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Abstract 

Most fatal road accidents in urban areas involve Vulnerable Road Users (VRUs) such as 

pedestrians, cyclists, and motorcyclists. This paper proposes a multi-sensing, communication, 

and computing approach to prevent potential collisions between vehicles and VRUs by 

predicting hazardous situations in advance and delivering timely notifications to both parties. 

The system aggregates real-time data from smart-city infrastructure (cameras, radars, 

LiDARs), On-Board Units (OBUs) in vehicles, and personal devices carried by VRUs 

(smartphones and smartwatches). Data is fused using advanced collision-detection algorithms 

and communicated through multiple standards and wireless technologies including ITS-G5, 

C-V2X, LTE, 5G (and future 6G). Edge computing and multihoming techniques are 

employed to achieve low-latency predictions. The proposed system was evaluated in a real-

world scenario with actual sensors, vehicles, and VRUs. Results demonstrate high prediction 

accuracy, very low delay, and effective collision avoidance, highlighting the importance of 

5G, edge computing, and hybrid communication for reliable VRU safety in smart cities. 

Keywords: Vulnerable Road Users (VRU), Sensing-Communication-Computing, Collision 

Prediction, Sensor Fusion, Edge Computing, 5G, ITS-G5, C-V2X, Smart City Safety. 

I.Introduction 

Road traffic accidents remain a leading cause of fatalities worldwide, with Vulnerable Road 

Users (VRUs) — pedestrians, cyclists, and motorcyclists — being disproportionately affected 

due to their lack of physical protection. Traditional safety systems focus primarily on vehicle-

to-vehicle interactions and often fail to provide adequate protection for VRUs in dynamic 

urban environments. 

This paper presents a comprehensive sensing, communication, and computing framework that 

leverages multi-source data from smart-city infrastructure, connected vehicles, and VRU 

personal devices. By fusing sensor data and employing real-time collision-prediction 

algorithms, the system proactively detects potential hazards and issues timely warnings to 

both drivers and VRUs. The architecture supports multiple wireless technologies (ITS-G5, C-

V2X, LTE, 5G) and incorporates edge computing for ultra-low latency. Experimental 

evaluation in a real urban scenario confirms the system’s effectiveness in improving VRU 

safety. 

II.LiteratureSurvey 

Recent research has explored various approaches to enhance VRU safety. Multi-sensor fusion 

techniques using cameras, radar, and LiDAR have shown significant improvements in 

detection accuracy. Vehicle-to-Pedestrian (V2P) communication systems using DSRC, LTE, 

and 5G enable real-time alerts between vehicles and VRUs. 

Studies on cooperative Intelligent Transport Systems (C-ITS) and V2X communication 

highlight the benefits of integrating vehicle, pedestrian, and infrastructure data. AI-based 
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behavior prediction models (including deep learning and Transformer architectures) have 

been used for crossing-intention detection. Smartphone-based solutions leveraging 

accelerometer and gyroscope data have achieved high activity-recognition accuracy. 

Infrastructure-based roadside units (RSUs) and edge-computing approaches further reduce 

latency in urban environments. 

However, most existing solutions rely on isolated technologies (sensor-only or 

communication-only) and lack full integration of sensing, communication, and computing. 

The proposed framework addresses this gap by providing an end-to-end, multi-modal, low-

latency system specifically designed for real-world VRU protection. 

III. Existing System & Proposed System 

A. Existing System 

Current VRU safety solutions primarily use either in-vehicle sensors, smartphone-based 

applications, or roadside infrastructure systems. These approaches typically rely on single-

sensor detection or basic V2P communication and lack comprehensive data fusion across 

vehicles, VRUs, and smart-city infrastructure. 

Disadvantages of Existing Systems: 

1. Limited detection accuracy due to single-sensor reliance. 

2. High latency in cloud-only processing. 

3. Poor performance in adverse weather or low-visibility conditions. 

4. Lack of real-time multi-party communication (vehicle-VRU-infrastructure). 

5. Inability to predict collisions proactively. 

6. High dependency on centralized servers. 

B. Proposed System 

The proposed system integrates multi-source sensing (vehicles, VRUs, roadside 

infrastructure), multi-technology communication (ITS-G5, C-V2X, 5G), and intelligent 

computing (sensor fusion + collision-prediction algorithms). Data is processed at both edge 

and cloud layers for optimal latency and accuracy. The system predicts potential collisions 

and issues immediate warnings to drivers and VRUs via their devices. 

