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Abstract:  

This paper investigates the significant role of Enterprise Resource Planning (ERP) systems in 

facilitating effective business operations management, especially within logistics and supply chain 

management. It highlights the limitations of traditional ERP systems, which often lack the capacity 

for real-time decision-making and responsive logistics planning. By focusing on integrating AI-

powered dynamic routing, the study illustrates how real-time data analytics, machine learning, and 

predictive modeling can elevate ERP functionalities. The research aims to demonstrate the benefits of 

implementing AI-driven dynamic routing within ERP frameworks to enhance supply chain efficiency, 

minimize operational costs, and strengthen organizational resilience in disruptions. 

 

1. INTRODUCTION:  

Enterprise Resource Planning (ERP) systems have gained widespread adoption across various industries to 

optimize business processes. However, these systems frequently fail to adapt to the rapidly changing 

logistics challenges. Integrating AI-powered dynamic routing, which utilizes machine learning and real-time 

data analytics, offers a compelling solution to enhance transportation efficiency, reduce delays, and lower 

costs. This paper explores the potential of AI to transform ERP-driven supply chain management by 

delivering intelligent and adaptive routing solutions. 

 

2. CHALLENGES IN ERP-BASED LOGISTICS MANAGEMENT 

• Static Routing Mechanisms: Traditional ERP systems rely on pre-defined routes that do not adapt to 

real-time changes. Usually once the source and destination of the shipment or the load is determined, the 

system will select routes based on parameters such as carrier , mode of transport, vehicle capacity, and any 

routing restrictions that may exist. They do not usually incorporate live data feeds such as traffic conditions, 

weather, or unexpected delays. This lack of adaptability can result in suboptimal routing decisions 

,increased transportation costs, or delays in the deliveries, some of which may be critical in sectors such as 

healthcare.  

 

• Inefficient Resource Utilization: Manual interventions lead to increased costs and delays. When routes 

cannot be automatically optimized due to changing conditions, human operators must intervene, which is 

often time-consuming and error-prone. AI-powered dynamic routing can address these challenges by 

integrating real-time data and automating decision-making. The following section discusses this technology 

in detail.  

 

• Absence of real-time tracking and communication: Logistics companies that rely on traditional route 

planning methods don’t have a mechanism to monitor their drivers’ real-time progress and live locations. 

They also fail to communicate with in-transit drivers to promptly identify and address their issues, leading 

to delays and exceptions. A lack of visibility into delivery operations causes the inability to provide accurate 

estimated times of arrivals to customers, causing customer dissatisfaction.  
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• Inaccurate ETAs: The system calculates the estimated arrival time (ETA) based on optimal conditions 

and predefined delivery times input into the ERP system. However, actual circumstances can differ 

significantly. Numerous internal and external factors can affect each shipment, leading to variations in the 

anticipated arrival time. Ineffective communication may frustrate customers due to frequent updates 

regarding the ETA. Moreover, a delivery exceeding the estimated timeframe can lead to customer 

dissatisfaction (Shipsy, 2024). 

 

• Inability to Leverage Historical Data: Static routing systems often overlook historical data trends that 

could significantly improve routing decisions by drawing insights from past performance and experiences. 

They rarely take into account lessons learned from previous deliveries, which limits their ability to optimize 

logistics effectively (Adeniran et al., 2024).  

 

• Challenges in Multi-Modal Transport Coordination: Fixed routing can hinder effective collaboration 

among diverse transportation modes, creating inefficiencies at transfer points and delays throughout the 

logistics network. (Karam et al., 2023) 

 

3. AI-POWERED DYNAMIC ROUTING:  

Enhancing ERP Capabilities The integration of AI in ERP-based routing systems enables real-time, 

intelligent decision-making. Key technologies include: 

• Machine Learning Algorithms: Using machine learning algorithms to predict and adjust optimal routes 

in ERP systems involves leveraging historical data and real-time variables to enhance decision-making in 

logistics. Machine learning models can interpret route optimization as a classification or regression problem, 

applying methods commonly used for such tasks. This approach allows for considering various factors such 

as truck weight limitations, freight demand distribution, and road conditions like traffic jams (Hu et al., 

2020). 

