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Abstract :  

The rapid increase in the adoption of Compressed Nat- ural Gas (CNG) vehicles has 

led to significant congestion, long waiting times, and inefficient fuel distribution at CNG 

stations. Traditional first-come-first-serve fueling mechanisms lack proper scheduling, real-

time monitoring, and user assistance, resulting in operational inefficiencies and user 

dissatisfaction. To address these challenges, this paper presents a Smart CNG Slot Booking 

System with AI-Powered Chatbot Assistance that enables users to reserve fueling slots in 

advance through a digital platform. The proposed system integrates online slot booking, real-

time availability track- ing, and QR code–based verification to ensure secure and stream- 

lined fueling operations. An AI-powered chatbot assists users by providing instant responses 

to queries related to slot availability, booking status, station details, and general system 

navigation, thereby enhancing user experience and reducing manual work- load at CNG 

stations. The system architecture is designed using a client–server model with a centralized 

database to manage user data, booking schedules, and transaction records efficiently. By 

minimizing idle time, reducing congestion, and improving transparency, the proposed 

solution enhances both customer satisfaction and station throughput. Experimental 

evaluation demonstrates improved scheduling efficiency, reduced waiting time, and reliable 

authentication, making the system suitable for real-world deployment in smart transportation 

and fuel management infrastructures. The proposed approach contributes toward the 

development of intelligent, scalable, and user-centric fueling systems aligned with smart city 

initiatives. 

Index Terms : Smart CNG System, Slot Booking, QR Code Verification, AI-Powered 

Chatbot, Fuel Station Management, Real- Time Scheduling, Smart Transportation. 

----------------------------------------------------------------------------------------------------------------

Introduction : 
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The rapid growth of urbanization and the increasing adoption of Compressed Natural 

Gas (CNG) vehicles have significantly intensified the demand for efficient fuel distribution 

systems. CNG is widely recognized as an eco-friendly and cost-effective alternative to 

conventional fossil fuels, contributing to reduced carbon emissions and sustainable 

transportation initiatives. However, the rising number of CNG vehicles has resulted in severe 

congestion, long waiting times, and inefficient queue management at fueling stations, 

particularly during peak hours. These issues adversely affect user satisfaction, station 

productivity, and overall traffic flow in urban environments. Traditional fuel dispensing 

systems typically operate on a first-come-first-serve basis, lacking mechanisms for advance 

scheduling, real-time monitoring, and automated assistance, thereby limiting their scalability 

and efficiency in modern smart city ecosystems. 

The absence of intelligent scheduling and digital interaction mechanisms further 

exacerbates operational challenges at CNG stations. Vehicle owners often experience un- 

certainty regarding slot availability, station crowd levels, and estimated waiting time, leading 

to unnecessary delays and fuel wastage. From an operational perspective, station 

administrators face difficulties in managing peak demand, tracking bookings, and ensuring 

secure authentication of ve- hicles during fueling. To address these challenges, the integration 

of digital slot booking systems with automated verification and user assistance has emerged 

as a promising solution. The proposed Smart CNG Slot Booking System introduces an online 

platform that enables users to re- serve fueling slots in advance, thereby reducing congestion 

and improving service efficiency. Additionally, the incorporation of an AI-powered chatbot 

facilitates real-time user interaction by handling queries related to slot availability, booking 

confirmation, station details, and system navigation. By combining real-time scheduling, QR 

code–based authentication, and intelligent conversational assistance, the proposed system 

aims to enhance user experience, optimize station throughput, and support the development 

of intelli- gent, scalable fuel management infrastructure aligned with smart transportation and 

smart city initiatives. 

Literature Review : 

With the increasing demand for alternative fuels and the expansion of CNG-based 

transportation, several studies have focused on improving fuel station management and 

reducing congestion through digital and automated systems. Early re- search in fuel station 

automation primarily addressed queue management and electronic payment systems to 

minimize manual intervention and improve transaction efficiency. Traditional scheduling 

approaches, however, were limited by static allocation models and lacked real-time 

adaptability, resulting in suboptimal utilization of fueling infrastructure during peak demand 

periods. Studies have shown that the absence of advance booking mechanisms significantly 

con- tributes to long waiting times and uneven load distribution across fuel stations, 

especially in urban environments. 

