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TECHNICAL ASSESSMENT METHODS FOR LIGHT UNMANNED 
AERIAL VEHICLES: A REVIEW FROM CONVENTIONAL 

AVIATION TO SMALL-SCALE SYSTEMS 
 

Bartłomiej Dziewoński, Artur Kierzkowski, Michał Stosiak, Mykola Karpenko 
 

Department of Technical Systems Operation and Maintenance,  
Wrocław University of Science and Technology 

Wrocław, Poland, Wybrzeże Stanisława Wyspiańskiego 2750-370   
bartlomiej.dziewonski@pwr.edu.pl 

 

Keywords: Unmanned aerial vehicle, structural health monitoring, vibration diagnostics, wind tunnel 
testing, aeroelastic response, composite airframe 
 

This review paper presents a comprehensive analysis of technical assessment methods for light 
unmanned aerial vehicles (UAVs), covering approaches derived from conventional manned aviation as well 
as solutions tailored to small-scale un-manned platforms. With the rapid expansion of the UAV sector, there 
is an increasing demand for reliable, scalable, and cost-effective methods to evaluate their technical 
condition and operational safety. The paper systematizes existing approaches, including classical structural 
inspection procedures, non-destructive testing (NDT), structural health monitoring (SHM), and methods 
based on operational data analysis and numerical modeling. Attention is given to differences arising from 
vehicle scale, structural materials, and operational environments. 

The review also highlights key gaps in current methodologies, especially in the context of light 
UAVs, for which traditional certification procedures are often inadequate or economically impractical. The 
integration of experimental measurements with numerical models is identified as a promising direction for 
the development of more effective technical assessment frameworks. 

As a case study, an experimental investigation of a damaged light UAV is presented. The structure 
was instrumented with accelerometers to capture its dynamic response under controlled aerodynamic 
conditions in a wind tunnel. Tests were conducted across a range of airflow velocities and angles of attack, 
enabling the identification of changes in dynamic characteristics and potential indicators of structural 
degradation. The results demonstrate a high sensitivity of acceleration-based measurements to variations in 
structural stiffness, confirming the potential of this approach for damage detection in UAV systems. 

This work provides a foundation for future research on integrated technical assessment methods for 
light UAVs, combining experimental approaches while addressing the specific challenges of small-scale 
unmanned platforms. 
 
 

A STRUCTURED DECISION LOGIC FOR INTEGRATING 
CARGO BIKES INTO MUNICIPAL VEHICLE FLEETS 

 

David Storm, Malte Kania, Hartmut Zadek 
 

Otto-von-Guericke-Universität Magdeburg 
Magdeburg, Germany, Universitätsplatz 2D-39106 

david.storm@ovgu.de 
 

Keywords: Cargo bikes, commercial traffic, fleet management, municipal enterprises 
 

Municipalities face growing pressure to make their vehicle fleets more sustainable, reinforced by 
the German Clean Vehicles Procurement Act. Cargo bikes are promising, but many municipal organisations 
are unsure which tasks they can perform and when they are preferable to conventional vehicles. 

We aimed to identify typical municipal applications where cargo bikes are operationally feasible and 
to develop a framework that supports vehicle procurement decisions, even with limited data and resources. 

In addition to a comprehensive literature review, we interviewed municipal service representatives 
to understand how vehicle decisions are made in practice, which data are available, and why cargo bikes 
are chosen. We found that little or no data are often collected, so decisions are frequently based on 
experience rather than systematic evidence. 

From these findings, we developed a two-step decision-making framework using a concise set of 
qualitative criteria. It helps identify suitable vehicle types for specific municipal tasks and considers social 
and environmental aspects alongside economic factors. 

mailto:bartlomiej.dziewonski@pwr.edu.pl
mailto:david.storm@ovgu.de
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A CONFIGURABLE SIMULATION MODEL FOR FLEXIBLE 

RURAL LAST-MILE POSTAL DELIVERY: A LATVIJAS PASTS 

CASE STUDY 
 

Irina Yatskiv (Jackiva)1, Jurijs Tolujevs2, Mihails Savrasovs3 and Julian Stephens4 

 
1,2,3 Transport and Telecommunication Institute 

Riga, Latvia, Lauvas 2, LV-1019 
4MJC2 Limited 

33 Wellington Business Park, Dukes Ride, Crowthorne, Berkshire, RG45 6LS, U.K 
1
jackiva.i@tsi.lv 

 
Keywords: Synchromodal logistics, last-mile delivery, parcel locker networks, multimodal 
transportation, simulation-as-a-service, emissions 
 

This research addresses the operational transition from traditional static logistics to dynamic, 
synchromodal transport networks with the potential to balance cost, delivery time, and environmental 
performance. Extending the principles of intermodal freight, synchromodality enables the real-time re-
routing of loading units to mitigate network disruptions and fulfill changing customer requirements. 

This study develops and verifies a configurable simulation model for flexible last-mile postal 
delivery in rural areas. The model combines discrete-event and agent-based modelling with GIS data to 
represent alternative delivery schemes involving customer self-collection, scheduled public transport and 
volunteer carriers. Its application is illustrated using the geographical context of a selected area of Saldus 
municipality, Latvia. A daily scenario was used to verify the representation of vehicle routes, scheduled 
stops and coordinated parcel-handover events. The model also supports calculating technical and logistical 
indicators, including vehicle distances, delivery activities, and customer-attributed CO₂ emissions across 
different service schemes. The results demonstrate the model’s ability to reproduce the specified delivery 
processes and compare alternative configurations within the adopted scenario assumptions. Because only 
the geographical data were empirical, the study constitutes model verification rather than external validation 
of Latvijas Pasts operations. The configurable model may subsequently serve as a component of a 
Simulation-as-a-Service environment to evaluate rural postal delivery alternatives. 
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Companies face both challenges and opportunities when it comes to the Digital Product Passport 
(DPP). At first glance, the DPP appears to be a new regulatory burden, arriving at a time when many 
European companies hope for less regulation rather than more. 

At the same time, the literature paints a different picture: the DPP can promote circularity and enable 
inter-organizational transparency and traceability of products, materials, and components. This raises an 
important question: which set of requirements should companies actually follow, the one set by EU law or 
the one discussed in the literature, and are these two sets of requirements aligned or in conflict? 

This work compares the requirements set by the EU with those identified in the DPP literature. 
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The results show that these requirements largely align, meaning that companies can use a DPP not 

only to meet regulatory demands but also to enable circularity, transparency, and traceability. 
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The global aviation sector is currently navigating a dual transformation characterised by 

digitalisation and the urgent need for decarbonisation. For regional airports in Northern Europe, the 

transition to electric and hydrogen-powered aviation represents a strategic imperative for ensuring 

economic resilience and social cohesion. However, existing management practices often lack integrated 

frameworks to evaluate technological readiness from a multi-dimensional sustainability perspective.  

This study proposes an adapted Sustainability Balanced Scorecard (SBSC) framework designed to 

assess the readiness of regional airport infrastructure for green aviation operations. The research addresses 

two primary questions. First, the methodological adaptation of the SBSC to capture "readiness" as a 

strategic capability. Second, the identification of infrastructure and management gaps through a 

comparative analysis of Estonian regional airports and established Northern European benchmarks.  

The methodology is based on case studies that are complemented by expert interviews and secondary 

data. In a comparative case study analysis four Estonian regional airports (Tartu, Pärnu, Kuressaare, and 

Kärdla) are benchmarked against high-readiness regional airports in Nordic countries. The framework 

integrates technical, environmental, and social indicators into a unified decision-support tool, providing 

preliminary estimations of the capital expenditure (CAPEX) required for critical upgrades, such as megawatt-

scale grid connections, specialised battery charging and storage facilities and mobile hydrogen refueling units.  

The findings of the research are formulated in a formal roadmap for the Estonian airports in order 

to bridge the existing gap. Generally, by reframing technological readiness as a strategic asset within the 

SBSC, this paper provides airport operators and policy-makers with a reliable roadmap for the 2026–2030 

investment cycle, contributing to the development of sustainable and resilient transport systems. 
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Simulation-as-a-Service (SIMaaS) provides a promising approach for integrating heterogeneous 

simulation models within distributed transportation modelling environments; however, practical methods 

for transforming existing standalone models into interoperable simulation services remain insufficiently 

developed. This paper presents an implementation-oriented framework for the technical realisation of 

SIMaaS in transportation. The proposed approach combines a formal definition of a simulation service, a 

six-stage Simulation Service Transformation Methodology, a machine-readable Simulation Service 

Description Model (SSDM), and an orchestration mechanism for coordinated execution of heterogeneous 

simulation services. The SSDM describes simulation specific characteristics, including modelling 

paradigm, domain, exchanged data, temporal and synchronization properties, execution requirements, and 

communication interfaces, enabling service discovery and multidimensional compatibility assessment. A 

reference implementation demonstrates the approach using microscopic road traffic and logistics terminal 

simulation services, exposed through standardized REST interfaces and coordinated through conservative 

fixed-barrier synchronization. Experimental evaluation demonstrates successful SSDM-based 

compatibility assessment, bidirectional event transfer, entity and temporal consistency, and coordinated 

execution. Synchronization experiments further demonstrate the computational trade-off associated with 

coupling frequency: for the evaluated scenario, reducing the synchronization interval from 120 s to 1 s 

increased total measured runtime from 1.17 s to 76.73 s, while all configurations exchanged the same 77 

events with a 100% successful event-transfer rate. The results demonstrate the technical feasibility of the 

framework and show that heterogeneous simulation models can operate as reusable and interoperable 

services while preserving their native simulation environments. 
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Urban freight keeps cities running, yet it also drives congestion, emissions, curbside conflicts and 

inefficient use of scarce public space. Infrastructure investment, regulation and vehicle technology have 

each produced local gains, but none has resolved the fragmented decision-making that spans logistics 

operators, drivers, retailers, receivers, platform providers, citizens and public authorities. This paper asks 

how incentive and reward mechanisms can help close that gap. Following a structured narrative review 

approach, we synthesise peer-reviewed and grey literature on urban freight incentives, organised by 

incentive type, target behaviour, stakeholder group and evidence strength. The literature is organised into 

a typology of six incentive families, financial, operational, regulatory or access-based, digital or data-

sharing, behavioural or gamified, and reputational, mapped against their relevance across smart loading 

zones, micro-hubs and cargo-bike logistics, zero-emission delivery, out-of-home delivery and data-sharing 

platforms. The evidence is strongest for hybrid packages that combine operational benefit with regulatory 

direction and digital verification, and weakest for schemes built on symbolic rewards disconnected from 

the operational reality of freight work. Building on this synthesis, we propose a five-component, behaviour-

oriented and data-enabled framework, covering behaviour specification, stakeholder alignment, incentive 

package design, monitoring, and scalability and governance, intended to guide the design and evaluation 

of incentive-based urban freight policy. 
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Railway trespassing poses a major safety challenge in railway transport, as trespassing accidents 

often result in fatalities, serious injuries, and material damage, disrupting services and reducing 

transportation system efficiency. Existing railway infrastructure is not adapted to the needs and natural 

movement patterns of road participants. In particular, problems stem from the lack of grade-separated 

crossings, such as underpasses and overpasses, combined with terrain that facilitates rather than discourages 

trespassing. This paper proposes a simulation-based approach to preventing trespassing in smart 

transportation networks, including identifying safe routes to primary schools. A representative two-

kilometer railway section between Maksimir and Trnava stops in the urban area of Zagreb (Croatia) 

constitutes a critical zone of railway trespassing. The section is modeled in PTV Vissim to analyze 

pedestrian–rail interactions and simulate a railway environment. Model input data were collected from 

primary and secondary sources to identify existing crossing points, trespassing locations, infrastructure, 

technical, and environmental deficiencies. Multiple infrastructure simulation scenarios are evaluated, 

including the introduction of pedestrian underpasses and overpasses, as well as deterrent measures. The 

proposed research develops a simulated solution that enables road users to cross railway tracks while 

preventing trespassing and maintaining efficient, safe mobility. Furthermore, the study highlights the 

importance of aligning infrastructure design with actual user behavior to enhance system effectiveness. The 

findings support the role of simulation as a decision-support tool in a smart transportation network for 

trespassing prevention and a user-adapted railway environment. 
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Combinatorial optimization decision problems are common in economics, finance, transportation, 

logistics, and general complex systems, where it is often necessary to select an appropriate option from a 

finite set of feasible solutions. However, the general approach to such optimization problems typically 

yields an instantaneous optimal solution that is valid only at the specific time τ_0 at which it is obtained. 

At a later time τ^', the underlying conditions may change, and the solution that was optimal at the time τ_0 

may no longer satisfy the required constraints. This issue is especially relevant in transportation and system-

level planning, where routes, schedules, fleet assignments, network flows, maintenance decisions, and 

resource allocations must remain feasible under uncertain or changing conditions such as congestion, 

disruptions, demand fluctuations, infrastructure degradation, or component failures. To address this, the 

article examines binary optimization problems in which a reliability parameter is introduced as an additional 

constraint affecting the cost of options within the solution space. Hard reliability constraints ensure that 

only sufficiently robust solutions are feasible, while soft reliability constraints allow limited violations 

through penalty terms incorporated into the objective function, making them more suitable for practical 

applications where trade-offs between optimality, reliability, and cost are unavoidable. The studied 

constraints are modeled within the framework of emerging quantum optimization methods, such as VQE 

and QAOA. 
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Recent geopolitical crises and sudden airspace restrictions have demonstrated how quickly traffic 

flows can be redistributed across neighboring Flight Information Regions (FIRs), placing pressure on air 

navigation service providers. Although ICAO Annex 11 requires air navigation service providers to 

maintain contingency plans, these are static documents that cannot respond dynamically to evolving crisis 

conditions. This paper proposes an AI-Supported Dynamic Contingency System (AI-DCS) as a data-

responsive complement to static contingency planning and examines how a future integration with 

Controller-Pilot Data Link Communications (CPDLC), not yet implemented at Tbilisi FIR, could further 

contribute to safer operational decision-making. Drawing on traffic data, EUROCONTROL network 
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analysis, Local Single Sky Implementation Plan (LSSIP) Georgia 2024 capacity data and the published AIP 

Georgia, the paper develops a conceptual framework integrating flight plan data, Mode S radar inputs, FIR 

entry/exit point loading, sector occupancy indicators and controller duty-time records aligned with ICAO 

Annex 11 Fatigue Risk Management (FRMS) requirements. As an illustrative scenario, the analysis 

suggests that AI-enabled early warning based on filed flight plan data could have provided an estimated 

20-30 minute lead time before the traffic surge peaked, a hypothesis that warrants validation through 

simulation and operational data. The analysis also notes that crisis-driven rerouting generated an estimated 

1,900 excess tons of CO₂ daily across the network, underscoring the environmental dimension of dynamic 

flow optimisation. The paper concludes that AI transforms static contingency planning into a living, data-

responsive operational tool enhancing resilience, efficiency and human-factor awareness in crisis-

responsive air traffic management. 
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Black-box ensemble models achieve strong discriminatory power in fraud detection, an operational-

risk task under the Basel II external-fraud category, and their decisions are increasingly explained with 

post-hoc methods such as SHAP for governance and audit. In our earlier systematic review we identified 

explainability as a dimension of model robustness that currently lacks quantitative metrics, and noted that 

post-hoc explanations are sensitive to input noise.  