 

• Machine learning (ML) models rely on large datasets for pattern identification and predictions. To ensure 

quality, data is collected and preprocessed from ERP systems, including historical freight data and customer 

orders. Various algorithms, such as decision trees and logistic regression, can optimize route based on 

factors like traffic and vehicle capacity. The models are trained using historical data and techniques like 

automated feature engineering and evaluation (Nampalli & Adusupalli, 2024). 

• Integrating ML into ERP systems for route optimization leads to more efficient, cost-effective, and 

customer-centric logistics operations. 

 

• IoT and GPS Tracking: IoT and GPS provide continuous monitoring of fleet movement and supply chain 

logistics. Integrating IoT and GPS with ERP systems for AI-based dynamic route optimization involves 

installing sensors in vehicles to gather real-time data on location, speed, and traffic conditions, which is 

crucial for informed decision-making regarding route optimization (Bhargava et al., 2022). This collected 

data is then transmitted to a centralized ERP system, where AI algorithms process and analyze it, allowing 

the system to examine traffic patterns, vehicle performance, and environmental factors to optimize routes 

dynamically. Finally, the AI-driven decision-making within the ERP system utilizes the processed data to 

adjust routes in real-time, enabling vehicles to respond to changing traffic conditions and select the most 

efficient paths, ultimately reducing travel time and fuel consumption (Khang, 2025). 

 

• GIS: Geographic Information Systems (GIS) are integral to AI-driven dynamic routing as they provide 

real-time traffic flow information essential for determining optimal vehicle routes within a stochastic 

transportation network. By integrating GIS, the system gains access to continuously evolving traffic data, 

allowing for real-time route adjustments that enhance cost efficiency and service productivity. This real-

time information is crucial for solving routing problems, facilitating the development of adaptive and 
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efficient routing strategies that respond to current traffic conditions (Chen et al., 2024). In this context, 

spatial analysis involves leveraging GIS to evaluate geographical and spatial data to refine routing 

decisions. GIS equips users with tools to process and visualize data related to geospatial inventory, road 

networks, traffic patterns, and geographical features, aiding in identifying congestion hotspots and 

evaluating alternative routes. By combining spatial analysis with real-time traffic data, the system can adjust 

routes dynamically, optimizing travel time and minimizing costs effectively (Miller & Wentz, 2003). 

 

• Edge and Cloud Computing: Dynamic routing mandates fast processing of large data volumes. Cloud 

computing provides the necessary infrastructure and services to support AI-based dynamic routing in ERP 

systems by offering scalable data storage and processing resources. Dynamic routing benefits from edge 

computing due to its ability to process and analyze data in real-time at the network's edge, significantly 

reducing latency and enhancing decision-making efficiency. Edge computing allows for the rapid collection 

and processing of real-time road conditions and customer demand changes, enabling timely adjustments to 

delivery routes (Peng et al., 2024).  

   

1. Integration Approach: 

1. Integrating AI-powered dynamic routing into ERP systems involves several key steps as outlined below - 

 

2.  Benefits of AI-Driven Routing in ERP Systems 

• Improved Customer Service: AI in transportation helps determine accurate Estimated Time of Arrival 

(ETA) by analyzing internal and third-party data, such as weather forecasts and potential work stoppages. 

AI-powered dynamic routing enhances ETA accuracy by continuously updating predictions based on real-

time data, including current transit times and unexpected delays. This capability enables logistics providers 

to offer reliable and precise ETAs to customers, significantly improving service quality and customer 

experience. As a result, customers receive more precise ETAs, leading to increased satisfaction and loyalty 

(Balster et al., 2020). 

 

• Real-Time Adaptability: AI-powered dynamic routing significantly enhances real-time adaptability by 

rapidly responding to fluctuations in demand, traffic patterns, and weather conditions—elements that are 

vital for optimizing logistics and supply chain operations. This capability facilitates immediate adjustments 

to routes and resource distribution, ensuring efficiency and responsiveness to evolving circumstances. 