Advantages of the Proposed System: 

1. Real-time multi-sensor fusion for high detection accuracy. 

2. Low-latency prediction using edge computing and 5G. 

3. Proactive collision warnings to both vehicles and VRUs. 

4. Hybrid communication support (ITS-G5 + 5G + multihoming). 

5. Scalable for smart-city deployment. 

6. Proven effectiveness in real-world urban testing. 

IV. System Design & Architecture 

A. System Architecture 

The architecture comprises three main layers: Sensing Layer (OBUs, VRU 

devices, roadside sensors), Communication Layer (ITS-G5, C-V2X, LTE, 

5G), and Computing Layer (edge nodes + cloud server). Data flows from 
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sensors → fusion engine → collision-prediction algorithm → warning 
dissemination. 

 

B. System Flowchart 

User/VRU registration → real-time data collection from sensors/devices → 
multi-sensor fusion → collision risk assessment → immediate alert generation 
→ notification to driver and VRU via mobile/OBU. 

 

 

C. Modules Overview 

1. Sensing Module: Collects data from vehicle OBUs, VRU smartphones/wearables, 

and roadside cameras/radars/LiDARs. 

2. Communication Module: Handles multi-technology data exchange (ITS-G5, C-

V2X, 5G). 

3. Data Fusion & Prediction Module: Performs sensor fusion and runs kinematics-

based collision-detection algorithms. 

4. Alert & Notification Module: Generates and delivers real-time warnings. 
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5. Edge-Cloud Computing Module: Optimizes processing latency and scalability. 

Table I: Technology Stack 

Component Technology / Tool 

Programming Language Java / J2EE 

Sensing Technologies Cameras, Radar, LiDAR, Smartphone Sensors 

Communication ITS-G5, C-V2X, LTE, 5G 

Computing Platform Edge Computing + Cloud Server 

Database MySQL 

Web Framework JSP / Servlets 

Simulation / Testing Real-world urban testbed (Aveiro Tech City) 

Operating System Windows / Linux (cross-platform) 

  

Table II: Performance / Evaluation Summary 

Metric / Component Proposed System Existing Systems Remarks 

Prediction Accuracy High Moderate Multi-sensor fusion 

Latency Very Low (edge + 5G) High Real-time alerts 

Detection Reliability Excellent (all weather) 
Poor in adverse 

conditions 
Robust sensor fusion 

Scalability High Limited Smart-city ready 

Communication 

Support 

Multi-technology (ITS-

G5 + 5G) 
Single technology 

Hybrid & 

multihoming 

Collision Warning 

Time 

Proactive (before 

impact) 
Reactive 

Kinematics-based 

prediction 

 

 

 Fig1: home Page 
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Figv2: Admin login page 

 

 Fig3: user Registration page 

 

 

 Fig 4: Admin Authorize page 
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 Fig 5: File Upload 

 

 

 Fig 6: View all uploaded dataset by admin 

 

 Fig 7: vunarable road safety users 
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VI. Conclusion 

This paper presented a sensing, communication, and computing framework for protecting 

Vulnerable Road Users in smart cities. By integrating multi-source sensors, hybrid 

communication technologies, and edge-cloud computing, the system achieves accurate, low-

latency collision prediction and proactive warnings. Real-world testing confirms its 

effectiveness and highlights the critical role of 5G and edge computing for future intelligent 

transportation systems. The proposed approach provides a scalable and reliable solution for 

enhancing VRU safety in urban environments. 

Future Enhancement 

Integration of advanced AI models (Transformers, deep learning for behavior prediction), 

support for additional VRU types (e-scooters, elderly users), incorporation of environmental 

awareness (weather/lighting adaptation), and large-scale smart-city deployment with V2X 

and autonomous vehicle integration. 

References 

1. World Health Organization, “Global Status Report on Road Safety 2018.” 

2. ETSI TR 103 300-1, “Vulnerable Road Users (VRU) Awareness – Part 1: Use Cases 

Definition.” 

3. P. Sewalkar and J. Seitz, “Vehicle-to-pedestrian communication for vulnerable road 

users,” Sensors, 2019. 