This paper addresses that gap by introducing the SHAP Stability Index (SHAP-SI), a scalar metric that 

quantifies how much a model's SHAP explanations change under controlled Gaussian input perturbation, 

and by proposing explanation stability as an additional robustness dimension in model selection. Evaluating 

three tree-based ensembles, Random Forest, XGBoost, and LightGBM, we find that models with 

comparable discriminatory power degrade in explanation stability at sharply different rates, and that ranking 

models by predictive performance differs from ranking them by explanation stability. We propose a two-

gate selection procedure and a periodic monitoring loop that incorporate SHAP-SI alongside Basel 

discriminatory-power metrics. 
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In this paper, we propose to transfer the recently introduced Differential Graph Transformer (DGT), 

originally developed for stock market forecasting, to the domain of traffic flow prediction. DGT learns to 
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adjust a predefined graph prior through a differential attention mechanism. Unlike standard attention, which 

may distribute weight over irrelevant context, differential attention computes the difference between two 

separate softmax maps, with the aim of suppressing shared attention noise and emphasising the most 

informative spatial and temporal dependencies. In the present implementation, a sparse index-based 

proximity graph is incorporated into the first attention map, while a learned subtractive component can 

modify the effective spatial weighting during prediction. 

We evaluate DGT using real-world highway data from the PeMS04 benchmark, comparing its 

performance against strong baselines including STGCN, ASTGCN and GWNET, using standard metrics 

MAE, RMSE and MAPE. We hypothesise that DGT will achieve superior predictive accuracy, particularly 

under non-recurrent congestion, and provide a novel, data-driven perspective on adaptive graph learning 

for intelligent transportation systems. This work demonstrates a successful cross-domain transfer of a state-

of-the-art graph transformer architecture from financial modelling to transportation engineering. 
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Empty container repositioning (ECR) and bicycle rebalancing in station-based bike-sharing systems 

(BSS) are, at their core, the same operations research problems: a network of nodes with stochastic, 

imbalanced flows of a reusable unit, requiring periodic redistribution under capacity, cost and service level 

constraints. This paper adopts a stochastic, multi-period inventory-repositioning simulation originally 

formulated for empty container allocation between depots and ports into a daily rebalancing simulation for 

a bicycle-sharing network, using public Divvy (Chicago) station and trip data. Several domain specific 

adjustments made including represent thresholds as fraction of station capacity, replacing ECR leasing 

mechanism with a lost-sales cost structure, solving the daily repositioning decisions as a capacitated vehicle 

routing problem over heuristic repositioning rules. The inventory thresholds are optimized using a 

Simulated Annealing algorithm. The results show that optimizing the thresholds from the initial values of 

30% and 80% of station capacity to approximately 39.9% and 85.4%, respectively, reduces the average 

system cost from 58.37 to 32.03 cost units, corresponding to a reduction of approximately 45.1%. The 

proposed simulation framework provides a basis for evaluating rebalancing fleet size, inventory threshold 

policy and sensitivity to cost parameters. It demonstrates the potential for adapting classical inventory-

repositioning models from freight logistics to shared-mobility applications. 
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Large Language Model agents are increasingly considered for supply chain and transportation 

decision support, yet many operational decisions require calculations, feasibility checks, and traceable 
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assumptions that free-form model reasoning cannot safely provide on its own. This paper addresses that 

reliability gap by separating scenario interpretation from auditable execution. It proposes an evidence-

backed framework in which supply chain knowledge from text-books, professional standards, and 

operations-research task templates is represented as Cognitive Task Templates and transformed into 

validated agentic skills and deterministic LLM tools. The method records domain intent, variables, 

constraints, suggested tools, and provenance, then generates Python-based tools with typed input/output 

schemas and validation checks. In a curated experiment pack-age, the Skill Factory produced 226 generated 

skills, of which 220 were accepted and 6 required revisions, yielding an acceptance rate of 0.97. The agent-

facing surface was further curated to 35 accepted deterministic tools across eight professional domains. 

These results support a bounded academic claim: deterministic tool-generation and tool-surface governance 

can provide an inspectable substrate for LLM-based supply chain decision support. 
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Large language models (LLMs) are increasingly used for code generation in multilingual 

development contexts, yet benchmarks still predominantly evaluate English prompts. Many HumanEval-

derived multilingual evaluations rely on sparse original test suites that can overstate correctness, and 

broader multilingual suites rarely report generation cost. 

This paper investigates whether prompt language affects functional correctness and generation cost 

under the stricter HumanEval+ test suite. The evaluation covers eight current LLMs on a fixed subset of 60 

HumanEval+ Python tasks stratified by difficulty, across seven prompt languages: English, German, 

Latvian, Chinese, Hebrew, Cebuano, and Korean, spanning Joshi resource classes 3 to 5. Non-English 

prompts are translated from English and reviewed by native speakers with a programming background, 

while code-related prompt elements remain unchanged. 

In total, 3,360 zero-shot generations are analysed using Pass@1 and median cost per generation 

(CPG) relative to the English baseline. Prompt language is not observed as a general functional correctness 

factor in this setting. Pass@1 varies more by model than by language, with only GLM-5 Turbo on Latvian 

showing a significant decrease. Generation cost is more language-sensitive and model-specific. GPT-5.4 

and Claude Opus 4.6 show consistent median CPG increases for non-English prompts, while Grok 4.20 

shows significant but directionally mixed cost shifts. The remaining models show no consistent cross-

language cost shifts. Overall, multilingual prompting under HumanEval+ does not necessarily reduce 

correctness for resource classes 3 to 5, but prompt language should be tracked as a model-specific cost 

factor. 
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Autonomous racing combines strict vehicle-dynamics constraints with incomplete environment 

knowledge during the first lap. This paper presents a hybrid planning architecture for autonomous path 

and trajectory planning in a digital twin based on the 3D CARLA simulation software. The considered 

scenario follows the Formula Student Driverless Trackdrive discipline, where the track is unknown in 

advance and has to be reconstructed by using the position of construction cones that define the track 

boundaries. 

The proposed approach decomposes the problem into two planning phases. During the first lap, a 

local planner based on a reinforcement learning trained Soft Actor-Critic generates feasible driving 

commands using only immediate local track information while simultaneously collecting data for track 

reconstruction. From the second lap onward, a global planner processes the reconstructed track and predicts 

an Optimal Control trajectory with a neural network. This prediction is then used as a warm start for an 

Optimal Control Problem (OCP) solver that refines the trajectory under vehicle-dynamics and track 

boundary constraints. 

The evaluation in CARLA shows that the local planner based on the soft actor critic is capable to 

safely maneuver the vehicle through the first lap on unseen tracks. The learned global planner model 

provides physically plausible initialization for the solver. In a warm-start analysis, the hybrid approach 

reduces the average optimization time compared to a high-iteration OCP reference from 298.79 s to 11.43 

s while delivering lower constraint violations than a cold-start solver with the same low iteration budget. 

These results indicate that combining reinforcement learning, supervised learning, and optimal control is a 

promising strategy for robust and computationally efficient autonomous trajectory planning in constrained 

racing scenarios.  
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The development of anti-money laundering analytics is limited by restricted access to real 

transaction data. Confidentiality requirements, regulatory restrictions, and the rarity of suspicious events 

make experiments difficult to re-produce and complicate the comparison of model results. To address this 

issue, this study proposes a rule-based framework for generating synthetic transaction data for anti-money 

laundering transaction monitoring and model evaluation. The framework is based on a taxonomy of 34 

suspicious transaction scenarios and produces transaction flows that include both regular and suspicious 

behaviour. Suspicious transactions account for up to 1% of the generated data, which pre-serves a realistic 

class imbalance. To reflect the evolving nature of money-laundering patterns, two synthetic datasets were 

created and divided into five sequential data packages with different scenario compositions. 

The generated data were used in an analytical workflow that included feature engineering for 

structured transaction attributes and text descriptions, TF-IDF vectorisation, and class imbalance treatment 

with SMOTE, ADASYN, and ROSE. Model evaluation focused on expert-selected tree-based methods and 

included Gradient Boosting, XGBoost, and Random Forest classifiers. The results show that rule-based 

synthetic transaction data can provide a practical basis for anti-money laundering experiments without the 

use of sensitive customer information. The framework supports the analysis of rare suspicious events, 

changing scenario composition, and model behaviour under varying conditions. It can also support further 

research on synthetic data generation for financial crime analytics and transaction monitoring. 
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The increasing complexity of aviation operations, combined with the growing demand for safety, 

efficiency, sustainability, and cost optimization, has accelerated the adoption of Artificial Intelligence (AI) 

and Machine Learning (ML) technologies within the aviation industry. In this study, the importance of AI 

and ML applications across multiple aviation domains is examined, with particular emphasis placed on 

operational efficiency, predictive maintenance, air traffic management, passenger experience, and decision-

making processes. It is demonstrated that data-driven approaches are increasingly being integrated into 

modern aviation systems to enhance reliability and reduce operational disruptions for both business and 

regular aviation. 

The role of AI and ML in predictive maintenance is highlighted through the analysis of real-time 

aircraft performance data, where potential failures can be identified before critical failures occur. The 

approach helps to reduce aircraft downtime, minimize the maintenance costs and helps to improve safety 

performance. AI-based optimization models are shown to contribute significantly to flight scheduling, fuel 

consumption reduction, route optimization, and airport resource allocation. In air traffic management, 

enhanced situational awareness and improved forecasting capabilities are enabled through advanced 

analytical algorithms. 

The influence of AI-driven technologies on passenger services is discussed, including automated 

customer support systems, biometric identification, personalized travel services, and smart airport 

operations. Challenges associated with cybersecurity, data privacy, regulatory compliance, and ethical 

considerations are also acknowledged, as these factors continue to affect the large-scale implementation of 

intelligent systems in aviation. 

It is concluded that AI and ML technologies are becoming essential components of the modern 

aviation ecosystem. Their integration is expected to transform aviation operations by increasing efficiency, 

improving safety standards, supporting sustainability objectives, and enabling more intelligent and data-

oriented decision-making processes across the industry. 
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Hyperspectral image (HSI) reconstruction from standard three-channel RGB camera data is a 

relevant problem in digital signal processing and computing. 

The spectral structure of an image carries information about the physicochemical properties of 

objects; however, much of this information is lost during RGB acquisition because only three measurement 

channels are available. Recovering the spectrum of each pixel and the complete hyperspectral cube H(x, y, λ) 

from these three channels is therefore an ill-posed inverse problem. 

Main classes of spectral reconstruction methods: prior-based, data-driven, and hybrid methods, 

together with hardware-algorithm co-design are compared in terms of accuracy, computational complexity, 

data requirements, and hardware implementation constraints. Reconstruction quality metrics are 

systematized, and publications from 2024-2025 are classified by application area and technological 

approach. 

As an alternative research direction, a recursive mechanism for constructing virtual spectral channels 

is proposed. Three physical RGB measurement channels are supplemented with N virtual channels whose 

spectral sensitivity functions are generated analytically by spline interpolation. The resulting three-

dimensional surface is then partitioned into spectral ranges, and the estimated responses are refined using 

physics-informed neural networks. The approach is aimed at reducing the linear dependence between 

channels and at increasing the accuracy of reconstruction of the HSI spectral components. 
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Machine learning models for road-safety decision support are typically evaluated by predictive 

performance, whereas explanation reliability is equally important in safety-critical applications. This paper 

investigates the stability of feature-attribution methods for binary road collision severity prediction using 

the UK STATS19 2024 dataset. 

A LightGBM classifier is combined with SHAP and several scalable game-theoretic attribution 

methods, including graph-based Myerson and Owen-style approaches. Explanation robustness is evaluated 

across stratified cross-validation folds using multiple complementary stability metrics and a composite 

stability Index. The results show that graph- and coalition-aware game-theoretic attribution methods 

produce substantially more stable explanations than standard SHAP while preserving meaningful feature 
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interpretation. The proposed evaluation framework provides a quantitative methodology for assessing 

explanation robustness in explainable machine learning for road-safety prediction. 
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Recent educational discourse in data science has been strongly shaped by artificial intelligence, 

while physical artifacts have received comparatively little attention. This is remarkable, as such artifacts 

may help make abstract concepts more accessible, particularly prescriptive methods in operations research 

that students often perceive as difficult to understand. 

Dijkstra’s algorithm is a foundational shortest-path method in graph theory with important 

applications in transportation and routing. Although widely used in everyday digital systems, students often 

struggle to connect its formal logic to practical use. 

This paper presents Dijkstra Navigates Germany (DNG), a tangible learning artifact based on the 

Ravensburger Deutschlandreise board game that visualizes shortest paths, measured in hops, between 

arbitrary pairs of cities. To support this functionality, 205 nodes were equipped with individually controlled 

RGB LEDs using custom circuit boards and a Raspberry Pi 400. The software is implemented in Python 

and uses scipy.sparse.csgraph.dijkstra to compute shortest paths. A rigid aluminum-profile case with 

folding legs enables transport and classroom use. 

Following Kirkpatrick’s (2006) evaluation framework, DNG was assessed in an exploratory study 

with students from different academic backgrounds. 

Reactions, perceived learning outcomes, behavioral impact, and transfer potential were documented. 

The evaluation also identified possible functional extensions, such as blocked nodes and edges, as well as 

broader teaching and learning applications. 

  

 
ESTIMATION OF THE RADAR CROSS SECTION OF TYPICAL 

OBJECTS IN LOGISTICS ENVIRONMENTS USING THE 60 GHZ 

RADAR AND THEIR IDENTIFICATION BY NEURAL NETWORK 

METHODS 
 

Ivans Gercevs, Aleksandrs Kraiņukovs 

 
Transport and Telecommunication Institute 

Riga, Latvia, Lauvas 2, LV-1019 

Gercevs.I@tsi.lv, Krainukovs.A@tsi.lv 

 
Keywords: mmwave radar, FMCW radar, radar cross section, object identification, neural networks, 

mobile robotic platforms 
 

mailto:christian.koot@hs-aalen.de
mailto:Gercevs.I@tsi.lv


The 26th International Multi-Conference “RELIABILITY and STATISTICS in TRANSPORTATION and COMMUNICATION - 2026” 

25 

Mobile robotic platforms operating in indoor logistics environments need to identify the static 

objects around them, and a mmWave radar is attractive for this task because it is immune to dust, smoke 

and poor lighting. This work examines whether the radar cross section (RCS) of such objects, measured at 

60 GHz by an FMCW radar carried by a mobile platform, is sufficient for their identification. The receiving 

tract was calibrated against reference metal spheres, which yielded the tract constant and confirmed that 

the response power follows the point-target range law. The mounting height of the radar above the floor 

was determined experimentally from the fluctuation of the response amplitude. Absolute RCS estimates 

were then obtained for five classes of typical   objects: a round metal column, a chipboard panel, a glass 

sheet, a rectangular gypsum column and a concrete wall. The measured distributions of the five classes 

overlap substantially, so a scalar cross section cannot serve as the sole feature for identification. 