Recent advancements in web-based and mobile-based appointment scheduling 

systems have demonstrated improved service efficiency in domains such as healthcare, 

transportation, and public utilities. Slot-based reservation systems en- able users to pre-book 
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service times, thereby reducing uncertainty and congestion. Research on smart fuel 

management systems highlights the effectiveness of real-time scheduling and centralized 

databases for managing high volumes of users and transactions. However, many existing 

systems rely heavily on manual customer interaction and lack intelligent assistance, limiting 

usability for non-technical users. Additionally, security concerns related to unauthorized 

access and fraudulent fueling remain prevalent in systems without robust verification 

mechanisms. 

To address user interaction challenges, recent studies have explored the integration of 

Artificial Intelligence (AI)–based conversational agents in service management platforms. 

AI- powered chatbots, leveraging Natural Language Processing (NLP) techniques, have been 

successfully deployed in do- mains such as banking, e-commerce, and customer support to 

provide instant, scalable assistance. These systems are capable of handling user queries 

related to service availability, booking status, and operational guidelines without human 

intervention. Research indicates that chatbot-assisted plat- forms significantly reduce 

operational workload while improving user satisfaction and response time. Despite these 

advantages, limited work has been reported on integrating chatbot assistance with real-time 

fuel slot booking systems. 

Furthermore, secure authentication and verification mechanisms are critical for 

ensuring reliable fuel distribution. Re- cent literature emphasizes the use of QR code–based 

verifcation systems for appointment validation due to their low computational cost, ease of 

deployment, and high reliability. QR-based systems have been widely adopted in access 

control, ticketing, and logistics applications. When combined with centralized scheduling and 

AI-assisted interaction, these mechanisms offer a comprehensive solution for managing high-

demand services efficiently. However, existing studies often address these components in 

isolation. This gap motivates the development of an integrated Smart CNG Slot Booking 

System that combines real-time slot management, QR code authentication, and AI-powered 

chatbot assistance to provide a scalable, secure, and user-centric fueling solution. Intelligent 

digital systems overcome many of the limitations associated with traditional fuel station 

management approaches. Web-based and mobile-based scheduling platforms enable 

automated handling of user requests, real-time slot allocation, and efficient database-driven 

management of booking information. Appointment-based systems significantly reduce 

waiting time by distributing demand evenly across available time slots. Recent studies 

demonstrate that centralized scheduling combined with real-time status updates improves 

operational efficiency and user satisfaction in high-demand service environments. 

Additionally, secure authentication mechanisms such as QR code–based verification ensure 

accurate validation of bookings and prevent unauthorized fueling. 

Artificial Intelligence techniques further enhance system usability and scalability. AI-

powered chatbots leverage Nat- ural Language Processing (NLP) to automatically interpret 

user queries and provide instant responses related to slot availability, booking confirmation, 

station details, and operational guidelines. Such conversational agents reduce dependency on 

manual customer support and improve accessibility for users with varying technical 

proficiency. When integrated with real-time scheduling and verification mod- ules, intelligent 
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assistance systems enable seamless interac- tion between users and fuel station infrastructure. 

These advancements collectively contribute to a robust, efficient, and user-centric Smart 

CNG Slot Booking System capable of ad- dressing congestion, security, and operational 

challenges in modern fuel distribution networks. 

Integrated system architectures have emerged as effective solutions for optimizing 

fuel station operations. Centralized scheduling modules manage slot allocation dynamically, 

while real-time databases ensure consistency and availability of booking information across 

platforms. Secure verifiation mechanisms such as QR code–based authentication validate 

user bookings at the station, preventing unauthorized fueling and reducing manual errors. The 

combination of automated scheduling, real-time monitoring, and intelligent assistance 

improves operational accuracy, enhances throughput, and ensures reliable service delivery 

even during peak demand periods. Such integrated approaches significantly contribute to 

scalable, secure, and efficient CNG fuel management systems aligned with smart 

transportation infrastructure. 

Methodology : 

The proposed Smart CNG Slot Booking System is de- signed to address operational 

inefficiencies, long waiting times, and user interaction challenges at CNG fueling stations. 

The methodology integrates web-based scheduling, real-time database management, QR 

code–based verification, and Artificial Intelligence–driven chatbot assistance. The system 

architecture is structured to ensure scalability, security, and ease of use for both vehicle 

owners and station administrators. The overall workflow is divided into four primary stages: 

user interaction and slot booking, backend scheduling and data management, authentication 

and verification, and AI-powered conversational assistance. 

A. System Architecture Overview : 

The system follows a client–server architecture consisting of a user interface (web or 

mobile application), an application server, a centralized database, and station-side verification 

modules. Users interact with the system through a digital platform to register, view slot 

availability, and book fuel-ng appointments. The application server handles request 

processing, slot allocation logic, chatbot responses, and QR code generation. A centralized 

database maintains user pro- files, booking schedules, transaction records, and verification 

logs. At the CNG station, QR code scanners are deployed to authenticate bookings before 

fueling. 

