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Abstract  

The article investigates the application, architecture, and optimization of remote-controlled 

signalling systems (RCSS) in modern infrastructure. The study summarizes the role of advanced 

communication technologies, including RF, fiber optics, IoT protocols, and satellite systems, in the 

development of RCSS. The applications of these systems in railway transportation, urban traffic 

management, and industrial automation are comprehensively analyzed. The methods and technol-

ogies such as SCADA, PLC, CBTC, and adaptive traffic control systems are examined in terms of 

their functional capabilities. Additionally, the study highlights the contribution of RCSS to enhanc-

ing safety, reducing human involvement in hazardous environments, and enabling predictive 

maintenance. The current state of RCSS implementation in Azerbaijan is evaluated through case 

studies in the Baku Metro, energy, and transport sectors. The article also demonstrates the practical 

advantages, existing challenges, and future potential of RCSS in a regional context through case 

studies involving institutions such as AzerEnergy and Azersu. As a result, it is concluded that the 

application of RCSS enables the development of reliable, flexible, and real-time intelligent infra-

structure systems.  
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Mobil rabitə inteqrasiyalı uzaqdan idarə olunan siqnalizasiya sistemləri 

üzrə tətbiqi tədqiqat 

G.V. Əliyeva, A.H. Dadaşova   

Azərbaycan Dövlət Neft və Sənaye Universiteti (Bakı, Azərbaycan) 
 

Xülasə  

Məqalədə müasir infrastrukturda uzaqdan idarə olunan siqnalizasiya sistemlərinin (RCSS) 

tətbiqi, arxitekturası və optimallaşdırılması tədqiq olunur. Tədqiqatda RCSS-in inkişafında RF (radio 

tezlik sistemləri), optik lif, IoT protokolları və peyk sistemləri daxil olmaqla qabaqcıl rabitə 

texnologiyalarının rolu ümumiləşdirilir. Bu sistemlərin dəmir yolu nəqliyyatı, şəhər yol hərəkətinin 

idarə olunması və sənaye avtomatlaşdırılması sahələrində tətbiqləri geniş şəkildə təhlil edilir. SCADA, 

PLC, CBTC və adaptiv trafik idarəetmə sistemləri kimi metod və texnologiyalar funksional imkanları 

baxımından araşdırılır. Eyni zamanda, RCSS-in təhlükəsizliyin artırılmasına, təhlükəli mühitlərdə 

insan iştirakının azaldılmasına və proqnozlaşdırıcı texniki xidmətin təmin edilməsinə töhfəsi göstərilir. 

Azərbaycanda RCSS-in tətbiqinin mövcud vəziyyəti Bakı Metropoliteni, enerji və nəqliyyat sektorları 

üzrə nümunə tədqiqatları əsasında qiymətləndirilir. Məqalədə həmçinin AzərEnerji və Azərsu kimi 

qurumları əhatə edən nümunə tədqiqatları vasitəsilə RCSS-in praktik üstünlükləri, mövcud çətinlikləri 

və regional kontekstdə gələcək potensialı nümayiş etdirilir. Nəticə olaraq, RCSS-in tətbiqinin etibarlı, 

çevik və real vaxt rejimində işləyən ağıllı infrastruktur sistemlərinin formalaşdırılmasına imkan verdiyi 

qənaətinə gəlinir. 

 

Açar sözlər:        uzaqdan optimallaşdırılmış sistemlər, mobil rabitə, 5G, MQTT, SCADA 

 

Прикладные исследования систем дистанционного управления  

сигнализацией с интеграцией мобильной связи 

Г.В. Алиева, А.Х. Дадашова   
Азербайджанский государственный университет нефти и промышленности (Баку, Азербайджан) 
 

Аннотация  

В статье исследуются применение, архитектура и оптимизация систем дистанционного 

управления сигнализацией (RCSS) в современной инфраструктуре. В работе обобщается роль 

передовых коммуникационных технологий, включая радиочастотные (RF) системы, оптоволо-

конные сети, IoT-протоколы и спутниковые системы, в развитии RCSS. Комплексно анализиру-

ется применение данных систем в железнодорожном транспорте, городском управлении дорож-

ным движением и промышленной автоматизации. Рассматриваются такие методы и технологии, 

как SCADA, PLC, CBTC и адаптивные системы управления трафиком с точки зрения их функ-

циональных возможностей. Также подчеркивается вклад RCSS в повышение безопасности, сни-

жение участия человека в опасных условиях и обеспечение предиктивного технического обслу-

живания. Современное состояние внедрения RCSS в Азербайджане оценивается на основе кейс-

исследований в Бакинском метрополитене, а также в энергетическом и транспортном секторах. 