Identification was therefore built on the range profile as a whole. Five neural architectures were trained on 

the same recordings under cross-validation grouped by recording: a multilayer perceptron on a feature 

vector, its spiking variant, a one-dimensional convolutional network on a single profile, and a two-

dimensional convolutional network, a recurrent network and a self-attention model on windows of 

consecutive profiles. The recurrent model on frame windows proved the most accurate, and the comparison 

shows that accuracy is governed by the completeness of the input representation rather than by the 

architecture. 
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European critical infrastructure increasingly depends on interconnected digital systems, making 

cyber resilience a collective rather than purely organisational challenge. Cyber Threat Intelligence (CTI) is 

widely used to anticipate and respond to cyber threats, but its operational value often breaks down when 

shared information must be translated into coordinated cross-actor action. Existing frameworks such as the 

NIST CSF and MITRE ATT&CK support individual organisations but do not specify how multiple 

defenders should institutionally organize collective defence. This paper proposes the Collective Cyber 

Defence (CCD) model, a two-level reference model for analysing and designing collective defence 

capabilities in European critical infrastructure. The structural level identifies Integration, Cooperation and 

Coordination as institutional preconditions; the process level defines a six-link operational cycle from 

Shared Intelligence and Threat Detection to Coordinated Response, Active Disruption, Ecosystem 

Recovery and Adaptive Learning. 

The model is derived from collective action theory, resilience engineering and operational cyber 

defence literature, and is applied through a targeted analysis of CTI operationalisation barriers and two EU 

instruments: the NIS-2 Directive and the Cyber Solidarity Act. The analysis shows that documented barriers 

concentrate mainly on Shared Intelligence and on institutional problems of trust, reciprocity, 

interoperability and regulatory fragmentation. Later links, especially Coordinated Response, Active 

Disruption and Ecosystem Recovery, remain weakly addressed in both the literature and EU regulation. 

The CCD model therefore reframes collective cyber defence as an institutional design problem for resilient, 

digitally dependent infrastructures. 
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This paper investigates the Traveling Salesman Problem (TSP) using two classical integer linear 

programming formulations. In particular, the formulations proposed by Dantzig, Fulkerson, and Johnson 

(DFJ) and by Miller, Tucker, and Zemlin (MTZ) are implemented within a unified computational 

framework and systematically analyzed. The objective of this study is to compare the computational 

performance of both approaches under consistent experimental conditions. 

Performance is evaluated with respect to solution time and memory consumption across varying 

problem sizes. The analysis aims to provide insights into how the choice of formulation influences 

computational behavior and resource requirements. By examining both performance metrics under identical 

conditions, the study enables a direct and consistent comparison of the two approaches. 
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The integration of unmanned aerial vehicles (UAVs) into intelligent transport environments raises 

critical challenges for mission reliability under dynamic operational conditions. This study proposes a data-

driven methodology for assessing UAV mission reliability as a multidimensional construct encompassing 

communication quality, flight stability, navigation accuracy, energy behaviour, and safety response. Using 

an experimental dataset of 120 missions, unsupervised K-means clustering was applied to identify latent 

reliability states. The analysis revealed three statistically distinct mission profiles corresponding to high-

reliability, moderate-performance, and critical-risk conditions. Cluster separation was strong across all 

variables, with large effect sizes (η² up to 0.897), particularly for packet loss, telemetry latency, and failsafe 

activations. External validation demonstrated significant differences in Mission Success Score between 

clusters (η² = 0.931), while cluster membership showed perfect correspondence with predefined reliability 

classes. These findings confirm that clustered mission profiles provide robust and interpretable 

representations of UAV operational reliability, supporting quantitative assessment, comparative analysis, 

and reliability-oriented decision-making in intelligent transport systems. 
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This paper proposes an analytical framework for assessing the opportunity of reintegrating a 

suburban train into an urban mobility system using the SWOT method. This approach aims to identify the 

internal and external factors that explain the current underperformance of the service. In this context, the 

objective of this paper is to offer a diagnostic tool adapted to the context of Constantine, where a functional 

but largely underused rail service coexists with persistent road congestion. The proposed approach is 

applied to a real case study: the Constantine suburban train, which currently records a very low ridership. 

A series of qualitative and descriptive indicators are derived from the four dimensions of SWOT (strengths, 

weaknesses, opportunities, threats), based on operational data and field observations. This approach thus 

allows for a better under-standing of the barriers to ridership and supports more effective decisions for 

reintegrating the train into the local mobility system in order to achieve the over-all objectives of sustainable 

urban mobility. 
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Hyperloop has been proposed as a carbon-free, zero-emission technology for ultra-high-speed 

transportation. The original Hyperloop Alpha Paper’s concept suggested solar power as an energy supply 

option. 

However, latest advancements in the energy sector, particularly in nuclear power and prospective 

fusion technologies, opened new discussions on the feasibility of alternative power supply scenarios for 

Hyperloop systems. This research presented a comparative assessment of nuclear, solar, and prospective 

fusion power supply scenarios for a Hyperloop transportation system on the circle Latvia route, California 

San-Francisco-Los-Angeles and Mumbai-Pune routes. In scope of study, Swisspod, HARDT, Nevomo, 

TUM and other Hyperloop projects were analysed. System dynamics model was developed, and 

simulations were conducted to compare the selected power supply scenarios over a one-year period. The 

mailto:kahloucheaziz@yahoo.fr
mailto:vesjolijs.a@tsi.lv


The 26th International Multi-Conference “RELIABILITY and STATISTICS in TRANSPORTATION and COMMUNICATION - 2026” 

29 

analysis identified key economic performance metrics among the selected power supply scenarios. The 

results highlighted the potential of prospective fusion power for Hyperloop transportation systems 

alongside more established nuclear and solar alternatives. The research contributes to the European Green 

Deal and UN Sustainable Development Goals SDG-9, SDG-11, SDG-12, and SDG-13. 
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Transport innovation is increasingly central to sustainable urban development in rapidly growing 

cities of developing countries such as Bangladesh. Escalating congestion, deteriorating air quality, rising 

greenhouse gas emissions, and inadequate transport infrastructure highlight the urgency for integrated 

mobility solutions. Although prior studies examine individual technologies or isolated policy measures, 

limited research provides a holistic assessment of transport innovations through an integrated sustainability 

lens. This study addresses that gap by developing a Bangladesh‑specific analytical framework that evaluates 

major transport innovations—electric vehicles, metro rail, bus rapid transit, ride‑sharing platforms, 

intelligent traffic management systems, and non‑motorized transport—across four dimensions: 

environmental impacts, socioeconomic implications, implementation barriers, and policy and institutional 

requirements. Findings indicate that these innovations can significantly reduce emissions, lower fossil‑fuel 

dependence, improve public transport efficiency, decrease congestion, and enhance accessibility and urban 

livability. However, progress is hindered by infrastructure deficits, high capital costs, weak regulatory 

enforcement, limited institutional coordination, technological constraints, and low public acceptance. The 

comparative analysis shows substantial variation in sustainability outcomes and implementation needs, 

underscoring that no single intervention can resolve Bangladesh’s multifaceted mobility challenges. The 

study’s key contribution is an integrated analytical framework linking transport innovations with 

sustainability outcomes and policy responses in a developing‑country context. It offers a structured 

foundation for future research and evidence‑based guidance for policymakers pursuing coordinated, 

long‑term strategies for sustainable urban mobility transitions. 
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Contemporary production and organizational systems operate under conditions of increasing 

environmental volatility, technological complexity, and demand uncertainty. In such contexts, the 

evaluation of system performance cannot be limited to static efficiency measures or short-term cost 

optimization. Instead, performance must be assessed dynamically, accounting for the system’s ability to 

adapt, reconfigure, and remain viable over time. Existing predictive and management approaches often 

focus on isolated variables and deterministic relationships, while multi-level interaction structures, dynamic 

dependencies, and bounded instability phenomena remain underrepresented in organizational analysis and 

predictive modelling. The aim of this research is to outline a dynamic multi-level modelling approach 

combining the Multi-Level Success Factor (MLSF) framework with Hyperdimensional Data Clustering 

(HDC) methods within a Multi-Level Perspective (MLP). The proposed approach enables the identification 

of dynamic interaction patterns, evolving organizational states, and stability–instability transitions in 

complex organizational and production systems. 

Empirical investigations conducted in the context of technical system design and production-related 

organizational processes demonstrate that the proposed approach improves the interpretation of dynamic 

dependencies and reveals interaction structures that are difficult to identify using conventional static 

analytical models. In particular, the integration of HDC-based clustering supports the analysis of evolving 

system states and adaptive behaviour patterns. The proposed modelling approach contributes to smart 

predictive modelling and adaptive organizational analysis by integrating dynamic multi-level interaction 

structures into decision-support and management-oriented analytical environments. 
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Predictive maintenance for large diesel engines requires usage data that reflects real operating 

behaviour more precisely than operating hours or mileage alone. Many wear mechanisms are linked to load 

changes, temperature profiles, and operating events such as engine starts. 

In practice, however, engine control units (ECUs) offer only limited memory and computational 

resources; in the studied case, approximately 3 MB of memory are available, and signal logging must adhere 

to a strict 32-bit integer logic. 

This paper introduces TraC-TOR (Transition Counting – Time and Order Related), a wear-oriented 

signal condensation method that encodes each detected load change of a pre-classified signal into a single 

32-bit data label. Each load change is characterised by the start and end class as well as dwell times in both 

classes and the transition time between them, while the chronological order of all load changes is preserved. 

The method is evaluated using on-board diagnostics data from a Golf 7 TDI as a methodological proxy 

for large engines. Three signals with distinct characteristics are considered: vehicle speed as a technical 

comparison signal, coolant temperature as a sluggish signal, and accelerator pedal position as a highly 

volatile signal. TraC-TOR’s storage behaviour is compared with two simple lossless run-length encodings 

(RLE32, RLE16), applied to the same classified signals. 

The results indicate that TraC-TOR can store more than 2000 operating hours of multiple signals 

within the 3 MB memory budget under strict 32-bit constraints and is consistently more storage-efficient 

than RLE32 for speed and throttle-position signals. Compared with RLE16, TraC-TOR’s advantage in 

memory efficiency speed and throttle-position signals shrinks considerably, while causing higher memory 

usage for the coolant temperature signal. Overall, the main contribution of TraC-TOR lies not in maximum 

compression, but in providing a storage-efficient, wear-oriented, and directly interpretable representation 

of load changes that is compatible with existing ECU architectures. 
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This paper examines the grid-to-battery efficiency of AC charging of a battery-electric vehicle at 

different charging currents and supply configurations. In this study, charging rate refers to the electrical 
operating point established by the selected AC current and supply configuration, rather than to the battery 
C-rate. Experimental measurements were carried out on a 2021 Volkswagen ID.3 Pro Performance 
equipped with an 11 kW three-phase on-board charger. Charging sessions were performed at current 
settings from 8 to 16 A using a single-phase portable charging device and a three-phase AC charging station. 
The energy drawn from the AC supply was compared with the increase recorded by the vehicle's high-
voltage-battery energy counter. 

The measured efficiencies differed between the two investigated charging arrangements. With the 
single-phase arrangement, efficiency ranged from 86.63% to 87.78%, whereas the three-phase arrangement 
yielded 95.22-96.31%. Within the three-phase series, measured efficiency remained close to 96% at current 
settings of 10 A and above, while the two lowest-current sessions showed somewhat higher relative losses. 
Because the two arrangements used different charging devices and integrated meters and each operating 
point was tested once, these differences are treated as descriptive associations and cannot be attributed 
exclusively to phase configuration or charging current. 

The results provide model-specific experimental evidence for the Volkswagen ID.3 and illustrate 
the importance of considering the complete charging arrangement and OBC operating point when 
evaluating AC charging losses. The study is intended as a model-specific validation and extension of 
efficiency trends reported in previous multi-vehicle investigations, while its limitations define the need for 
repeated measurements with common calibrated instrumentation. 
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This paper investigates dynamic pressure surges that occur during the start-up of hydrostatic 

transmissions commonly used in machinery, as well as in land and aerospace transport vehicles. A throttle-
controlled hydrostatic transmission equipped with a proportional directional control valve was analysed to 
determine how variations in the control signal profile affect the magnitude and progression of these surges. 
The results obtained were compared with those of a hydrostatic transmission system using a conventional 
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electrically controlled directional control valve. The findings highlight the inherent limitations of 
hydrostatic drives and demonstrate the potential of control signal optimisation to mitigate adverse pressure 
effects. The developed simulation model provides a useful tool for improving start-up control strategies, 
enabling more effective shaping of pressure waveforms and reducing peak pressure values. 
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Military mobility has become a decisive condition of European defence readiness, yet corridor 
assessment remains fragmented between infrastructure, administrative, logistics, digital and security 
perspectives. This paper develops the Military Mobility Corridor Risk and Reliability Model (MM-CRRM), 
a non-sensitive semi-quantitative tool for assessing the risk-adjusted reliability of military mobility 
corridors in Central Europe. The model treats a corridor as a system-of-systems composed of routes, nodes, 
procedures, transport and handling assets, digital services and governance arrangements. It integrates six 
dimensions and applies likelihood-impact-controllability scoring, scenario weights and a bottleneck 
criticality index. The model is demonstrated through three anonymised corridor archetypes under rapid 
reinforcement, sustained logistics and hybrid disruption scenarios. The contribution is to connect transport 
reliability research with defence logistics and security-of-supply debates, while offering a practical 
diagnostic approach for prioritising corridor bottlenecks without dis-closing operational routes or sensitive 
infrastructure vulnerabilities. 
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Europe is a forested continent, with forests covering 40-45% of its land area, and according to 
statistics, the 2025 fire season was the worst on record in the European Union. While monitoring systems 
exist, current surveillance methods experience limited endurance and delayed response time. This paper 
proposes and develops the preliminary design of a two-seat hybrid-electric short takeoff and landing 
(STOL) aircraft that is capable of coordinating and deploying UAV drones for distributed wildfire 
surveillance in Baltic forest regions. As well, as investigates the feasibility of converting a Cessna 172S 
aircraft into this hybrid-electric STOL drone vehicle, which will serve as a “mothership” for a 
reconnaissance and communication platform. The drones will function as sensing nodes for low-altitude 
thermal imaging, smoke penetration analysis, and high-resolution mapping. 

We evaluate and analyze the proposed design using aerodynamic analysis based on the Vortex 
Lattice Method, alongside analytical calculations of lift, drag, take-off performance and power 
requirements. Based on the calculated power demand, we select a suitable hybrid propulsion system, whilst 
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ensuring it meets the modified aircraft’s performance requirements. The modified design has achieved a 
reduction in take-off distance of ... per cent, an increase in the lift coefficient of ... per cent, a take-off power 
requirement of approximately 167 kW, and the introduction of a hybrid propulsion system with a maximum 
power output ... times greater than that of the original design. Ultimately, this innovative design, indicate 
that the modifications undertaken improve performance compared to the original design, transforming it 
for the short-field performance, making it more suitable, versatile, efficient and responsive for monitoring 
forest fires. 
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Transport infrastructure megaprojects increasingly rely on multiple knowledge sources for risk 

assessment: scientific literature, professional and methodological sources, regulatory documents, risk 

management guidelines, and project planning tools. The paper addresses railway, road, port, and 

multimodal infrastructure contexts, while railway safety regulation is used as one illustrative example of a 

mode-specific regulatory framework. Each source describes risks at a different level of detail; therefore, 

hidden knowledge gaps, or 'black holes', may emerge at the project level between what is theoretically 

recognised, practically addressed, formally required, and methodologically implemented. The aim of this 

study is to develop a structured approach for identifying such gaps in transport infrastructure megaprojects. 

The theoretical foundation is based on organisation theory and structured document analysis. The 

methodology involves mapping risk related statements across scientific, professional, regulatory, and 

methodological sources and classifying them according to risk domain, project life-cycle phase, source 

type, evidence level, organisational responsibility, and relevance to decision-making. The result is a 

framework that helps identify risk management 'black holes' and improve transparent, auditable, and 

project-level risk management practice in complex transport infrastructure megaprojects. 

