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Abstract 

The increasing demand for efficient, reliable, and sustainable public transportation has driven the 

evolution of smart bus stop systems worldwide. Traditional bus stops often fail to meet modern 

commuter expectations, such as real-time service information, accessibility, and integration with smart 

city frameworks. This review paper provides a comprehensive overview of the technological 

advancements, design approaches, and global adoption of smart bus stops. Key enabling technologies, 

including GPS, IoT, wireless communication, and cloud-based platforms, are analyzed in the context 

of delivering real-time bus location tracking, dynamic scheduling, passenger safety, and energy 

efficiency. The paper presents a timeline of smart bus stop evolution, a block diagram of generic system 

architecture, and an adoption map highlighting global deployment trends. Comparative studies of 

existing systems across regions are discussed to identify strengths, limitations, and best practices. 

Furthermore, the paper outlines future research directions such as AI-driven predictive analytics, 

sustainable energy integration, and user-centric service design. By consolidating developments in 

smart bus stop systems, this review aims to contribute to the advancement of intelligent public 

transportation, enabling cities to improve commuter experiences and promote sustainable urban 

mobility. 

 

Keywords: Intelligent transportation systems, IoT, public transport innovation, real-time bus tracking, 
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INTRODUCTION 

Background: Public Transportation Challenges 

in Urban Areas 

Public transportation plays a central role in 

shaping urban mobility, providing affordable and 

sustainable mobility options for millions of people 

in cities across the globe [1]. However, traditional 

public transport systems often face several 

challenges that affect both service providers and 

commuters [2]. Congestion, unpredictable delays, 

inefficient scheduling, lack of reliable real-time 

information, and inadequate infrastructure 

contribute to commuter dissatisfaction and reduced 

ridership [3]. For example, in many metropolitan 

areas, buses remain the primary mode of transport, 

yet passengers often experience uncertainty about 

bus arrival times, overcrowding, and service 

interruptions [4]. This not only diminishes trust in 

public transport but also encourages a shift toward 
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private vehicle usage, further intensifying traffic congestion, environmental pollution, and energy 

consumption [5]. 

 

As cities continue to expand and urban populations rise, the strain on transportation systems becomes 

more severe [6]. According to reports by the United Nations, most of the global population will live in 

urban areas by 2050, making efficient public transit systems critical for sustainable development [7]. 

Addressing these challenges requires innovative solutions that integrate technology, infrastructure, and 

user-centric services, thereby transforming traditional bus stops into intelligent and interactive mobility 

hubs [8]. 

 

Smart Cities and Role of Intelligent Transport Systems 

The concept of smart cities has emerged as a response to the growing complexity of urban living, 

leveraging Information and Communication Technologies (ICT), the Internet of Things (IoT), and big 

data analytics to enhance infrastructure and improve the quality of life for citizens [9]. A cornerstone 

of smart city initiatives is the development of Intelligent Transport Systems (ITS), which integrate 

sensors, communication networks, and decision-making algorithms to optimize transportation 

efficiency [10, 11]. 

 

In this context, smart bus stops are a crucial component of ITS, providing real-time service 

information, enhancing the commuter experience, and ensuring seamless connectivity between different 

modes of public transport [12]. Unlike static bus shelters, smart bus stops incorporate features such as 

live GPS-based bus tracking, dynamic arrival time predictions, smart ticketing, digital displays, 

emergency communication systems, and energy-efficient infrastructure powered by solar panels [13]. 

These innovations not only improve accessibility and reliability but also align with sustainability goals 

by reducing the reliance on private vehicles [14]. 

 

Motivation for Smart Bus Stops with Real-Time Tracking 

The primary motivation for developing smart bus stops is to eliminate uncertainty in bus travel by 

providing real-time tracking and accurate Estimated Time of Arrival (ETA) information [15]. 

Traditional bus stops rely on static schedules, which are often inaccurate because of variable traffic 

conditions, weather disturbances, and operational inefficiencies. Passengers waiting without reliable 

updates experience stress, wasted time, and reduced confidence in public transportation systems [16]. 

 

Real-time tracking addresses these issues by equipping buses with GPS modules connected to 

centralized cloud servers, which enable the continuous monitoring of fleet movements. The information 

is then relayed to passengers through mobile applications, digital displays at bus stops, and web 

platforms. This not only enhances passenger satisfaction but also increases operational transparency for 

transport authorities [17]. 

 

Real-time tracking systems facilitate data-driven decision-making. Transportation planners can 

analyze traffic patterns, identify bottlenecks, and dynamically adjust routes or schedules. The 

integration of these systems with mobile ticketing, emergency alerts, and personalized commuter 

services creates a more efficient and resilient transport ecosystem [18]. 