Furthermore, AI-driven dynamic routing continually learns from incoming data and experiences, refining its 

adaptability in real time. (Reyana & Kautish, 2024) 

 

• Cost Reduction: AI-driven routing in ERP systems provides significant cost reduction benefits by 

minimizing operational and transportation costs. By optimizing logistics transactions, AI algorithms 

enhance the efficiency of personnel and equipment, leading to lower operational expenses through reduced 

manual task assignments. Additionally, AI-driven routing minimizes distances and decreases the number of 

vehicles required while maintaining service quality, directly reducing transportation costs (Kaul & Khurana, 

2022). 

 

• Multi-Objective Optimization: In most ERPs, route selection typically relies on a single criterion, such 

as minimizing costs or maximizing delivery speed. In contrast, AI-driven route selection can effectively 

balance multiple objectives simultaneously, such as reducing travel time and optimizing fuel consumption. 

This capability allows businesses to achieve a balance among various performance metrics. Multi-objective 

optimization is particularly beneficial in logistics, where trade-offs among different criteria often occur. AI 

algorithms are designed to assess and prioritize these diverse objectives, facilitating the selection of routes 

that deliver the best overall performance across multiple dimensions. (Kaewfak et al., 2021) 
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• Sustainability: AI-driven route optimization contributes towards sustainable supply chains by decreasing 

resource consumption and minimizing waste. Refined routing processes reduce unnecessary travel and 

resource usage, leading to lower fuel consumption and emissions, ultimately lessening logistics operations' 

environmental impact (Chen et al., 2024). Moreover, AI algorithms can effectively consolidate purchase 

orders to optimize container utilization, especially when collaborating with international suppliers, resulting 

in fewer shipments and reduced carbon emissions. Additionally, AI-powered dynamic routing can decrease 

the number of empty runs by directing vehicles to pick up loads on their way back from deliveries.  

(Grobler-Debska et al., 2022) 

 

4. CASE STUDILES AND INDUSTRY APPLICATIONS  

• Retail & E-Commerce: Amazon faced significant challenges in optimizing last-mile delivery and 

warehouse-to-customer fulfillment due to unpredictable order volume fluctuations, high logistics costs, 

delayed deliveries from traffic and weather, and inefficient synchronization between warehouses and 

delivery fleets. To address these issues, Amazon integrated AI-powered dynamic routing with SAP ERP, 

utilizing AI algorithms for real-time traffic and package volume analysis to optimize delivery routes. This 

integration allowed for automatic updates of inventory data, ensuring optimal fulfillment center selection 

and dynamic re-routing when stock was unavailable (Özarık et al., 2024)  . Additionally, AI predicted peak 

demand to allocate Amazon Flex gig drivers efficiently, while the ERP system managed automated dispatch 

requests. AI-driven predictive demand forecasting enabled better inventory positioning, reducing last-

minute rerouting. The implementation resulted in a 15% faster order fulfillment rate, a 20% reduction in 

fuel and logistics costs, decreased warehouse processing times, and an improved customer experience with 

more accurate delivery estimates and real-time updates. Key technologies used included Amazon 

SageMaker, SAP ERP (S/4HANA), AWS IoT Analytics, Graph Neural Networks, and Amazon Flex AI 

 

• Healthcare:  

• Healthcare equipment delivery is challenging due to the urgency of critical items like ventilators, where 

delays can be life-threatening. Unpredictable medical demands require rapid responses, while geographical 

constraints and traffic can hinder timely arrivals. The specialized handling of delicate equipment and strict 

regulatory compliance add further complexity to the delivery logistics (Hossain et al., 2022). 

 

• In 2017, Hurricane Maria severely impacted Puerto Rico, causing critical shortages of medical supplies 

like saline solutions and IV pumps. An automated delivery system could have analyzed weather forecasts 

and rerouted supplies from other regions, prioritizing essential medical deliveries. (Lawrence et al., 2020) 

Similarly, the 2009 H1N1 pandemic revealed the need for strong delivery systems, as shortages of 

ventilators and antiviral medications worsened due to vaccine production delays. Automated systems could 

have optimized vehicle capacity and adjusted delivery routes in real-time to ensure efficient resource 

distribution (Manuell et al., 2011).  

