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[bookmark: _Hlk198037615]     The transport of radioactive materials poses significant safety and security challenges that require innovative solutions. Thousands of radioactive materials are transported during applications in nuclear medicine or in different industrial activities such as NDT and nuclear imaging. However, Core, the materials must be transported with extreme care due to their hazard. To protect these shipments, several traditional tracing and monitoring mechanisms have been developed and used. However, these methods are lack in adjusting to emerging threats due to the challenge of real-time capability, and robustness. Apart from this, lack of constant monitoring makes in-bound materials susceptible to an array of dangers such as, theft, unauthorized diversion, and environmental hazards due to accidents or other natural phenomena.  
        This work proposes an Internet of Things (IoT)-based framework for real-time tracking, monitoring, and management of radioactive material during transportation. With the recent advancements of IoT, embedded systems, and wireless communication technologies, it has become crucial to devise an intelligent, secure, and adaptive tracking solution. IoT enables development of intelligent, networked systems that integrate data collection, transmission, and analysis in real time to offer a proactive view of ensuring safety and security. Unlike traditional tracking systems, IoT-based tracking framework provides constant visibility of shipments, enabling operators and authorities to respond instantly when anomalies or threats are identified. The proposed system employs Global Positioning System (GPS) and encrypted secure communication protocols to provide real-time status updates to a central monitoring platform. GPS technology enables real-time precise tracking of the transport vehicle carrying the radioactive material so that its location is always displayed. Additionally, geofencing technology add more information protection along the approved routes, where virtual boundaries can be established, and if the car takes un-scheduled pass, an automated warning alarm will operate. The reaction time for corrective action in the event of suspicious activity or route deviations is greatly shortened by this feature.
       The Hardware of the proposed system is designed using A9G module, quad-band GSM/GPRS module that integrates GPRS and GPS/BDS technologies into a compact SMD package. A9G module is suitable for IoT-based real time application enabling the automation of radioactive material tracking process, as it combines communication and localization capabilities within a single module, reducing the complexity. By using this module, the proposed framework  can transmit the vehicle’s location data continuously, ensuring that real-time tracking of radioactive materials during transportation.
     The proposed framework was simulated and tested from a real-time anomaly detection and security perspective. During testing, the system demonstrated flexibility by auto-compensating for any location changes of the vehicle and updating the Thingspeak platform with the new latitude and longitude values. Data is continuously updated and enables both anomaly detection and rapid response in case of any abnormal such as un-scheduled stops or route deviation. The results indicate that the IoT-based tacking system significantly enhances the safety and security of radioactive material transportation process. 
     In conclusion, the integration of IoT technologies with advanced secure communication enable a  secure tracking of radioactive material during transportation. Using the proposed framework, stakeholders can achieve enhanced trust, transparency, and resilience in the transportation of radioactive materials. Enabling real-time tracking, prompt anomaly detection, and secure communication, the system offers a solution that surpasses the limitations of the traditional tracking systems.
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