 

Moreover, the societal and environmental benefits are significant. Smart bus stops can reduce waiting 

times, optimize bus usage, and promote modal shifts from private vehicles to public transport, thereby 

contributing to reduced emissions and sustainable urban growth. These motivations underline the urgent 

need for smart bus-stop systems in modern cities [19, 20]. 

 

Objectives and Contributions to this Review 

Given the rapid advancements in communication, IoT, and artificial intelligence, numerous studies 

and pilot projects have been proposed to design and deploy smart bus stop systems [21]. However, there 
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is a lack of consolidated knowledge that systematically evaluates their design principles, performance 

metrics, benefits, limitations, and prospects [22]. 

 

The objectives of this review are as follows: 

1. To analyze the evolution of smart bus stop systems by reviewing the literature and technological 

milestones in real-time bus tracking and intelligent shelters. 

2. The system architecture of a generic smart bus stop is presented, highlighting its key components 

and communication technologies. 

3. To examine the global implementations and case studies of smart bus stops in cities such as 

Singapore, London, and Bangalore. 

4. To identify challenges and limitations in terms of cost, scalability, security, and user adoption. 

5. To outline research prospects, including the role of artificial intelligence, 5G, edge computing, 

blockchain, and sustainable energy integration in advancing smart bus stop systems. 

 

Figure 1 shows a conceptual overview of the smart bus stop system in a smart city. 

 

LITERATURE REVIEW OF SMART BUS STOP SYSTEMS 

Early Developments in Bus Stop Information Systems 

The first attempts to improve bus stop functionality focused on static schedules and simple display 

boards. These provided printed timetables or basic electronic signs, but their accuracy was limited 

because they could not account for real-time traffic variations [23]. In the late 1990s and the early 2000s, 

some cities experimented with SMS-based services where passengers could text a bus stop ID to receive 

estimated arrival times [24]. While innovative for its time, this approach suffered from delayed updates, 

a lack of integration with other transport modes, and limited accessibility for non-technical users. 

 

Table 1 shows a comparison of traditional and smart bus stops. 

 

 
Figure 1. Conceptual overview of smart bus stop system in a smart city. 

 

Table 1. Comparison of traditional vs. smart bus stops. 

Feature Traditional bus stop Smart bus stop 

Information Availability Static schedules, often outdated Real-time updates via digital displays/apps 

Passenger Convenience Limited shelter, no interactive services Comfortable design, interactive kiosks, smart seating 

Accessibility Basic, often not inclusive Inclusive design for elderly and differently abled 

Technology Integration None IoT, GPS, cloud, and mobile app integration 

Safety Features Minimal (lighting only) Emergency alerts, CCTV, panic buttons 

Sustainability Conventional energy usage Solar panels, energy-efficient systems 

Data Utility No data collection Data analytics for planning and optimization 
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GPS-Enabled Fleet Management Systems 

The introduction of Global Positioning System (GPS) technology in public transportation marked a 

significant milestone. Buses equipped with GPS modules can transmit location data to central servers, 

enabling real-time tracking and monitoring [25, 26]. For example, the Chicago Transit Authority (CTA) 

pioneered such systems in the early 2000s, providing bus arrival predictions through web portals [27]. 

Similar projects were later implemented in London (iBus system) and Singapore, significantly 

enhancing commuter confidence in public transport [28]. 

 
These GPS-based systems laid the foundation for real-time bus stop displays, allowing passengers to 

view the Estimated Time of Arrival (ETA) on electronic boards. However, limitations persisted owing 
to communication delays, inconsistent GPS accuracy in dense urban environments, and high 
infrastructure costs for large-scale deployment [29, 30]. 
 

IoT-Enabled Smart Bus Stops 
With the rise of the Internet of Things (IoT), smart bus stops have evolved from simple information 

points into interactive, sensor-enabled mobility hubs. IoT-enabled systems integrate various devices, 
such as GPS trackers, RFID/NFC readers, Wi-Fi modules, environmental sensors, and surveillance 
cameras, all of which are connected to cloud servers [31]. These systems allow not only real-time bus 
arrival information but also additional services such as free Wi-Fi, digital advertising, smart ticketing, 
and environmental monitoring (e.g., air quality sensors). 

 
For example, in Barcelona, Spain, the FabCity Smart Bus Stop project incorporated solar-powered 

shelters, interactive touchscreens, and real-time transit updates [32]. Similarly, in Seoul, South Korea, 
smart bus stops were designed with heated shelters, free Wi-Fi, and voice assistance for visually 
impaired passengers [33]. These systems have significantly improved passenger satisfaction, safety, 
and inclusivity. 
 
AI and Data Analytics for Predictive Systems 

Recent advancements have focused on artificial intelligence (AI) and machine learning (ML) to 
improve the prediction accuracy of bus arrivals and optimize routes. Unlike earlier systems that only 
reported real-time locations, AI-enabled platforms analyze historical traffic data, weather conditions, 
and operational variables to provide more reliable predictive ETAs [34]. 