 

 

A CONCEPTUAL FRAMEWORK FOR STRUCTURING  

MISSION-CRITICAL TRANSPORT: INSIGHTS FROM 

INSTITUTIONAL AND SCIENTIFIC LITERATURE 
 

Inga Lencēviča 

 
Transport and Telecommunication Institute 

Riga, Latvia, Lauvas 2, LV-1019 

inga.lencevica@gmail.com 

 

Keywords: Mission-critical transport, conceptual framework, protected function, criticality driver, 

transport requirement 

 
Transport becomes mission-critical when continuity of a societal or state function depends on 

transport performance, yet such problems are usually examined within specialised fields. This study 

develops a cross-domain conceptual framework from 34 institutional documents and 26 scientific papers. 

The analysis shows that mission-criticality is defined by functional dependence, while mission domain, 

activation logic and response phase describe distinct contextual dimensions. The protected function and its 

criticality driver establish the basis for the transport requirement, which must be realised through a feasible 

transport-system configuration under prevailing operating conditions and governance arrangements. The 

resulting framework connects institutional reasoning with operational transport analysis and provides a 

common structure for examining mission-critical transport across societal and state functions. 
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The implementation of automated technologies in the warehousing processes of logistics companies 
can significantly increase operational efficiency, as it simplifies goods receipt, internal warehouse 
movement, order picking, dispatch, and the management of related documentation. The aim of the study is 
to determine the factors determining the efficiency of automation of warehousing activities of a logistics 
company based on multi-criteria assessment. 

Automated processes enable smoother information exchange between different departments of the 
company, reduce the need for manual labor, lower the likelihoodof errors, and increase work speed. All of 
this ensures that the end customer receives goods more quickly, while the company operates more 
efficiently. A multi-criteria evaluation method was used to conduct the study. The study revealedthe factors 
determining the efficiency of automation of warehousing activities in a logistics company. Considering 
these aspects, the automation of warehouse processes is essential for improving warehouse performance, 
increasing competitive advantages, and enhancing profitability. To avoid existing challenges, it is necessary 
to implement automated solutions that significantly improve warehousing processes, reduce the number of 
errors, and provide companies with a competitive edge. 
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This paper examines the dependence of quad bike (ATV) stability on rider seating position. Stability 

is a major factor in the safety and controllability of these vehicles, particularly because quad bikes have a 

relatively high centre of gravity, narrow track and short wheelbase. These characteristics make them sen-

sitive to changes in mass distribution, and therefore rider posture can substantially affect stability. 

The aim of the study is to evaluate how three rider seating positions affect the longitudinal stability 

of a quad bike when ascending and descending slopes. The investigated postures are neutral, leaning 

forward and leaning backward. The analysis is based on fundamental principles of mechanics, including 

the position of the combined centre of gravity, axle-load distribution and tipping moments. The centre-of-

gravity coordinates and their variation were determined experimentally for a CFMOTO CFORCE 450L 

quad bike. 

The results show that rider seating position has a substantial effect on the calculated longitudinal 

stability limits. Leaning forward improves stability during ascent, whereas leaning backward is beneficial 

during descent. Conversely, an inappropriate posture reduces the available stability margin, especially on 

steep slopes. 

The findings demonstrate that correct rider positioning is an effective and practical means of 

improving quad-bike stability without additional technical modifications. The results can be applied in 

rider-training programmes and in the development of safety recommendations. 
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The technical and technological interoperability of international railway freight corridors is 

determined by the compatibility of infrastructure, rolling stock, operational processes and the interfaces 

between them. Despite the development of the regulatory framework, methods for the quantitative 

assessment of these types of functional compatibility remain insufficiently developed. The aim of the 

research is to develop a method for the quantitative analysis of technical and technological interactions 

between the components of a railway corridor with classification of the final level of interoperability. The 

method is based on the calculation of partial interoperability coefficients for the characteristics of 

infrastructure, rolling stock and operational processes, including line load category, track gauge 

compatibility, track geometry, traction power supply, operational restrictions and terminal operating 

processes. The method was applied to three alternative Ukraine–Lithuania railway freight corridors under 

four operational scenarios. The obtained results demonstrated an increase in the integral interoperability 

index from the baseline scenario S0 to scenario S3 for all routes and made it possible to identify critical 

local constraints. The scientific novelty lies in the development of a quantitative method for assessing 

systemic technical and technological interactions, while the practical significance lies in its application for 

route comparison and justification of measures for improving infrastructure and freight transportation.  
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Europe’s key objective is to achieve the European Green Deal and climate neutrality by 2050, 

requiring substantial reductions in greenhouse gas emissions across all sectors, including transport. Public 

transport plays an important role in urban transport decarbonization, particularly through the transition from 

internal combustion engine buses to lower-emission technologies. The purpose of this study is to assess the 

operational CO₂ emissions of the Vilnius public transport fleet and evaluate the potential for fleet 

decarbonization through alternative vehicle replacement scenarios. The methods used include scientific 

literature analysis and an applied quantitative case study of the Vilnius public transport system. The results 

indicate that the greatest CO₂ reduction potential is associated with replacing diesel buses with trolleybuses. 

However, the analyzed scenarios are hypothetical and based on theoretical calculations, while their practical 
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implementation is constrained by existing infrastructure, depot capacity, route characteristics, and 

technological requirements. These constraints provide a basis for further research on the feasibility of public 

transport fleet decarbonization. 
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Autonomous vehicles and mobile robots are increasingly deployed in intralogistics, manufacturing, 

and public transport. Despite progress in advanced driver-assistance systems and Level 4 autonomy, real 

deployments still encounter edge cases, perception failures, and safetycritical situations that autonomous 

systems cannot handle reliably on their own. Full autonomy therefore remains a long-term goal rather than 

a present reality. 
Teleoperation lets a human operator supervise, intervene, or take over when autonomy is no longer 

sufficient. Its reliability depends heavily on the communication link between operator and robot. Operator 
performance drops once round-trip latency exceeds roughly 200 to 300 milliseconds, and control becomes 
unsafe beyond that range: higher delay reduces situational awareness, weakens control precision, and raises 
the operator’s cognitive load. Wireless networks such as Wi-Fi, LTE, and 5G make this worse through 
variable delay and jitter. ROSBridge, the standard gateway between ROS 1 or ROS 2 and external 
applications, serializes messages as JSON over WebSocket. It is easy to integrate, but it was designed for 
interoperability rather than real-time performance: JSON encoding inflates both message size and 
processing time, which is problematic where low latency is a hard requirement. 

This paper proposes a teleoperation architecture that replaces JSON with compact binary-encoded 
messages carried over modern web transport protocols. We compare WebSockets, WebTransport, and 
WebRTC DataChannels to identify, which protocol meets the latency demands of real-time teleoperation, 
and we evaluate the architecture over Wi-Fi and cellular networks by measuring round-trip latency against 
the thresholds required for safe human-in-the-loop control. 
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The increasing demand to replace diesel fuel with current advanced technology has driven the need 
to develop a predictive tool for diesel engine characterization. In this article, different ML models like 
Random Forests (RF), Artificial Neural Networks (ANN), Support Vector Machines (SVM), and k-Nearest 
Neighbors (KNN) are studied to test their predictive accuracy with the experimental results. These are 
tested at different engine operating conditions, which serve as the input variables for the AI-ML testing, 
and different performance and emission characteristics are the output variables. Performance is measured 
in terms of Brake Specific Fuel Consumption (BSFC) and Brake Thermal Efficiency (BTE). The emission 
forecast is based primarily on CO, NOₓ, HC, and smoke results. This article analyzes the AI-ML techniques 
in terms of coefficient of determination (R²), root mean square (RMSE), and mean absolute error (MAE). 
Various studies have reported that the AI-ML models outperformed traditional linear regression models, 
achieving 95-99% efficiency when compared to the experimental results. This article provides the future 
scientists with a structured overview of the artificial intelligence-machine learning techniques and their 
efficiency to predict engine performance and emissions while reducing the operational cost and increasing 
the overall efficiency and effectiveness of the use of AI in engine testing. 
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Transport systems are undergoing rapid digital transformation, where the effective management of 

data is central to operational safety, efficiency, and coordination. Within this context, Maritime Single 

Window (MSW) systems form a key component of wise transport systems by enabling standardised and 

centralised data exchange across stakeholders. The Finnish NEMO system, developed under the European 

Maritime Single Window environment (EMSWe), aims to harmonise reporting practices and reduce 

fragmentation in maritime in-formation flows. 

This study examines how digitalisation and system centralisation contribute to risk reduction in 

maritime reporting environments. The research adopts a qualitative approach, combining stakeholder 

perspectives, document analysis, and observations from system development and testing phases. A 

structured Key Performance Indicator (KPI) framework is used to assess key dimensions of system 

performance, including data accuracy, reporting time, and process consistency. These indicators provide a 

basis for evaluating how digital reporting systems can improve reliability and support coordinated decision-

making. 

The findings indicate that centralised digital reporting, as implemented in the NEMO system, is 

anticipated to reduce operational risks associated with fragmented reporting practices by improving data 

consistency, reducing duplication, and enhancing transparency. Centralised data submission and automated 

information sharing are expected to minimise the likelihood of errors caused by manual processes and 

enable more consistent communication between stakeholders. In addition, harmonised reporting standards 

under EMSWe are expected to support interoperability and reduce uncertainty in regulatory compliance. 

As the NEMO system has not yet reached operational deployment, these findings should be interpreted as 

anticipated rather than demonstrated outcomes. The study suggests that digital maritime reporting systems 

have the potential to strengthen the reliability and resilience of transport operations when supported by 

effective governance and stakeholder alignment. 
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Generative artificial intelligence (GenAI) now supports searching, summarizing, explaining, coding, 
and writing at a scale that weakens the assumption that a submitted academic product reflects a student’s 
internal understanding. 

The aim of this study is to develop a compact conceptual-operational framework for understanding 
and assessing student epistemic agency as a core university competence in AI-mediated higher education. 
This paper argues that AI literacy, while necessary, is not sufficient as a guiding educational goal, and 
proposes a broader competence: epistemic agency — the learner’s capacity to intentionally initiate, 
organize, verify, internalize, apply, revise, and responsibly communicate knowledge with human and AI 
partners. It formalizes the knowledge lifecycle as an educational object, defines the cognitive depth gap 
between AI-assisted performance and internal mastery, and introduces the Knowledge Depth Index and 
Epistemic Agency Index as conceptual-operational tools, with four complementary assessment modes: no-
AI individual tasks, AI-assisted tasks, error-detection tasks, and delayed reconstruction tasks. The results 
provide a structured basis for curriculum design, assessment rubric development, and program-level AI 
policy. 

The university’s mission in the GenAI era is not only to train competent AI users, but to develop 
students who remain responsible subjects of knowledge. 
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This study examines how digital infrastructure shapes labor reallocation across agriculture, industry 
and services sectors in Sub-Saharan Africa. Digital connectivity is quickly changing labor markets in the 
region, with workers fleeing traditional sectors, especially agriculture, and increasingly entering digitally 
mediated sectors, such as the services sector. 

The main objective of the study is to explore reallocation channels with the goal of understanding 
how digital infrastructure plays a role in achieving both economic diversification and sustained 
development in Sub-Saharan Africa that is, analyzing how digital connectivity drives labor reallocation 
across agriculture, industry, and services sectors. 

The research involves a combination of surveys, interviews, and secondary data collection. Surveys 
and semi-structured interviews are used to obtain the primary data. The use of surveys, interviews, and 
secondary data provides a more robust and nuanced understanding of the phenomenon compared to relying 
on a single data source. Triangulation of data from different sources enhances the credibility of findings. 

There exists a significant positive relationship between more internet access and labor migration, 
particularly into cities. However, rural areas do not benefit from improved connectivity and have fewer 
digital skills. Schools of thought focus on closing the historic and ongoing equity gaps between the 
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economic have-nots and budding digital divides. This study also calls attention to the emerging demand for 
digital literacy programs and policies that uplift infrastructure in underserved spaces. 

The paper, therefore, contributes towards answering the question of how transformation can be 
achieved in Sub-Saharan Africa in a way that is inclusive for most of the population, especially the youth. 
It is undertaking this study that the actual value of digital infrastructure can be noted and valued. Such a 
viewpoint shows the absolute necessity of more digital infrastructure in Sub-Saharan Africa in addition to 
connecting the labor markets to actual skill so as to bridge the existing development gaps in the region. 

The results obtained allows for the formulation of recommendations for the development of 
economic policies aimed at encouraging the investment in and proliferation digital infrastructure by policy 
makers to foster labor movement from agricultural to industrial and tertiary sectors. These outlines the need 
for digital literacy programs and investments in infrastructure in underserved areas to ensure inclusive 
growth. This emphasizes the importance of equitable development alongside technological advancement. 
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Nowadays, e-commerce mobilises relevant actors, notably businesses, to play an innovative role in 

digital technologies' adoption, thereby fostering sustainability efforts within the broader community. Other 
actors such as government offices, policymakers and authorities also act in promoting ecommerce adoption, 
leading to sustainable transitions towards the achievement of the United Nations Sustainable Development 
Goals (UN-SDGs). Notably, the achievement of SDG 9: Industry, Innovation, and Infrastructure and SDG 
10: Reduced Inequality. 

To foster the exchange of ideas, experiences, and successful sustainability practices, this research 
aims to analyse the effect of e-commerce adoption on labour productivity and job creation in Sub-Saharan 
Africa with a specific focus centred on the urban-rural dynamics in attaining sustainable growth. Urban 
areas experience drastic productivity and employment recovery due to more connectivity opportunities and 
digital activity than rural hubs as a result of infrastructure and a higher knowledge of basic digital skills. 

The research presented in the paper, through case studies and extensive data analysis, underscored 
the importance of selective policies and specifically focused investments to enhance rural infrastructure 
development and digital literacy to enable broader access to the opportunities for sustainable economic 
development offered by e-commerce. 

On the other hand, rural regions were significantly impacted by issues such as low connectivity and 
access to digital tools that restricted these areas from fully harnessing e-commerce platforms. Likewise, 
taking measures in the research related to actionable expansion e-commerce could create more conditions 
to promote digital inclusivity. 

The following are practical implications of the research. For instance, if Sub-Saharan African 
nations embrace e-commerce adoption and its full potential, it translates into more economic empowerment 
for both the region and its people. When the territory gets empowered more in e-commerce adoption, it will 
gradually impact labour productivity. Additionally, when labour productivity is improved, it will 
significantly enable the inhabitants to have more disposable income, reduced inequality, higher standards 
of living and various SDG achievements. 

The results obtained allow for the formulation of recommendations by stakeholders and 
policymakers in the development of e-commerce adoption policies aimed at encouraging e-commerce 
ecosystems, which boost labour productivity and job creation. Also focusing on the urban-rural divide and 
inclusive e-commerce adoption with Sustainable Development Goals alignment is vital for achieving SDGs 
9 (Industry, Innovation, and Infrastructure) and 10 (Reduced Inequalities), respectively. 
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This study introduces the PADL Index as a Framework for Assessing Pedagogical, Analytical, and 

Digital Literacy in Future-Ready Universities. The PADL concept has been formally registered under 

Certificate of Registration TX-9-461-809 with the United States Register of Copyrights and Directory, 

thereby supporting its originality as an intellectual contribution. While HEIs invest in digital 

transformation, artificial intelligence, and learning analytics, there is a significant research gap in how 

faculty readiness is measured across the integrated dimensions of pedagogy, analytics, and digital literacy. 