 

• These examples illustrate AI's potential to enhance the resilience and efficiency of healthcare delivery 

systems during crises. 

 

• Manufacturing & Distribution: AI-enhanced ERP improves supplier coordination and transportation 

efficiency. 

• Global Logistics: UPS implemented dynamic route optimization through its AI-driven tool, ORION (On-

Road Integrated Optimization and Navigation). ORION uses AI and advanced algorithms to analyze data 

such as package destinations, traffic patterns, and delivery deadlines to generate the most efficient delivery 

routes in real time. This system can dynamically adjust routes to avoid traffic congestion and accommodate 

last-minute delivery requests, ensuring minimal disruptions. Additionally, ORION integrates real-time data 

from GPS devices, weather updates, and traffic monitoring systems to adapt to current road conditions and 
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regional delivery trends, reducing driver idle time and fuel consumption (DigitalDefynd, 2025).• DHL 

utilizes AI-based dynamic route optimization by evaluating real-time traffic conditions, delivery priorities, 

and customer requirements to calculate the most efficient delivery routes. This system can process routes 

with up to 120 stops in seconds, prioritizing urgent deliveries and packages with tight time windows. 

Integrating AI in their operations has led to significant improvements in operational efficiency, reduced fuel 

consumption, and enhanced customer satisfaction (Kvartalnyi, 2025). 

 

5. FUTURE TRENDS AND RESEARCH DIRECTIONS 

• Blockchain Integration: Integrating blockchain technology with AI-driven dynamic route optimization is 

emerging as a significant advancement in enhancing logistics operations. Research indicates (Ran et al., 

2024) that combining Convolutional Neural Networks (CNNs) and Ant Colony Optimization (ACO) 

algorithms with blockchain can yield substantial gains in efficiency and reliability for logistics companies. 

This integration facilitates real-time data analysis, optimizing the flow of goods and improving overall 

operational responsiveness. Blockchain technology guarantees data integrity and traceability, while ACO 

algorithms refine route planning by leveraging real-time data maintained on the blockchain. This ensures 

that routing plans are constructed using the most up-to-date and accurate information, ultimately enhancing 

the effectiveness and dependability of delivery operations. The fusion of these technologies has resulted in a 

15% increase in delivery efficiency and an 18% improvement in route optimization, contributing to elevated 

customer satisfaction and enhanced administrative efficiency (Ran et al., 2024). 

 

• AI-Driven Autonomous Logistics: Incorporating autonomous vehicles and drones into logistics is one of 

the most exciting advancements in the sector. Autonomous delivery vehicles and drones are increasingly 

used to tackle last-mile delivery issues effectively (, 2024). These vehicles are equipped with various 

sensors—such as cameras, radar, and lidar—that collect detailed environmental data to recognize obstacles, 

identify traffic signals, and understand their surroundings. They rely significantly on AI-driven algorithms 

that analyze sensor data in real-time for key decisions like optimizing routes and avoiding obstacles while 

adjusting to changing conditions on the road or in the air. Furthermore, AI systems use predictive analytics 

to foresee traffic trends and environmental shifts, allowing for timely route adjustments that boost 

operational efficiency. Additionally, autonomous vehicles and drones often collaborate with smart 

infrastructure, coordinating their movements to improve traffic flow, minimize congestion, and enhance 

safety (Medium.com, 2024). 

 

• Edge Computing in ERP: Edge computing significantly enhances dynamic routing for autonomous 

vehicles and drones by minimizing latency through local data processing, crucial for real-time decision-

making in rapidly changing environments. It also improves bandwidth efficiency by reducing the need to 

transmit large volumes of data to centralized data centers, making it particularly beneficial for high data 

throughput applications such as video feeds from traffic-monitoring drones (Zhang et al., 2022). 

Additionally, edge devices enable real-time data processing, allowing immediate route adjustments based on 

current conditions, which is essential for optimal routing. Furthermore, by processing data locally, edge 

computing enhances privacy and security, reducing the risk of data breaches during transmission. Finally, it 

supports scalable solutions by distributing computational tasks across multiple devices, effectively handling 

the complex data requirements of dynamic routing systems (Zhang et al., 2022). 