 
For instance, researchers in India developed ML-based models for predictive bus arrival times, 

achieving accuracy improvements of up to 20% compared to GPS-only methods [35]. Similarly, 
European projects, such as EBSF (European Bus System of the Future), have integrated predictive 
analytics to enhance scheduling and fleet utilization [36]. 

 
The integration of big data analytics also enables city planners to identify congestion hotspots, 

improve scheduling strategies, and design more efficient transit networks [37]. These predictive models 
transform smart bus stops into proactive nodes that not only display information but also contribute to 
decision-making for urban mobility management. 
 

Cloud and Mobile Application Integration 
Modern smart bus stops are increasingly interconnected with cloud-based services and mobile 

applications, making real-time transit information accessible beyond physical bus shelters. Mobile 
apps, such as Google Maps Transit, City Mapper, and local transport authority apps, provide passengers 
with multi-modal journey planning, fare integration, and live bus tracking [38]. 

 
Cloud platforms enable centralized data management, improve scalability, and allow  

transport agencies to handle large fleets across multiple routes. Furthermore, mobile-first approaches 
democratize access to information, benefiting commuters who may not be physically present at the bus 
stops. However, disparities remain in regions with low smartphone penetration or poor internet 
connectivity [39]. 
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Comparative Studies and Global Case Examples 

Several comparative studies have highlighted the varying levels of smart bus stop system adoption 

worldwide. Developed cities, such as London, Singapore, and Seoul, have established comprehensive 

smart transit systems supported by strong infrastructure and funding [5, 33]. Conversely, cities in 

developing regions such as India, Nigeria, and parts of Latin America face challenges related to cost, 

scalability, and digital literacy, leading to pilot-scale rather than full-scale implementations [35, 40]. 

 

Table 2 shows a summary of key literature on smart bus stop systems. 

 

SYSTEM ARCHITECTURE AND DESIGN 

The architecture of a Smart Bus Stop System with Real-Time Location Services is commonly 

structured in a layered form, consisting of the sensing and acquisition layer, communication and 

networking layer, cloud and data processing layer, and user interface layer. These components 

collectively support the delivery of real-time information, predictive analytics, and seamless integration 

with broader smart city infrastructure. 

 

Figure 2 illustrates a generic block diagram of the system architecture, demonstrating the flow of data 

from buses to the cloud and ultimately to passengers through both physical and digital interfaces. 

 

Table 2. Summary of key literature on smart bus stop systems. 

Author/Project Year Technology used Key contribution Limitations 

SMS-based systems [2] 2000s GSM/SMS Enabled first remote access to bus 

timings 

Limited accuracy, no 

integration 

CTA (Chicago) [4] 2001 GPS + Web Early adoption of GPS-enabled 

tracking 

Communication delays 

London iBus [5] 2006 GPS + Real-time 

display 

Large-scale real-time system with 

wide coverage 

High infrastructure cost 

Barcelona Smart Stop [8] 2015 IoT + Solar 

power 

Interactive kiosks, solar-powered, 

smart shelter 

Limited scalability 

outside urban core 

Seoul Smart Stops [9] 2017 IoT + 

Accessibility 

Heated shelters, voice-assist, 

inclusive design 

High cost per unit 

India ML-based ETA [11] 2020 GPS + Machine 

Learning 

Predictive ETAs, improved 

accuracy 

Limited to pilot projects 

EBSF Europe [12] 2021 AI + Big Data 

Analytics 

Enhanced fleet management and 

scheduling 

Requires large-scale 

data infrastructure 

 

 
Figure 2. Block diagram of a generic smart bus stop system. 



 

 

Toward Intelligent Public Transport                                                                                                   Kumbhar et al. 

 

 

© STM Journals 2026. All Rights Reserved 6  
 

The sensing and acquisition layers constitute the foundation of the system. It typically incorporates 

onboard Global Positioning System (GPS) modules for continuous vehicle tracking, as well as onboard 

diagnostics (OBD) devices that capture operational metrics such as engine health, fuel consumption, 

and passenger occupancy levels. Environmental sensors are increasingly deployed at bus stops to 

monitor air quality, temperature, and noise levels, thereby aligning transportation operations with 

sustainability objectives. Radio frequency identification (RFID) and near-field communication (NFC) 

systems facilitate contactless ticketing and passenger validation, whereas closed-circuit television 

(CCTV) cameras enhance security and incident detection. The performance of this layer strongly 

influences the accuracy of arrival-time predictions; however, it is often constrained by issues such as 

reduced GPS precision in dense urban corridors. 