Existing research separately addresses technology adoption, teaching effectiveness, digital competence, and 

more; however, it does not capture the multidimensional literacy required for future-ready universities. In 

this research, the author aimed to conceptualize and validate the PADL index as a structured assessment 

framework that evaluates faculty and institutional readiness. The main purpose is to provide academic and 

educational decision-makers in HEIs with a practical tool to diagnose capability gaps using data-driven, 

evidence-based information. This research used a conceptual framework development approach. The 

systematic literature review was conducted on pedagogical competence, learning analytics readiness, digital 

literacy, and higher education transformation. This research was limited to reliability, and generalizability. 

However, the novelty is a copyrighted, multidimensional index that integrates pedagogy, analytics, and 

digital literacy into a single assessment structure. The PADL index application offers HEIs a diagnostic and 

strategic planning for long-term institutional innovation. 
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The digitalisation of higher education has substantially increased the amount of data produced 

through social media. However, universities do not always transform these data into actionable 

communication decisions, resulting in the underutilisation of available analytics, referred to in this study as 

big data waste. The aim of this study is to develop a data-driven social media marketing communication 

model that converts social media, and content indicators into adaptive communication actions. A mixed-

method design was applied to 14 Baltic States universities. Ward’s hierarchical clustering and k-means 

crossvalidation were used to classify the universities according to international student numbers and Times 

Higher Education ranking positions. Facebook and YouTube performance indicators were subsequently 

analysed within the resulting clusters, together with content characteristics, keyword density, and 

destination-link alignment. Four stable university clusters were identified. 
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The results show that audience growth does not necessarily produce sustained interaction and that 

communication priorities differ according to institutional and digital performance tendencies. The proposed 

integrated model links performance-based actions Maintain, Reinforce, Adapt, and Revise to four cluster-

specific priorities: engagement, differentiation, continuity, and coherence. The model reduces big data 

waste by converting routinely collected communication data into structured managerial decisions. 
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The rapid diffusion of generative artificial intelligence has transformed prompting from a technical 

procedure into a new form of human–AI communication. Although prompt engineering has become an 

increasingly important field of research and practice, existing approaches remain largely focused on prompt 

formulation and provide limited theoretical guidance for de-signing communication according to the nature 

of the task being performed. The aim of this study is to develop a communicative model for prompt design 

that accounts for the relationship between learning tasks, cognitive processes, and human–AI 

communication. The model is grounded in an adapted interpretation of Bloom's Taxonomy, contemporary 

classifications of knowledge, and discourse analysis, conceptualizing prompts not as isolated textual 

instructions but as communicative acts embedded in broader processes of human–machine partnership. 

Accordingly, cognitive–communicative alignment provides the basis for effective matching between 

learning tasks and prompts. 

Educational interaction serves as the primary analytical context for illustrating and validating the 

proposed model because it makes explicit the relationships among task structure, cognition, 

communication, and learning outcomes. Within this context, the article develops specific functional 

communicative models for prompt design and demonstrates their practical implementation through an 

analytical–dialogical case study. The findings suggest that the effectiveness of human–AI interaction 

depends not on universally effective prompts but on cognitive–communicative alignment between the 

nature of the task and the communicative organization of the interaction. The proposed model may provide 

a conceptual basis for designing communication with generative AI not only in education but also in other 

domains that require complex human–AI collaboration. 
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The aerodynamic interactions and flight dynamic behaviour of overactuated electric vertical takeoff 

and landing (eVTOL) aircraft in transition flight reflect the simultaneous operation of rotor rotor, rotor 

wing, and rotor wake body interference phenomena across a continuous speed corridor in which neither 

classical rotorcraft theory nor fixed wing aerodynamics alone provides an adequate predictive basis. This 

paper presents a comprehensive theoretical and computational investigation into these coupled phenomena 

for a representative eight rotor tilting wing eVTOL configuration, spanning advance ratios from μ = 0 to  

μ = 0.55 and rotor tilt angles from 0° to 90°. 

The investigation employs a high fidelity multidisciplinary modelling framework integrating 

unsteady blade element momentum theory with Reynolds Averaged Navier–Stokes simulation augmented 

by detached eddy simulation closures. The analytical architecture combines a trajectory scheduled Linear 

Parameter Varying framework for flight dynamic characterisation, a Sequential Quadratic Programming 

control allocation formulation with time varying actuator effectiveness matrices, and an H∞ robust 

synthesis procedure for сlosed loop stability analysis across the full transition envelope.  

Five primary aerodynamic interaction phenomena are identified and characterised: systematic thrust 

and torque degradation from partial wake reingestion in partially tilted configurations; periodic pitching 

moment oscillations at twice the blade passage frequency arising from mutual induction velocity fields 

between longitudinally staggered rotor pairs; spanwise interference between overlapping rotor disks not 

captured by quasi steady momentum models; ground effect dissolution at intermediate altitudes; and a 

bounded dynamic instability corridor centred near μ ≈ 0.15–0.25, in which coupled roll yaw heave modes 

exhibit damping ratios falling below ζ = 0.15. These phenomena are shown to generate non minimum phase 

inversion problems at tilt transition inflection points and transient decoupling of translational and rotational 

dynamics not addressed by existing control allocation methods. 

The study advances a physically grounded and computationally tractable methodology for the 

integrated treatment of these phenomena, providing the analytical infrastructure and design guidelines 

necessary for safe transition flight in urban air mobility operations. 
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This paper presents a rigorous, thermodynamic cycle analysis comparing two CFM International 

turbofan engines of nominally equal rated thrust (120.1 KN): CFM56-5B4 powering the Airbus A320ceo 

and the next- generation LEAP-1A26 powering the A320neo. Both engines are modelled under identical 

cruise conditions (M₀ = 0.85, 35 000 ft ISA). The analysis predicts a cruise TSFC of 18.4 mg N⁻¹ s⁻¹ for the 

CFM56-5B4 and 13.8 mg N⁻¹ s⁻¹ for the LEAP-1A26, a 25% reduction. The primary driver is the LEAP 

engine’s near-doubled bypass ratio (11.0 vs. 5.7), which increases the propulsive efficiency from 0.61 to 

0.73. Higher overall pressure ratio (40 vs. 32.6) and improved component efficiencies contribute to a further 

gain in thermal efficiency (0.58 vs. 0.52). These results are consistent with the 15% fuel-burn improvement 

reported by CFM for the LEAP over the CFM56 (0.58 vs. 0.52). 
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The airflow over a finite wing is inherently three-dimensional. The characteristics of the disturbed 

flow within the wake vortex field and its spatial behavior follow defined aerodynamic laws and depend on 

the aircraft’s performance characteristics, its flight configuration, as well as the wake vortex lifetime. 

During takeoff or landing, an aircraft may encounter wake turbulence when vortices generated by a 

preceding aircraft linger over or move slowly relative to the runway centerline. This article provides an 

analysis of aircraft behavior during takeoff, assuming that the subject aircraft encounters the wake 

turbulence generated by a preceding aircraft. The analysis utilizes simplified aerodynamic loading models 

for the wing, accounting for the presence of a lingering vortex localized over the runway. 
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This paper presents a concept of active twist for main rotor blade as a means of reducing noise, 

vibration, and fuel consumption during flight. The study investigates the use of piezoelectric actuators 

embedded within the blade skin, which induce controlled torsional deformation of the blade under the 

application of an electric field. By solving the optimal design problem, the blade’s internal cross-section 

geometry is determined in order to achieve the maximum twist angle. Numerical analysis of the blade was 

performed using the ANSYS software. The optimization was carried out for blades with different 

combinations of spar and skin materials, including GFRP and CFRP composites. For all optimized models, 

nearly identical twist angles of 5 degrees were achieved within the design constraints. 
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Traditional emergency medical services (EMS) face a critical challenge in transporting patients from 

remote locations within the “Golden Hour”. This project presents the preliminary aerodynamic and 

structural design of a multi-mission Short Take-Off and Landing (STOL) utility aircraft. Configured as a 

high-wing monomotor with a specialized high-lift NACA 4412 airfoil and an integrated rear cargo ramp, 

the airframe is optimized for steep approaches and safe landings on unprepared runways. Computational 

validation via XFLR5 and OpenVSP confirms a maximum 3D lift coefficient (CL,max) of 1.40 and a 

ground roll performance of 172 m under CS-23 structural guidelines (n = 3.8g). 
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Regional airlines face fuel-price exposure, sustainable aviation fuel (SAF) obligations, and 

disruption risk, but public data rarely disclose airline fuel contracts, delivered airport prices, or supplier 

allocations. This paper develops a public-data-informed scenario benchmark for aviation-fuel procurement 

under that observability constraint. The benchmark combines open trade, activity, regulatory-reference, and 

official aviation-stress sources with explicit proxy and synthetic-shock assumptions, then compares no-

buffer, static-buffer, and shock-aware buffer policies over 5,000 paired 12-month paths. A public-data-

informed scenario benchmark can be constructed for aviation-fuel procurement using open trade, activity, 

regulatory-reference, and official aviation stress observations, provided the resulting outputs are interpreted 

as proxy-based benchmark results rather than observed airline transaction outcomes. In the primary 

Experiment A configuration, F1 lowers mean net cost relative to B0 by 40.67 normalized cost-index units, 

or approximately 0.451% of the B0 mean, with a paired 95% interval from -45.11 to -36.20. Against the 

strongest eligible static-buffer baseline, however, F1 is higher by 14.34 cost-index units, or approximately 

0.160% of the B1 mean, with a 95% interval from 12.95 to 15.76. CVaR95 point estimates are lower for 

F1 than for B0 and B1, but no paired CVaR95 confidence interval was produced, so the tail-risk hypothesis 

remains inconclusive rather than supported. The main contribution is therefore a reproducible negative-

result benchmark: adaptive buffering improves on no-buffer but does not automatically dominate a 

transparent static buffer under the approved public-data proxy model. 
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The commercial aviation industry is undergoing rapid digital transformation, and in-flight 

connectivity is increasingly shifting from an optional passenger service to an important part of the travel 

experience. The current research aims is evaluation of the impact of Starlink in-flight connectivity 

implementation in commercial aviation on passenger experience and airline strategic value, while 

examining its role in supporting sustainability-oriented airline strategies. Recent developments in Low 

Earth Orbit satellite constellations, particularly Starlink, may significantly improve the quality of onboard 

connectivity. The research combines qualitative and quantitative analysis. In addition to a review of 

academic literature, empirical data were collected through a passenger survey involving 471 respondents. 

The survey gathered demographic information such as age group, travel purpose, and flight type (short-

haul or long-haul), as well as passenger attitudes toward internet availability, connection quality, and airline 

choice. The research analysis the technological development of in-flight connectivity, examine the 

relationship between high-speed connectivity, passenger experience, satisfaction and airline choice. In 

addition, semi-structured interviews were conducted with 4 senior aviation industry managers to evaluate 

the strategic value of Starlink in-flight connectivity from both passenger and airline perspectives. The 

interviews explored topics such as return on investment horizon, strategic importance of connectivity, 

passenger demand, and sustainability considerations. The results suggest that high-performance 

connectivity such as Starlink may improve passenger satisfaction and influence airline choice, particularly 

when internet access is fast, stable, and offered free of charge, making. 
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Service recovery performance is critical in airline operations, where cabin crew members must 
respond effectively to service failures in dynamic and customer-intensive environments. This study 
examines how psychological capital influences cabin crew service recovery performance through the 
mediating roles of work engagement and job burnout, and how service climate moderates the relationship 
between work engagement and service recovery performance. Data were collected from 120 completed 
questionnaires administered to flight attendants employed by Vietjet Air and analysed using Partial Least 
Squares Structural Equation Modelling. The findings show that psychological capital has a positive effect 
on service recovery performance, both directly and indirectly through higher work engagement and lower 
job burnout, while service climate strengthens the positive relationship between work engagement and 
service recovery performance. The model explains a substantial proportion of the variance in service 
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recovery performance, indicating strong explanatory power. The study contributes to positive 
organisational behaviour and airline service research by highlighting the combined roles of psychological 
resources and organisational climate in improving frontline recovery performance. 
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The identification and assessment of operational situations under dynamically changing conditions 
represent a complex psychophysiological task for human operators and remain insufficiently studied. This 
paper addresses the problem of how an operator perceives and evaluates the level of hazard or safety of 
evolving situations within an operational control loop at a specific moment in time. Using a situational 
analysis framework supported by graphical models, a methodological approach is proposed to describe the 
operator’s process of situation recognition and decision making. Particular attention is devoted to the 
analysis of behavioural indicators associated with Type I (false alarm) and Type II (miss) decision errors. 
To quantify an operator’s propensity toward a specific error type under uncertainty, Signal Detection 
Theory (SDT) is applied within the context of statistical hypothesis testing. An experimental study using a 
computer-based detection task was conducted among students of the Aviation Institute of Riga Technical 
University to evaluate individual decision bias and sensitivity. The results demonstrate the feasibility of 
assessing operator tendencies toward different error types and highlight the relevance of the proposed 
approach for competency-based training and safety management in operational control systems. 
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Ageing commercial aircraft are frequently offered on the secondary market as asset packages in 

which the installed engines represent the principal recoverable value, and are for this reason acquired, and 
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should be evaluated, together as a single paired asset. Such engines may follow different recovery pathways, 
including sale as-is, refurbishment, limited-life reuse, donor-supported restoration, and part-out. Evaluating 
the engines independently can overlook economically beneficial mixed strategies and may lead to double 
counting when the same component is treated both as donor material and as part of the donor engine’s 
recovery value. This paper formulates paired aircraft-engine recovery as a coordinated scenario-selection 
problem. The proposed framework combines engine-level pathway selection with item-level component 
allocation under technical, documentary, implementation, and economic constraints. Candidate scenarios 
are screened for admissibility before their expected recovery, pathway costs, acquisition price, and required 
margin are compared. Donor transfer is considered advantageous only when the avoided external sourcing 
cost exceeds the transfer expenditure and the recovery value lost by the donor engine. A compact synthetic 
example demonstrates that the scenario with the highest gross recovery does not necessarily provide the 
highest package-level margin and that coordinated evaluation may identify a mixed recovery strategy that 
is not apparent from separate engine valuations. The framework also supports acquire, renegotiate, or reject 
decisions by linking the preferred pathway to the required margin. The study provides a conceptual 
foundation for further development based on empirical engine records, uncertainty modelling, and item-
level optimisation. 
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This paper examines how airports in the Baltic-Nordic aviation market communicate passenger 

value proposition through their official website texts. Developing the methodology named Value Entity 

Recognition(VER) and One-Word Approach, previously applied to the value propositions of Middle 

Eastern airlines, the study annotates value-laden words and short expressions communicated by eight 

airports: Riga International Airport(RIX), Lennart Meri Tallinn Airport(TLL), Vilnius Čiurlionis 

International Airport(VNO), Kaunas Interna-tional Airport(KUN), Oslo Gardermoen Airport(OSL), 

Helsinki - Vantaa(HEL), Stockholm Arlanda Airport(ARN) and Copenhagen Airport(CPH). The sample 

reflects two overlapping competitive layers: TLL, VNO, and KUN are considered as direct competitors of 

Riga for point-to-point passengers in overlapping catchment areas, while HEL, ARN, OSL, and CPH are 

included as larger Nordic hub competitors and strategic benchmarks. A total of 61 value tokens is annotated 

(49 unique lemmatized value entities); the extracted entities are distributed across nine semantic clusters - 

eight clusters are inherited from the airline study, the ninth (Openness and Friendliness) was introduced as 

a domain adaptation for airports. Quantitative comparison of the groups as reflected by radar charts high-

lights major differences. Baltic airports focused their communication primarily on Comfort and 

Convenience, Global and Connectivity and Added Value and Extras semantic clusters and had minimal or 

no emphasis on Sustainability and Responsibility, Rersonalization and Rewards or Openness and 

Friendliness. In contrast, Nordic hub airports provided substantially more balanced and extensive value 

offerings. The overall vocabulary of values was broadest for ARN (14 unique entities representing 8 of 9 

semantic clusters), intermediate for VNO and minimal for KUN. The results confirm the transferability of 

the VER method from airlines to airports and illustrate the feasibility of using the approach for competitive 

benchmarking of value communication. 
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The efficiency and acoustic performance of helicopter and unmanned aerial vehicle (UAV) rotors 

are significantly limited by strong tip vortices and blade-vortex interaction (BVI). This study presents a 

surrogate-based optimization framework to enhance hover efficiency by systematically modifying rotor 

blade tip geometry. Through a parametric investigation, design variables including sweep, taper ratio, and 

anhedral angle are evaluated to optimize the spanwise lift distribution toward a more elliptic configuration. 