 

• Horizontal Logistics: Horizontal collaboration in logistics refers to the partnership among companies 

operating at the same level within the supply chain, aimed at sharing resources and information. This 

collaborative effort enhances vehicle routing and transport planning, resulting in more efficient logistics 

operations while also achieving sustainability objectives. By pooling assets such as warehouses and 

vehicles, companies can streamline their processes, cut costs, and minimize their environmental footprint. 

Digital platforms enable this collaboration by enhancing information sharing and coordination among 
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various stakeholders (Abideen et al., 2023). Researchers are currently developing frameworks to support 

horizontal collaboration, emphasizing equitable partnerships and mutual benefits for all involved parties. 

 

6. Conclusion:  

Integrating AI-powered dynamic routing into ERP systems offers a transformative logistics and supply 

chain management approach. AI enhances ERP functionalities by enabling real-time adaptability, predictive 

decision-making, and cost optimization. Future AI, blockchain, and autonomous logistics advancements will 

further drive efficiency, making AI-ERP integration essential for modern businesses. 

 

CONCLUSION 

Integrating AI-powered dynamic routing within ERP systems significantly advances logistics and supply 

chain management. By leveraging real-time data analytics, machine learning, and predictive modeling, 

organizations can overcome the limitations of traditional ERP systems, enhancing operational efficiency and 

responsiveness to dynamic market conditions. This paper elucidated the various challenges faced in 

conventional logistics management, such as static routing mechanisms and inefficient resource utilization, 

while underscoring the transformative potential of AI technology in addressing these issues. Furthermore, 

the outlined integration approach facilitates a systematic pathway for businesses seeking to implement AI-

driven solutions effectively. As industries evolve, embracing AI-driven dynamic routing optimizes logistics 

operations and bolsters customer satisfaction and operational resilience. Future trends, including the 

integration of blockchain technology and the development of autonomous logistics, will likely further 

enhance these capabilities, reinforcing the crucial role of AI in modern supply chain strategies. 

 

REFERENCES: 

1. Shipsy, . (2024). Route Planning Software: Smart Routing for Efficient Deliveries. Shipsy-Blog. 

2. Adeniran, I. A., Efunniyi, C. P., Osundare, O. S., & Abhulimen, A. O. (2024). Optimizing logistics 

and supply chain management through advanced analytics: Insights from industries. Engineering 

Science & Technology Journal, 5(8). 

3. Karam, A., Jensen, A. J. K., & Hussein, M. (2023). Analysis of the barriers to multimodal freight 

transport and their mitigation strategies. European Transport Research Review, 15(1), 43. 

4. Hu, W. C., Wu, H. T., Cho, H. H., & Tseng, F. H. (2020). Optimal route planning system for 

logistics vehicles based on artificial intelligence. Journal of Internet Technology, 21(3), 757-764. 

5. Nampalli, R. C. R., & Adusupalli, B. (2024). Using Machine Learning for Predictive Freight 

Demand and Route Optimization in Road and Rail Logistics. Library of Progress-Library Science, 

Information Technology & Computer, 44(3). 

6. Bhargava, A., Bhargava, D., Kumar, P. N., Sajja, G. S., & Ray, S. (2022). Industrial IoT and AI 

implementation in vehicular logistics and supply chain management for vehicle mediated 

transportation systems. International Journal of System Assurance Engineering and Management, 

13(Suppl 1), 673-680. 

7. Khang, A. (2025). Driving Green Transportation System Through Artificial Intelligence and 

Automation. Lecture Notes in Intelligent Transportation and Infrastructure. 

8. Chen, J., Zhang, F., Shi, J., & Lv, H. (2024, September). Research on Intelligent Traffic Dynamic 

Path Planning Algorithm Based on ArcGIS. In Proceedings of the 2024 8th International Conference 

on Big Data and Internet of Things (pp. 221-225). 

9. Miller, H. J., & Wentz, E. A. (2003). Representation and spatial analysis in geographic information 

systems. Annals of the Association of American Geographers, 93(3), 574-594. 