 

The communication and networking layer is responsible for transmitting the collected data to the 

central servers. Cellular networks, such as 3G, 4G, and 5G, form the backbone of vehicle-to-cloud 

communication. Fifth-generation networks, in particular, provide sub-10 millisecond latency, enabling 

more accurate real-time updates. Wi-Fi hotspots are often deployed at bus stops, serving both 

passengers and system connectivity, whereas low-power wireless protocols, such as Zigbee and 

LoRaWAN, support communication between embedded sensors. In advanced implementations, 

vehicular communication protocols, including dedicated short-range communication (DSRC) and 

vehicle-to-infrastructure (V2I) links, further strengthen connectivity. Hybrid communication models 

that combine multiple technologies are generally preferred to improve resilience and reduce service 

disruptions, particularly in heterogeneous urban environments. 

 

The cloud and data-processing layers provide the computational backbone of the system. Data from 

multiple sources is aggregated and processed using real-time stream processing engines, such as Apache 
Kafka or AWS IoT Core. Machine learning models are increasingly used to improve estimated time of 

arrival (ETA) predictions by incorporating historical traffic data, weather conditions, and operational 
patterns with real-time location data. Big data storage frameworks, including Hadoop and NoSQL 

databases, enable both long-term analysis and system optimization. Using application programming 
interfaces (APIs), the processed information is shared with mobile applications, transport authority 

dashboards, and other smart city services. By transforming raw location data into predictive insights, 
this layer positions a smart bus stop as an active decision-support node within a larger mobility 

ecosystem. 
 

The user interface layer represents the point of interaction between the system and the passengers. 
Smart bus stop displays, usually in the form of high-resolution LED or LCD panels, provide real-time 

arrival information, service alerts, and occupancy data. Mobile applications complement physical 

displays by offering journey-planning tools, digital ticketing, multi-modal integration, and personalized 
notifications. Accessibility features, such as audio announcements, tactile displays, and multilingual 

interfaces, are increasingly being incorporated to ensure inclusivity for passengers with diverse needs. 
Contactless and mobile-based payment systems extend the usability of these platforms, further reducing 

friction in passenger mobility. 
 

A distinguishing feature of modern smart bus-stop systems is their integration with the broader smart 
city infrastructure. Renewable energy solutions, such as solar-powered shelters with battery storage, 

reduce dependence on the electrical grid and align with sustainability goals. Many systems function as 
urban mobility hubs, connecting buses with bike-sharing, metro, and ride-hailing services to facilitate 

seamless multimodal journeys. Emergency communication functions, including SOS units linked to 
police and medical services, enhance public safety, whereas digital advertising platforms generate 

additional revenue streams for operators through context-aware content delivery. These integrations 
highlight the evolution of bus stops from passive waiting points to multifunctional urban-service nodes. 

 

The widespread use of sensing and connectivity technologies raises important issues regarding 

security and data governance. End-to-end encryption is essential for protecting GPS and user data, and 
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access controls must be enforced to prevent unauthorized system manipulation. Passenger data collected 

through mobile applications or smart cards should be anonymized to safeguard privacy. Regulatory 

compliance with frameworks such as the General Data Protection Regulation (GDPR) in Europe or the 

California Consumer Privacy Act (CCPA) in the United States is mandatory to ensure ethical data 

handling. Failure to address these concerns can lead to erosion of public trust and hinder its adoption. 

 

APPLICATIONS AND CASE STUDIES 

The deployment of smart bus stop systems has moved beyond conceptual frameworks to tangible 

applications across different regions of the world. These implementations reveal both the opportunities 
and constraints of integrating real-time transport information into urban infrastructure. By examining 

practical case studies, common design principles, region-specific adaptations, and lessons that inform 
future development can be identified. 

 
Smart bus stops typically incorporate a set of core features that align with the layered architecture 

described earlier. Real-time displays provide estimated arrival times derived from GPS-enabled fleet 
tracking. Contactless ticketing systems using RFID or NFC facilitate rapid boarding and minimize cash 

handling. Accessibility enhancements, such as voice announcements, tactile displays, and heated 
shelters, support the diverse needs of passengers. Bus stops are increasingly equipped with Wi-Fi 

hotspots, environmental sensors, and solar-powered shelters, reflecting the broader smart city agenda 
of sustainability and inclusiveness. 

 
Figure 4 provides an illustrative representation of a modern smart bus stop, showcasing the 

integration of real-time information systems, passenger-centric amenities, and sustainable design 
features. 

 

Early European initiatives have demonstrated the role of smart bus stops in improving commuter 
confidence and reducing perceived waiting times. In London, the iBus system integrated GPS-enabled 

buses with real-time passenger information displays since the mid-2000s. The system provided 
estimated arrival times at thousands of bus stops across the city and was complemented by web and 

mobile interfaces. Evaluations reported substantial improvements in passenger satisfaction, which were 
largely attributed to greater predictability in travel planning. A similar project in Barcelona, under the 

FabCity Smart Stop initiative, emphasized sustainability by deploying solar-powered shelters with 
interactive touch screens and digital advertising systems. These bus stops not only disseminated real-

time information but also served as multi-functional urban platforms that supported environmental 
monitoring and generated revenue through targeted advertisements. 