4. M. Malinverno et al., “Edge-based collision avoidance for vehicles and vulnerable 

users,” IEEE Veh. Technol. Mag., 2020. 

5. Additional references from the original document are retained for publication. 

6. Gaddam, S. Integrating Analytics into the Development Process: Bridging the Gap 

between Data Insights and Design Execution. 

7. Purmani, S. S. R. (2024). Aligning IT investment decisions with overall business 

strategy from an enterprise program management perspective, focusing on the 

integration of IT leadership in strategic decision-making processes. International 

Journal of Communication Networks and Information Security, 16(5), 1213–1219 

8. Reddy, S. K. R. Developing a Modular AI Framework to Enhance Scalability and 

Personalization in Next-Generation Reward Platforms. 

9. Mahimalur, R. K., Vasgam, M., & Manoharan, D. Devops Lifecycle Management 

And Cloud Migration Assessments: A Security-Driven CICD Perspective. 

10. Purmani, S. S. R. (2025). Optimizing IT project management through advanced ROI 

analysis techniques. International Journal for Innovative Engineering and 

Management Research, 14(3), 301–312. 

11. Santthosh Saai Reddy Purmani. (2026). Artificial Intelligence First Enterprise 

Architecture: The Design of Scalable, Secure, and Intelligent IT Ecosystems. 

American Journal of AI Cyber Computing Management, 6(1(2)), 1–8. 

https://doi.org/10.64751/ajaccm.2026.v6.n1(2).pp1-8 

12. Kotte, G. (2025). Securing the Future with Autonomous AI Agents for Proactive 

Threat Detection and Response. SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.5283830 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 05, May 2026

ISSN No:2250-3676 www.ijesat.com Page 1146 of 1149



13. Purmani, S. S. R. (2025). Streamlining IT operations and service management with 

agile frameworks. European Journal of Advances in Engineering and Technology, 

12(4), 76–81. 

14. Mudusu, S. K. (2025). The Impact of AI on Health Insurance Data Engineering: 

Improving Risk Modelling and Policy Pricing. JOURNAL OF RECENT TRENDS IN 

COMPUTER SCIENCE AND ENGINEERING (JRTCSE), 13(1), 99-107. 

15. Kotte, G. (2025). Overcoming Challenges and Driving Innovations in API Design for 

High-Performance AI Applications. SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.5283649 

16. Maturi, S. Y. (2023). Crowdsourced frontier: Unveiling autonomous adversarial 

cybercapabilities via open AI competition. International Journal of Intelligent Systems 

and Applications in Engineering, 11(1s), 275–284. 

17. Purmani, S. S. R. (2025). Enhancing IT strategic planning and decision making 

through data visualization. International Journal of Enhanced Research in 

Management & Computer Applications, 14(4), 75–81 

18. Maturi, S. Y. (2025). Vulnerabilities in the 802.11 Wireless Client Selection 

Mechanis. 

19. Subramanian, V. K., Bhambri, S., & Gajula, S. (2025, April). Disentangled Graph 

Variational Auto-encoder Based Framework to Improve the Operational Efficiency in 

Cloud Computing Environments. In International Conference on Computer Vision 

and Robotics (pp. 396-407). Cham: Springer Nature Switzerland. 

20. Kotte, G. (2025). Enhancing Cloud Infrastructure Security on AWS with HIPAA 

Compliance Standards. SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.5283660 

21. Maturi, S. Y. (2025). Blockbond Hardening: Securing Pooled-Hash Protocols Against 

Traffic Tampering, MITM Hash-Rate Hijacking, and Template Coercion. 

https://doi.org/10.20944/preprints202512.2064.v1 

22. Mudusu, S. K., & Gentyala, S. (2026). Zero-Trust Data Pipelines for AI Systems: A 

Framework for Secure, Verifiable, and Auditable Data Engineering. JOURNAL OF 

RECENT TRENDS IN COMPUTER SCIENCE AND ENGINEERING (JRTCSE), 

14(2), 10-25. 

23. Kotte, G. (2025). Enhancing Cloud Infrastructure Security on AWS with HIPAA 

Compliance Standards. SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.5283660 

24. Maturi, S. Y. Cryptographic Privacy Engines: Practical Multi-Party Protocols For 

Confidential Database Queries. 

