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1. Introduction 

Efficient logistics route management has become a pivotal aspect of modern urban transportation systems, 
particularly as the growth of e-commerce and just-in-time delivery services intensifies the demand for 
adaptive and intelligent routing (Rismanto & Judijanto, 2025). Conventional logistics operations still rely on 
static route planning, which is unable to accommodate real-time variations in traffic flow, weather conditions, 
or vehicle constraints (Danchuk & Hutarevych, 2024). These limitations often lead to longer travel times, 
increased operational costs, and higher fuel consumption, thereby undermining both economic efficiency and 
environmental sustainability (Hussain, 2025). Addressing these challenges requires intelligent systems 
capable of processing and analyzing dynamic, multi-source data to support continuous decision-making 
under changing operational contexts (Chen et al., 2024). 

Artificial Intelligence (AI) has emerged as a transformative approach in this domain (Badrinarayanan, 2024). 
Through machine learning and predictive modeling, AI enables systems to analyze historical and real-time 
data to anticipate traffic congestion, forecast demand, and optimize vehicle routing dynamically (Dikshit et al., 
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2023). Such models can continuously adapt to evolving conditions, ensuring that delivery operations remain 
efficient and reliable (Sihotang et al., 2024). Complementing this capability, Web-based Geographic 
Information Systems (Web-GIS) facilitate spatial data visualization and interaction, allowing logistics 
operators to monitor fleet movement, evaluate route alternatives, and perform spatial analysis directly 
through web interfaces (Vemuri et al., 2024). The synergy between AI and Web-GIS thus provides a strong 
foundation for developing intelligent, adaptive, and data-driven logistics management systems (Banu, 2025). 
 
Previous research has explored AI-driven route optimization and Web-GIS-based logistics monitoring 
independently (Munawar, 2023). However, most existing systems treat these components as separate 
modules, resulting in fragmented data flows and limited responsiveness to real-time events (Eze, 2025). 
Furthermore, empirical studies evaluating the combined effect of AI predictive algorithms and GIS-based 
visualization in realistic logistics scenarios remain scarce (Hussain, 2025). Few studies have quantified the 
impact of such integration on measurable performance indicators, such as travel time reduction, route 
optimization speed, and energy efficiency, within dynamic traffic environments (Rismanto & Judijanto, 2025). 
This absence of empirical validation highlights a critical gap in the current literature on smart logistics 
systems (Chen et al., 2024). 
 
The present study addresses this gap by designing and evaluating an integrated AI and Web-GIS-based real-
time logistics route optimization system through simulation experiments. The proposed system combines 
classical shortest-path algorithms with AI-driven predictive modeling to generate and adjust delivery routes 
dynamically based on live traffic and vehicle data. The Web-GIS interface enables real-time visualization of 
vehicle movement and route status across urban logistics networks, supporting rapid decision-making and 
situational awareness. Simulation-based evaluation using real-world datasets demonstrates the system’s 
potential to enhance operational efficiency, reduce fuel consumption, and improve delivery transparency. 
Through this integrated framework, the study aims to contribute to the development of scalable and 
sustainable logistics solutions driven by intelligent geospatial analytics. This paper does not present 
experimental results but focuses on the conceptual design and simulation planning of an AI and Web-GIS 
integrated system. The objective is to provide a structured framework and methodological guideline for 
subsequent empirical evaluation. 
 

1.1 Literature Review 

Artificial Intelligence (AI) has become a key enabler of intelligent logistics systems by allowing continuous 

data-driven decision-making in dynamic transportation environments (Prof & Pradhan, 2025). Within 

logistics routing, AI models process complex datasets such as vehicle telemetry, delivery constraints, and 

real-time traffic conditions to optimize paths and minimize operational delays (Egbuhuzor et al., 2023). 

Studies have shown that AI-based algorithms achieve higher routing accuracy and efficiency compared with 

conventional static methods by adapting routes according to live sensor and GPS data (Badrinarayanan, 

2024). Predictive learning models have also been proven effective in forecasting congestion patterns and 

scheduling deliveries according to evolving network conditions (Paul et al., 2024). 