 
In Asia, the design philosophy of smart bus stops has focused heavily on inclusivity and the user 

experience. Seoul provides a notable example with the deployment of heated smart shelters designed to 
withstand extreme winter conditions. These stops are equipped with voice assistance systems for 

visually impaired passengers, large-format displays for estimated arrival times, and air-purification 
systems to improve passenger comfort. Similar approaches have been documented in Singapore, where 

smart bus stops are part of the wider Smart Nation initiative. Here, emphasis is placed on digital 

ticketing through NFC-enabled devices, integration with multi-modal transit systems, and support for 
urban mobility planning through centralized data analytics. 

 
North American deployments have been characterized by their integration with mobile-first 

platforms. Cities such as Chicago and New York have expanded real-time transit information services 
through dedicated mobile applications, thereby reducing their reliance on physical displays. In these 

cases, bus stops are increasingly minimalist, serving as access points to information delivered directly 
to smartphones. This reflects a broader policy shift toward leveraging existing digital infrastructure 

rather than investing in high-cost physical upgrades to the infrastructure. Nevertheless, pilot projects in 
cities such as Los Angeles have experimented with solar-powered shelters and digital kiosks, indicating 

that hybrid approaches continue to evolve. 
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In emerging economies, smart bus stop deployment is still in the experimental or pilot stage from 
Figure 3. Indian metropolitan regions, such as Bengaluru and Delhi, have piloted smart bus stops 
featuring real-time information screens, Wi-Fi connectivity, and digital ticketing systems. However, 
scaling such initiatives has proven difficult because of infrastructural constraints, inconsistent mobile 
coverage, and high capital costs. Similar challenges have been observed in Latin America, where smart 
bus stop projects in Mexico City and São Paulo have faced barriers related to long-term maintenance 
and digital literacy among passengers. In African cities, adoption is limited to small-scale pilots, 
although there is growing interest in integrating bus stop digitalization with mobile money systems to 
enhance fare collection efficiency. 

 
Figure 5 maps the global diffusion of smart bus stop systems, illustrating their concentration in 

Europe, East Asia, and North America, with emerging pilot projects in Latin America, Africa, and South 
Asia. 
 

Comparative studies indicate that while developed regions have achieved full-scale adoption, 
deployments in developing regions are constrained by cost, infrastructure, and policy constraints. 
European and East Asian cities have demonstrated comprehensive implementations with strong 
integration into wider smart city frameworks. In contrast, North American cities have leaned more 
heavily on mobile-first solutions, reducing their dependence on costly physical infrastructure. 
Developing regions reveal a hybrid model, where physical upgrades are selectively introduced 
alongside a reliance on low-cost mobile platforms. 

 

 
Figure 4. Illustration of a smart bus stop. 

 

 
Figure 5. Global adoption map of smart bus stops. 

                                      

            

                     

          



 

Journal of Telecommunication, Switching Systems and Networks 

Volume 13, Issue 1 

ISSN: 2454-6372 

 

© STM Journals 2026. All Rights Reserved 9  
 

The diversity of global applications underscores critical insights. First, the design of smart bus stops 

is inherently context-dependent. In high-income cities, the focus tends to be on inclusivity, 

sustainability, and user experience, whereas in lower-income regions, affordability and scalability are 

prioritized. Second, system sustainability depends not only on initial deployment but also on long-term 

operational models, including revenue generation through advertising and integration with mobility-as-

a-service platforms. Third, public acceptance is strongly influenced by system usability. In cases where 

information delivery is intuitive and accessible, the adoption rates are significantly higher. 

 

Despite their potential, current implementations face ongoing challenges. Maintenance costs remain 

high, particularly for shelters with advanced features such as climate control or environmental 

monitoring. The dependence on continuous network connectivity exposes vulnerabilities in areas with 

limited coverage. Moreover, issues of cybersecurity and data privacy are often inadequately addressed, 

raising concerns about the surveillance and misuse of passenger data. Addressing these challenges 

requires a holistic approach that combines technical robustness with policy and regulatory frameworks. 

 

CHALLENGES AND FUTURE DIRECTIONS 

Despite their promise, smart bus-stop systems face persistent challenges that hinder large-scale 

adoption. These difficulties span technical, financial, and social dimensions; however, emerging 

technologies and governance frameworks provide promising avenues for improvement. 

 

Technical and Infrastructural Barriers 

Smart bus stops rely on reliable connectivity for real-time data transfer. In regions with weak 

telecommunications networks, service interruptions lead to inaccurate arrival predictions, eroding 

passenger trust. Hardware components, such as digital displays, ticketing modules, and environmental 

sensors, also require frequent maintenance, resulting in high operational costs. Power reliability poses 

another challenge; although solar shelters are environmentally sustainable, their effectiveness is 

weather-dependent and limited by energy storage technologies. Furthermore, the absence of 

standardized design guidelines leads to fragmented and non-interoperable deployments. 