Using high-fidelity computational fluid dynamics (CFD) combined with Latin hypercube sampling, the 

research quantifies the reduction in tip vortex circulation and its corresponding impact on induced drag. 

Analytical methods are employed to link these aerodynamic improvements to the rotor’s Figure of Merit 

(FoM), demonstrating significant potential for power savings and enhanced hover performance. The 

findings indicate that tailored tip modifications can achieve improvements in hover efficiency consistent 

with established theoretical ranges, offering a robust approach for future rotor design. 
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The process of airport ground handling still represents laborious work associated with risks for 

personnel. Despite the standardization of ground handling practices, certification practices in the field tend 

to remain a relatively static procedure linked to training, testing, and re-certification. Such a framework 

lacks visibility into performance dynamics in between certification events, as well as any systematic 

evaluation of training outcomes in terms of operational practice. 

This paper presents a human-centric digital twin approach to dynamic competency management in 

airport ground handling operations. The approach entails the integration of outputs of virtual reality 

training, ground handling data, telemetry of ground support equipment, apron monitoring data, and 

feedback into a ground handling skills passport. The suggested architecture is comprised of five interrelated 

layers, namely: competency definition; human-technology interaction; observable behavior; digital twin 

modeling; and decision support with regard to risks. This paper defines measurable indicators of 

competencies, suggests a pipeline for data collection and aggregation, and develops a competency and risk 

scoring model which would provide interpretable results. The main innovation of the paper is in the 

development of a conceptual and methodological framework, which may facilitate training, risk-based 

staffing, dynamic re-certification, and proactive safety management. An assessment protocol is designed to 

test whether VR-based indicators and operational data can improve predictions of deviations and 

competency loss compared to traditional binary certification data. 
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Aircraft component reliability assessment is limited by fragmented maintenance records, 

heterogeneous lifecycle histories, and weak integration of configuration changes with condition-related 

indicators. This paper proposes a digital shadow-based framework that combines an operational 

degradation index with a signed modification impact factor in a hazard-rate adjustment model. The 

interaction between degradation and modification history is treated as an op-tional engineering extension 

rather than as an empirically established relationship, and its influence is examined through sensitivity 

analysis. The framework is demonstrated using fully anonymized operational and maintenance records 

from selected component families that provide complementary evidence on configuration history, 

accumulated utilization, repeat removals, and transitory troubleshooting. The lifecycle-cost model is also 

expanded to include inspection, preventive and corrective maintenance, unscheduled removal, operational 

disruption, spare logistics, and non-confirmed interventions. The results show how modification history 

can improve lifecycle-sensitive reliability interpretation while making clear that the interaction coefficient 

and economic effects require further calibration with larger exposure-based datasets. 
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This study develops a regional approach to AI-assisted IT audit adoption in the Baltic Sea Region. 
The research goal is to determine how regional fragmentation affects adoption, how stronger cooperation 
could change the expected diffusion path, and which capabilities are needed to support joint action. The 
project materials report a stakeholder map of 87 entities, 47 practitioner interviews, and a cross-sectional 
survey of 114 audit and IT-audit professionals. Because the original questionnaire, response-level data, 
interview transcripts, and coding sheets are not retained in the archive available for this revision, the survey 
and interview material is used only as contextual evidence. A five-stage research process combines 
stakeholder mapping, descriptive analysis, adoption modelling, and strategy design guided by the Regulated 
Intelligence Value Chain (RIVC). The stakeholder map reports that 45% of mapped actors have little or no 
regular regional engagement, 32% operate mainly through bilateral or limited links, and 23% participate in 
active multilateral initiatives. Three planning paths are compared for 2025–2030. In the coordinated case, 
adoption reaches 68% in 2028 and 74% in 2030, compared with 58% in 2030 under continued 
fragmentation. Weibull fits reproduce the six scenario points closely (R² = 0.967–0.973;  
RMSE = 2.08–2.80 percentage points), although these diagnostics describe fit to planning inputs rather than 
predictive validity. The study contributes a practical regional framework for overcoming fragmentation and 
supporting coordinated adoption of AI-assisted IT auditing across the Baltic Sea Region. 
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This paper examines how AI-assisted continuous auditing can be integrated with SAP and other 
ERP environments and under what conditions the approach produces operational and economic value. The 
research goal is to assess three linked issues: changes in audit effort and anomaly screening, organizational 
conditions that affect practical use, and the assumptions behind the economic case. The study combines a 
six-month matched pilot in three anonymized Latvian transport-sector organizations, a cross-sectional 
practitioner survey of 114 professionals used as contextual evidence, qualitative ERP configuration 
material, and a scenario-based economic model. The harmonized pilot outcomes are consistent with the 
authors' related SAP audit study: audit effort decreased from 540 to 336 person-hours (-38%), the pilot 
anomaly-screening indicator increased from 62% to 85%, and the reported false-positive percentage 
decreased from 22% to 10%. The base-case model combines EUR 20,400 in labor-capacity benefit, EUR 
5,040 in modelled risk-cost avoidance, and EUR 12,000 in recurring technology cost, producing an 
estimated ROI of 112%. The retained research archive does not contain the event-level denominators, full 
survey register, or equivalent transaction-level tests across SAP, Microsoft Dynamics, and Odoo; these 
evidence boundaries are therefore stated explicitly. RIVC is used to connect pressure, capability, control, 
evidence, value, and resilience without treating model outputs as independent empirical findings. 
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This paper evaluates an AI-assisted IT audit framework for SAP S/4HANA transport environments. 

The contribution is not the development of a new AI algorithm; rather, the study demonstrates how 

established analytical methods can be integrated into a structured audit process that combines automated 

analysis with governance controls, model explanations, documented evidence, and auditor review. The five-

stage architecture describes how the process operates in practice, while the Regulated Intelligence Value 

Chain (RIVC) provides a conceptual framework for assessing organizational capability, control quality, 

evidence, economic value, and long-term resilience. A six-month matched evaluation across three 

anonymized Latvian transport-sector organizations compared a three-month baseline period with a three-

month AI-assisted period. Audit effort decreased from 540 to 336 person-hours (-38%). The anomaly-

screening indicator increased from 62% to 85% (+23 percentage points), while the documented false-

positive percentage decreased from 22% to 10% (-12 percentage points). Because the supporting count data 

are unavailable in the revision archive, the two percentage measures are treated as descriptive indicators 

rather than inferential performance estimates. The economic evaluation uses the recorded 204-hour 

reduction as a conservative labor-capacity input rather than extrapolating it across future audit cycles. At 

EUR 100 per hour, this corresponds to EUR 20,400 in labor-capacity benefit; together with EUR 5,040 in 

modelled risk-cost avoidance and EUR 12,000 in recurring technology cost, the base-case estimated ROI 

is 112%. These results support the feasibility of the integrated workflow but should be interpreted as 

preliminary evidence. 
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Latvia is witnessing the rapid expansion of the role of mobile technologies in business, regardless 

of the size of the company and the sector of its operation. The authors' goal was to determine the importance 

of mobile technologies in the daily processes of Latvian companies and their impact on business 

development. Empirical data were obtained from April to July 2025 using computer-assisted telephone 

interviews (CATI). The study sample consisted of 410 corporate clients, ensuring statistically based data 

comparability with the periods of previous years (2022-2024).  
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The main results of the study indicate a statistically significant increase in the role of mobile 

technologies over the year in several critical business aspects. The highest rating was identified in the 

category "Acceleration of information exchange in the company", reaching an average of 8.9 points on a 

10-point scale.  Similarly, from the perspective of employers, the assessment of technologies as a basic 

element for the development of new business solutions and directions, as well as their role in stimulating 

the creation of new jobs, has significantly increased. Conclusions and recommendations. The study 

confirms that technological solutions have become a pillar of efficiency and competitiveness.  To promote 

further growth, it is necessary to focus on process simplification, automation and the introduction of 

innovative services (text recognition, analytics), paying special attention to the availability of solutions in 

the regions and promoting awareness in the small business segment. 
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The use of mass transport is an essential response to the mobility challenges of contemporary 

metropolises, particularly for reducing traffic congestion, limiting pollution, and improving access to urban 

peripheries. In the Constantine metropolitan area, characterized by high car ownership and a limited road 

infrastructure due to its rugged topography, the development of a local rail service appears as a strategic 

lever. However, a major paradox is observed: the commuter train, although operational for years, attracts 

only a very marginal ridership compared to the actual commuting needs of the population. This observation 

raises a central question: why is this underutilized infrastructure failing to integrate into the local mobility 

system, and how could it be effectively reintegrated? This article aims to propose a methodological 

framework for examining the feasibility of such reintegration. To do this, the authors use the SWOT 

(strengths, weaknesses, opportunities, threats) method, applied to the Constantine suburban rail network. 

The article outlines the mobility context of the urban area, describes the current state of rail services, and 

then presents the SWOT analysis applied to the case. 
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The relevance of this research lies in the growing tension between digital transformation and 

persistent socio-economic inequalities in Sub-Saharan Africa. In West Africa, the informal sector accounts 

for over 80 percent of employment, and digital technologies are increasingly shaping how informal traders 
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conduct business. However, despite the growth of mobile money systems and social commerce networks, 

participation in the digital economy remains deeply uneven. Drawing on the platform economy framework, 

financial inclusion theory, and the capability approach, this paper examines the opportunities and barriers 

of digital integration for informal traders in West Africa, with Ghana, Nigeria, and Cameroon as case study 

countries. The study employs a systematic secondary data analysis, drawing on documented sources 

including the GSMA State of the Industry Reports on Mobile Money (2024, 2025), the World Bank Global 

Findex Data-base (2021), NIBSS (2024), and regional payment system analyses, to address two supporting 

objectives: mapping structural and individual-level factors shaping digital platform adoption, and assessing 

the socioeconomic impacts of digital participation with particular attention to gender differentiation and 

cross-border regulatory dynamics. Findings reveal marked country-level variation in mobile money 

ecosystem maturity, the dominance of social commerce as the preferred digital channel among informal 

traders, and critical payment system fragmentation along the Nigeria-Cameroon cross-border corridor. The 

research contributes a comparative theoretical framework, and a documented secondary evidence base to 

debates on digital inclusion, platform governance, and informal trade, with direct implications for digital 

trade implementation and future primary research design. 
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Programmatic advertising is considered to be data- and technology-based set of tools, whereas its 

practical efficiency doesn’t represent the full potential of programmatic advertising. The aim of this study 

is to identify factors limiting growth of programmatic advertising in Latvia, as well as to indicate their 

impact on informational architecture alignment, considering logics behind consumer needs and decision-

making process.  

The study is based on a mixed-methodology research, combining both expert interviews and 

questionnaire of Latvian enterprises.  

The main conclusion of the study suggests that the development of programmatic advertising is held 

back mostly by lack of competence, sophisticated legislation, market fragmentation, limited usage of 

behavioral data and its misinterpretation, as well as insufficient strategic integration. Companies mostly 

concentrate on short gains by operational benefits (targeting, cost efficiency, and management) rather than 

on deep comprehension of consumer needs. This creates a structural gap between meaningful identification 

of consumer needs and technical, but misaligned communication, which in the end leads to fragmented 

informational architecture.  

The study significantly contributes to enlightenment that all above-mentioned factors, when 

perceived as a systematic mechanism, destruct and destabilize alignment of informational architecture, in 

the same time proving that effectiveness depends not only on technological development, but also on the 

balance between interpretation of available market indicators’ data, strategically chosen communication 

measures, and deep interrogation of customer needs. 
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Integration remains a key tool for ensuring long-term stability and economic growth in Central Asia, 
where integration processes in the economy and politics continue to be actively developed, including the 
coordination of national models in the field of science and education. What factors influence on the 
development and acceleration of integration processes in the region? Assessing these factors will allow us 
to assess the depth and effectiveness of overall integration, and forecast future integration in the region. 
The object of this study is the integration processes of Central Asian countries. The subject of this research 
is an assessment of the factors influencing integration. The purpose of this article is to assess expert 
perceptions of the current state, principal factors, and future prospects of integration processes among the 
Central Asian countries. To conduct the scientific study, the authors formulated questions and criteria for 
selecting experts. The authors used the following indicators as selection criteria for selecting experts: 
Academic and Professional Background, Research or Practical Experience in Central Asia, Publication 
Record, Expertise Recognition and Professional Standing, Practical Policy-Making or Diplomatic 
Experience, Geographic and Institutional Diversity, Independence and Objectivity, Availability and 
Willingness to Participate. The presented selection criteria provide maximum reliability of the results of 
expert opinion. To assess the reliability of the survey, the authors employed Cronbach’s alpha method. 
Based on these calculation results, the authors formulated recommendations. 
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This research explores how quiet firing and quiet quitting are emerging as turbulent workplace 

phenomena. In the post-pandemic recovery era, these highlight the uncertainties and tensions between 
management practices and employee behavioral responses. While existing research explores employee 
disengagement, workplace withdrawal, burnout, and neglect as separate issues, there is limited scholarship 
on the bidirectional relationship between employer inaction and employee disengagement. Thus, this offers 
a research gap in understanding how quiet firing and quiet quitting may reinforce one another through a 
continuous cycle of commitment, communication, stagnation, and psychological withdrawal. The author 
intended to explore the extent to which quiet firing and quiet quitting function as related drivers of employer 
inaction and employee disengagement. The purpose was to develop an understanding of how employees 
and managers interpret these behaviors and how they impact workplace trust, motivation, performance, and 
retention. The author used a qualitative research method with a multiple-case study approach and semi-
structured interviews. For case studies, three SMEs offered opportunities to observe workplace 
performance. 37 frontline employees, supervisors, and managers from these three SMEs volunteered to 
participate in the interviews. Thematic analysis was performed to identify recurring patterns and relational 
dynamics contributing to quiet firing and quiet quitting. The limitation of this research was the potential 
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subjectivity of respondents' responses, which may reduce generalizability across industries and 
organizational cultures. However, the novelty of this research lies in framing quiet firing and quiet quitting 
as bidirectional, mutually reinforcing functions rather than as separate workplace behaviors. This research 
benefits HRM managers, SME leaders, and others by identifying early warning signs of disengagement and 
strengthening employee support systems. 
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AI-driven marketing has a significant role in predictive and automated targeting, and real-time 
consumer communication, while linking how consumers interact with brands, financial technologies, and 
digital payment platforms in cashless economy. Further, while some research address adoption of cashless 
economy, there is limited research on how AI-driven marketing connects consumer trust, engagement rates, 
and financial decision-making. This gap is remarkable as today consumers rely on platform-based financial 
ecosystems. The authors aimed to explore the role of AI-driven marketing in the cashless economy on 
digital payment adoption, consumer trust, engagement, and financial decisionmaking. 
         The purpose was to offer empirical evidence on consumer behavior in today's progressive cashless 
business ecosystem. The authors used a quantitative research method. 251 valid cases were used for 
analysis. Furthermore, the collected data were analyzed with Structural Equation Modeling (SEM). The 
results suggest that AI-driven personalized marketing advances consumer engagement with digital payment 
platforms. This research offers practical value to marketers, banks, financial tech firms, and others by 
demonstrating that trustworthiness in AI-driven marketing associated with financial decision-making. 
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The 30-day lowest price rule introduced under the EU Omnibus Directive aims to improve price 

transparency in e-commerce by requiring pharmacy retailers to display the lowest price applied within the 
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previous 30 days when advertising discounts. While this regulation is designed to protect consumers, its 

impact on price communication, competitive dynamics, and consumer perception in pharmacy retail 

remains insufficiently understood. The aim of this study is to evaluate the impact of the mandatory 30-day 

lowest price requirement on price transparency and consumer perception in Latvian online pharmacy retail 

by analyzing retailers’ price communication practices and consumers’ interpretation of promotional pricing. 