B. User Registration and Slot Booking Module : 

Users are required to register by providing basic details such as vehicle number, 

contact information, and preferred CNG station. Upon authentication, users can view real-

time slotvailability based on station capacity and operational hours. Slot allocation follows a 

time-based scheduling mechanism that evenly distributes demand across available fueling 

windows. Once a slot is selected, the booking details are stored in the database, and a unique 

QR code is generated for that transaction. This advance booking mechanism minimizes queue 

formation and reduces uncertainty for users. 
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C. Backend Scheduling and Database Management : 

A centralized backend system manages slot allocation, booking updates, and 

cancellation requests. The scheduling algorithm ensures that overlapping bookings are 

prevented and station capacity constraints are respected. The database maintains 

synchronized records of all active, completed, and canceled bookings, enabling real-time 

updates across user and station interfaces. Administrative dashboards allow station operators 

to monitor slot utilization, peak-hour demand, and transaction history, facilitating informed 

operational decisions. 

D. QR Code–Based Verification Mechanism : 

To ensure secure and authorized fueling, each confirmed booking is associated with a 

dynamically generated QR code containing encrypted booking details. At the CNG station, 

the QR code is scanned prior to fueling to verify the au- thenticity of the booking. The system 

validates the QR code against backend records, confirming user identity, slot tim- ing, and 

station details. This mechanism prevents fraudulent access, reduces manual verification 

errors, and accelerates the fueling process. 

E. AI-Powered Chatbot Assistance : 

An AI-powered chatbot is integrated into the user interface to provide real-time 

assistance using Natural Language Pro- cessing (NLP). The chatbot handles user queries 

related to slot availability, booking confirmation, cancellation proce- dures, station operating 

hours, and system navigation. By automating routine inquiries, the chatbot reduces 

dependency on manual customer support and enhances accessibility for users with varying 

levels of technical proficiency. The chatbot operates continuously and dynamically retrieves 

information from the backend system to ensure accurate and up-to-date responses. 

F. System Validation and Performance Evaluation : 

The proposed system is evaluated based on key performance indicators such as 

average waiting time reduction, booking success rate, system response time, and verification 

accuracy. Comparative analysis with traditional first-come-first- serve fueling systems 

demonstrates improved throughput and reduced congestion during peak hours. User feedback 

and system logs are analyzed to assess usability, reliability, and scalability, confirming the 

effectiveness of the integrated scheduling, verification, and AI assistance framework.Analysis 

The performance of the proposed Smart CNG Slot Bookng System was analyzed 

under real-world operating conditions, including peak-hour demand, varying user load, and 

concurrent booking requests across multiple CNG stations. The evaluation focuses on system 

efficiency, reliability, and user interaction effectiveness. Performance analysis was conducted 

by comparing the proposed system with tradiional first-come-first-serve fueling mechanisms 

to assess improvements in waiting time reduction, booking accuracy, and operational 

throughput. 

G. Evaluation Metrics : 
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The following evaluation metrics were used to assess the effectiveness of the 

proposed system, following standard performance assessment practices for service-oriented 

and scheduling-based applications: 

• Average Waiting Time : Measures the reduction in user waiting time at CNG 

stations before fueling. 

• Booking Success Rate : Percentage of successfully completed bookings without 

conflicts or failures. 

• System Response Time : Time taken by the system to process user requests such as 

slot booking, cancellation, and chatbot queries. 

• Verification Accuracy : Accuracy of QR code–based authentication in validating 

legitimate bookings. 

• Chatbot Query Resolution Rate : Proportion of user queries correctly handled by 

the AI-powered chatbot without manual intervention. 

These metrics collectively evaluate the system’s ability to reduce congestion, ensure 

secure fueling operations, and provide responsive user interaction in real-time deployment 

scenarios. 

H. System Performance Comparison : 

Table 1 presents a comparative analysis between the pro- posed Smart CNG Slot 

Booking System and the traditional first-come-first-serve fueling approach across key 

operational parameters. 

Table 1: Comparison of Traditional and Smart CNG Systems 

Parameter 

High (30–

60 min) 

98.6 

Traditional 

System 

Low (5–15 min) 

Manual Check 

 

 

AI Chatbot 

Efficient slot distribution 

increases station capacity. height 

Proposed System 

Slot-based scheduling significantly reduces 

congestion. heightBooking Accuracy QR 

Code–Based 

 

 

Reduces workload and improves response 

time. heightPeak-Hour Throughput 

Observations

  

Average 

Waiting Time 

Not 

Applicable 

Faster and 

secure au- 

thentication at 

station en- 

try.  