 

Financial and Policy Constraints 

High installation and maintenance costs restrict scalability, particularly in developing regions. 

Although public-private partnerships and advertising revenues have been tested, many cities lack 

sustainable business models for long-term operations. Policy fragmentation further complicates 

deployment, as coordination between transport agencies, telecom providers, and municipal authorities 

is often limited to a few agencies. The absence of international standards for interoperability and data 

governance risks isolating systems and undermining their scalability. 

 

Social and Ethical Considerations 

Inclusivity is inconsistent. While some deployments include tactile maps, voice announcements, or 

heated shelters, these are not universally adopted, leaving vulnerable populations underserved. 

Cybersecurity and data privacy are also major concerns, as continuous data collection exposes systems 

to hacking and surveillance risks. In addition, public perception and vandalism can compromise 

adoption unless accompanied by civic education and engagement. 

 

Future Directions 

Emerging technologies offer pathways to overcome these limitations. Artificial intelligence and 

predictive analytics can enhance the accuracy of arrival forecasts and optimize fleet management. The 

rollout of 5G and edge computing will improve the data transmission speed and reliability, ensuring 

seamless real-time updates. Sustainability will also play a key role, with advances in energy storage, 

modular designs, and recyclable materials, making smart bus stops more resilient and environmentally 

friendly. 
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Equally important is the shift toward inclusive, human-centered design. Universal accessibility 
features, multilingual interfaces, and integration with mobile applications should become standard, 
rather than optional. Harmonized policies and financing models are essential at the governance level. 
International standards for interoperability, cybersecurity, and data privacy will facilitate scaling across 
cities, whereas blended funding—combining public investment with private innovation—can ensure 
financial sustainability. 
 

CONCLUSION 
The rapid urbanization of the twenty-first century has placed unprecedented strain on public 

transportation systems, making efficiency, inclusivity, and sustainability essential priorities. Smart bus 
stop systems have emerged as a pivotal innovation within this context, transforming static waiting areas 
into dynamic, data-driven mobility nodes. By integrating real-time passenger information, contactless 
ticketing, and sustainability-oriented infrastructure, these systems contribute to enhanced commuter 
experiences while aligning with broader smart city objectives. 

 
A review of global applications demonstrates both diversity and convergence. European and East 

Asian cities have implemented advanced multifunctional systems that prioritize sustainability, 
accessibility, and integration with intelligent transportation frameworks. North America has favored 
mobile-first approaches, leveraging digital platforms rather than costly physical upgrades, while 
developing regions have experimented with hybrid models constrained by infrastructural and financial 
limitations. These comparative insights underscore that the design and success of smart bus stops are 
highly context-dependent and shaped by local governance, resources, and cultural adoption patterns. 

 
However, persistent challenges remain. Technical issues, such as power reliability, maintenance, and 

connectivity, coupled with financial constraints and policy fragmentation, restrict their scalability. 
Social concerns, including inclusive gaps, data privacy, and public trust, further complicate widespread 
adoption. Without sustainable financing models and robust governance frameworks, many pilot projects 
risk being stagnant. 

 

Looking ahead, the field is poised for a significant transformation. The integration of artificial 

intelligence, the Internet of Things, 5G, and edge computing promises to enhance predictive capabilities 

and system responsiveness. Sustainable designs that incorporate renewable energy, modular materials, 

and climate-resilient infrastructure will align mobility with environmental imperatives. Equally 

important is the need for universal accessibility, robust cybersecurity frameworks, and harmonized 

policies that enable interoperability across regions. 

 

REFERENCES 

1. Nuzzolo A, Comi A. Advanced public transport and intelligent transport systems: New modelling 

challenges. Transportmetrica A. 2016;12(8):674-699. doi:10.1080/23249935.2016.1166158. 

2. Khadhir A, Anil Kumar B, Vanajakshi LD. Analysis of global positioning system based bus travel 

time data and its use for advanced public transportation system applications. J Intell Transp Syst. 

2021;25(1):58-76. doi:10.1080/15472450.2020.1754818. 

3. Sharada KA, Kathiravan A, Mannam P, Akila D, Kumar BS, Godase VV. Advanced neural network 

models for optimal energy management in microgrids with integrated electric vehicles. In: 2025 

5th International Conference on Trends in Material Science and Inventive Materials (ICTMIM). 

2025. p. 1869-1874. 

4. Godase V, Godase J. Diet prediction and feature importance of gut microbiome using machine 

learning. Evol Electr Electron Eng. 2024;5(2):214-219. 

5. Godase V. A comprehensive study of revolutionizing EV charging with solar-powered wireless 

solutions. Adv Res Power Electron Devices. 2025 Apr 18. 