В статье также демонстрируются практические преимущества, существующие проблемы и пер-

спективы развития RCSS в региональном контексте на примере таких организаций, как Азер-

энержи и Азерсу. В результате сделан вывод о том, что применение RCSS способствует созда-

нию надежных, гибких и работающих в реальном времени интеллектуальных инфраструктур-

ных систем. 

 

Ключевые слова:   дистанционно оптимизированные системы, мобильная связь, 5G, MQTT,  

SCADA
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Introduction 

Modern society is experiencing an un-

precedented stage of technological advance-

ment accompanied by a growing demand for in-

telligent and highly interconnected infrastruc-

ture solutions. In this context, Remote-Con-

trolled Signaling Systems (RCSS) have 

emerged as a fundamental element in the mod-

ernization of operational management and au-

tomated control processes [1, 3]. These systems 

are extensively utilized in railway transporta-

tion, urban mobility management, industrial au-

tomation, and energy distribution networks. 

The capability to remotely supervise and regu-

late infrastructure has significantly enhanced 

operational efficiency, system safety, and re-

sponse speed in both governmental and com-

mercial sectors. 

Fundamentally, RCSS operate through 

the transmission of control instructions and the 

immediate reception of feedback data from ge-

ographically distant infrastructure components 

or technical equipment. Such functionality is 

enabled through the integration of advanced 

hardware and software technologies [4-7, 10]. 

Core elements of these systems include Pro-

grammable Logic Controllers (PLCs), Supervi-

sory Control and Data Acquisition (SCADA) 

platforms, wireless communication technolo-

gies, and sensor-oriented monitoring mecha-

nisms. Continuous technological progress in 

these areas has improved real-time observation 

capabilities and accelerated operational deci-

sion-making processes, thereby minimizing the 

necessity for direct manual intervention in com-

plex systems. 

Among the sectors benefiting most sub-

stantially from RCSS technologies is transpor-

tation. Contemporary railway infrastructures 

increasingly rely on advanced signaling frame-

works such as Communication-Based Train 

Control (CBTC) [2, 11, 14] and the European 

Train Control System (ETCS) to ensure secure 

train operations, avoid collisions, and optimize 

route scheduling. Likewise, adaptive traffic 

management technologies [12] are broadly im-

plemented in urban transportation systems to al-

leviate congestion, decrease environmental pol-

lution, and strengthen road safety through cen-

trally coordinated signal regulation. In indus-

trial environments [6], RCSS technologies play 

an essential role in supporting automated man-

ufacturing operations, environmental supervi-

sion, and rapid emergency management proce-

dures without requiring the continuous physical 

presence of personnel at operational sites. 

The present study aims to deliver a de-

tailed investigation of remote-controlled signal-

ing systems, including their structural architec-

ture, classification principles, and major appli-

cation domains. In addition, the paper evaluates 

the current level of implementation and practi-

cal utilization of these technologies in Azerbai-

jan by considering selected examples from 

transportation, energy, and public service infra-

structures. By connecting international techno-

logical practices with regional development in-

itiatives, the research highlights the strategic 

importance of RCSS as a key technological 

foundation for the establishment of efficient, in-

telligent, and resilient infrastructure systems in 

the future. 

 

Purpose of the work 

The primary purpose of this research is to 

investigate the operational principles, techno-

logical architecture, and practical applications 

of Remote-Controlled Signaling Systems 

(RCSS). Particular attention is devoted to the 

modelling, simulation, and optimization of mo-

bile communication-based signaling systems 

utilizing modern wireless technologies [7, 9]. 
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Problem Statement 

Remote-controlled signaling technolo-

gies play a crucial role in enabling real-time 

monitoring, data exchange, and automated con-

trol processes within transportation, industrial, 

and energy infrastructures. With the rapid ex-

pansion of interconnected smart systems, the 

demand for reliable and remotely manageable 

signaling mechanisms has increased substan-

tially. The integration of modern mobile com-

munication technologies significantly improves 

the flexibility, reliability, and responsiveness of 

these systems [7, 9]. 