To achieve this aim, the study combines three complementary research approaches. First, it analyses how 

Latvian online pharmacy retailers implement the mandatory 30-day lowest price requirement and 

communicate promotional prices. Second, it investigates consumers’ perceptions and interpretation of 

different price presentation formats through a structured survey. Third, the findings are interpreted in the 

context of the regulatory objectives of the EU Omnibus Directive and supported by secondary market data. 

This integrated approach enables the assessment of whether formal regulatory compliance also leads to 

improved consumer understanding and perceived price transparency. To strengthen the practical relevance 

of the research, a wider range of pharmacy retailers is included in the analysis, allowing for a more 

comprehensive assessment of sector-specific pricing practices within pharmacy retail. The results are 

expected to reveal discrepancies between regulatory intent and consumer interpretation, highlighting cases 

where increased formal transparency may lead to confusion or misperception. Furthermore, the study 

examines how different price presentation strategies influence competitive positioning among pharmacy 

retailers. The findings contribute to the understanding of how regulatory frameworks shape digital pricing 

practices and consumer behaviour in pharmacy retail. They also provide insights for improving price 

communication strategies and for adapting data-driven decision systems to better reflect regulatory realities 

in highly regulated retail sectors. This research supports the broader discussion on the role of digital 

transformation and AI in enhancing transparency, while addressing the challenges of aligning regulatory 

requirements with real-world consumer understanding in pharmacy retail e-commerce. 
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Artificial intelligence is being used more in financial decision-making, including credit assessment, 

fraud detection, financial distress prediction, liquidity management, and insurance claims. However, relying 

too heavily on opaque models during a crisis can lead to serious concerns about accountability, justice, 

privacy, and the legitimacy of actions that affect vulnerable individuals and organisations. We aim to assess 

the transparency and explainability in AI-driven financial decision-making during crisis situations. A 

PRISMA-guided narrative review was conducted using peer-reviewed literature and relevant institutional 

sources addressing explainable artificial intelligence, financial decision-making, transparency, fairness, 

governance, accountability, and crisis management. The findings indicate existing research has advanced 

in the development of technical explanation methods, including feature-importance approaches, SHAP, 

LIME, and rule-based interpretations. However, there is no guidance for audience-specific communication, 

model-level explanations and institutional governance, crisis-specific explanation requirements, and 

methods for contesting and correcting automated choices. Technical explainability, fairness evaluation, 

privacy governance, human oversight, auditability, and contestability are linked to the scorecard.  
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Fragile and conflict-affected cities increasingly use digital technology to deliver, finance, and 

legitimise public services, yet most research on digital governance presupposes a level of institutional 

capacity that such cities lack. This article analyses how digital governance shapes the resilience of public 

service delivery in Mogadishu, Somalia—a rapidly urbanising capital marked by acute state fragility, 

persistent insecurity, and one of Africa’s most dynamic mobile-money ecosystems. Using a qualitative 

single-case design grounded in systematic documentary analysis (2010–2026) and reflexive thematic 

analysis, the study integrates the design–reality gap model of e-government, resilience thinking, and 

theories of hybrid governance and negotiated statehood. Four themes emerge: privately owned digital 

infrastructure, especially mobile money, is the de facto backbone of service continuity; emerging state 

digital systems extend administrative reach but remain institutionally fragile; digital exclusion of displaced 

people, women, and low-literacy residents reproduces urban inequality; and resilience is distributed across 

a hybrid network of state, corporate, clan, and humanitarian actors rather than centralised in the 

municipality. The study argues that digital governance in fragile cities is better understood as the negotiated 

dig itisation of hybrid political orders than as state modernisation, with implications for theory, donor 

programmes, and municipal policy. 
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The Know Your Customer (KYC) procedure is a key element of compliance control and risk 

management in modern commercial banks. However, traditional KYC methods are often characterized by 

high cost, long processing times, and a high probability of human error. In the face of tightening regulatory 

requirements and the growth of digital transactions, the introduction of artificial intelligence (AI) 

technologies is becoming a strategic necessity for optimizing these processes. 

The objective of the study is to analyze and evaluate the possibilities of using artificial intelligence 

to improve the KYC process in commercial banks, as well as to develop practical recommendations for the 

implementation of AI-based solutions. 
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The study uses methods of systems analysis, data classification, benchmarking of existing banking 

cases, and business process modeling to demonstrate the transformation of KYC procedures before and 

after AI implementation. 

The study found that bank employees mostly support the digital solution that will be used in the 

KYC process. The results of the experiments showed that generative AI can reduce the time spent writing 

KYC scores for clients across all risk levels. 

Practical recommendations can be directly applied by commercial banks for the digital 

transformation of compliance functions, the modernization of KYC IT architecture, and the overall 

enhancement of anti-money laundering (AML) efficiency.   
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This paper analyzes the deployment of Artificial Intelligence (AI) within the European banking 

sector, framing such technological adoption not as an exogenous affect, but as an endogenous decision 

driven by institutional strategy and human capital constraints, technological readiness. Building upon 

Romer’s landmark endogenous technological change model, we develop a theoretical framework where 

profit-maximizing banks intentionally allocate resources toward AI integration, constrained by the 

availability and cost of specialized human skills. We adapt Romer’s triple-tier structure comprising final 

financial services, intermediate AI-driven software inputs, and the underlying stock of human capital to 

examine how the existing skill pool within European financial institutions dictates the rate and success of 

AI adoption. Utilizing a newly compiled panel dataset of European commercial banks from 2020 to 2025, 

this empirical analysis reveals that the complementarity between high-skilled labor and digital 

infrastructure acts as the primary engine for endogenous automation. We find that banks investing heavily 

in upskilling experience a compounding effect on productivity, whereas skill shortages significantly stymie 

technological diffusion. Ultimately, the paper demonstrates that the transformative impact of AI in banking 

is fundamentally bounded by endogenous talent cultivation, offering critical insights for both corporate 

strategy and Eurozone regulatory policy. 
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Despite the increasing trend towards digitalization, structural issues in the banking industry in Sri 

Lanka continue to hinder financial inclusion and financial literacy, including poor digital literacy among 

clients and employees, inadequate cybersecurity literacy, and gaps in the education pipeline. Such barriers 

deprive an entire large segment of the population of any meaningful presence in official financial systems, 

undermine the performance of business, and curtail the competitiveness of the industry in the long term. 

This research will be dedicated to the questions of digital transformation of the commercial banking sector 

in Sri Lanka, and, more precisely, the role of Artificial Intelligence (AI) and Big Data analytics as an 

enabling technology to create financial inclusion and financial literacy. 

The aim is to examine the potential role of AI and Big Data analytics in enhancing digital financial 

literacy and financial inclusion in the Sri Lankan banking sector. 

Hypotheses: H1: AI and Big Data-enabled banking capabilities have a significant positive 

relationship with digital financial literacy in the Sri Lankan banking sector. H2: Digital financial literacy 

has a significant positive relationship with financial inclusion in the Sri Lankan banking sector. H3: 

Cybersecurity concerns have a significant negative relationship with digital banking adoption. H4: Trust in 

digital banking services has a significant positive relationship with digital banking adoption. 

It is also hypothesized that the coordinated investment into digital capabilities construction - in 

education reform, institutional training and national infrastructure - will produce quantifiably higher long-

run outcomes on financial literacy, banking efficiency and GDP per capita, than there would be under a 

scenario where the investment is not made, or made incoherently. 

Lesson Essentials and suggestions. 

Short-Term: Accelerated employee digital training; digital literacy training and certification as an 

obligatory measure through a 15-skills scoring system through staff appraisal forms, and cybersecurity 

education training and pilot digital training and onboarding, paperless trans-actions, and AI-driven 

customer service. 

Long-Term: Reform of education and introduction of financial literacy in schools, introduction of 

university courses in FinTech and Digital Banking; National Digital Banking Skills Framework; Banking 

Digital Academies to help maintain skills up to date; collaborative work between government, Central 

Bank, universities and banks; government funding of national broadband and digital identity infrastructure 

to make digital financial services accessible to everyone. 
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Digital ecosystem of the housing and communal sector (HCS) is one of the key subsystems of a 

‘smart city’, enabling data-driven management of buildings, utilities, resources, and public services. The 

authors view an ecosystem as a set of interconnected levels: digital infrastructure, data platforms, service 

interfaces, operational process, stakeholder networks. The main focus of this article is to understand who 

actually builds this ecosystem, and how do small businesses contribute to its development? The authors 

have sought to bring together areas such as digital transformation of the housing and communal services, 

urban management, and entrepreneurship, highlighting the potential for small businesses to play a central 

role as a key driver of digital ecosystem growth. The findings demonstrate that small business plays a 

central role in the digital housing and utilities ecosystem, serving as key innovators, integrators, and service 

providers due to their flexibility, service specialization, and knowledge of local needs and fostering 

collaborative development within the HCS sector. 
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The research examines the role of investment education in promoting public participation in the 

stock market in Latvia. The topic is particularly relevant due to growing public interest in investing, the 

rapid development of financial technologies, and the need to improve financial literacy. During the last two 

years, the number of clients holding securities or investment accounts in Latvia increased by 51%, invested 

capital by 71%, and the number of investors aged 18–21 by 818%. These trends highlight increasing interest 

in the capital market and the importance of investment education for informed financial decision-making, 

risk awareness, and the development of a sustainable investment culture. 

The aim of the study is to examine the significance of investment education in promoting public 

participation in the Latvian stock market and to develop conclusions and recommendations. 

To achieve this aim, the study analyses scientific literature on investments, financial literacy, and 

capital market participation, evaluates secondary data on investment education initiatives, and examines 

the results of surveys conducted by the Bank of Latvia and the authors, together with expert interviews, to 

assess investment knowledge, attitudes, and the effectiveness of educational measures. 

The research applies monographic, statistical, and quantitative methods and is based on scientific 

literature, statistical data, survey findings, and expert interview results. 

The findings confirm that investment education improves public understanding of capital market 

operations, supports informed financial decision-making, and encourages participation in investment 

activities. However, insufficient knowledge and fear of financial losses remain the main barriers to investing. 

Based on the findings, recommendations were developed for the Bank of Latvia, the Ministry of 

Education and Science, policymakers responsible for economic and capital market development, and commercial 

banks. The recommendations focus on strengthening investment education, expanding public information 

initiatives, improving financial literacy, and increasing public participation in Latvia’s capital market. 
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Money laundering (ML) is one of the most significant financial crime challenges worldwide, posing 

threats to financial system stability, the investment environment, and public trust in state institutions. The 

relevance of this issue in Latvia is demonstrated by both the requirements of international organizations 

and the country’s experience in implementing financial sector reforms following MONEYVAL and FATF 

recommendations. As digital technologies continue to develop, new money laundering risks are emerging, 

particularly those associated with digital financial services and the use of artificial intelligence.  

The aim of the article is to examine the role of the Bank of Latvia, the Financial Intelligence Unit 

(FIU), and commercial banks in combating money laundering in Latvia and to develop proposals for 

improving the national anti-money laundering (AML) system. To achieve this aim, an analysis of scientific 

literature, legal regulations, and statistical data was conducted. The study also assessed Latvia’s approach 

to implementing FATF standards and MONEYVAL recommendations, analyzed the activities of the Bank 

of Latvia, the FIU, and commercial banks, and included a survey and interviews with industry experts.  

The study found that Latvia has significantly strengthened its AML system in recent years. 

According to FIU data, 6,108 suspicious transaction reports were received in 2023, and EUR 91.68 million 

in potentially criminal proceeds were frozen. Since 2018, the total amount of frozen assets has exceeded 

EUR 1.5 billion.  

Both qualitative and quantitative research methods were employed. The empirical part of the study 

included statistical data analysis and the analysis of interviews with industry experts. A graphical method 

was used to present and visualize the research results.  

Based on the research findings, proposals were developed for the Bank of Latvia, the FIU, the State 

Revenue Service, the Finance Latvia Association, commercial banks, and other law enforcement 

institutions. The proposals focus on improving information exchange, strengthening international 

cooperation, expanding the use of artificial intelligence in supervisory processes, enhancing professional 

competencies, and increasing public awareness of money laundering risks 
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Artificial intelligence (AI) is increasingly used in e-commerce to provide responsive and 

personalized customer interactions, yet evidence on how digital communication, AI-enabled 

communication, communication quality, and purchasing behavior operate together in South Asia remains 

limited. This study examines the relationships among Digital Customer Communication (DCC), AI-

Enabled Customer Communication (AIEC), Communication Quality (CQ), and E-Commerce Purchase 

Behavior (EPB). Survey data from 499 online consumers in Pakistan, India, Bangladesh, and Sri Lanka 

were analyzed using covariance-based Structural Equation Modeling (CB-SEM) in Python. The results 

show that DCC positively influences AIEC, CQ, and EPB; AIEC positively influences CQ and EPB; and 

CQ positively influences EPB. The strongest relationship was from DCC to AIEC (β = 0.754, p < 0.001). 

The findings validate an integrated framework linking digital and AI-enabled communication with 

communication quality and purchasing behavior. Overall, for e-commerce businesses in South Asia, the 

results emphasize combining AI technologies with responsive, personalized, and culturally appropriate 

communication to strengthen customer engagement and purchasing outcomes. 
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Digital construction ecosystems connect BIM, CDEs, schedules, cost systems, field evidence and 

analytical platforms, yet downstream decisions may still receive late, incompatible, untraceable or non-

reusable information. This paper develops an evidence-aware method for assessing the reliability of 

bounded structured-information flows that support AI-assisted construction decisions. A design-science-

oriented synthesis combines Failure Mode and Effects Analysis (FMEA) logic with four Structured Data 

Logistics (SDL) dimensions: Information Movement, Interoperability, Traceability and Information Reuse. 