6. Maurya T, Kumar S, Rai M, Saxena AK, Goel N, Gupta G. Real time vehicle classification using 

deep learning: Smart traffic management. Eng Rep. 2025;7(3):e70082. doi:10.1002/eng2.70082. 



 

Journal of Telecommunication, Switching Systems and Networks 

Volume 13, Issue 1 

ISSN: 2454-6372 

 

© STM Journals 2026. All Rights Reserved 11  
 

7. Wen X, Cheng J. Optimization framework of smart tourism management information system based 

on real-time GPS positioning. In: 3rd International Conference on Smart Electronics and 

Communication (ICOSEC). 2022. p. 904-907. 

8. Suri B, Taneja S, Kumar S, Sumit. A sustainable energy efficient IoT-based solution for real-time 

traffic assistance using fog computing. In: Tiwari R, Mittal M, Goyal LM, editors. Energy 

Conservation Solutions for Fog-Edge Computing Paradigms. Singapore: Springer; 2021. p. 65-85. 

doi:10.1007/978-981-16-3448-2_4. 

9. Godase V. Navigating the digital battlefield: An in-depth analysis of cyber-attacks and cybercrime. 

SSRN Electron J. 2025;1(1):16-27. doi:10.2139/ssrn.5383810. 

10. Bedar SS, Khan FB, Kannadiar TM, Zombade T. Smart bus arrival system. Int J Res Appl Sci Eng 
Technol. 2025;13:2694-2701. doi:10.22214/ijraset.2025.67909. 

11. Bedar SS, Khan FB, Kannadiar TM, Zombade T. Smart bus arrival system. Int J Res Appl Sci Eng 
Technol. 2025;13:2694-2701. doi:10.22214/ijraset.2025.67909. 

12. Redij S, Rao A, Kumar SA, Jadhav A. Smart bus tracking for blind and visually impaired. In: ITM 
Web Conf. Les Ulis: EDP Sciences; 2022. Vol. 44. doi:10.1051/itmconf/20224402001. 

13. Vaishnavi S, Renish G, Surendra T, Kumar JR, Srinivasan V. Advancements in public transport: 

Design and implementation of an Android-based real-time bus tracking system. In: IEEE 5th 
International Conference on Cybernetics, Cognition and Machine Learning Applications 

(ICCCMLA). 2023. p. 41-46. doi:10.1109/ICCCMLA58983.2023.10346218. 
14. Alawad AA, Chughtai MT, Alanzi MF. Internet of Things time saving and management system for 

bus passengers. Int J Adv Appl Sci. 2023;12(2):171-178. doi:10.11591/ijaas.v12.i2.pp171-178. 
15. Dange R, Attar E, Ghodake P, Godase V. Smart agriculture automation using ESP8266 NodeMCU. 

J Electron Comput Netw Appl Math. 2023;(35):1-9. 
16. Jamadade VK, Ghodke MG, Katakdhond SS, Godase V. A comprehensive review on scalable 

Arduino radar platform for real-time object detection and mapping. SSRN Electron J. 2025. 
doi:10.2139/ssrn.5383814. 

17. Mundada K, Patti S, Rajguru T, Savji P, Shambharkar S. Smart bus real-time tracking system using 
GSM and GPS module. In: International Conference on ICT for Sustainable Development. 

Singapore: Springer Nature Singapore; 2023. p. 509-518. 
18. Xu M, Liu T, Zhong SP, Jiang Y. Urban smart public transport studies: A review and prospect. J 

Transp Syst Eng Inf Technol. 2022;22(2):91-108. 
19. Godase V, Khiste R, Palimkar V. AI-optimized reconfigurable antennas for 6G communication 

systems. J RF Microw Commun Technol. 2025;2(3):1-2. 

20. Luo XG, Zhang HB, Zhang ZL, Yu Y, Li K. A new framework of intelligent public transportation 
system based on the internet of things. IEEE Access. 2019;7:55290-55304. 

doi:10.1109/ACCESS.2019.2913288. 
21. Mandal R, Karmakar P, Chatterjee S, Das Spandan D, Pradhan S, Saha S, et al. Exploiting multi-

modal contextual sensing for city-   ’                 h        z     : T          -60 seconds 
accurate arrival time prediction. ACM Trans Internet Things. 2023;4(1):1-24. 

doi:10.1145/3549548. 
22. Chavhan S, Gupta D, Chandana BN, Khanna A, Rodrigues JJPC. IoT-based context-aware 

intelligent public transport system in a metropolitan area. IEEE Internet Things J. 2020;7:6023-
6034. doi:10.1109/JIOT.2019.2955102. 

23. Godase V, Modi S, Misal V, Kulkarni S. LoRaEdge-ESP32 synergy: Revolutionizing farm weather 
data collection with low-power, long-range IoT. Adv Res Analog Digit Commun. 2025;2(2):1. 