10. Peng, G., Wen, Y., Dou, W., Li, T., Xu, X. & Ye, Q. (2024). Edge intelligence empowered delivery 

route planning for handling changes in uncertain supply chain environment. Journal of Cloud 

Computing. 

https://www.ijlrp.com/


 

International Journal of Leading Research Publication (IJLRP) 

E-ISSN: 2582-8010   ●   Website: www.ijlrp.com   ●   Email: editor@ijlrp.com 

 

IJLRP25061648 Volume 6, Issue 6, June 2025 7 

 

11. Balster, A., Hansen, O., Friedrich, H., & Ludwig, A. (2020). An ETA prediction model for 

intermodal transport networks based on machine learning. Business & Information Systems 

Engineering, 62, 403-416. 

12. Reyana, A., & Kautish, S. (2024). Machine learning techniques for route optimizations and logistics 

management description. In Computational Intelligence Techniques for Sustainable Supply Chain 

Management (pp. 197-224). Academic Press. 

13. Kaul, D., & Khurana, R. (2022). Ai-driven optimization models for e-commerce supply chain 

operations: Demand prediction, inventory management, and delivery time reduction with cost 

efficiency considerations. International Journal of Social Analytics, 7(12), 59-77. 

14. Kaewfak, K., Ammarapala, V., & Huynh, V. N. (2021). Multi-objective optimization of freight route 

choices in multimodal transportation. International Journal of Computational Intelligence Systems, 

14(1), 794-807. 

15. Chen, W., Men, Y., Fuster, N., Osorio, C., & Juan, A. A. (2024). Artificial intelligence in logistics 

optimization with sustainable criteria: A review. Sustainability, 16(21), 9145. 

16. Grobler-Debska, K., Zak, B., Fijas, M., Kowalski, M., Kopa, M., Kucharska, E. & Baranowski, J. 

(2022). Logistics processes optimization in ERP systems. 2022 26th International Conference on 

Methods and Models in Automation and Robotics (MMAR). 

17. Özarık, S. S., da Costa, P., & Florio, A. M. (2024). Machine learning for data-driven last-mile 

delivery optimization. Transportation Science, 58(1), 27-44. 

18. Hossain, M. K., Thakur, V., & Mangla, S. K. (2022). Modeling the emergency health-care supply 

chains: responding to the COVID-19 pandemic. Journal of Business & Industrial Marketing, 37(8), 

1623-1639. 

19. Lawrence, J., Hossain, N. U. I., Jaradat, R. & Hamilton, M. (2020). Leveraging a Bayesian network 

approach to model and analyze supplier vulnerability to severe weather risk: A case study of the U.S. 

pharmaceutical supply chain following Hurricane Maria. International Journal of Disaster Risk 

Reduction. 

20. Manuell, M., Co, M. D. T. & III, R. T. E. (2011). Pandemic Influenza: Implications for Preparation 

and Delivery of Critical Care Services. Journal of Intensive Care Medicine. 

21. DigitalDefynd, T. (2025). 5 Ways UPS is Using AI [Case Study][2025]. DigitalDefynd-Training 

Course. 

22. Kvartalnyi, N. (2025). How to Achieve SmarterDeliveries with Dynamic RouteOptimization 

Software: RealExamples and Tips. Inoxoft Blog. 

23. Ran, L., Shi, Z. & Geng, H. (2024). Blockchain Technology for Enhanced Efficiency in Logistics 

Operations. IEEE Access. 

24. , S. C. W. (2024). The Impact of AI on Autonomous Logistics. Supply Chain World - News. 

25. Medium.com, . (2024). AI for autonomous vehicles and transportation. Medium.com-Article. 

26. Zhang, M., Yang, S., Feng, X., Chen, Y., Lu, J. & Cao, Y. (2022). Route Planning for Autonomous 

Driving Based on Traffic Information via Multi-Objective Optimization. Applied Sciences. 

27. Abideen, A. Z., Sorooshian, S., Sundram, V. P. K. & Mohammed, A. (2023). Collaborative insights 

on horizontal logistics to integrate supply chain planning and transportation logistics planning – A 

systematic review and thematic mapping. Journal of Open Innovation: Technology, Market, and 

Complexity. 

https://www.ijlrp.com/