The present study focuses on identifying 

the principal technological components that 

constitute RCSS architectures. These compo-

nents include control hardware such as Pro-

grammable Logic Controllers (PLCs) and Re-

mote Terminal Units (RTUs), communication 

frameworks including SCADA and IoT-ori-

ented platforms [7, 10], as well as different sig-

nal transmission approaches used for remote 

operational management. 

Special emphasis is placed on evaluating 

the practical deployment of RCSS in transpor-

tation systems, industrial automation environ-

ments, and energy distribution infrastructures. 

The study examines the contribution of these 

systems to operational safety enhancement, re-

duction of technological risks, acceleration of 

decision-making procedures, and maintenance 

of uninterrupted system functionality during 

routine and emergency conditions. 

In addition, the research investigates the 

current implementation trends of RCSS tech-

nologies in Azerbaijan within the broader con-

text of global digital transformation initiatives. 

Selected examples from railway signaling sys-

tems, intelligent traffic regulation platforms, 

and energy monitoring infrastructures are con-

sidered to demonstrate the practical advantages 

and technological challenges associated with 

the adoption of advanced remote-control solu-

tions. 

Another important objective of the study 

is the introduction of an innovative routing 

methodology named the Real-Time Adaptive 

Protocol Optimization Simulator (RAPOS), de-

veloped for mobile communication-based sig-

naling environments. The proposed concept is 

evaluated through simulation analysis and in-

corporates principles of AI-powered optimiza-

tion and adaptive decision-making in smart 

communication infrastructures [15]. 

 

Methodology 

 This study adopts a qualitative and 

analytical approach to examine the structural 

organization, operational principles, and 

practical deployment of Remote-Controlled 

Signaling Systems (RCSS) across different 

application domains. To ensure a 

comprehensive understanding of the 

technological heterogeneity of RCSS, the 

research is based on a systematic review of 

relevant technical documentation, industrial 

reports, and peer-reviewed academic literature. 

 The analytical framework focuses on 

identifying the key control strategies and 

system mechanisms employed in the design and 

implementation of RCSS. In particular, it 

considers centralized and distributed control 

architectures [4, 5, 10], communication infra-

structures, and real-time signal transmission 

techniques as fundamental components of 

system operation. 

Within this framework, the study 

categorizes the main methodologies applied in 

RCSS as follows: 

➢ SCADA (Supervisory Control and 

Data Acquisition) Systems – SCADA 

represents a core approach for remote 
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monitoring and control, widely 

implemented in energy networks, water 

supply systems, and transportation 

infrastructure. It enables real-time data 

acquisition from distributed field 

devices and supports centralized 

execution of control commands.  

➢ Intelligent Transport Systems (ITS) 

[8, 12] – ITS integrate sensing 

technologies, adaptive signaling 

devices, and software-based control 

platforms to dynamically manage urban 

traffic flows. These systems analyze 

traffic density in real time and 

automatically adjust signal timing to 

reduce congestion and enhance road 

safety.  

➢ Communication-Based Train 

Control (CBTC) – CBTC is a key 

technology in modern railway systems, 

enabling continuous real-time 

monitoring of train position and speed 

[2, 11]. It relies on wireless 

communication between trains and 

control centers to ensure optimal 

scheduling and safe train separation.  

➢ Programmable Logic Controllers 

(PLCs) – PLCs are widely used in 

industrial automation systems for 

controlling operational processes [6]. 

As a fundamental RCSS component, 

they process sensor inputs and execute 

predefined control logic, supporting 

both automated and remotely managed 

signaling operations.  

➢ Wireless Communication Systems 

(IoT-based [7, 9]) – This approach 

utilizes IoT communication protocols 

such as LoRaWAN and NB-IoT to 

enable remote monitoring and 

signaling. These technologies are 

particularly effective in large-scale, 

low-power smart infrastructure and 

environmental monitoring applications. 

➢ Adaptive Traffic Control Systems 

(ATCS) – ATCS dynamically adjust 

intersection signal timing based on real-

time traffic data [12]. They are 

commonly applied in urban 

environments to improve traffic flow 

efficiency, reduce waiting times, and 

lower environmental impact.  

➢ Remote Terminal Units (RTUs) – 

RTUs serve as intermediate devices 

between field equipment and central 

control systems, enabling remote data 

acquisition and control. They are 

extensively used in electrical and water 

utility networks to improve operational 

efficiency and resource management. 