 

Research on predictive analytics demonstrates that AI enhances logistics performance through continuous 

learning from both historical and streaming data (Zhang, 2024). Machine learning techniques including 

neural networks and reinforcement learning have been used to estimate travel time, detect anomalies, and 

optimize fleet utilization (Hussain, 2025). These adaptive algorithms contribute to stable and responsive 

logistics operations, particularly under uncertain or time-sensitive conditions (Egbuhuzor et al., 2023). The 

predictive nature of AI systems improves the ability of logistics networks to anticipate and mitigate 

disruptions, ensuring consistent delivery performance (Pathuri, 2024). 

 

Web-based Geographic Information Systems (Web-GIS) have simultaneously advanced spatial analytics and 

visualization capabilities for logistics management (Vinnakota, 2022). Web-GIS platforms provide interactive 

access to geospatial information, enabling operators to monitor fleet locations, analyze traffic distribution, 

and visualize route performance in real time (Yerra, 2024). System architectures incorporating shortest-path 
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algorithms such as Dijkstra’s have demonstrated the effectiveness of Web-GIS for optimizing traffic flow and 

vehicle assignments in urban delivery environments (Mohsen, 2024). The visualization and analytical power 

of Web-GIS enhances situational awareness, allowing logistics planners to make faster and more accurate 

decisions (Fatorachian et al., 2025). 

 

Integration between AI and Web-GIS technologies is increasingly recognized as a foundation for developing 

smart and sustainable logistics frameworks (Mandal & Mohammed, 2024). The combined use of AI-driven 

optimization and GIS-based visualization enables route recalculations that account for environmental and 

operational variables, reducing detours and idle time (Ojadi et al., 2024). This integration contributes to 

energy-efficient transportation, lower carbon emissions, and improved utilization of fleet resources (Hussain, 

2025). By merging predictive modeling and spatial analytics, AI–Web-GIS systems provide an intelligent 

infrastructure for green logistics management (Mohsen, 2024). 

 

Despite extensive research on AI and Web-GIS individually, empirical evaluations of fully integrated systems 

remain limited (Badrinarayanan, 2024). Most studies continue to develop AI optimization and GIS 

visualization as separate components, which results in fragmented data pipelines and delayed responsiveness 

to real-time events (Paul et al., 2024). Evaluations of algorithmic performance are often conducted in 

isolation without measuring their combined effect on end-to-end logistics operations (Prof & Pradhan, 2025). 

Few studies have quantified improvements in travel time, optimization speed, or energy efficiency that result 

from direct integration between AI models and Web-GIS interfaces (Fatorachian et al., 2025). This lack of 

empirical validation highlights the need for a unified simulation-based evaluation of AI–Web-GIS systems 

capable of supporting dynamic route optimization and real-time logistics monitoring (Zhang, 2024). 

2. Research Methods 
The research method is structured to define the system design and plan the simulation scenarios rather than 

to perform a complete empirical validation. Each phase aims to establish a reproducible blueprint for future 

experimental implementation. This study employed a mixed-methods approach consisting of system design, 

implementation, and simulation-based evaluation. The methodology was structured to produce an integrated 

framework that combines Artificial Intelligence and Web Geographic Information Systems for real-time 

logistics route optimization. Each phase was specified to ensure operational efficiency, adaptability, and 

scalability for practical logistics environments. 

 

System Design 

The system architecture comprises two tightly coupled layers, namely the AI optimization layer and the Web-

GIS visualization layer. The AI layer analyzes dynamic inputs such as traffic flow, vehicle position, and 

delivery constraints to generate routing solutions that can be recalculated when conditions change. The Web-

GIS layer provides spatial visualization and real-time monitoring of delivery routes, enabling operators to 

track vehicle movement and assess network conditions through interactive mapping. The two layers 

communicate through a bidirectional web service interface that synchronizes analytical outputs and 

geospatial rendering. The overall structure and data paths are summarized in Fig. 1. 
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Fig. 1. System Architecture of the AI–Web-GIS Integrated Logistics Optimization Platform 

Implementation Architecture 

The implementation is organized into three modules, namely data processing, route optimization, and 

visualization. The data processing module collects and normalizes heterogeneous inputs from sensors, GPS 

devices, and traffic databases. The route optimization module applies an AI-driven routing engine that fuses 

predictive modeling with graph-based pathfinding to update routes when congestion or incidents occur. The 

visualization module renders updated routes and operational indicators on a Web-GIS interface. A modular 

interface enables horizontal scaling across fleets and depot configurations. 