Failure likelihood, consequence severity and evidence-support uncertainty are rated on fixed ordinal 

anchors and combined as a conservative screening index; the product is not interpreted as a probability or 

interval-scale measure, and uncertainty remains separately auditable. A hypothetical delay-and-rework 

example tests calculation behaviour under assumed control scenarios. The baseline reliability profile is 

0.785, 0.602, 0.667 and 0.492; a combined scenario yields 0.882, 0.860, 0.856 and 0.879. These values are 

illustrative and do not represent measured project performance or verified control effectiveness. The 

method provides a diagnostic profile of information-flow weaknesses; empirical validation requires expert 

content validation, independent raters, interrater reliability testing, sensitivity analysis and comparison with 

observable project outcomes. 
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Parental decisions regarding the employment of their children within family firms are governed by 

a complex configuration of cognitive, motivational, and contextual forces that interact in non-linear ways 

(García-Álvarez & López-Sintas, 2001). Despite the recognized importance of parental beliefs, empirical 

research often fails to capture the systemic interdependencies inherent in these decisions. This paper 

addresses this gap by applying the Analytic Network Process (ANP) to investigate the complex decision-

making process through which parents select and hire their children as employees and potential successors 

in their business. Grounded in Social Cognitive Theory, we conceptualize parental decision-making as a 

network of interconnected judgments across cognitive clusters, dual environmental contexts, and role 

configurations. 

To manage the cognitive load of high-dimensional criteria, we utilize a hybrid rating-based ANP 

approach, deriving global priorities from a supermatrix that accounts for feedback loops between Personal 

Node, Dual-contextual pressures and Behaviour outcomes-possible roles configuration. Our findings reveal 
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a distinct hierarchy of influence: parental self-efficacy and outcome expectations emerge as the primary 

drivers, outweighing external labor market conditions and non-family stakeholder concerns. This suggests 

that the decision to employ children is governed more by the parent’s perceived capability to mentor than 

by external economic rationality. By mapping the cognitive architecture of these judgments, this study 

demonstrates the utility of ANP in capturing the “messy” reality of family business decisions and offers a 

structured framework for future research on human capital in family enterprises. 
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Despite the growing recognition of human resource as a critical source of systemic risk in the 

financial sector, academic research and regulatory frame-works still do not pay proper attention to HR Risk 

as a distinct and measurable domain. This study examines the interdependencies between HR Risk and key 

risk categories, including Operational, Legal, AML, ESG, Strategic and Governance risks. The principal 

research and models construction are implemented with employment of Partial Least Squares Structural 

Equation Modeling (PLS-SEM). The developed PLS-SEM models first of all demonstrate the lack of 

understanding the nature and interrelations of HR risk in the financial entity risk framework (Model 1) and 

allow covering the existing gap in the approach towards HR Risks (Model 2). The study results comprise 

the development of 2 statistical models. Model 1, based on a set of threats traditionally used by financial 

institutions for determining HR risks, explains only 12% of the variance. Model 2, incorporating HR-

specific factors determined by the authors, presents significantly higher results: R² is 85.2%, all six used 

risk constructs have strong impact on HR Risk (p < 0.001). The results demonstrate that HR Risk is deeply 

interconnected with Governance, Operational and Governance Risks, ESG, AML. 
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Contemporary armed conflicts underscore the importance of military logistics and the necessity of 

applying new technologies to ensure continuous fulfilment of armed forces’ needs. The experience of 

Ukraine has shown that traditional supply assets, such as transport columns and convoys, are identified and 

destroyed too easily. Unmanned aerial vehicles (UAVs) are increasingly employed to address critical direct 

logistical support tasks. UAVs can address critically important logistical issues: delivery of ammunition, 

the replenishment of food supplies, the provision of first-aid equipment, and other tasks. The application of 

UAVs in logistics at the NATO level is regarded as one of the most important directions of military 

innovation. Nevertheless, although the use of UAVs in military conflicts has demonstrated their 

applicability in supply operations, there is a lack of systematic analysis of how these technologies can be 

integrated into the logistics support system of the Lithuanian Armed Forces. To eliminate this gap of 

knowledge the article first examines the theoretical aspects of the application of UAVs in ensuring direct 

logistical support and subsequently compares the conclusions of this analysis with the results of an 

empirical study aimed at identifying the problems associated with the use of UAVs in ensuring direct 

logistical support in the case of the Lithuanian Armed Forces. 
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Economic Order Quantity (EOQ) is a well-known classic model in inventory control applicable in 

deterministic and, under certain situations, stochastic demand scenarios. Despite its theoretical value, the 

model hasn't been widely used in business due to its restrictive assumptions and difficulty of estimating 

parameters. Even less known are EOQ applications outside of for-profit organizations, but these alternative 

areas, such as military and humanitarian logistics, can be particularly relevant. This study aims at 

investigating applicability of the EOQ model extensions with transit inventory during or before involving 

conflicts and natural and other disasters. Analytical modeling and simulation demonstrate differing result 

of the model for optimal order to minimize logistics costs with inventory in transit, even when this is not 

the main objective of an organization. This investigation is timely given increasing global uncertainty in 

the global supply chains and geopolitics after the pandemic outbreak of 2020. 

 

mailto:aidas.vasilisvasiliauskas@lka.lt
mailto:1Ovezmyradov.b@tsi.lv
mailto:inga.lencevica@gmail.com


The 26th International Multi-Conference “RELIABILITY and STATISTICS in TRANSPORTATION and COMMUNICATION - 2026” 

71 

OPPORTUNITIES FOR DEVELOPMENT OF TRANSPORT AND 

LOGISTICS IN CENTRAL ASIA AFTER SUPPLY CHAIN 

DISRUPTIONS IN 2020-2025 
 

Berdymyrat Ovezmyradov1, Ziyoda Mukhamedova2, Akbar Jumayev3,  

Bunyod Utanov4, Gennady Gromov5 

 
Transport and Telecommunication Institute 

Riga, Latvia, Lauvas 2, LV-1019 
1 ovezmyradov.b@tsi.lv, 5 gromovs.g@tsi.lv 

Tashkent State Transport University 

Tashkent, Uzbekistan 
2 mziyoda@mail.ru 

Tashkent State University of Economics 

Tashkent, Uzbekistan, Islam Karimov Street, 49 
3 jumayev@tfi.uz, 4 bunyod_utanov@tsue.uz 

 

Keywords: Logistics, transport, circuitry factor, LPI, Central Asia 
 

After the global pandemic outbreak in 2020, the world entered the prolonged period of increasing 

uncertainty. The ensuing trade wars exacerbate global volatility brought by a series of the regional conflicts 

during the 2020s. The current situation as of 2026 due to the recent disruptions affected the logistics sector 

particularly strongly with the associated risks for Central Asia. How are transport and logistics sectors 

developed in Central Asia and can the region benefit from opportunities arising from the global supply 

chain reconfiguration in the 2020s? To answer the question, this study starts from review of related research 

in global value chains and analysis of data on logistics performance from publicly accessible sources. It 

then proceeds to explore connectivity using estimations of circuitry factors for major economic and 

population centers of the region. Central Asian countries recently remained in the medium to lower 

positions in the global ranking of logistics development. Transport network in many parts of the region can 

be considered underdeveloped. Policymakers in the regions faced unique challenges in realization of the 

potential of alternative routes and regional partnerships Results help wider audience better understand the 

importance of global value chains and other less studied factors in the development in transport sector of 

the regions with their increasing role in the sustainable development. 
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With the growth of freight flows, increasing complexity of supply chains, and strengthening 

international trade relations, freight forwarding companies are required to continuously improve their 

operational processes and implement advanced digital solutions. The purpose of this study is to investigate 

the factors of information systems used in transport processes and propose the stages of an implementation 

plan for improving information systems of Lithuanian freight forwarding companies. In freight forwarding 

activities, information systems are the most important tool for efficiently managing order intake, 

transportation planning, documentation handling, cargo tracking, communication with clients, and financial 

settlements. The Delphi method, involving several stages of expert evaluation, was applied in this research. 

The study revealed that due to the largest amount of information processed in the Lithuanian freight 

forwarding sector, the most important need for improvement is the information system capability in the 

organization of transport processes. The study revealed that the Lithuanian freight forwarding sector still 

frequently faces a high volume of manual work and an increased risk of errors, which reduces operational 

efficiency and company competitiveness. 
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In the rapidly evolving digital logistics landscape, the Internet ofThings (IoT) is transforming how 

logistics companies operate and compete. This paper examines the practical implementation of IoT 

solutions within logistics service providers, with a focus on the Lithuanian market. The research combines 

theoretical analysis of IoT architecture and functionality with empirical data collected through a structured 

survey of logistics firms. The study identifies key areas of IoT application in transport, warehousing, 

tracking, and information management processes, highlighting both the benefits and challenges of 

integration. 

Results indicate that IoT adoption is associated with reported improvements in information flow, 

operational visibility, and customer satisfaction. The findings show that positive short-term returns from 

IoT adoption do not necessarily translate into long-term economic feasibility, as investment viability 

remains sensitive to the extent to which expected operational benefits are realised. By combining survey 

evidence with ROI, BCR, and sensitivity analysis, the study provides an integrated operational-economic 

perspective on IoT adoption in logistics service providers and offers a practical framework for assessing 

digital technology investments. 
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This paper reconstructs the Diebold-Yilmaz connectedness framework around two different 
components: XGBoost in place of the linear VAR, and SHAP attribution in place of variance 
decomposition. The Diebold-Yilmaz framework, while widely adopted, assumes linear and time-invariant 
market interactions, an assumption difficult to reconcile with the nonlinear dynamics of financial volatility, 
particularly during periods of stress. For each of the 29 major European financial institutions in the sample, 
a separate XGBoost model is trained to predict weekly realized volatility using the lagged volatilities of all 
institutions as inputs. SHAP attribution is then applied to decompose each prediction into institution-level 
contributions, aggregated into a spillover matrix that mirrors the structure of the Diebold-Yilmaz 
connectedness table while relaxing its linearity assumption. To our knowledge, this is the first application 
of SHAP-based attribution to the construction of a financial connectedness index. The static analysis yields 
a Total SHAP Spillover Index of 88.34%, for the period of 2007-2024, substantially exceeding linear 
benchmarks for comparable samples, with a small cluster of institutions, emerging as dominant volatility 
transmitters. A dynamic extension introduces a Net Dynamic SHAP Spillover Index estimated across 
rolling windows of 52, 100, and 200 weeks, capturing time-varying connectedness and responding clearly 
to major stress episodes including the 2011-2012 European sovereign debt crisis and the market turmoil of 
2020. 
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The Diebold-Yilmaz connectedness framework has become a cornerstone of empirical systemic risk 

analysis. However, its reliance on variance decomposition confines it to the second moment of the return 
distribution. This limitation may become consequential during periods of market stress when financial 
institutions interact through channels that trigger nonlinear shifts in the distribution of the systemic risk. 
We propose a composite connectedness index that augments the variational decomposition approach with 
a model-free transfer entropy metric grounded in an information-theoretic perspective. We demonstrate our 
results on a 17-year dataset of 29 European banking institutions, yielding a directional information flow 
matrix that, when combined with the standard Diebold-Yilmaz connectedness framework, captures 
dependencies that variance decomposition leaves undetected by construction. Our key finding is the 
systematic divergence between variance-based and information-based institution rankings: several 
institutions that appear peripheral under conventional spillover measurement emerge as major information 
transmitters once nonlinear dependencies are accounted for, while some institutions prominent in the 
Diebold-Yilmaz ranking recede in information-theoretic importance. We formalize this divergence through 
a composite systemic importance index that nests both measures under a parametric formulation, offering 
regulators and researchers a flexible diagnostic tool for identifying and understanding the systemic footprint 
of institutions within multiple theoretical frameworks. 
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The Internet of Things (IoT) is a game-changer in sustainable logistics, enabling real-time data 
collection and decision-making to enhance supply chain transparency, efficiency, resilience, and 
environmental performance. This study collates current information on IoT adoption in sustainable 
logistics, including the key application areas, enabling technologies, and sustainability impacts driving the 
field. The review shows that IoT is being adopted as a core component of a digital ecosystem that integrates 
technologies such as blockchain, artificial intelligence, big data analytics, digital twins, and cloud 
computing to enhance traceability, transportation optimization, warehouse management, predictive 
decision-making, and supply chain resilience. An important contribution of this study is its use of an 
integrated thematic synthesis approach, which advances existing knowledge by connecting IoT 
architectures to aspects of sustainability (environmental, operational, economic, governance) rather than 
considering technologies in isolation. The results also show that the strategic potential of the IoT goes 
beyond operational automation to the creation of data-driven, adaptive, and resilient logistics systems, 
designed for Industry 4.0 and sustainable supply chains. However, its full scale-up has been hampered by 
interoperability problems, the risk of security breaches, the massive deployment costs, data governance 
concerns, and the readiness of the various organizations. The review is limited in that it relies only on 
published peer-reviewed evidence and on the lack of consistency in the industry context, which may limit 
the generalizability of the findings. Longitudinal and cross-sector empirical studies are needed in the future 
to assess the sustainability effects and scalability of IoT-based logistics ecosystems. 
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The modernisation of agricultural monitoring systems represents a critical component of digital 
transformation in developing economies, where the need for scalable, cost-effective management solutions 
is particularly acute. Traditional monitoring approaches, field inspections and manual measurements, 
remain limited in spatial coverage and operational efficiency, while UAV technologies, despite high 
precision, face significant regulatory, financial, and infrastructural barriers to large-scale deployment. The 
subject of this research is the efficiency of satellite-derived vegetation indices as a cost-effective alternative 
to UAV-based agricultural productivity management; the object is wheat yield across the districts of 
Azerbaijan; the goal is to assess this alternative’s capacity to improve agricultural monitoring efficiency 
and yield prediction in Azerbaijan. Based on panel data covering 10 districts over 2000-2024, the author 
integrates MODIS-derived NDVI indicators across early, mid, and late growing-season stages with ERA5 
climate variables within a two-way fixed effects regression framework, without field surveys or UAV 
deployment. The full model achieves R² = 0.459 (RMSE = 0.417 ton/ha), with mid-season NDVI, early-
season temperature, and total precipitation as the most robust predictors under serial-correlation- and 
dependence-robust standard errors; a nested out-of-sample validation across four holdout lengths (final 1-
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4 years) yields MAPE values ranging from 14.0% to 22.6%, confirming that explanatory fit and forecasting 
accuracy differ and should be reported separately. The approach offers a replicable methodology for food 
security governance in data-scarce environments. 
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Against other issue, green transition is defending its position on the top of the political agenda, 

especially when greening is related with resource savings and cost advantages. In this context. reusable 

packaging is increasingly regarded as a promising alternative to single-use solutions in green transition. 

However, the implementation of business models for reusable packaging remains challenging, since the 

environmental and economic benefits of reuse depend largely on the efficient organization of return flows. 

This study examines the role of reverse logistics in reusable packaging systems and aims to identify the key 

factors that enable or hinder their effective functioning. The study argues that the success of reusable 

packaging systems depends not only on the design of the packaging itself, but also on the feasibility, 

reliability, and cost-efficiency of the reverse logistics process. By addressing this issue, the paper 

contributes to current discussions on the role of logistics in circular economy and offers practical insights 

into the conditions of a successful implementation of sustainable business models of reusable packaging. 

The authors take part in the EU-project “BePacMan” and uses empirical data that were collected in 2025 

within the frame of the project. The methodology is based on case studies that are complemented by expert 

interviews of companies operating with reusable packaging solutions in the southern part of the Baltic Sea 

Region. The findings highlight sustainable return procedures, customer involvement, and cooperation of 

logistics partners.  
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