➢ Data Analytics and Predictive 

Maintenance – This approach applies 

analytical techniques to process large-

scale data generated by RCSS in order 

to evaluate system performance and 

predict potential faults [13]. It supports 

proactive maintenance strategies, 

reduces system downtime, and 

enhances overall operational reliability.  

The above methods represent the core 

technological foundation of modern RCSS. 

Each approach is evaluated based on its 

application domain, functional advantages, and 

integration potential. In the context of 

Azerbaijan, these technologies are further 

analyzed through case studies covering railway 

systems, energy infrastructure, and intelligent 

traffic management platforms. 

The conceptual model of a mobile 

communication-based signaling system 

consists of five main stages (Fig. 1): 
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➢ Detection of a physical event, such as 

train movement, using sensor systems.  

➢ Signal preprocessing performed by an 

embedded microcontroller (ESP32/-

STM32).  

➢ Data transmission through a mobile 

communication module (4G/5G). 

➢ Transfer of processed data via the 

mobile network to a central control 

platform.  

➢ Reception and response handling by a 

cloud-based server (MQTT). 

 
Figure 1 – Comparative architecture of traditional 4G-based and enhanced 5G communication systems 

 

Latency Analysis: 

To quantitatively evaluate performance 

differences, a detailed latency assessment was 

performed by analyzing the delay introduced by 

each component of the signaling architecture 

under both conventional 4G and advanced 5G 

mobile network environments (Table 1) [9]. 

The results clearly demonstrate a significant 

improvement in transmission efficiency 

achieved through the adoption of 5G technol-

ogy. This reduction in latency is critical for en-

abling real-time responsiveness in mission-crit-

ical signaling applications.

 

Table 1 – Component Latency Comparison (4G vs. 5G) 

 
 

The Mobile Network Transmission com-

ponent constitutes the primary performance 

bottleneck within the conventional 4G system 

architecture, accounting for 150 ms of the total 

end-to-end delay. In contrast, the transition to 

5G technology effectively mitigates this limita-

tion by significantly reducing transmission la-

tency. Specifically, a two-thirds improvement 

is achieved, lowering the transmission delay to 

approximately 50 ms. As a result, the overall 

system latency is reduced from 167 ms to 67 

ms, enabling substantially faster and near real-

time system responsiveness. 
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Packet Success Rate. In addition to la-

tency improvements, communication reliability 

is a critical factor in signaling performance. The 

evaluation of packet delivery success rate indi-

cates a marked improvement in system depend-

ability when utilizing an optimized 5G network 

configuration. 

 

− 4G – 97% 

− Optimized 5G – 99.5% 

To mitigate persistent challenges such as 

latency fluctuations, signal instability, and po-

tential packet loss, a set of targeted optimization 

strategies is proposed for deployment in mis-

sion-critical remote-controlled signaling envi-

ronments (Table 2).
 

Table 2 – Proposed Optimization Strategies for Remote-Controlled Signaling Systems 
 

 
 

One of the primary objectives of this 

study is to propose an innovative routing frame-

work, termed the Real-Time Adaptive Protocol 

Optimization Simulator (RAPOS), specifically 

designed for mobile communication-based sig-

naling environments. The effectiveness of the 

proposed model is validated through simulation 

experiments. The methodology integrates prin-

ciples of AI-driven optimization and adaptive 

decision-making mechanisms within smart 

communication infrastructures [15]. 

 

Simulation Results (Python-based im-

plementation). The graphical simulation (Fig. 

2) demonstrates that the Mobile Network seg-

ment remains the dominant contributor to over-

all system latency. It further illustrates a signif-

icant performance improvement achieved 

through the adoption of 5G technology, where 

 the previously highest latency component (rep-

resented by the orange bar) is notably reduced 

compared to the 4G scenario (blue bar). This 

comparison clearly highlights the positive im-

pact of 5G deployment on end-to-end system 

responsiveness. 

 

 
Figure 2 – Simulation codes (Python) – result 

 

Conclusion 

The effectiveness of remote signalling 

systems is greatly increased by mobile commu-

nication technology.  

Latency is decreased, dependability is 

raised, and real-time system stability [12] is 

guaranteed with 5G. More effective automation 

in the transportation and industrial sectors is 

made possible by this strategy. 
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