 

Dataset and Simulation Setup 

Evaluation relies on controlled simulation experiments that emulate urban logistics operations. Datasets 

include road network topology, vehicle position logs, temporal traffic attributes, and delivery job 

specifications. Multiple scenarios are executed to represent varying congestion levels, vehicle capacities, and 

delivery priorities. Each scenario is run repeatedly to stabilize outcomes and to support statistical 

aggregation. The end-to-end evaluation workflow is summarized in Fig. 2. 

 

Fig. 2. Workflow of the Simulation-Based Evaluation Process 
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Evaluation Metrics 

Performance assessment focuses on route optimization speed, average travel time, and computational 

efficiency. Additional measurements include estimated fuel consumption and carbon emissions to capture 

sustainability impact. Results from the proposed system are compared with a static routing baseline to 

quantify improvements across operational and environmental dimensions. 

Validation Procedure 

Validation uses repeated runs under varying operational conditions. Identical datasets are applied across 

repetitions to control for input variance. Aggregated statistics are reported to mitigate randomness. 

Improvements in travel time and route recalculation speed are taken as evidence of adaptive capability, while 

stability across scenarios is used to argue for robustness and scalability. 

3. Result and Discussion 

The proposed system is designed to demonstrate how the integration of Artificial Intelligence (AI) and Web-

GIS can support real-time route optimization in logistics operations. The simulation plan emphasizes system 

adaptability, route recalculation capability, and visualization synchronization. Although no empirical testing 

has yet been performed, the simulation framework outlines expected performance characteristics under 

varying operational conditions. This section discusses the expected behavior and intended outcomes of the 

planned simulation. 

System Performance and Route Optimization 

The AI optimization layer is planned to analyze traffic data, vehicle positions, and delivery priorities to 

generate adaptive routing solutions. The system is designed to dynamically recalculate routes whenever 

congestion, accidents, or delivery reassignments occur. Under the planned simulation, the AI module will 

process real-time traffic inputs to minimize idle time and total travel distance. The integration of predictive 

analytics and geographic data processing is expected to yield more efficient and context-aware route 

recommendations compared with static routing. These design expectations will serve as benchmarks for 

subsequent empirical validation. 

 

Real-Time Monitoring and Responsiveness 

The Web-GIS visualization component is designed to maintain continuous synchronization with the AI 

optimization engine. Within the planned simulation environment, route updates and vehicle locations will be 

displayed in real time on the interactive map interface. The system architecture is expected to ensure 

consistent data exchange between analytical and visualization layers, supporting responsive decision-making 

in simulated delivery operations. The visualization output will be used to evaluate how effectively the system 

can illustrate route recalculations, traffic density, and fleet distribution during simulated logistics activities. 

 

Usability and Transparency 

The Web-GIS dashboard is planned to present delivery progress, route status, and estimated arrival times in a 

user-friendly format. This interface design aims to provide transparent access to operational data and to 

reduce uncertainty for both dispatchers and customers. During planned testing scenarios, the interface will 

be assessed for its ability to display route changes and maintain accurate delivery tracking. The color-coded 

map layers and visual indicators are expected to improve readability and operator situational awareness. 

This usability aspect is integral to validating the human–system interaction within the planned simulation 

framework. 

 

Scalability and Sustainability 

The modular structure of the proposed architecture is expected to support diverse logistics scales, from small 

fleets to multi-regional networks. The simulation plan includes varying fleet sizes and route densities to 

assess scalability in processing multiple concurrent route updates. The architecture’s modularity is designed 
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to ensure consistent response times regardless of load variations. Moreover, by optimizing travel distance, 

the system conceptually contributes to fuel efficiency and reduced emissions, aligning with sustainable 

logistics principles. These expectations will be empirically verified in future testing once real data are applied. 