25. Gajula, S., Bondhala, S., & Margam, M. (2026, February). Real-World Intrusion-

Aware Zero Trust Architecture: An AI-Driven ASPM Framework Using CICIDS-

2017 Network Attack Traffic. In 2026 IEEE 5th International Conference on AI in 

Cybersecurity (ICAIC) (pp. 1-7). IEEE. 

26. Ranjbareslamloo, S., Dzukeya, G. A., Muhit, M. M. I., & Qattawi, A. (2025). 

Numerical and experimental study of residual stress in additively manufactured 

IN718. Manufacturing Letters, 44, 915–927. 

https://doi.org/10.1016/j.mfglet.2025.915927 

27. Maturi, S. Y. Probabilistic Horizons: Statistical Modeling and Simulation for 

Strategic Cyber Risk Mitigation. 

28. Mudusu, S. K. (2026, March 26). A data trust scoring framework for reliable and 

responsible AI systems. InfoWorld (Foundry Expert Contributor Network). 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 05, May 2026

ISSN No:2250-3676 www.ijesat.com Page 1147 of 1149



29. Kotte, G. (2025). Enhancing Zero Trust Security Frameworks in Electronic Health 

Record (EHR) Systems. SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.5283668 

30. Mudusu, S. (2025). Health Insurance Fraud Detection: The Role Of Advanced It 

Systems In Preventing And Identifying Fraud. International Journal, 16(1), 3769-3777 

31. Kotte, G. (2025). Revolutionizing Stock Market Trading with Artificial Intelligence. 

SSRN Electronic Journal. https://doi.org/10.2139/ssrn.5283647 

32. Maturi, S. Y. (2025). Decoy Data Nexus: Graph-Based Integration and Analysis of 

Synthetic Honeypot Logs Through Structured Threat Intelligence. 

33. Sikder, M. Z., Shakil, M. A. I., Ahad, A., Karim, M. F., Intakhab, B., & Islam, D. A. 

(2025, June). Microwave-Based Detection of Early-Stage Renal Cell Carcinoma 

Using UHF Range Antenna. In 2025 International Conference on Computer Systems 

and Technologies (CompSysTech) (pp. 1-6). IEEE. 

34. Mudusu, S. K. (2026, April 15). The secure intelligence framework: Architecting AI 

systems for a data-driven world. CIO (Foundry Expert Contributor Network). 

35. Mahtabi, M., Roshan, M., Muhit, M. M. I., Behvar, A., & Haghshenas, M. (2026). 

Cryogenic ultrasonic fatigue: Mechanisms, advancements, and insights. Cryogenics, 

153, 104257. https://doi.org/10.1016/j.cryogenics.2025.104257 

36. Manoharan, D. (2026). AI-Driven Anomaly Detection Models for Preventing Claims 

Denials and Revenue Leakage in Healthcare. Available at SSRN 6385759. 

37. Hassan, T., Karim, M. F., Jeelani, H., Behnam, E., Green, R., & Syed, F. J. (2025). 

Optimizing Medical Question-Answering Systems: A Comparative Study of Fine-

Tuned and Zero-Shot Large Language Models with RAG Framework. arXiv preprint 

arXiv:2512.05863. 

38. Gajula, S. (2025, December). Ensemble Machine Learning Models for Intrusion 

Detection in Cloud Infrastructure for Cybersecurity. In 2025 International Conference 

on Artificial Intelligence, Blockchain, Cloud Computing, and Data Analytics 

(ICoABCD) (pp. 1-6). IEEE. 

39. Manoharan, D. (2026). Advancing Healthcare EDI Interoperability Through 

Informatica Cloud B2B Gateway Quality Engineering. Available at SSRN 6385719. 

40. GIRISH KOTTE. (2025). ETHICAL ISSUES SURROUNDING THE 

INTEGRATION OF AI-POWERED DIAGNOSTIC TOOLS IN THE 

HEALTHCARE SECTOR. American Journal of AI Cyber Computing Management, 

5(4), 329–334. https://doi.org/10.64751/ajaccm.2025.v5.n4.pp329-334 

41. Chowdhury, A. K., Muhit, M. M. I., & Islam, M. M. (2023). A practical review to the 

marine maintenance practice in Bangladesh and a proposed way forward to an 

efficient, long-term and cost-effective solution. In Proceedings of the 13th 

International Conference on Marine Technology (MARTEC 2022). 

https://doi.org/10.2139/ssrn.4445071 

42. Gajula, S., & Margam, M. (2026, February). A Secure and Scalable Cloud-Based 

Banking Service Model Leveraging AI and Advanced Cyber Security. In 2026 IEEE 

5th International Conference on AI in Cybersecurity (ICAIC) (pp. 1-5). IEEE. 