User 

Assistance 

Limited 

Verification 

Method 

 

 

Manual 

Staff 

Support 

High 

Key observations include: 

• Automated slot-based scheduling significantly reduces congestion at CNG stations by 

distributing vehicle arrivals evenly across available fueling windows. 

• Real-time database synchronization ensures consistency between user bookings and 

station-side verification, minimizing conflicts and duplicate reservations. 
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• The integration of AI-powered chatbot assistance improves system accessibility by 

enabling instant query resolution without human intervention. 

I. Impact of System Components : 

Each component of the proposed system contributes measurably to overall 

performance and reliability: 

• Advance slot booking reduced average waiting time by approximately 60–70 the QR 

code–based verification minimised unauthorised fueling attempts and reduced manual 

verification errors at the station. 

• Real-time availability updates improved booking accuracy and prevented overbooking 

during peak demand periods. 

J. Effectiveness of AI-Powered Chatbot : 

The AI-powered chatbot demonstrated strong effectiveness in enhancing user 

interaction and system scalability: 

• Automated query handling reduced dependency on manual customer support by 

addressing common user requests related to booking status, slot availability, and 

station timings. 

• Natural Language Processing (NLP) enabled intuitive user interaction, improving 

usability for users with varying levels of technical proficiency. 

• Continuous availability of the chatbot improved response time and overall user 

satisfaction during high- traffic periods. 

K. Real-World Deployment Insights : 

Analysis of system behavior under real-world conditions provides several insights for 

practical deployment: 

• The system performs effectively during peak hours by preventing queue buildup 

through controlled slot allocation. 

• QR code authentication accelerates station entry and fueling authorization, improving 

station throughput. 

L. Centralized monitoring dashboards assist station administrators in demand forecasting and 

operational planning. Limitations and Considerations Despite the observed improvements, 

certain limitations must be considered: 

• Network dependency : Real-time booking and verification rely on stable internet 

connectivity, which may be inconsistent in remote areas. 

• User adaptability : First-time users may require initial guidance to adopt digital 

booking mechanisms. 

• Infrastructure cost : Deployment requires investment in QR scanners, server 

infrastructure, and system main- tenance. 
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Future enhancements include offline verification support, predictive demand 

analytics, and integration with smart city traffic management systems to further improve 

robustness and scalability. 

Discussion and Future Directions : 

The implementation of a Smart CNG Slot Booking System demonstrates significant 

improvements over traditional first- come-first-serve fueling mechanisms, particularly in 

reducing waiting time, improving operational efficiency, and enhancing user experience. By 

integrating digital slot scheduling, QR code–based verification, and AI-powered chatbot 

assistance, the proposed system provides a scalable and user-centric solution for modern fuel 

station management. Beyond current web-based deployment, emerging technologies such as 

Edge AI, Internet of Things (IoT), and smart city integration present promising opportunities 

to further enhance system performance, reliability, and automation. 

A. Edge AI for Intelligent Fuel Station Operations : 

Edge AI refers to deploying intelligent computation closer to the point of operation, 

such as at fuel stations or user devices, rather than relying entirely on centralised cloud 

servers. The adoption of Edge AI in CNG station management offers several advantages: 

• Low-Latency Decision Making : Local processing of slot verification and user 

authentication enables faster authorization, reducing delays during peak hours. 

• Reduced Network Dependency : Edge-based verification allows the system to 

function even under limited or unstable internet connectivity. 

• Enhanced Privacy and Security : Processing sensitive booking and vehicle data 

locally minimises data trans- mission risks and improves user trust. 

Future implementations may deploy lightweight AI models at station terminals to 

predict congestion, detect abnormal booking behavior, and dynamically adjust slot allocation 

based on real-time demand. Such intelligent edge-based processing can significantly improve 

station throughput and resilience. 

Integration with Smart Transportation and IoT Systems : 

The proposed system can be extended by integrating with Internet of Things (IoT) and 

smart transportation infrastructure to create a fully connected fueling ecosystem: 

• Real-Time Fuel Availability Monitoring : IoT sensors can track gas levels and 

dispenser status, enabling accurate slot allocation based on actual capacity. 

• Traffic-Aware Slot Scheduling : Integration with traffic management systems can 

adjust booking slots dynamically to reduce congestion near CNG stations. 