 

System Limitations and Future Validation Plan 

The current design acknowledges certain limitations that may influence future implementation. The accuracy 

of route optimization depends on the reliability of GPS and traffic data streams, which can vary depending on 

external sources. The simulation framework does not yet incorporate stochastic variations such as 

communication latency or incomplete data feeds. These constraints will be considered in subsequent 

development phases. The present design phase aims to establish the framework, datasets, and metrics 

required for empirical validation, ensuring reproducibility when the system transitions from conceptual 

simulation to operational testing. 

4. Conclusions 

This paper presented the conceptual design and simulation planning of an integrated Artificial Intelligence 

(AI) and Web Geographic Information System (Web-GIS) for real-time logistics route optimization. The 

proposed architecture defines a modular interaction between the AI optimization layer and the Web-GIS 

visualization layer, designed to enhance adaptability, responsiveness, and scalability in logistics management 

systems. The framework focuses on combining predictive data processing with geospatial visualization to 

support intelligent and transparent route planning. 

 

The simulation plan outlined in this study provides a methodological foundation for evaluating the expected 

performance of the proposed system. It specifies the parameters, scenarios, and metrics required for 

assessing how adaptive routing and real-time visualization can improve operational efficiency. Although no 

empirical testing has yet been performed, the planning process ensures reproducibility and establishes a 

clear roadmap for future implementation and validation under real-world conditions. 

 

Through this design and simulation planning approach, the study contributes a structured framework that 

integrates AI-driven optimization and GIS-based monitoring within a single logistics platform. The proposed 

framework serves as a reference model for researchers and practitioners seeking to develop intelligent 

transportation and sustainable logistics systems capable of dynamic, data-driven decision-making. 

5. References 

Badrinarayanan, A. (2024). AI-Driven Optimization of Last-Mile Delivery. International Journal For 

Multidisciplinary Research. https://doi.org/10.36948/ijfmr.2024.v06i06.32057 

Banu, D. (2025). A Scalable AI-Driven Framework for Sustainable Ride-Sharing and Intelligent Logistics Using 

Advanced Route Optimization. INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING 

AND MANAGEMENT. https://doi.org/10.55041/ijsrem46131 

Chen, W., Men, Y., Fuster, N., Osorio, C., & Juan, A. (2024). Artificial Intelligence in Logistics Optimization with 

Sustainable Criteria: A Review. Sustainability. https://doi.org/10.3390/su16219145 

Danchuk, V., & Hutarevych, O. (2024). ADAPTABLE DYNAMIC ROUTING SYSTEM IN URBAN TRANSPORT 

LOGISTICS PROBLEMS USING GIS DATA. Scientific Journal of Silesian University of Technology. Series 

Transport. https://doi.org/10.20858/sjsutst.2024.125.2 

Dikshit, S., Atiq, A., Shahid, M., Dwivedi, V., & Thusu, A. (2023). The Use of Artificial Intelligence to Optimize 

the Routing of Vehicles and Reduce Traffic Congestion in Urban Areas. EAI Endorsed Trans. Energy Web, 

10. https://doi.org/10.4108/ew.4613 

220  



Egbuhuzor, N. S., Ajayi, A., Akhigbe, E. E., Ewim, C. P.-M., Ajiga, D. I., & Agbede, O. O. (2023). ⁠Artificial 

Intelligence in Predictive Flow Management: Transforming Logistics and Supply Chain Operations. 