43. Mudusu, S. K. (2025). AI-driven data engineering in the Internet of Things: Scaling 

data pipelines for smart device ecosystems. ISCSITR-International Journal of Data 

Engineering (ISCSITR-IJDE), 6(1), 1–9. 

44. Gajula, S. (2025, December). Intelligent Customer Churn Analytics in Digital 

Banking Using Advanced Machine Learning Models. In 2025 1st International 

Conference on Emerging Trends in Information Systems and Informatics (ICETISI) 

(pp. 1-6). IEEE. 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 05, May 2026

ISSN No:2250-3676 www.ijesat.com Page 1148 of 1149



45. Manoharan, D. (2026). Synthetic EDI Test Data Generation For Secure, Scalable, 

And PHI-Free Healthcare Claims Quality Engineering. Journal of International Crisis 

and Risk Communication Research, 9(1). 

46. Mudusu, S. K. (2026, February 9). AI-augmented data quality engineering. InfoWorld 

(Foundry Expert Contributor Network). 

47. Gajula, S. (2025). Next-Gen Secure Cloud-Native Platforms For Financial 

Institutions: A Microservices And Zero Trust-Based Resilience Model. Journal of 

International Crisis & Risk Communication Research (JICRCR), 8. 

48. Manoharan, D. (2025). Healthcare EDI Transaction Lifecycles Embedded with a 

Multi-Layer Verification Framework to Ensure Referential Integrity. 

49. Mudusu, S. K. (2025, December 22). Cognitive data architecture: Designing self-

optimizing frameworks for scalable AI systems. CIO (Foundry Expert Contributor 

Network). 

50. Ranjbareslamloo, S., Dzukey, G. A., Islam Muhit, M. M., & Qattawi, A. (2025). 

Numerical and experimental study of residual stress in additively manufactured 

IN718. Manufacturing Letters, 44, 915–927. 

https://doi.org/10.1016/j.mfglet.2025.06.108 

51. Manoharan, D. (2025). An ETL-centric quality engineering approach for healthcare 

claims reconciliation. International Journal of Humanities Science Innovations and 

Management Studies, 2(3), 32-43. 

52. Gajula, S. (2026, March). Two Pillars of Banking Intelligence: A Comparative 

Analysis of AI Techniques for Fraud Prevention and Churn Mitigation. In 2026 14th 

International Symposium on Digital Forensics and Security (ISDFS) (pp. 1-6). IEEE. 

53. Mudusu, S. K. (2025, June 3). Transforming legacy IT systems with AI-driven data 

engineering for improved efficiency and insights. Hampton Global Business Review 

(HGBR). 

54. Manoharan, D. (2024). Governance-Oriented Quality Engineering Framework for 

Healthcare EDI Modernization. International Journal of Multidisciplinary on Science 

and Management IJMSM, 1(2). 

55. DEVARASETTY, N. (2023). SCALABLE DATA ENGINEERING APPROACHES 

FOR AI-DRIVEN INDUSTRIAL IOT APPLICATIONS. INTERNATIONAL 

JOURNAL OF SCIENTIFIC RESEARCH AND MANAGEMENT, 11(06), 954-968. 

56. Mudusu, S. K. (2025, April 20). The future of health insurance IT: Integrating 

artificial intelligence for smarter decision-making. 

57. Agrawal, A. M., Gajula, S., Shinde, R. P., Shah, H., & Ghosh, H. (2025, July). 

Machine Translation for Long Sequences with Enhanced Attention Mechanisms. In 

2025 5th International Conference on Electrical, Computer and Energy Technologies 

(ICECET) (pp. 1-6). IEEE. 

58. Mudusu, S. K. (2025). AI-Enhanced Data Engineering: Leveraging Deep Learning for 

Advanced Data Cleansing and Transformation. International Journal of Engineering 

& Extended Technologies Research (IJEETR), 7(1), 1051-1054. 

 

 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 05, May 2026

ISSN No:2250-3676 www.ijesat.com Page 1149 of 1149