24. Nivaan GV, Tomasila G. Smart bus transportation for tracking system: A study case in Indonesia. 
In: IOP Conf Ser Earth Environ Sci. 2021;729:012036. doi:10.1088/1755-1315/729/1/012036. 

25. Kanagamalliga S, Baby Shalini MB, Nivetha T, Latha R. Optimizing smart transportation with real-
time vehicle tracking systems for enhanced efficiency and passenger experience. In: 2024 10th 

International Conference on Communication and Signal Processing (ICCSP). 2024. p. 88-92. 

doi:10.1109/ICCSP60870.2024.10544098. 
26. Godase V. IoT-MCU integrated framework for field pond surveillance and water resource 

optimization. SSRN Electron J. 2025;1:9-19. doi:10.2139/ssrn.5383806. 



 

 

Toward Intelligent Public Transport                                                                                                   Kumbhar et al. 

 

 

© STM Journals 2026. All Rights Reserved 12  
 

27. Harini BK, Parkavi A, Supriya M, Kruthika BC, Navya KM. Increasing efficient usage of real-time 

public transportation using IoT, cloud and customized mobile app. SN Comput Sci. 2020;1:159. 

28. Adhikari D, Park JH. Bilateral bus information system in smart city. In: IEEE International 

Conference on Consumer Electronics-Asia (ICCE-Asia). 2020. p. 1-4. doi:10.1109/ICCE-

Asia49877.2020.9277086. 

29. Godase V, Pawar P, Nagane S, Kumbhar S. Automatic railway horn system using NodeMCU. J 

Control Instrum. 2024;15(1). 

30. Sobhana M, Chowdary TR, Venkatesh MGSS, Devendra KS. Smart campus bus tracking alert 

system using real-time GPS. In: International Conference on Advances in Computing, 

Communication and Systems. 2023. p. 1777-1781. doi:10.1109/ICACCS57279.2023.10112757. 

31. Vyas R, Soni H, Patel M. AI based real time institutional vehicle tracking system through mobile 

application. In: Second International Conference on Augmented Intelligence and Sustainable 

Systems (ICAISS). 2023. p. 272-276. doi:10.1109/ICAISS58487.2023.10250502. 

32. Harini BK, Parkavi A, Supriya M, Kruthika BC, Navya KM. Increasing efficient usage of real-time 

public transportation using IoT, cloud and customized mobile app. SN Comput Sci. 2020;1:159. 

doi:10.1007/s42979-020-00161-8. 

33. Pattanusorn W, Nilkhamhang I. Real-time monitoring system for university buses using available 

WiFi networks and travel time prediction. In: 15th International Conference on Electrical 

Engineering/Electronics, Computer, Telecommunications and Information Technology (ECTI-

CON). 2018. p. 407-410. 

34. Shalaik B, Winstanley A. Delivering real-time bus tracking information on mobile devices. In: Park 

JJ, Yang LT, Lee C, editors. Future Information Technology. Berlin: Springer; 2011. p. 139-147. 

doi:10.1007/978-3-642-22309-9_17. 

35. Tumuhairwe R, Amanquah N. Determining the location of a bus in real-time using LoRa 

technology. In: 2019 IEEE AFRICON. 2019. p. 1-6. 

36. Shafiulla M, PS ALH, Mohammed Naveed S, Ahmed S, Dhar MM, Kumar U. Revolutionizing bus 

tracking and arrival prediction in real time for both public and private sectors, powered by Firebase. 

In: Third International Conference on Distributed Computing and Electrical Circuits and 

Electronics (ICDCECE). 2024. p. 1-8. doi:10.1109/ICDCECE60827.2024.10549731. 

37. Nur MH, Hadiyoso S, Belladina FB, Ramadan DN, Wijayanto I. Tracking, arrival time estimator, 

and passenger information system on bus rapid transit (BRT). In: 2020 8th International Conference 

on Information and Communication Technology (ICoICT). 2020. p. 1-4. 

38. Sharad S, Sivakumar PB, Narayanan VA. The smart bus for a smart city: A real-time 

implementation. In: IEEE International Conference on Advanced Networks and 

Telecommunications Systems (ANTS). 2016. p. 1-6. doi:10.1109/ANTS.2016.7947850. 

39. Hegazy HI, Tag Eldien AS, Tantawy MM, Fouda MM, TagElDien HA. Real-time locational 

detection of stealthy false data injection attack in smart grid using multivariate-based multi-label 

classification approach. Energies. 2022;15(14):5312. doi:10.3390/en15145312. 

40. Rani S, Raj U. A machine learning framework for real-time turn detection for enhancing driving 

safety using smartphone sensors. Eng Res Express. 2025;7(4):045236. doi:10.1088/2631-

8695/ae13d5. 

 

 

 