International Journal of Management and Organizational Research. 

https://doi.org/10.54660/ijmor.2023.2.1.48-63 

Eze, C. C. (2025). Integration of AI-Driven Multimodal Transport Systems for Optimizing Real-Time Urban and 

Intercity Mobility Solutions. International Journal of Research Publication and Reviews. 

https://doi.org/10.55248/gengpi.6.0425.1574 

Fatorachian, H., Kazemi, H., & Pawar, K. (2025). Enhancing Smart City Logistics Through IoT-Enabled 

Predictive Analytics: A Digital Twin and Cybernetic Feedback Approach. Smart Cities. 

https://doi.org/10.3390/smartcities8020056 

Hussain, K. M. (2025). Revolutionizing Route Optimization Systems with Artificial Intelligence for a Smarter, 

Sustainable Logistics Ecosystem. International Journal of Computer Science and Mobile Computing. 

https://doi.org/10.47760/ijcsmc.2025.v14i02.008 

Mandal, J., & Mohammed, I. (2024). Implementation of AI Transportation Routing in Reverse Logistics to 

Reduce CO2 Footprint. International Journal of Supply Chain Management. 

https://doi.org/10.47604/ijscm.3079 

Mohsen, B. (2024). AI-Driven Optimization of Urban Logistics in Smart Cities: Integrating Autonomous 

Vehicles and IoT for Efficient Delivery Systems. Sustainability. https://doi.org/10.3390/su162411265 

Munawar, S. (2023). Bridging Gaps in Integrated Transportation Systems for Sustainable Logistics. Sinergi 

International Journal of Logistics. https://doi.org/10.61194/sijl.v1i2.618 

Ojadi, J. O., Odionu, C. S., Onukwulu, E. C., & Owulade, O. A. (2024). Big Data Analytics and AI for Optimizing 

Supply Chain Sustainability and Reducing Greenhouse Gas Emissions in Logistics and Transportation. 

International Journal of Multidisciplinary Research and Growth Evaluation. 

https://doi.org/10.54660/.ijmrge.2024.5.1.1536-1548 

Pathuri, N. (2024). The Convergence of AI and Human Expertise in Modern Logistics Operations. International 

Journal For Multidisciplinary Research. https://doi.org/10.36948/ijfmr.2024.v06i06.33707 

Paul, P. O., Aderoju, A. V., Shitu, K., Ononiwu, M. I., Igwe, A. N., Ofodile, O. C., Paul-Mikki, C., & Ewim, P.-M. 

(2024). Predictive analytics and AI in sustainable logistics: A review of applications and impact on 

SMEs. Magna Scientia Advanced Research and Reviews. https://doi.org/10.30574/msarr.2024.12.1.0176 

Prof, R. M., & Pradhan, T. (2025). Smart Logistics: The AI Revolution in Supply Chain Optimization and its 

Challenges. International Journal of Advanced Research in Science, Communication and Technology. 

https://doi.org/10.48175/ijarsct-24915 

Rismanto, H., & Judijanto, L. (2025). Dynamic Routing in Urban Logistics: A Comprehensive Review of AI, 

Real-Time Data, and Sustainability Impacts. Sinergi International Journal of Logistics. 

https://doi.org/10.61194/sijl.v3i2.741 

Sihotang, H. T., Sihotang, J., Simbolon, A. P. H., Panjaitan, F., & Simbolon, R. S. (2024). Advancing Decision-

Making: AI-Driven Optimization Models for Complex Systems. International Journal of Basic and Applied 

Science. https://doi.org/10.35335/ijobas.v13i3.581 

Vemuri, N., Tatikonda, V. M., & Thaneeru, N. (2024). Enhancing Public Transit System Through AI and IoT. 

International Journal of Scientific Research and Management (IJSRM). 

https://doi.org/10.18535/ijsrm/v12i02.ec07 

221  



Vinnakota, S. (2022). AI-Driven Route Optimization for Logistics. International Scientific Journal of 

Engineering and Management. https://doi.org/10.55041/isjem00112 

Yerra, S. (2024). The Role of Cloud-Based Analytics in Transforming Logistics Data Management and 

Reporting. The Eastasouth Journal of Information System and Computer Science. 

https://doi.org/10.58812/esiscs.v2i02.515 

Zhang, D. (2024). AI integration in supply chain and operations management: Enhancing efficiency and 

resilience. Applied and Computational Engineering. https://doi.org/10.54254/2755-

2721/90/2024melb0060 

  

222  