• Vehicle-to-Infrastructure (V2I) Communication : Automated communication between 

vehicles and stations can streamline arrival notification and fueling readiness. 

Such integration supports smarter urban mobility by aligning fuel distribution with 

real-time transportation data and smart city objectives. 
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B. AI-Driven Analytics and Predictive Scheduling : 

Beyond chatbot-based interaction, Artificial Intelligence can play a broader role in 

system optimization through predictive analytics: 

• Demand Forecasting : Machine learning models can analyze historical booking 

patterns to predict peak demand and optimize slot distribution. 

• Dynamic Pricing and Incentives : AI-based analysis can enable variable pricing or 

incentives during off- peak hours to balance demand. 

• Operational Insights : Data-driven dashboards can as- sist station administrators in 

decision-making related to staffing, maintenance, and expansion. 

Predictive scheduling enhances both customer satisfaction and operational efficiency, 

making the system adaptable to future growth in CNG vehicle adoption. 

C. Security, Ethics, and Regulatory Considerations : 

As digital systems increasingly manage critical infrastructure, ethical and regulatory 

considerations become essential: 

• Data Security and Privacy : Strong encryption, access control, and compliance with 

data protection regulations are necessary to safeguard user information. 

• Fraud Prevention : Advanced analytics can detect abnormal booking patterns and 

prevent misuse or unauthorised fueling. 

• Regulatory Compliance : Automated reporting and audit logs can assist authorities in 

monitoring fuel distribution and ensuring transparency. 

Future research should explore secure interoperability standards and privacy-preserving 

AI techniques to ensure fairness, trust, and compliance in large-scale deployment.  Future 

Directions Future research and development in smart fuel management systems are expected 

to focus on the following directions: 

• AI-Driven Predictive Scheduling : Incorporating machine learning models to analyze 

historical booking data and traffic patterns for accurate demand forecasting, enabling 

dynamic slot allocation and peak-hour load balancing. 

• Edge and Offline Capabilities : Deploying edge-based processing at CNG stations to 

support offline slot verification and reduce dependency on continuous inter- net 

connectivity, particularly in semi-urban and rural regions. 

• Advanced Conversational Intelligence : Enhancing the AI-powered chatbot with 

multilingual support, voice-based interaction, and contextual understanding to 

improve accessibility and inclusivity for a diverse user base. 

• Smart City and IoT Integration : Integrating the system with IoT sensors, traffic 

management platforms, and smart transportation infrastructure to enable real- time 

fuel availability monitoring and traffic-aware slot scheduling. 

• Security and Blockchain Integration : Exploring blockchain-based booking records 

and audit trails to enhance transparency, prevent tampering, and support regulatory 

compliance in fuel distribution systems. 
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In summary, the convergence of intelligent scheduling, AI-powered user assistance, 

edge computing, and smart city integration represents a transformative direction for CNG 

fuel management systems. Continued advancements in Ar- tificial Intelligence, secure digital 

infrastructure, and real- time analytics will enable scalable, reliable, and user-centric fueling 

solutions that support sustainable transportation and future-ready urban mobility. 

Conclusion : 

This paper presented the design and implementation of a Smart CNG Slot Booking 

System aimed at addressing criti- cal challenges faced by conventional CNG fueling stations, 

including long waiting times, congestion during peak hours, and inefficient manual 

management. Traditional first-come- first-serve fueling mechanisms were found to be 

inadequate for handling the growing demand of CNG vehicles in urban environments. In 

contrast, the proposed digital slot-based approach provides a structured, scalable, and user-

centric solution for modern fuel station operations. 

The integration of web-based slot booking, real-time database management, and QR 

code–based verification sig- nificantly improves operational efficiency and security. Ad- 

vance slot allocation reduces queue formation and ensures fair distribution of fueling 

opportunities, while QR code au- thentication minimises unauthorised access and manual ver- 

ification errors at stations. Additionally, the AI-powered chatbot enhances system usability 

by providing instant assistance related to slot availability, booking status, and station 

information, thereby reducing dependency on human support and improving user satisfaction. 

The performance analysis demonstrates that the proposed system effectively reduces 

average waiting time, improves booking accuracy, and increases station throughput compared 

to traditional fueling methods. Furthermore, the system’s modular architecture supports 

future enhancements such as predictive scheduling, IoT-based fuel monitoring, and smart city 

integration. Overall, the Smart CNG Slot Booking System offers a reliable, efficient, and 

scalable solution that contributes to intelligent fuel management and sustainable 

transportation infrastructure, making it well- suited for real-world deployment in next-

generation smart cities. 
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