network training, 

LoRaWAN simulation in NS-3, and reinforcement learning - correspond to modern trends in 

telecommunications and intelligent systems. The author demonstrates a deep understanding of 

machine-learning methods, strong modeling skills, and the ability to integrate various approaches 

to solve complex scientific problems. 

The author’s publication activity, which includes three papers in Q1-Q2 Web of Science 

and Scopus journals, confirms the high scientific quality of the obtained results and their 

recognition by the international academic community. It also indicates the author's experience in 

preparing scientific publications and presenting results at the international level. Overall, the 

research work of Zholamanov Batyrbek represents a completed scientific study containing 

significant results in the field of node localization and LoRaWAN network optimization. The 

research integrates theoretical originality, practical significance, and a well-structured 

implementation of all stages of the study. 
I conclude that the work meets the established standards for conferring the degree of Doctor of 

Philosophy (PhD) in the field of “Radio Engineering, Electronics and Telecommunications,” and I fully 

support granting the PhD degree to the author. 
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